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РР-1 
HYDROISOMERIZATION CATALYTIC REACTIONS OF n-HEPTANE ON BULK 

AND SUPPORTED МоО2(Нх)ас• CATALYSTS 

-РЕАКЦИИ КАТАЛИТИЧЕСКОЙ ГИДРОИЗОМЕРИЗАЦИИ n-ГЕПТ АНА НА
МАССИВНОМ И НАНЕСЕННОМ МоО2(Нх)ае• КАТАЛИЗАТОРЕ 

Benadda А., Кatrib А., Barama А.* and Maire G .. 

LMSPC-UМR 7515 du CNRS-ECPM. University Louis Pasteur-25, 
rue Becquerel-67087 Strasbourg-France . 

Fax: + 33-3-90 27 27 61; E-mail: ·ьenaddaa@ecpm.u-strasbg.fr 
�LCGN USTHB ВР32 EL-ALIA 16011.Alger- Algerie 

_ Hydroisomerization catalytic reactions of n-heptane on surface MoO2(Hx)�c-Phase present 
as: bulk ':)f deposited on ТiО2 supported catalysts have been studied at reaction t�mperatures 
between 520 to 620 К. А selectivity of more than 90% in isomerization products, mainly 2 
and 3-methylhexanes and dimethylpentanes and а conversion up to 22% were obtained at 
reaction temperatures between 520 to 580 К. However, at. higher temperature up to 650 К, а 
constant increase in conversion associated with а decrease in selectivity in isomeri:z;ation 
products could Ье observed. At· 573К isomerization selectivity remaiщ;. constant when the 
conversion increases. Тhе major hydrocracking products oЬtained at the reaction temperatures 
studied in this work are С3 and С4 with а rationCз/C4 close to one. 

Mono and di-branche� light alkane _compounds are gaining interest it:i. o�l industry in
order to improve the octane number of the gasoline pool for cleaner fuels. Pl�tinum b�sed 
catalysts supported on acidic alumina or zeolites are widely used in industry for the 
isomerization of n-pentane and n-hexane at relatively low reaction temperatures. However, in 
the case of n-heptane reactant, which is one of the components of light straight run naphta, 
hydrocracking constitutes the major catalytic process which takes place on these Pt based 

' 

catalysts. 1n this respect, several investigatio�s dealing with diffe�ent types of catalysts for the 
isomerization of n-heptane, such as Pt deposited on nanocrystalline Beta zeolite [1 ], 

. . - . 
' •. 

. � 

molyЬdenum oxicarЬide [2] and partially reduced molyЬdenum trioxide [3] were reported. 
� 

. . 

Katrib et al. [ 4-7] have developed а new MoO2(Нx)ac,cat�lyst as, а bulk or supported on 
Ti02• The catalytic activity of this sy�tem for the isomerization of alkanes _ has been 

. 
' 

rationalised in terms of а Ьifunctional mechanism. Тhе dehydrogenation/hydrogenation 
processes take place on the delocalized п electrons along the C-axis of the Мо atonis in М�О2 
deformed rutile phase, while th� isomerization of the, formed ()}efin takes place on the 
Bronsted acidic Мо-O-Нх groups pres�nt on the catalyst suфice. ht this work, we have :used 
this catalytic system as а bulk or supported on TiO2 to study. the hydroisomerization of 
n-heptane.
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The conversion and selectivity in isomerization products for n-heptane reactant in function 

of the reaction temperature are given in the following figure. It is important to note that the 

catalytically active phase has been prepared following in situ reduction . of commercial MoO2 

by hydrogen at 650 K for 7 hours. 

Reaction 
623 603 S83 S63 543 523 

temperature (K) 
Conversion % 49.5 36.2 21.1 12.8 2.9 0.8 
lsomerization 

62.3 79.6 92.6 93.9 100 100 
seletivity % 

Cracking 
37.7 20.4 7.4 6.1 0 0 

selectivity % 
2MH/3MH 1 1 0.94 0.9 0.9 1.3 

Cl 0.8 0.6 0 0 0 0 
C2 1 0.5 0 0 0 0 
C3 12.6 7.4 3.6 2.3 0 0 

butanes 14.5 8.4 3.8 3.7 0 0 
oentanes 1.8 1 0 0 0 0 
hexanes 7.1 2.4 0 0 0 0 

2MH 23.2 30.8 40.2 42.6 52.6 43.5 
3MB 27.4 31A 37.9 37.6 47.4 56.5 
DMP 13 15 14.3 13.7 0 0 
others 1.7 2.3 0 0 0 0 

As could be observed in the figure, a conversion between 0.8 to 21 % and a selectivity of 

more than 90% to isomerization products, mainly 2 and 3-methyl hexanes (2MH/3MH ~ 1) 

and di-methyl pentanes were obtained at reaction temperatures between 520 and 580 K. 

However, at higher reaction temperatures, a constant increase in conversion in favour qf 

hydrocracking products takes place. It is important to note that the selectivity ratio in 

isomerization products at higher than 600 K reaction temperatures does not change regardless 

the conversion. The major hydrocracking product$ are C3 and C4 (C3/C4 ~ 0.9) at all the 

reaction temperatures studied in this work. This clearly reflects the . stability of the catalyst 

bifunctional properties in this reaction temperature range. 

The catalytic reactions of n-heptane and isopropanol will be reported using bulk and 

supported MoO2(Hx)ac• system. 

References 

[l]A. Chica and A. Corma, J.Catal.187 (1999) 167-176. 
· [2]M.J. Ledoux, C. Pham-Huu, J. Guille and H. Dunlop, J. Catal. 134 (1992) 383 . 
. · [3] T. Matsuda, Y. Hirata, S. Suga, H. ~akagami and N. Takahashi, Appl. Catal. 193 (2000) 185. 
[4]A. Katrib, P. Leflaive, L. Hilaire and G. Maire, Catal. Lett, 38 (1996) 95. 
[S]A. Katrib, V. Logie, N. Saurel, P. Wehrer, L. Hilaire and G. Maire, Surf. Sci. 377-379 (1997) 754. 
[6]A. Katrib, L. Urfels and G. Maire, Stud. Surf. Sci. Catal. 130 (2000) 2363. 
[7]A. Katrib, D. Mey and G. Maire, Catal. Today, 65 (2001) 179. 

6 



РР-2 
BALANCING ON ТНЕ EDGE: ISOMERIZATION REACTIONS OVER 

1i· HETEROGENEOUS CATALYSTS PRE-ACTIVATED WITH HYDROGEN 

БАЛАНСИРУЯ НА ГРАНИ: РЕАКЦИИ ИЗОМЕРИЗАЦИИ НА 
ГЕТЕРОГЕННЫХ КАТАЛИЗАТОРАХ, АКТИВИРОВАННЪIХ ВОДОРОДОМ 

Bernas А., Kumar N., Miki-Arvela Р., Laine Е. *, HolmЬom В.**, Salmi Т. and Mumn D.Yu. 

taboratory of Industrial Chemistry, Process Chemistfy Group, АЬо Akad�mi University 
.. ; FIN-20500 Abo/Turku, Finland ·.

, Fax: +358 2 215 4985; E-mail: dmurzin@abo.fi . . 
·

1 *Laboratory of Industrial Physics, Department of Physics, University of Abo/Тurku
FIN-20014 Abo/Тurku, Finland . " 

**Laboratory of Wood Chemistry, Process Chemistry Group, АЬо Akademi -University 
FIN-20500 Abo/Turku, Finlcµid 

Тhе douЫe bond migration reaction of linoleic acid to conjugated linoleic acids over 
heterogeneous catalysts was studied. Reactions taking place are isomerization of linoleic acid 
to conjugated linoleic acids, competing hydrogenation of linoleic acid to mono--unsaturated 
acids, and further hydrogenation of the mono-unsaturated species to stearic acid. The 
isomerization reaction is enhanced Ьу catalyst pre-activation under а pressure ofhydrogen. 

IiouЫe bond migration in hydrocarbons has b�en а subject �f consideraЫe interest for а 
number of years. Different mechanistic proposals have been advanced and it has been 
demoristrated that hydrogen can promote the douЫe bond inigration reaction being an 
asfoichioinetric component. It is however obvious that if douЫe bond migration occurs in а 
hydrogen atmosphere, the selectivity toward isomerization products is essentially diminished 
due to the "parasitic" douЫe bond hydrogenation reactions. An option is to utilize solvents 
that act as hydrogen transfer agents. Very often only the products of douЫe bond migration 
are of importance. 1n present study we were concemed with the production of conjugated 
linoleic acids (CLA). CLA was recently found to Ье both antioxidative and anticarcinogenic, 
hence these fatty acids are of great interest in food and health research [1]. 

: CLA is conventionally prepared Ьу homogeneous isomerization of linoleic acid 
(cis-9,cis-12-octadecadienoic acid) under alkaline conditions. The use of а heterogeneous 
catalyst for the douЫe bond migration reaction would Ье of advantage from economical and 
environmental point of view, since it easily can Ье filtered, regenerated, and reused. Тhе 
catalytic activity of Ni/Н-MCM-41 mesoporous molecular siev� .. �atalyst at mild reaction 
conditions has been recently been investigated [2]. In this study, · supported metal catalysts : 
Ru/Al20з, Рd/Н-МСМ-41, and Рd/Н-У are investigated. Тhе catalysts were char�chterized Ьу 
using X-ray powder diffraction (XRD), X-ray fluorescency, hydrogen temperature 
programmed desorption (ТРD), and nitrogen adsorption (БЕТ) techniques. 

7 
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The heterogeneously catalyzed isomerization reaction was carried out in a stirred 200 ml 

I • 

jacket heated batch reactor. Preliminary isomerization experiments under a nitrogen 

atmosphere resulted in high selectivity for double bond migration. However, the total 

converted amount of linoleic acid after a reaction time of 6 h was very low. No side reactions 

were detected except for double bond hydrogenation. Experiments under a hydrogen 

atmosphere resulted in hydr~genated end products. Isomerization of linoleic acid to CLA and 

hydrogenation of linoleic acid to mono-unsaturated acids (oleic acid, elaidic acid, cis-vaccenic 

acid and trans-vaccenic acid) were two competing reactions. It was also observed that 

hydrogenation of both linoleic acid and CLA proceeds consecutively via mono-unsaturated 

acids to stearic acid (n-octadecanoic acid). The isomerization reaction 'in a nitrogen 

atmosphere was dramatically enhanced when the catalyst was pre-activated with hydrogen, 

otherwise using the same reaction conditions. Catalytic activity and the role of pre-activation 

under a pressure of hydrogen are demonstrated in Table 1. 

Table 1. Activity data for isomerization oflinoleic acid o':'er Ru/AliO3, Pd/H-MCM-41, and Pd/H-Y catalysts. 

Cata1yst · Hydrogen Reaction ~Conversion 6Conjugation cHydrogenation Selectivity Selectivity 
adsorption temp. temperature (%) (%) . {%) for for 

{°q (oq conjugation hydrogenation 

Ru/AbO3 100 120 44 28 16 0.65 0.36 
Pd/H-MCM-41 100 120 100 4 96 0.04 0.96 

Pd/H-Y 100 120 78 17 60 0.22 0.78 
Pd/H-Y 100 80 62 17 46 0.26 0.74 
Pd/H-Y no activation 120 23 18 6 0.76 0.24 

a All percentages refer to mole percentages. blncludes all CLA isomers. · clncludes both mono-unsaturated acids 
and stearic acids. 
Conditions: raw material: 200 mg linoleic acid, solvent: 70 ml n-decane, catalyst quantity: 200 mg, catalyst 
metal loading: 5 wt-%, catalyst particle size interval: 0-180 µm, hydrogen adsorption time: 1 h, reaction time: 
6 h, reaction pressure: 1 atm of nitrogen, strirring rate: 800 rpm. 

It was concluded that the concentration of chemisorbed hydrogen and a chemisorbed 

half-hydrogenated key intermediate on the catalyst surface have a definite influence on 

catalytic activity and selectivities toward conjugation and hydrogenated products through a 
·'.} .,j: 

complex connection. High hydrogen coverage favors hydrogenation. Low hydrogen coverage 

favdrs isomerization, but also reduces the conversion. A compromise thus has to be made. A 

kinetic model, based on mechanistic considerations, is advanced. 

References 
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. IN SITUCHARACTERIZATION OF Sn-Pt/SiO2 CATALYSTS USED IN LOW 

TEMPERATURE. OXIDATION OF СО 

ИССЛЕДОВАНИЕ IN SITU Sn-Pt/SiO2 КАТАЛИЗА ТОРОВ 
НИЗКОТЕМПЕРАТУРНОГО ОК�С!J;ЕНИЯ СО 

Borbath 1., Margitfalvi J.L., Lazar К.*, Szegedi А., Hegediis М. and Gбbolos s.

Institute of Chemistry, Chemical Research Center, Hungarian Academy of Sciences 
1025 Budapest, Pusztaszeri ut 59-67, Hungary 

*�stitute oflsotope and Surface Chemistry, Chemical Research Center
Hungarian Academy of Sciences, 1525 Budapest, РОВ 77, Hungary

Tel: 36-1-325-7747; Fax: 36-1-325-7554; E�mail: borbath@chemres.hu·: 

Low temperature oxidation of СО over alloy type Sn-Pt/SiO2 cata,1ysts with different 
Sn/Pt ratios has been investigated at different СО partial pressure using Тheпnal Programmed 
Oxidation technique and time on stream experiments. The activity of the catalyst had а 
maximum, which depended on both the Sn/Pt ratio and the СО. partial pressure. FTIR and 
Mossbauer spectroscopy has been used to follow compositional and structural clianges of 
Sn-Pt/SiO2 catalysts during the catalytic run. The results show that the in situ formed, highly 
moЬile нsп

п+ 

-Pt епsетЫе" sites are responsiЫe for high activity, while formation of 
relatively staЫe SnOx type surface species are involved in the catalyst deactivation. 

Low temperature oxidation of СО has а great academic and industrial interest. Different 

catalytic systems have been developed for this reaction and Pt/SnO2 and supported gold 

nanoclusters showed the highest activity [1,2]. With respect. to the high activity of Pt/SnO2

catalysts the involvement of Pt-SnOx interface has been proposed [2]. 

Upon using Controlled Surface Reactions between hydrogen adsorbed on platinum and 

tin tetraalkyls we prepared а series of Sn-Pt/SiO2 catalysts containing supported SnxPt
y

nanoclusters almost exclusively with Sn/Pt ratio up to 1.5 [3,4]. ·мossbauer spectra revealed 

the presence of platinum-rich [PtSn(a)] and tin-rich [PtSn(b)] alloy species after activation of 

the catalysts in hydrogen at 573 К. 

Based on our recent catalytic and Mossbauer spectroscopy results { 5] and the mechanism 

presented in ref. 2 we have suggested that the activation of the СО molecule can Ье related to 

(i) the atomic closeness of Pt and: Sn4+ sites formed in situ from ·supported Pt-Sn nanoclusters

during the oxidation, and (ii) the СО - Sn4+ interaction. This suggestion has been supported. ·

Ьу the results of аЬ initio Hartree-Fock calculations carried out for the СО - SnN cluster,

where N= О, +2 and +4. The results clearly showed that the С=О 6ond was weakened in the

proximity of the charged tin atom. This weakening effect is proportional with the charge of

the tin atom [5].

The possiЫe mode of activation of the СО molecule over the (11 О) surface of the PtSil · 
· •  i .

(1:1) alloy was also modeled and calculated. Fo·r the linear alignment of СО, i.e., when the 

9 
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CO molecule is p~rpendicul_ar to the surface, no o ... sn interaction is possible. In contrast,. for 

the bent structures, the oxygen atom of the CO molecule chemisorbed on the Pt is near to a tin 

atom, allowing interaction between them. Consequently, these calculations strongly support 

the relevance of our hypothesis with respect to the involvement of "Sn 4+ - Pt" ensemble sites 

in the increased activity of our alloy type Sn-Pt/SiO2 catalysts in low temperature CO 

oxidation. 

Based on in situ Mossbauer and FTIR spectroscopic results we suggest that in room 

temperature CO oxidation the supported Sn-Pt nanoclusters are oxidized and strongly 

reconstructed. The results of Mossbauer spectroscopy showed that during CO oxidation the 

less stable tin-rich PtSn(b) component was oxidized to Sn+4. 

The overall result of these transformations is the formation of the following phases or 

sites: 

(i) Formation of stable tin oxide phase (IS=0.0 mm s-1
, QS=0.6-0. 7 mm s-1

) 

(ii) Appearance of a highly dispersed Sn +4 (sf) phase (IS=0.86-1.12 mm s-1
) 

(iii) Formation of free platinum sites (~Colin= 2086 cm-1, vcobr =1840 cm-1) 

(iv) Appearanye of a new alloy phase, PtSn (1:1) (IS=l.8 mm s-1, QS=0.6-0.7 mm s-1
). 

It has been confirmed both by in situ Mossbauer spectroscopy results and catalytic 

experiments that tl}~ _ formed dispersed tin oxide phase is highly reactive. In the absence of 

oxygen it can be reduced by hydrogen even at room temperature and 82% of the original 

alloy content has been restored. The probability of the Mossbauer effect, fA ( approximated by 

d ln(A.300/An)/dT) indicates the surface location of t~e involved components. In both CO 

oxidation and subsequent re-activation in hydrogen a reversible PtSn B Sn4
+ + Pt 

inter~onversion takes place at room temperature. The results of in situ FTIR spectroscopy 

provided further prove for the above interconversion and unambiguous evidences were 

obtained with respect to the involvement of both Pt-rich PtSn(a) and Sn-rich PtSn(b) alloy 

species in the above interconversion. The catalytic experiments are in full accordance with the 

results of spectroscopic measurements. 

In this lecture details on the preparation and characterization of Sn-Pt/SiO2 catalysts, and 

results of the activity tests and ab initio and density function calculation will be presented and 

discussed. 
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[l]N.D. Gangel, M. Gupta, R. M. Iyer, J. Catal., 126 (1990) 13. 
[2] K. Grass, H.-G. Linz; J. Catal. 172 (1997) 446. 
[3] J.L. Margitfalvi, I. Borbath, E. Tfirst, A. Tompos, Catal. Today, 43 (1998) 29. 
[4] J.L. Margitfalvi, Gy.Vank6, I. Borbath, A. Tompos, A. Vertes, J. Catal., 190, (2000) 474. 
[S]J.L. Margitfalvi, I. Borbath, M. Hegedus, E. Tfirst, S. Gobolos and K. Lazar, J. Cata!. 196 (2000) 
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CATAL YTIC PERFORМANCES OF Co-Fe-Cu �I�ED OXIDES FOR PROPENE 
AND TOLUENE OXIDATIONS· 

КАТАЛИТИЧЕСКИЕ СВОЙСТВА СМЕШАННЫХ ОКСИДО.6 КОБАЛЬТА, 
ЖЕЛЕЗА И МЕДИ В ОКИСЛЕНИИ ПРОПИЛЕНА И ТОЛУОЛА 

Carpentier J.�Laversin Н., Lamo11:ier J.-F., Siffert S. and Aboukais А. 

Laboratoire de Catalyse et Environnement, ЕА 2598, МRЕШ, 
Universite du Littoral - Сбtе d'Opale, 145, 

Avenue Maurice Schumann, 59140 Dunkerque cedex, France 
Fax: �3 28 65 82 39; E-mail: lamonier@univ-littoral.fr 

Copper, cobalt and iron mixed oxides derived from hydrotalcites have shown good 
catalytic perfonnances in total propene and toluene oxidations. А synergetic effect has Ъееn 
observed when copper is associated with cobalt and iron. 

The use of hydrotalcite precursor to prepare mixed oxides. could Ье an i_nteresting way to 
improve the catalytic perfonnance of oxid�s [ 1]. F or toluene oxidation, К. Bahranowski et · al. 
[2] demonstrated the better activity of Cu, Cr douЪle oxides derived from the hydrotalcite
synthesis. In this work, propene and toluene have Ъееn chosen as probe molecules because
alkenes and·· aromatics (with carbonyl compounds) are the ·major families in · automoЬile
exhausts [3] especially for diesel engine and because they are commorily' emitted from
industrial processes.

Cu and/or Со and Fe layered douЪle hydroxides (Co2-xCuxFe1{HT) with х = О, 0.5, 1, 1.5 
and 2) have Ъееn synthesised Ьу coprecipitation of Cu(NOз)2, Со(NОз)2 and Fе(NОз)з with а 
aqueous solution of NaOH and Na2CO3 (рН = 8). The resulting slurry is heated at 55°С for 
24h. After cooling, the solid is filtered, washed and drie<;i in air at 50°С for 48h. The catalytic 
perfoпnances of calcined hydrotalcites (500°С) in the propene and toluene oxidations have 
Ъееn perfonned in а flow microreactor and evaluated stu�ying the combustion products Ъу 
gas chromatography. 

The XRD·pattems of Co2Fe1(HT) and·Co1.sCиo.5Fe1(HT) samples show the presence of a 
well crystallised hydrotalcit� phase. F �� х = · 1, the hydrotalcite phase is present but poorly 
crystallised and ·mixed with another.phase. For � = 1.5, the solid is amorphous according to 
the higher БЕТ value (214 m2/g). For Cu2Fe1(HT) sample, only the malachite structure 
Cu2(OH)2CO3 is fonned. In these conditions, the fonnation of hydrotalcite phase with copper 
as unique Ъivalent cation in the sample is not possiЪle. 

Тhе catalytic activities of Co2-xCuxFe1(HT) samples are presented in fig.1 for the total 
oxidation· of propene �d ·ы fig.2. for.the total toiuene oxidation. А.11 .the catalysts present а 
selectivity into СО2 and Н2О of 100% towards the both oxidation reactions. 
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Fig. 1. Conversion curves of 
Co2-xCuxFe1(HT) samples for propene 
oxidation(◊) x = 0, (x) x = 0.5, (□) x = 1, 
( o) x = 1.5 and ( +) x = 2 
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Fig. 2. Conversion curves of 
Co2-xCuxFe1 (HT) samples for toluene 
oxidation(◊) x = 0, (x) x = 0.5, (□) x = 1, 
( o) x = 1. 5 and ( +) x = 2 

For all the catalysts, the, propene conversion monotonically increases with temperature, 

reaching 100% at the minimum temperature of 275°C except for Cu2Fe1 sample. It seems that 

copper has a beneficial effect when this element is associated with cobalt and iron since the 

ternary oxides present a better activity than the binary ones. In line with the light off 

temperature, the catalytic: activity of samples varies according to the following sequence : 

x = 0.5 > x ::;::: 1 > x = · 1.5 > x = 0 > x = 2. A synergetic effect is obtained for the lower copper 

content. CuO phase seems not to be responsible of the enhancement in the activity since XRD 

data reveals the presence of this phase for x ~ 1. The lower activity of Cu2Fe1 (HT) can be 

explained by the lower specific area of this sample. 

For the toluene oxidation, a higher temperature is needed for a complete reaction in 

agreement with the different stability of the both reactants. Copper presence has also a 

positive effect on the activity but its content is not the dete~ining parameter as in the case of 

propene oxidation. 

References 
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САТ AL YTIC PROPERTIES OF NITROGEN OXIDES IN PROCESSES OF 

:- • < • � 

OXIDATION TRANSFORМATIONS OF ORGANIC COMPOUNDS 

КАТАЛИТИЧЕСКИЕ СВОЙСТВА ОКИСЛОВ АЗОТА В ОКИСЛИТЕЛЬНЫХ 
ПРЕВР АЩЕПИЯХ ОРГ АВ�ЕСКИХ СОЕДИНЕЩf.Й 

Chomaja S., Zhizhkun S., Trusov S. and Sergeeva О. 

Riga Technical University, Faculty of Material Science and Applied Chemistry 
14/24 Azenes St., L Vl 048, Riga, Latvia 

Fax: +371+7615785; E-�ail: S_Zhizhkun@hotmail.com, weaselstyle@one.lv 

Liquid phase-catalytic oxidation Ьу molecular oxygen is the most effective way;to obtain 

various oxygen containing organic compounds. The major proЫem in this case is selection of 
both active and selective catalyst. lt is shown in our previous puЫications [1,2] that nitrogen 

oxides (NOx) are both active and selective catalysts of liquid phase oxidation of aromatic 

alcohols and glucose Ьу oxygen. The kinetics of those processes has been studied and the 

mechanisms are proposed. Nitrogen oxides in oxidizaЫe solutions _are generated in а 

NaNO2-HCIO4-H2O-sulfolan system 

PossiЬility to apply catalytic system described above to two new processes is explored in 

the given work. 
Catalytic oxidation of hydroxypivalic aldehyde Ьу molecular oxygen has been studied. 

The reason of interest to hydroxypivalic aldehyde oxidation is that the oxidation products of 

this substance, i.e. hydroxypivalic and dimethylmalonic acids are source matters for new 

generation plastificators manufacturing processes. 

Oxidation kinetics of hydroxypivalic aldehyde in а system mentioned above has been 

studied. 

Conditions required to produce diinethylmalonic acid with selectivity 94-96% were 

found. It is detected that hydroxypivalic aldehyde oxidation process consists of two stages. 

NaNO2,IГ 
2 С(СН3)2(СН2ОН)(СНО) + 02 ► 2 С(СНз)2(СН2ОН)(СООН) (1) 

hydroxypivalic 
aldehyde 

NaNO2,IГ 

hydroxypivalic 
acid 

С(СНз)2(СООН)(СН2ОН) + 02 ► С(СНз)2(СООН)2 + Н2О (2) 

hydroxypivalic 
acid 

Schema for catalytic process has been proposed. 
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The works published in a recent years [3,4] ·snow that currently discussed catalytic 

system is successfully utilized in an aromatic compounds halogenization processes. 

·Jodization and bromization has been achieved [3,4] in the follow~ng conditions: 

The aromatic compound -HC}04- NaN02-Nal(NaBr)-02. 

At the same time attempts to execute chlorization processes of the same type have been 

failed. We implement processes of oxidizing chlorization of toluol and xylol by apI?lication of 

various metal ions of variable valence and NaN02 as catalysts in a following system: 

substrat-HCl04- H20-Cf-Me +n _NaN02-02. Kinetics of this process has been studied as well. 

This is new approach to exploration of production of chlorine derivative aromatic compounds. 
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EFFECTS OF OZONE ON CATAL YTIC AND PHYSICO"CHEMICAL 
PROPERTIES OF Cu"Ce-Al-O CATALYSTS FOR SOOT COMBUSTION 

РР-6 

ВЛИЯНИЕ ОЗОНА НА КАТАЛИТИЧЕСКИЕ И ФИЗИКО-ХИМИЧЕСКИЕ 
СВОЙСТВА Cu-Ce-Al-O J(АТАЛИЗАТОРОВ СЖИГАНИЯ САЖИ 

Decarne С., Bokova М.*, Abl-Aad Е., Lunin V.V.* and Aboukais А. 

Laboratoire de Catalyse et Environnement, MREID 
145, Avenue Maurice Schumann, 59140 Dunkerque-France 

Fax: 03-28-65-82-39; E-mail: aЬiaad@univ-littoral.fr 
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Moscow Lomonosov State University� Vorobjevy Gory, Moscow 119899, В-234, Russia 
Fax: (007)(095) 939-45-75; E-mail: bokova@kge.msu.ru 

The elimination of diesel soot at the level of the exhaust line is one of the present 
challenges of the car manufactщer. In this study, the catalytic combustion of carbon particles 
has been investigated in the presence of Cu-Ce-Al oxides. Тhе influence of ozonation on the 
catalytic and physico-chemical properties of Cu-Ce-Al-oxides used in the combustion 
reaction of diesel soot was examined. 

Elimination· of carbon particles emitted into air from diesel engines is one of the main · 

environmental proЫems. The reduction of diesel soot- can Ье -reached Ьу impregnation of 

porous ceramic filter placed through the exhaust stream with an oxidation catalyst. In this 

study the temary oxides composed of copper, ceria and alumina were chosen as catalytic 

systems. All these oxides were already studied for soot or carbon Ыасk combustion [1-3] and 

except alumina that is introduced as support, these oxides were active. Nowadays, ozone is 

widely used in diff erent processes due to its high oxidation ability [ 4]. The idea is to use 

ozone at the catalytic process level of diesel soot combustion. Indeed, exhaust gases medium • . 

is poor in oxygen and use of high oxidation reagent can enhance catalytic properties of solids. 

The purpose of this work is to investigate the influence of ozonation on the catalytic and 

physico-chemical properties of Cu-Ce-Al-oxides at the reaction of diesel soot combustion. 

Тhе catalytic tests of combustion of 20wt% of carbon Ыасk mixed with 80wt% of 

catalyst were studied Ьу simultaneous Differential Thermal Analysis and Gravimetric 

Thermal Analysis {DT А/ТG) with а NETZSCH ST А 409 apparatus. The analysis of 

combustion products was performed on а V arian 3600 chromatogr�ph, . equipped with FID 

detector. Physico-chemical properties of catalysts were studied _ by different techniques such 

as Electron Paramagnetic Resonance (EPR) and Temperature Programmed Reduction {TPR) 

under hydrogen. Ozonation of soot-catalyst mixture was performed at an initial ozone 
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concentration of 40mg/L, gas mixture flow of 75mL/min at 298 K during 1 hour. Ozone was 

produced from oxygen in laboratory glass ozone generator. 

From DT A/TG curves, .the activity of the catalysts before and after q.~onation has been 

compared in terms of the combustion temperature of soot. Catalytic tests show that alumina 

does not influence carbon black combustion. On the contrary, ceria doped alumina solids have 

catalytic properties and their reactivity increases with ceria loading. Indeed ceria is very 

active and allows to decrease temperature range of combustion of approximately 230°C. 

Catalytic properties of ceria can be related to its redox properties and its ability to release and 

store oxygen [5]. Introduction of copper on alumina allows to increase reactivity, but on the 

contrary, introduction of copper on ceria based catalysts cannot enhance catalytic properties. 

Only increase of copper loading permits to increase reactivity. Catalytic behaviours of copper 

based catalysts were related to the distribution of copper species on the catalyst surface. 

Indeed, characterization shows that CuO agglomerates are the most reactive copper species, 

even if it is less reactive than ceria. For the ozonized samples, the carbon black combustion 

occurred at lower temperature range. For the AhO3, CeO2 and CuO catalysts small 

differences were observed for the combustion temperature. When the reaction was performed 

in the presence of Cu-based catalysts the temperature of soot combustion was lowered 

significantly. The most important decrease of temperature is observed for copper doped 

alumina. Such effect is due to modification of copper species ( distribution, nature, 

environment, ... ). 

Concerning the CO selectivity of the solids, pure alumina presents a selectivity of 14% 

(COf (CO+CO2)). CO selectivity decreases with the increase .of ceria content. Indeed, pure 

ceria is totally selective in CO2. Copper introc;!~ction allows to have total CO2 selectivity. 

Selectivity data are not influenced by the ozonation of the solids. 
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CATALYTIC OXIDATION REACTION OF PROPENE IN THE PRESENCE OF 

MOLYBDENUM CATALYSTS SUPPORTED ON CERIA (Mo03/Ce02) 

PEAKIUffl KATAJIHTHqEcKoro OKHCJIEHIDI IIPOIIHJIEHA B 
IIPHCYTCTBHH MOJIH6)J;EHOBOro KAT AJIH3ATOPA, HAHECEHHOro HA 

OKCH}]; :QEPIDI (Mo03/Ce02) 

Flouty R., Abi-aad E., Siffert S. and Aboukais A. 

Laboratoire de Catalyse et Environnement E.A. 2598, MREID, 
Univeriste du Littoral-Cote d'Opale, 145 Av. Maurice Schumann, 59140 Cedex, France 

Fax: 33 3 28658239; E-mail: aboukais@univ-littoral.fr. 

Molybdenum supported on ceria are performant catalysts towards the oxidation of 
propene at 673K. A total oxidation of propene is obtained on pure ceria. Whereas, partial 
oxidation of propene occured in {he presence of molybdenum. It was proposed that the first 
step of the reaction is the abstraction of a hydrogen and formation of allylic species. The next 
step of the oxidation is the insertion of lattice oxygen into these species. 

Different molybdenum-cerium catalysts with various atomic ratios (Mo/Ce= 0.001; 0.01; 

0.1; 0.2; 0.3) have been prepared by impregnation of ammonium heptamolybdate 

Mo1024(NH4)6,4H20 solution on cerium hydroxide as support Ce(OH)4. The performance of 

this catalysts has been widely investigated towards the oxidation reaction of propene at low 

temperature about 673K. In fact, molybdenum based systems play an important role as active 

and selective catalysts of redox processes, such as oxidation of hydrocarbons [1, 2]. 

Particularly, Mo03 oxide are frequently used for the partial and selective oxidation of propene to 

acrolein [3, 4]. The catalytic results have shown that molybdenum-cerium catalysts are very 

performant in the oxidation of propene. However, a great amount of molybdenum, more than 

1 % impregnated on ceria, decreases the activity and selectivity of the catalytic system. This 

phenomenon can be explained by the decrease of catalysts specific areas in the presence of 

molybdenum (> 1 % ). This can be related to the dispersion of Mo03 oxide on ceria surface. 

Raman study has shown that low molybdenum loading is highly dispersed on ceria with ~0
6
+ 

ions incorporated into oxygen vacancies. The increase of molybdenum loading reduce the 

number of the oxygen vacancies. Furthermore, the EPR results have shown that pure ceria 

possesses oxygen vacancies, which were absent for the catalysts with an important quantity of 

molybdenum. Otherwise, 0 2· and Mo5
+ ions have been evidenced by EPR after treatment 

under vacuum of these latter catalysts at 573K. These obse~ations revealed a partial 

reduction of the solid comparable to that occured during the combustion cycle. In addition, a 

modification of lattice oxygen arrangement in ceria bulk and a stabilization of surface oxygen 

species have been evidenced in the presence of molybdenum (> 1 %). Moreover, the redox 

behavior of the catalysts plays an important role in the modification of catalytic properties 
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during oxidation reaction. The TPR study of the catalysts has shown that the presence of high 

quantity of molybdenum delayed ceria reduction. Ceria is more easily reduced in the presence 

of low molybdenum loadings (<1 %). Otheiwise, it is well-known that the catalytic activity is 

related to the chemisorption affinity of the oxide towards the reactant [5]. The nature of the 

intemiediate products reversibly or irreversibly adsorbed on the catalyst surface, plays a 

crucial role in the behavior and the performance of the catalysts during the oxidation reaction 

[5]. Thus, the oxidation ability of the samples has been checked through the study of propene 

adsorption on the surface using IR and EPR techniques. The IR results have shown that 

propene molecules are reversibly physisorbed on pure ceria. Whereas, a polymerization and 

stabilization of propene is observed in the presence of molybdenum. In addition, an 

interaction of physisorbed propene with electrons trapped on ceri~ has been evidenced by 

EPR. However, the presence of coke is detected· at room temperature for the catalysts 

containing a large quantity of molybdenum (>1%). The formation of this latter increases with · 

molybdenum loadings and is more important at 100°C. These results can explain the high 

activity and selectivity of ceria for total oxidation of propene. However, a partial oxidation of 

propene occured in the presence of molybdenum at room temperature. Based on these results 

and according to the litterature [ 1-4] the following mechanism can be proposed to explain the 

changes observed in the presence of molybdenum: 

i) activation of a propene molecule, consisting of abstraction of an a-proton, leading to 

formation of an allylic species. 

ii) abstraction of a second hydrogen atom, and nucleophilic addition of lattice oxygen 

into these species. 

This process leads to formation of surface species which, depending on the strength of the 

bonding to the surface, may be desorbed as unsaturated aldehydes ( acrolein) which can be 

transformed into ethene or coke. 
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CHARACTERIZATION AND COKE DEPOSIT ON Ni,Co,Mo SUPPORTED 

ON AJi03, Zr02 CATALYSTS IN PROPANE CRACKING AND CO2 
REFORMING OF CH4 

OXAP AKTEPH30BAHHE H KOKCOOT JIO)KEHHE HA Ni,Co,Mo 
KATAJIH3ATOP AX, HAHECEHHhIX HA A}i03, Zr02, B PEAKI(IDIX KPEKHHr A 

IlPOilAHA II PH'1>0PMIIHr A CO2 MET AH OM 

Goralski J., Grams J., Jozwiak W.K., Paryjczak T. and Rzeznicka I. 

Institute of General and Ecological Chemistry, Technical University of Lodz, 
ul. Zwirki 36, Lodz 90-924, Poland 
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The CO2 r~forming reaction of CH4 has been studied over numerous supported metals 

including Ni-based catalysts [1,2]. One of a major problem is the deactivation of the catalysts 

due to carbon deposition. Carbon may be formed by Boduart reaction or methane cracking 

2COB C+CO2 and CH4BC+2H2, respectively. This paper was focused ~n the changes in the 

activity for the CO2 reforming of CH4 over unsupported and supported Ni catalysts. However, 

in the case of the most active catalyst Ni/Zr02-AhO3 having the activity comparable to 

Ni/ A}zO3 catalyst, the reactor was completely plugged with carbon in a few minutes. In 

propane cracking the most active appeared Co-Mo/AhO3 catalysts. The physicochemical 

properties of catalysts and their activity were correlated with carbon deposit and its reactivity 

with oxygen and hydrogen was investigated by numerous methods: TPO, . TPSRtt2, TOC, 

XRD, TEM. 

The activity of nickel supported on alumina catalysts in reaction of dry reforming of 

methane is comparable with the activity for unsupported nickel and mechanical mixture of 

NiO aJ?.d AhO3. It increases with temperature and is almost proportional to reaction time. The 

increase in the activity in time is caused by the reduction of Ni/ AhO3 catalysts by reaction 

mixture. This is consistent with the temperature programmed profiles of these catalysts, where 

the reduction proceeds up to 700°C. There is no significant change in the activity with 

reaction time since the catalysts are almost reduced at 800°C. The catalysts were calcined at 

500°C prior to the reaction, so the formation of nickel aluminate was insignificant. The initial 

activity of Ni/Zr02 catalysts is very small in comparison with .. the activity of alumina 

supported nickel catalysts. However, with reaction time it reaches the value characteristic of 

Ni/AhO3 catalysts. It is reasonable since Ni/Zr02 catalysts have small surface area (5 m2/g) 

and the reduction of these catalysts requires longer time. The activity of nickel supported on 

Zr02-AbO3 is close to alumina supported catalysts. However, it decreases dramatically in 
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· tirrie; because~ there are much smaller nickel particles on the surface, which can easily form 

zirconyls under reaction conditions. Temperature programmed oxidation of the deposited 

carbon shows that it can be burnt in one stage at temperatures above 600°C, suggesting an 

appearance of one type of the carbon 'on the catalysts surface. 

The comparison of Ni/ AhO3, Col AhO3 and Co-Mo/ AhO3 catalysts in propane cracking 

showed that low Mo loaded system appeared to be the most active. The amount of carbon 

deposition was proportional to the time and temperature of propane cracking. In the case of 

acetylene cracking at the same reaction time - temperature conditions much higher amount of 

deposited carbon appeared on catalyst surface. Zirconia supported catalysts undeiwent much 

lower degree of carbon coating than those supported on alumina. 

Depending on the kind of catalyst and its pre-treatment conditions of oxygen - hydrogen 

cycling different XRD phases were observed: Co3O4, Co, CoAbO4, CoMoO4 and MoO3 [3,4]. 

The crystalline MO3 phase is observed only for Mo/ZrO2 catalyst whereas, for Mo/ AbO3 

catalyst an amorphous phase is anticipated. The reactivation of carbon deactivated catalysts 

was performed using temperature programmed oxidation with oxygen TPO and the complete 

carbon removal from catalyst surface, mainly as CO2 was possible up to 600°C. At least three 

different carbon species were envisaged: carbon mono-atomically dispersed species, carbon 

whiskers and surface graphite - like structures confirmed by TPO, XRD and TEM methods. 

The removal of carbon in hydrogen atmosphere of 5%H2 - 95%Ar stream during TPSR82 

process did not exceed 20% of total deposited carbon on catalyst surface and the major 

P,roducts were CH4 and CO. The evolution of carbon mo~oxide was the result of the carbon 
,l • -.~ 

reforming with support surface hydroxyl groups C +Off ➔ CO+½ H2 [5]. 

· 
1 Acknowledgement: This wotk was supported by the Polish State Committee for Sciences 

Research Grant PBZ/KBN/018/T09/99/1C 
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IN SITU FORMATION OF CHEMOSELECTIVE SITES IN HETEROGENEOUS 

CATALYSIS: HYDROGENATION OF a,f}-UNSATURATED ALDEHYDES 

IN-SITU WOPMHPOBAHHE XEMOCEJIEKTHBHhIX I(EHTPOB B 
rETEPOrEHHOM KATAJIH3E: rH,IJ;PHPOBAHHE a,P-HEHAChIW:EHHhIX 

AJlhj(ErJmOB 

Hajek J., Salmi T. and Murzin D.Yu. 
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E-mail: Jan.Hajek@abo.fi 

The conformation and the composition of catalysts can be influenced and changed under 
the reaction conditions. The catalyst conformation changes in conjunction with activity and 
selectivity changes can induce the products distribution. The aim of this work is to investigate 
and find suitable mechanism for the description of mentioned aspect observed during 
heterogeneously catalysed selective hydrogenations. 

The concept of in-situ creation of catalytically active sites has a long history. Already in 

1953 Boreskov proposed that catalysts of the sane chemical composition possessed the same 

activity. Despite the clear limitations of this concept it was demonstrated later by Somorjai, 

that the surface chemistry is sensitive to the substrate and often adsorbate-induced surface 

restructuring can occur. 

One of the challenging tasks in catalytic research is selective reduction of polyfunctional 

molecules such as unsaturated aldehydes. Selective reduction of C=O bond in conjugated 

system of C=O and C=C bonds is a difficult task to achieve. To improve the selectivity 

towards unsaturated alcohols, high temperature ex-situ reduction of easily reducible supports 

accompanied with generation of the metal-support interfacial ( chemoselective) sites was 

proposed. 

The modification of surface sites by the reaction mixture itself leading to in situ formation 

of chemoselective sites was also proposed in several gas-phase hydrogenations. However 
~ : - I 

selectivity increase towards unsaturated alcohol with time-on-stream was accompanied by 

catalyst deactivation and was at the expense of selectivity decrease. As activity and selectivity 

in fact are connected, additional experimental evidence is essential for demonstration of 

in situ formation of chemoselective sites. 

In the present study liquid-phase hydrogenation of cinnamaldehyde over support~d sol-gel 

Ru-Sn/SiO2 catalysts was studied at 373-483 K and 25-70 bars. The reaction network is 

presented on Fig. 1 
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Fig. 1: Reaction network of cinnamaldehyde hydrogenation over sol-gel Ru-Sn/SiO2 catalysts. 

In a typical liquid-phase hydrogenation reaction of a,~, unsaturated aldehydes selectivity 

to unsaturated alcohol is rather constant up to high values of conversion when the secondary 

transformations become predominant. 

75 ~-------------------

Reduced 

60 

15 
Convenient Ru catalyst 

0+-----.....------,------.----------1 

0 25 50 75 100 

Conversion [%] 

Fig.2. Graphic demonstration of the metal-support interfacial sites formation during the 

hydrogenation of cinnamaldehyde over differently prepared Ru-Sn/SiO2 sol-gel catalysts. 

· ., However, as it is shown on Fig. 2 there was a clear increase in selectivity as a function of 

conversion, after which a definite decrease part was visible. This kinetic pattern did not obey 

the general behavior characteristic for parallel-consecutive reactions, thus calling a concept of 

reaction induced formation of active sites should be invoked for the explanation of 

experimental data. 

In this work dependence of different reaction parameters on in-situ creation of active sites 

will be discussed. 
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REDUCTION REQUIREMENTS FOR Ru(K)/Fe2O3 CATALYTIC ACTIVITY IN 

WATER - GAS SHIFT REACTION 

BJIIDIHHE BOCCTAHOBJIEHIDI KATAJIH3ATOPOB Ru(K)/Fe2O3 HA HX 
AKTHBHOCTh B PEAKQHH KOHBEPCHH CO C BOMHhIM UAPOM 
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Institute of General and Ecological Chemistry, Technical University of Lodz, 
ul. Zwirki 36, 90-924 Lodz, Poland 

Fax: 48 42 631 31 26; E-mail: wjozwiak@ck-sg.p.lodz.pl 
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Water gas shift (WGS) reaction (CO + H2O ➔ CO2 + H2) can be catalyzed by many 
metals and metal oxides. Despite extensive research efforts, the nature of active sites for this 
reaction is relatively poorly understood. The paper is focused upon determining reduction 
conditions required for Fe2O3, Ru/Fe2O3 and potassium-promoted Ru(K)/Fe2O3 catalysts for 
the above reaction. 

Iron(III) oxide, used as a support for Ru and Ru-K/Fe2O3, was prepared by calcination of 
iron oxi~e-hydroxide for 3h at 600°C in air. The ruthenium catalysts (0.5, 1 and 5 % Ru) were 
obtained by incipient wetness impregnation of the support with RuCh aqueous solution, 
followed by drying at 105°C and 3h-activation at 400°C in air. Potassium doped catalysts 
contained 3.6 % K. The catalysts were characterized by H2 chemisorption, TPRH2, TPRco, 
TPD, low-temperature N2 adsorption, TG-DTA-MS, FTIR and XRD techniques. The catalytic 
activity for WGSR was measured in a flow reactor operating at atmospheric pressure at 350°C 
with the molar ratio of H2O/CO = 2.5. 

The catalysts calcined in air showed the presence of Fe2O3 and/or RuO2, K 20, KFeO2 

phases, whereas only Fe30 4 and traces of potassium carbonate were X-ray detected in the 
Ru/Fe2O3 catalysts after WGS process. BET surface area of the catalysts, which ranged from 
12 to 20 m2g-1

, decreased by about 20% as a result of WGS reaction. Potassium showed a 
stabilizing effect on surface area of the catalyst. The ruthenium dispersion on iron oxide 
surfaces ranged from 5 to 70%, reaching higher level when the Ru/Fe2O3 catalysts were 
doped with potassium. 

Iron oxide catalysts, both alone and potassium-doped one, were practically inactive for 
WGS reaction because carbon monoxide conversion at 350°C observed in their presence did 
not exceed 5 %. The CO conversion up to 80% was observed on 
Ru-containing catalysts (0.5-5% Ru) and above 90 % on potassium-doped Ru(K)/Fe2O3 
catalysts. 

The hydrogen reduction susceptibility of iron(III) oxide strongly depends on heating rate 
and hydrogen partial pressure in H2-Ar stream. The reduction begins at ab0t1t 200°C and 
results in the appearance of two overlapped TPRH2 peaks which can be attributed to the 
following stages of the iron(ID) oxide reduction · 3Fe2O3 ➔ 2 Fe3O4' ➔ 6Fe. The presence of 
ruthenium (RuO2) substantially changes the character of reduction process and three distinct 
stages are noticeable. They can be assigned to reduction of ruthenium(IV) oxide RuO2 + 2H2 
➔ Ru+ 2H2O with maximum at about 190°C, reduction of Fe2O3 to Fe3O4 with a maximum 
at about 260°C and finally the reduction above 350°C which represents the unresolved 
gradual transformation of Fe3O4 ➔ FeO ➔ Fe. The overall process appeared to be time
temperature-diffusion limited and strongly depends on heating rate (0.5-25°C/min-1

). In such 
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conditions the reduction of Fe3O4 ➔ Fein 5%H2 - 95%Ar stream was accomplished at 620-
12500C, respectively. In pure· 100% H2 stream, the reduction of 3Fe2O3 ➔ 2 Fe3O4 ➔ 6Fe 
proceeds in the temperature range of 200-400°C. 

TPRco measurements were carried out in the gas mixt1:1-fe consisting · of 
5 % CO - 95 % He with trace amounts ofO2 and H2O (about 300 and 10 ppm, respectively). 
Thus, a simultaneous determination of the catalyst reduction effects during the reactions of 
CO oxidation with 0 2 and ·water (WGS) could be followed as a function of increasing 
temperature. The temperature controlled sequence of events can be inferred on the basis of 
TPRco concentration profiles of 02, H2, CO2 and CO recorded for Ru/Fe2O3 catalysts. 
Starting from the temperature of about 100°C, CO and 02 are_ ,C<?nsumed while CO2 is 
evolved,. which indicates the occurrence of the reaction CO+ 1/2 O~ ➔ CO2.In the range, 270-
2900C, sharp peaks related to CO consumption and CO2 release are interpreted as reduction of 
ruthenium(IV) oxide phase RuO2 + 2CO ➔ Ru + 2CO2. From about 280°C, the evolution of 
hydrogen 
(i.e. the product of WGS reaction) is observed, it seems reasonable to assume that this process 
proceeds on active sites of the metallic ruthenium phase. A subsequent . reduction effect, 
observed in the range 290-320°C, is interpreted as the initial stage of Fe2O3 to Fe3O4 

reduction with carbon monoxide. As this reaction is accompanied by a decrease in hydrogen 
concentration, it is likely that hydrogen is also involved in the iron(III) oxide reduction. After 
completion of this stage, hydrogen appears again. A further stage of Fe3O4 reduction is 
observed in the range 320-480°C. At about 500°C, simultaneous CO and CO2 desorption is 
observed. These desorption effects can serve as an j11dication of catalytic activity in the WGS 
process. Within temperature range of 320-600°C, the concentration of hydrogen 
monotonously decreases. The simultaneous desorption of CO and CO2 is related to the 
decomposition of surface formate-like species, according to the schemes: 
HCOOH ➔ CO2 + H2 and HCOOH ➔ CO + H2O. The evolution of hydrogen was detected 
during '!'PD experiments in Ar stream after WGSR at 350°C. The absence of water evolution 
can be_ explained by the subsequent step of iron(II) oxidation: Fe2

+ + H20 ➔ Fe3+-0- + H2 . 

. Two kinds of catalytic sites responsible for WGS reaction are postulated, one of which is 
Ru(Q) located on ruthenium surface and the other belongs to Fe3O4 surface. The condition for 
high activity is easy1 . reduction of a catalyst at low temperatures. 
The ability of carbon dioxide and ,f.arbon monoxide to adsorb can serve as a .measure of the 
concentration of active sites on tlie surface of iron oxide. Lower activity results in smaller 
CO2 and CO desorption effects and in a decrease of CO2/CO ratio. · 

. . This work was supported by the Polish State Committee for Scientific Research, grant 
No. PBZ/KBN/018/T09/99/1C 
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The catalytic oxidation of glucose to gluconic acid is carried out with air or oxygen in 

aqueous medium in the presen~e of supported platinum or palladium catalysts [1-6]. In spite 

of high selectivity of these systems, they have not been found useful in industry because of 

their fast deactivation. In order to decrease the deactivation as well as to improve the 

selectivity of platinum and palladium catalysts on supports, they are mod~fied by metals like: 

Bi, Pb, Cd, Tl, etc, the role of which has not been fully defined yet [7-13]. 

In this paper, the activity and selectivity of palladium catalysts supported on SiO2 and 

modified with thallium in the reaction of liquid phase oxidation of glucose to gluconic acid 

were studied. Moreover, the phase composition of bimetallic systems was determined using 

X-ray diffraction studies. Because of the presence of gluconic salts, which show strong 

chelating properties in the reaction medium, the amount of Pd and Tl dissolved in the solution 

during glucose oxidation was studied. 

The catalysts modified with Tl show much better selectivity and activity in the reaction of 

glucose oxidation to gluconic acid than palladium catalysts. Together with a rise in the 

percentage content of thallium, there is a rise in the amount of gluconian being a result of the 

reaction. Catalysts containing 5wt.-% Pd - 5wt.-% Tl/SiO2 show a particularly high selectivity 

exceeding 90%. After the introduction of thallium, a double rise in glucose conversion is 

observed compared with palladium catalysts not modified with this metal. 

The XRD studies of sample of Pd - Tl/SiO2 catalysts after reduction at 533 K prove the 

presence of intermetallic compounds of defined stoichiometry. These compounds are formed 

as a result of Pd and Tl interaction. A rise in selectivity observed for bimetallic catalysts in the 

described reaction is probably connected with the formation of those compounds. 

Because gluconic acid is a good chelating agent, the post-reaction mixture was studied 

with the aim of determining the presence of palladium and thallium. The results of ICP-AES 

analysis of the reaction mixture after the catalytic test show that the amounts of thallium 
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transferred into the mixture depend on the percentage content of this metal in the catalyst. The 

reason why thallium is passed into the mixture is the presence of gluconian. When the 

catalysts were put in water and submitted to analogous oxidation conditions as in the case of 

sugar solution, only trace quantities of this metal were found. For all the systems studied, 

transfer of palladium into the mixture was not observed. 

The authors wish to acknowledge the financial support of the Polish State Committee for 

Scientific Research (KBN) for the programme concerning the selective oxidation of glucose 

(Grant no 7 T09B 120 21). 
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Influence of nature and loading of transition metal as well as type of support on activity 
of M-containing xYOu-10CeO2-(90-x)ZrO2 solid solutions (M = Cu, V or W; x = 5 or 
10 mol. % ) in CO+O2 and NO+CO reactions and in combustion of carbon black was studied. 
Activity of the catalysts in former two reactions was investigated depending on conditions of 
activation of the samples. The highest conversions of reagents were reached over reduced 
catalysts, and the samples activated in H2 exhibited better activity than those treated with CO. 
In all stu_died r~actions, catalytic activity correlated with metal content; Cu-loaded samples 
were the :qiost active catalysts. 

Systems containing transition metals on supports, having the properties of efficient 

oxygen exchangers and buffers (e.g. Y-Ce-Zr mixed oxides [1,2]), are of interest as efficient 

catalysts for the treatment of automotive exhausts. They are able to promote conversion of 

NO under O2-rich conditions and one of CO under O2-lean conditions due to capability of 

such supports to absorb and release 0 2 at change of composition of gas atmosphere. 

The purpose of the present work was to investigate reactivity of Cu-, V- and 

W-containing 5YO15-10CeO2-85ZrO2 and I 0YO1 .s-1 0CeO2-80ZrO2 solid solutions ( denoted 

as Y-5 and Y-10, respectively) in a series of red-ox reactions typical of automotive 

converters. 

The supports were prepared by co-precipitation technique. The catalysts with 0.5, 1 or 

3 wt.% of metal were prepared by impregnation of the supports with solution of 

Cu(NO3)2· 6H2O or NH4 VO3 or (NH4)10H2(W 201 )6· 4H2O with the subsequent drying and 

calcination in air at 523, 723 and 973 K for Cu-, V- and W-containing samples, respecti,vely. 

Activity of the catalysts in the reactions CO+O2 (0.24 vol.% CO and 0.12 vol.% 02 in N2) 

and NO+CO (0.24 vol.% each in N2) was studied in a flow reactor after their activation in situ 

( calcination or reduction with CO or H2 at 723 K for 1 h). Combustion of carbon black 

(mechanically mixed with catalyst in proportion 1 :4) was investigated using DTA-TG 

measurements (5 K/min) undet air flow (75 ml/min). 

In the CO+O2 and NO+CO reactions, activity of the catalysts increased with transition 

metal content and reduction degree of the catalysts. Moreover, the activity was higher when 
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we used Y-10 support, which possessed the more reactive lattice oxygen and had enhanced 

oxygen storage capacity due to mor~.g~ffctive structure as compared with Y-5 [3]. 

High activity of the catalyst~ i~ :c'0~02 reaction was observed in a wide temperature 

range. It was found that 0 2 of gas phase interacts with CO at moderate reaction temperatures, 

wherbas at high temperatures 0 2 of the catalyst's is also involved in CO oxidation. The 

participation of the second type of oxygen in CO oxidation was confirmed by changes of 

reaction kinetics at high temperatures, e.g. at~ 773-793 K for metalTfree samples. According 

to TPR data, in this temperature range 0 2 begins to be reversibly released from the bulk of the 

supports. We suppose that 02 from gas phase, migrating into th~. tatalysts at moderate 

temperatures and filling oxygen vacancies (Dhutk) formed by pre-reduction, is involved in the 

catalytic process at high temperatures, at which bulk 02 has sufficient mobility to diffuse to 

the catalyst surface. Thus, one can expect that the studied catalysts . will positively affect the 

CO conversion in real exhaust gases both at low temperatures (this is very important for 

control of CO emission during cold-start of an engine) and at high temperatures even under 

0 2-lean conditions . 

. All the catalysts were rather active in the NO+CO reaction, giving as N-containing 

products N20 at moderate temperatures and N2 at high ones. Appreciable amount of N2 was 

formed at moderate temperatures over pre-reduced M-loaded as well as M-free samples, 

suggesting a contribution of reduced centers of the supports (Ce3
+ or Dsurr) to transformation 

of NO into N2. According to [ 4], appearance of N2 at low temperatures is a result of 

adsorption of NO on two sites followed by dissociation (N atom is attached to Ce3
+ ion and 0 

atom interacts with Dsurff Indeed, yield of N2 and concentration of surface centers of the 

supports, created by pre-reduction, increased in the same sequence: M-free ~ W- < V- << 

Cu-loaded samples. Temperatures, at which N2 begins to be formed, were found for M-loaded 

< pure supports, and for all the samples for Hi-activated < CO-treated. Since surface oxygen 

vacanc'ies amount in catalysts did not depend on type of attivating agent, we concluded that 

the contribution of supported metals to N2 formation at low temperatures is to provide with 

de~ply reduced centers for NO adsorption, having more adsorption strength than Ce3
+ ions. 

The temperature of carbon black combustion was considerably decreased in the presence 

of all the catalysts (e.g. by~ 170 K for 3%Cu/Y-10 catalyst as compared wit~ !3:0n-catalytic 

oxi4~tion of carbon particles). The catalytic activity of the samples increas~d in the following 

range: Y-10 < Y-5 ~ W- < V- < Cu-containing catalysts. The selectivity in CO2 formation was 

100% in all the cases. 
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The nature of metal species in the M-containing xY01.5-10Ce02-(90-x)Zr02 catalysts 
(M = Cu for x = 10 or V for x = 5) was related to the catalyst behavior in NO+CO and C0+02 
reactions. The catalysts containing high metal content showed an . increas·ed catalytic 
effectiveness correlating to their degree of reduction (activity increased in the range: 
pre-calcined in air< pre-reduced with CO< pre-reduced with H2 samples). For determination 
of the nature of active sites, the absolute and relative amount of various types of the metal 
species being present in pre-calcined (oxidized) and pre-reduced catalysts was estimated. 

Recently it has been found [1] that Cu- and V-loaded xY01.5-10Ce0i-(90-x)Zr02 solid 

solutions (x = 5 or 10 mol.%) were rather active in the NO+CO and C0+02 reactions, and 

that catalytic performances depended strongly on the conditions of activation of the catalysts 

(calcination in air or reduction in CO or H2 flow at 723K). To all appearance, the activity of 

the catalysts must be affected by the state of the supports as well as by the nature and the state 

of supported metals. Role of Ce02-containing supports in NO and CO conversions is well 

known [2]. The purpose of this work was to determine the nature of the metal species 

responsible for the conversions of NO and CO over the Cull 0Y01.5-10Ce02-80Zr02 and 

V /5Y01.5- l 0Ce02-85Zr02 catalysts. 

The metal-loaded 1 0Y01.5- l 0Ce02-80Zr02 (denoted as Y-10) and 

5Y01.5-10Ce02-85Zr02 ( denoted as Y-5) supports with 0.5, 1 or 3 wt.% of metal were 

synthesized by an impregnation technique. The solutions ·of Cu(N03)2" 6H20 and NILi V03 

were used for the impregnation of Y-10 and Y-5, respectively. Bulky-like large particles, such as 

CuO or V 20 5 or another compounds, have not been detected by XRD m._ as-prepared samples. 

Three different types of Cu2+ species were found in the pre-calcined at 723K Cu/Y-10 

catalysts: 91).e _type of isolated ions on the catalyst surface (Cusui+) and another one in the 
__ J. ;_; .•• 

bulk of solids as well as copper clusters located on the catalyst surface. 

According to the values of electron paramagnetic resonance parameters (g I = 2.24, Ai I = 153G; 

gi = 2.05, A_1_ = 15G) and electronic spectroscopy data (adsorption band at~ 12000-14000 cm-1
), 
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isolated Cusui+ ions had local environment of tetragonally distorted octahedra. These ions 

had a high reducibility - they were completely reduced to Cu0 
· even under soft reducing 

conditions (CO, low temperature). Concentration of isolated CUsui+ ions in oxidized samples, 

as well as amount of Cu0 isolated particles in pre-reduced samples, decreased with copper 

content. 

In contrast to isolated Cusui+ species, concentration of surface copper clusters in the pre

calcined Cu/Y-10 samples increased with metal loading. This was confirmed by increase of 

intensity of the band in electronic spectra at ~ 32000-35000 cm-1
, related to the presence of 

Cu2+ clusters on a catalyst surface [3]. In pre-reduced ~atalysts, amount of clusters, containing 

reduce copper, also increased with supported metal content, correlating thus with catalytic 

activity of the catalyst in the mentioned above reactions. In our opinion, lower activity of 

samples pre-reduced with CO as compared to one of the samples pretreated with H2 is related 

to the lesser degree of reduction of Cu2+ clusters in the former case. Taking into account that 

inthe activated with H2 catalysts all deposited copper was in completely reduced state (TPR), 

one can conclude that active component of Cu/Y-10 catalysts is clusters of metal copper. 

Vanadium was in y 5+ state in the pre-calcined VN-5 cataly~ts: both isolated ions and 

aggregated V-(OV)n species. In pre-reduced samples, three types of isolated tetragonally 

compressed octahedral complexes of vanadyl type have been observed by EPR spectroscopy. 

They had different extent of tetragonal distortion and different interionic V-O distances. One 

type of the complexes with EPRparameters gJ r = 1.920, Aj 1 = 160G; g1_ = 1.971, A1- = 57G 

was situated in the bulk of catalysts. Two another types with .EPR parameters gJI = 1.910, 

Ali = 184G; g1_ == 1.979, A1- = 70G and gJI = 1.914, Ail = 192G; g1_ = 1.983, A_1_ = 60G) were 

located on the catalyst surface. 

In the pre-reduced with CO samples, vanadium was in the state of isolated vanadyl 

complexes only. The activation of the catalysts with H2 resulted in some increase of their 

amount. This pretreatment also led to the formation of y 4
+ clusters, which amount 

considerably increased with vanadium loading. Taking into account that the catalysts 

pretreated with H2 had the highest activity, we have concluded that y 4
+ clusters are the active 

domponent of V N-5 catalysts. These clusters can be formed by reduction of polymerized y 5+ 

species being present in pre-calcined samples as well as by aggregation of the isolated surface 

complexes of vanadyl type during the reductive treatment. 
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CATALYTIC IMPACT OF IMPREGNATED PALLADIUM ON PROCESSES IN 

PHENOL-Pd-ACTIVATED CARBON CLOTH SYSTEM 
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Behavior of metallic Pd supported on activated carbon cloth (ACC) by heating under 
oxidizing and inert atmospheres in presence of adsorbed phenol was investigated. 
Characterisation studies include SEM, surface area measurements, thermogravimetric analysis 
and temperature programmed oxidation and desorption in a wide range of temperatures and 
concentrations of adsorbed phenol. 

Pd participates in all processes taking place on ACC: it is active not only towards 
carbonization, oxidative coupling and complete oxidation of adsorbed phenol but also in 
oxidation of ACC surface functional groups and its skeleton. 

Introduction 

Development of improved catalytic processes by using of new catalytic materials requires 

deep penetration into fundamental bases of catalyst design. Fibrous cloths are materials of 

interest for catalytic applications [1]. Thus, activated carbon cloths (ACC) made of micro

sized fibers having high apparent surface areas (1500-2000 m2/g) and the uniform microp?re 

structure offer lower transport resistance and higher adsorption/desorption rates than those of 

conventional catalysts (powders or granules). In present work, a role of metallic Pd 

impregnated on ACC under heating in oxidizing and inert atmospheres in presence of 

adsorbed phenol was investigated to clear a mechanism of processes taking place in the 

reactant-active site-support system. 

Experimental 

A commercial ACCs (523-15 and 5092-15 K1nol™) employed were made from carbon 

fibers of 9-10 µmin diameter, specific surface· area of 1540 m2/g; the micropore volume and the 

average pore diameter of 0.605 ml/g and 1.61 nm, respectively. Pd was deposited on the pre

oxidized ACC by impregnation with a solution of PdCh to obtain palladium loading in the range 

of0.05-9 wt%. The concentration of adsorbed phenol was varied in the range of 5-35 wt.%. 

Results 

Depending on Pd loading on ACC, two morphology types of Pd/ ACC system were 

detected. At low Pd loading (below 1.3 % wt.) all the Pd is housed in the micropores, while at 
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high Pd loading the Pd is located both in micropores and as aggregates of 0.1 to 1.5 µm on the 

outer surface of carbon fibers. 

In inert atmosphere Pd strongly affects the phenol carbonization process · that, in tum, 

leads to significant formation of charred heavy products on the ACC surface. The weight 

fractions of phenol desorbed from outer ACC surface are equal for both morphological types 

because most of the Pd (below 1.3 wt.%) is located in the micropores and it does not affects 

the phenol desorption. 

The total weight loss in phenol/Pd/ ACC systems in air is a superposition of three main 

contributions due to desorption, oxidative coupling reaction (OCR, that lead to phenol 

oligomerization) and complete combustion (CC). The presence of Pd in phenol/Pd/ACC leads 

to intensification of phenol carbonization that is a result of · oligomers formation at 

intermediate temperatures. At high temperatures decomposition of oligomers followed by 

f orination of charred residues. 

n C6HsOH + 02 = (C6HsO) n + nH20 (OCR) 

C6HsOH + 02 CO2+ H20 (CC) 

Significant catalytic effect of Pd on phenol oxidation in phenol/Pd/ ACC under oxidative 

atmosphere was observed while the largest effect was appeared for catalysts with low Pd 

loading. Furthermore, impregnated Pd also demonstrated activity towards oxidation of ACC 

surface and its skeleton in air. 

Summary 

Metallic Pd supported on activated carbon cloth in presence of adsorbed phenol 

participates in all processes taking place on ACC: it is active not only towards carbonization, 

oxidative coupling and complete oxidation of adsorbed phenol but also in oxidation of ACC 

surface functional groups and its skeleton. 

[l]Matatov-Meytal Yu., Sheintuch M. Catalytic fibers and cloths, Appl. Cata/. A. General, 231 (2002) 
1-16. 
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According to the very definition of catalysis, it is a kinetic process, and thus reliable 

kinetic models, which describe the rate of catalytic reactions, are of vital importance for 

solving applied problems in mathematical modelling, design and intensification of chemical 

processes. Any reactor design thus starts from reactions kinetics and, therefore, from the 

reaction mechanism. Reaction kinetics is the translation of our understanding of the reaction 

mechanism on a molecular level into a mathematical rate expression that can be used in 

reactor design. Historically, the theory of catalytic kinetics was developed on the basis of 

large-scale processes. More recently, heterogeneous catalysis started to be widely applied in 

the field of so-called classical organic chemistry, e.g. for the production of fine chemicals. 

However, in the fine chemicals applications, despite the increasing significance of 

heterogeneous catalysis in this area, kinetic studies are rather sparse. 

Recent advancements in surface science clearly indicated the complex adsorption 

behaviour of large organic molecules, which could not be treated within the framework of 

classical models. This new knowledge is not properly addressed, to present day, in kinetic 

modelling of complex reactions, which still rather heavily rely on various traditional 

competitive and non-competitive Hougen-Watson models. It is assumed rather often in 

modelling, that large organic molecules compete with relatively small inorganic molecules for 

the same sites. It is however, more reasonable to assume that the molecules do not absorb 

either with full competition, neither with non-existing competition. Naturally, the sizes 

should be considered as relative to each other. Such a situation could manifest itself in various 

gas-phase heterogeneous catalytic reactions, when the surface is not totally covered. 

However, in liquid-phase reactions, when the bulk concentration of the organic species is 

relatively high, the catalyst surface is easily covered by these bulky organic molecules. At the 
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. same time, geometrical restrictions prevent organic mblecules from complete covering of 

catalyst surface. Thus, there are potential interstitial spaces between the larger organic species 

adsorbed on the surface sites that cannot accommodate these species, and on which smaller 

(by comparison) atoms (hydrogen or oxygen) · are able to adsorb. This situation is 

schematically presented in Fig. 1. 

.(!., ~, 
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atom (relatively small) ,.,-
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Fig. 1. Principal of the semi-competitive 
model 

Kinetic treatment of such reactions 

should invoke the concepts of multi-centred 

species and incorporate several sites for an 

organic molecule and one (or two) site(s) for 

hydrogen ( oxygen) activation with 

competition between the reactants for such 

sites. 

This model was applied in kinetic 

treatment of gas-phase hydrogenation 

aromatic compounds, skeletal isomerization 

of hydrocarbons and liquid-phase 

hydrogenation ofD-xylose to xylitol. 

It was demonstrated that parameter estimation could be successfully performed. 

However, solving the system of equations might be a challenge from the ordinary differential 

equations (ODE) solver point of view, in contrast to more traditional reaction-adsorption 

models. The initial starting values for the estimation were more cumbersome to choose, since 

the ODE-solver tended to crash if the values were poorly chosen. Moreover, the calculation 

times were considerably longer. However, these technical difficulties could be overcome. 

The semi-competitive model provided a clear advantage over conventional models in 

case of gas-phase reactions, although for the liquid-phase hydrogenation almost the same 

description was achieved. It might thus be concluded, that the advanced model, which is 

based on more physically reasonable assumptions, is superior in some cases in comparison to 

the more traditional approaches. However, m~re knowledge is needed to define systems, 

where the kinetic modelling will benefit from an application of this new model. 
_i· 
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Saturated and unsaturated primary alcohols have been efficiently oxidised with oxygen to 
the corresponding aldehydes under mild conditions using ruthenium catalysts in homogeneous 
or heterogeneous systems. 

The catalytic conversion of primary alcohols to aldehydes is essential for the preparation 

of fragrances and food additives as well as of many synthetic intermediates in . organic 

chemistry. Traditional methods for the synthesis of aldehydes generally involve the use of 

stoichiometric amounts of inorganic oxidants such as chromium(VI) and generate large 

quantities of waste. Hence, search for the effective catalytic systems that use environmentally 

benign and inexpensive oxidants such as oxygen or hydrogen peroxide to convert alcohols to 

carbonyl compounds remains an important challenge. Most examples of aerobic oxidation of 

alcohols involve the catalysts based on platinum group metals, ruthenium catalysts being of 

particular interest [ 1]. 

We have studied the liquid-phase oxidation of a series of primary alcohols to aldehydes 

by 0 2 (or air) catalysed by tetra-n-propylammonium perruthenate [(n-Pr)4N]RuO4 (TPAP) or 

ruthenium oxide. Among the substrates are both saturated and unsaturated alcohols with 

allylic and nonallylic double bonds. The oxidations with TP AP have been shown to proceed 

in a homogeneous solution (e.g. in toluene) with selectivities of 72-91 % at 55-80% alcohol 

conversion. The unsaturated alcohols such as 9-decenol, 9-octadecenol and ~-citronellol give 

the corresponding unsaturated aldehydes without competing double bond attack. The time 

course of oxidation indicates a complex reaction mechanism. The results on oxidation of a 

test alcohol t-Bu(Ph)CHOH suggest that one electron processes do not play an important role 

in the TP AP-catalysed oxidation of alcohols. Bulk or silica-support~d ruthenium oxide, RuO2, 

effectively catalyse aerobic oxidation of primary alcohols to aldehydes in heterogeneous 

systems. Additions of transition metals, such as Co(ill) or Cu(II), enhance the oxidation. The 

solid ruthenium catalysts are characterised by TGA, FTIR, XRD and XPS. 

[l]R.A. Sheldon, I.W.C.E. Arends, A. Dijksman, Cata!. Today 57 (2000) 157. 
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CVD PREPARATION OF Ni-PROMOTED TUNGSTEN NITRIDE CATALYST AND 

ITS ACTIVITY FOR THIOPHENE HDS 

IIOJiyqEHHE Ni-IIPOMOTHPOBAHHbIX HHTPH,LJ;OB BOJlh<l>PAMA 
METO,IJ;OM XHMHlJECKOro OCAJK,l(EHIDI H3 IIAPA H HX AKTHBHOCTI, B 

. rH,IJ;POOiiECCEPHBAHHH THO<l>EHA 

Nagai M., Fujioka M. and Omi S. 

Graduate School of Bio-applications and Systems Engineering, 
Tokyo University of Agriculture and Technology, 2-24 Nakamachi, Koganei, 

Tokyo 184-8588, Japan 
Fax: +81-42-3887060; E-mail: mnagai@cc.tuat.ac.jp 

Ni-doped tungsten nitride was synthesized on a Si(400) substrate and y-alumina using a 
chemical vapor deposition method in a stream of WC16, NH3, Hi, and Ar at 723 K under 
reduced pressure. The composition and surface properties of the deposited tungsten nitride 
were analyzed using XRD and XPS measurements. The activity of alumina-supported 
tungsten nitrides for the hydrodesulfurization (HDS) of thiophene at 623K and atmospheric 
pressure was determined. 

Transition-metal nitrides are active for hydrodesulfurization and hydrodenitrogenation of 

petroleum feedstocks. Ni- and Co-doping prnparation of the catalysts promotes the activities 

of molybdenum and tungsten catalysts. Although tungsten sulfides on alumina and zeolite are 

reported to be active for thiophene HDS [1,2], little information about the surface properties 

and activities of tungsten nitrides has been reported yet. In previous papers [3,4], alumina

supported tungsten nitrides was synthesized at 973 K by directing a argon flow over the WC16 

source using the CVD technique under reduced pressure. The tungsten nitride catalyst with 

200 m2 g-1 surface area was prepared as ~-W 2N form without any diffraction line of WN [ 4]. 

However, the tungsten nitride catalyst had not enough activity for thiophene HDS. In this 

study, the Ni-doped tungsten nitride catalysts were synthesized on alumina by reaction of 

WF 6 with a mixture of NH3, H2, and Ar using the CVD method. The surface composition and 

properties of nickel-doped tungsten nitride was determined by XRD and XPS analyses. The 

relationship between the surface properties of the Ni-doped tungsten nitride catalysts and the 

activities for thiophene HDS is discussed. 

_ · The thin film and catalyst of tungsten nitride were synthesized at 723 K on Si( 400) 

substrate and a y-AJiO3 pellet in a gas mixture ofWF6-NH3-H2-Ar (1:4:1:6) at a total flow of 

48 mlmin-1
. using a hot-wall type CVD reactor. Thin films of tungsten nitrides were analyzed 

by XRD and SEM . before preparation of alumina-supported cataly$t, , For the qat~Jyst 

preparation, tungsten nitride was deposited on y-alumina immersed in 1.5 wt% nickel nitrate 
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solution using the CVD reactor and characterized by ~S and CO adsorption measurements. 

The activity w~s measured for the HDS of thiophe°:e (feed: about 20 µmol min"1
) using a 

.,;.; ! 

differential microreactor at 623 K and atmospheric pressure. 

Ni-promoted tungsten nitrides on alumina were prepared at 723 K for deposition time of 

5, 10, and 20 min ( catalyst code: A-5, A-10, and A-20, respectively). For comparison, 

1.5 wt% Ni-doped supported alumina catalyst after the CVD preparation of tungsten nitride 

( catalyst code: B), 1.5 wt% Ni-doped alumina catalyst without tungsten nitride (C), and 

tungsten nitride on alumina without nickel (D) were also measured for HDS activity. The 

activity of the catalysts decreased as follows: A-10 > A-5 > A-20 > B > C > D. The 

relationship between the highest activity of A-1- catalyst and the · surface composition was 

analyzed using XPS. The A-10 catalyst had the surface compo~ition of W/(W + Ni) ratio at 

about 0.75 (Ni : W=l : 3). Furthermore, the distribution of trans-2-butene corresponded to 

the activity of the tungsten nitride catalyst for thiophene HDS. As a result, the addition of 

nickel in tungsten nitride catalysts promoted the formation of trans butene isomer during the 

hydrogenation of butadiene after the direct sulfur removal of thiophene or the 

dehydrogenation of butane to butene after the HDS and during the HDS of 

tetrahydrothiophene to butenes. 
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THE USE OF MONTMORILLONITE IN HETEROGENEOUS CATALYSIS 

HCilOJih3OBAHHE MOHTMOPHJIJIOHHTA B rETEPOrEHHOM KATAJIH3E 
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The use of heterogeneous catalytic systems has shown undoubted advantages from both 

economic and environmental points of view. Clays have the capacity to concentrate on their 

surface simple organic molecules in order to be possible to be trans.formed to more complex 

forms. In this way, organic synthesis, cracking of paraffines, the phenol-formaldehyde 

reaction over acid clays and other reactions are possible [l]. 

The dramatic development of heterogeneous catalysis over the past several years has also 

led to reconsidering the most important synthetic processes. Clays treated with acids in order 

to increase their catalytic properties have been proved to be excellent catalyst supports 

[ e.g 2-5]. In most of the cases the clay used as support is montmorillonite, a smectite group 

clay, in its commercial acid-treated form (Kl 0). Many inorganic salts like ZnCh, FeCh, 

AlCb supported on acid clays have been used in oxidation, alkylation and acylation processes 

of organic compounds [e.g. 6-11]. The supported salts are much more active compared to 

unsupported salts. It has been shown that the catalytic properties are depended on the degree 

of acid treatment [ 11]. 

Investigation for the role of the different sites of the montmorillonite participating on the 

surface chemistry in necessary. Interlammellar channels can be blocked by the use of 

ammonium complexes or by preparing a clay treated with phosphate to mask the edges [12]. 

During the acid treatment of montmorillonite clay, two processes take place: (a) replacement 

of a number of exchangeable cations from the outer layer of the clay with hydrogen atoms, 

and (b) aluminium leaching from the central octahedral lattice layer of the clay. The acid 

attack begins at the platelets edges rather than· by penetration of the silicon-oxygen layers 

[ 13]. Acid treatment changes also the surface area and porosity of the clays, but little is 

known about the structural changes occurring with acid treatment, since this treatment 

reduces crystallinity and so precludes the use of X-ray diffraction (XRD) techniques for 

structural analysis. Acid activated bentonites with hydrochloric acid of various combinations 

of acid strength and treatment time [14], resulted in a 4 to 5 times increase of the surface area 
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of the raw materials. Activation showed to distract *e original smectite structure, remove of 

the octahedral cations, uptake of OH- and formation of an amorphous silicon rich phase. 

Examination of acid-treated montmorillonite and other clays as supports for ZnCh alkylation 

catalysts, [15], indicated that zinc chloride adsorbed in mesopores produces the active catalyst 

and that the promotion of the activity of clay supported ZnCh catalyst is not dependent on the 

structure of the clay, but could be significantly influenced by the pore-size di~tribution and 

the pore volume of the clay. It was suggested, that the active salt adsorbed in pores, adopts a 

different crystal structure. Lower catalytic activity was observed when larger quantities of salt 

were used, since the filled with salt pores are further covered by salt obstructing the catalysis. 

It was also suggested that the enhanced activity of the adsorbed ZnCh into montmorillonite 

clay may be due to increased accessibility of Lewis sites to reactant molecules since the 

adsorbed salt adopts a different crystal structure or it has a greater specific surface area. 
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INORGANIC SiO2, TiO/STAINLESS STEAL COMPOSITE MEMBRANES WITH 

INCLUSION OF Ni SALT 12-MOLYBDOPHOSPHORIC HETEROPOLY ACID 

HEOPf AHHqECKHE K()MilO3HTHbIE MEMliP AHLI 
SiO2, TiO/HEP)KABEIO~MI CT AJlb C BKJIIOqEHHEM Ni-COJIII 

MOJlllli,lJ;EH<l>OC<l>OPHOH rETEPOilOJIIIKHCJIOTbl 
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SiO2 and mixed TiO2-SiO2 composite membranes have been prepared on macroporous 
stainless steel support using sol-gel method. Ni salt of 12-molybdophosphoric heteropoly acid 
has been introduced in the top layer by coating from aqueous solution and coprecipitation 
with TiO2 sol. Composite membranes with different pore sizes and surface areas could be 
regulated by various concentration of used sols and multiple deposition. Thiophene 
conversion is three times higher on the membrane prepared by coprecipitation in comparison 
with one prepared by dipping coating of heteropoly compound. 

Today membranes are an essential part of many important chemical including catalytic 

processes giving economic environmental and other advantages over classical separation 

technologies. A key step for the future is the development of inorganic membranes, which 

off er advantages of greater thermal and _ mechanical stability and resistance to chemicals. 

Aniohg the inorganic materials SiO2, Al2O3 and TiO2 based membranes have a potential to 

separate the hydrogen from other gases [1]. 

Various techniques for the deposition on thin mesoporous layers on macroporous 

supports are known. The choice of method depends on the desired pore size and selected 

material. The sol-gel method and its new developments are one of the most important 

methods to receive a thin layer without crackers and local defects. Earlier we have used this 

method in preparing SiO2 and TiO2 containing membranes using as support a stainless 

industrial membrane with intermediate TiO2 layer [2]. 

In this report sol-gel method and multiple dipping technique have been used to support 

the TiO2 and SiO2 on industrial macroporous stainless steal membrane (with pore size of 

200 nm). The SiO2 and mixed TiO2-SiO2 membranes have been synthesized using sols of 

different concentrations of the tetraethylorthotitanate and sodium silicate. The special thermal 
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treatment was used after coating of sols. The top layer was ip.odified employing the Ni salt of 

12-molybdophosphoric acid (HPC) using dipping coating from aqueous solution or 
f . 

coprecipitation of TiO2 sol and HPC on the composite membrane. It was shown that 

composite membranes with different pore sizes .and surface areas could be regulated by 

different concentration of used sols and their multiple deposition. 

BET method, scanning electron microscopy, measures of H2 and Ar permeability . are used 

for characterisation of the membranes. The membranes included heteropoly compounds were 

tested in the thiophene conversion at 3 50 °C. The hydrogen was used to reduce the membranes 

before contact with thiophene. 

It was shown that the H2 and Ar permeability depends on the membrane composition and 

deposited top layer. The TiO2 top layer in mixed TiO2-SiO2 composite membrane twice 

increases permselectivity of hydrogen. Hydrodesulfurization activity also depends of the top 

layer and the introduction mode of the active component. In the beginn.ing of the time-on

stream no conversion of thiophene is appeared on the SiO2 membrane with supported layer of 

HPC. Activity after standard pre-treatment is revealed only after 6 hours time-on-stream of 

the hydrogen-thiophene mixture. No inductive space of time is occurred when prepared 

membrane contains TiO2• Thiophene conversion was three times higher using the composite 

membrane the top layer of which was prepared by coprecipitation of TiO2 sol and HPC in 

comparison with the membrane prepared by dipping coating of heteropoly compound. The top 

layer prepared by coprecipitation gives an optimal permeability of hydrogen to active sites 

and their reducibility. 

[l]M. Tsapatsis, S. Kim, S.Woo Nam and G. Gavalas, Ind. Eng. Chem. Res. 30 (1991) 2152. 
(2] A. Spojakina, M. Stamenova, L. Petrov, L. Spassov, D. Mehandjiev, M. Er~ilova, V. Gryaznov, in 

Heterogeneous Catalysis, Proc. 9th International Symposium, Varna, Bulgaria; 2000, p. 525 
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OXIDATIVE P-0 COUPLING OF WHITE PHOSPHORUS TO ALCOHOL 

IN THE PRESENCE OF SYNERGETIC Cu(II)-Fe(III) SYSTEM 

OKHCJIHTEJibHOE P-0 coqETAHHE liEJIOro <l>OC<I>OPA co CIIHPTOM B 
IIPHCYTCTBHH CHHEPrHqECKOH Cu-(Il)-Fe-(111) CHCTEMbl 
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A synergetic effect, in terms of the reaction rate and yield of organophosphorus 
compounds, is achieved at using mixtures of Cu(II) and Fe(ill) salts for catalysis of the 
o~idative alkoxylation of white phosphorus. Kinetic and mechanistic aspects of this 
phenomenon are discussed. 

Durin.g our previous studies on catalytic functionalisation of white phosphorus, we have 

reported that CuX2 [1] and FeX3 [2] salts (X = Cl, Br, NO3, CH3CO2, C3H1C02, C11H3sCO2) 

act as a homogeneous catalysts of the oxidative P-O coupling of white phosphorus with 

alcohols which can be schematized as below: 

P 4 + 502 + 12ROH ➔ 4PO(OR)J + 6H20. 

Depending on the reaction conditions, the maJor product trialkylphosphate 1 is 

accompanied by dialkylphosphite 2 (10-40%). It has been established by perusal of the 

kinetic, potentiometric, thermodynamic, quantum-chemical [3], GC, IR and NMR data that 

the above reaction proceeds through a number of coordination and redox stages. The esters of 

phosphorus acids are assembled in the coordination sphere of the Fe(III) or Cu(II) 

intermediate complexes from activated molecules of alcohol and P 4, and liberated as a result 

of two-electron redox collapse of the complexes. The catalytic cycles are closed due to the 

reoxidation of the reduced form of the catalysts by oxygen. Despite of the same formal 

mechanism, the redox and catalytic behaviour of the CuX2 and FeX3 catalysts are differed. In 

the presence of Fe(ill) catalyst, therefore, the oxidative alkoxylation of P 4 is carried out under 

relatively high temperatures (70-90°C). The reaction temperature with Cu(II) catalyst is lower 

(50-60°C) but rather high amount of Cu(II) catalyst must be used. 

Recently we have found that the reaction rate and the products yield are considerably 

increased at using a Cu(II)-Fe(III) catalytic mixtures. For instance, upon addition the toluene 

solution of P 4 (2.6· 1 ff2 M) into solution of the CuCh and FeCh mixture (the sum 

concentration 8· 1 ff2 M) in iso-pentanol at 60°C, the maximum rate of the 0 2 absorption and 
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the greatest yields of 1 and 2 are achieved with the catalytic composition including 30-40% 

CuCh and 60-70% FeCh(see Figure). 

Such a non-additive rise of the reaction parameters in the presence of a mixed catalytic 

system · in companson with ones 
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ensured by an individual 

components of this system has 

been reported for a variety of 

reactions and 1s known as a 

synergetic effect. 

Schematically, in the presence 

of the mixed Cu(II)-Fe(III) 

systems this proc~ss may be 

presented as two coupled catalytic 

cycles, in which P 4 and 02 are not directly interacted with each other. The catalytic synthesis 

is accomplished through the main stages of (i) the coordination and activation of both P 4 and 

ROH at the Cu(II)-component, (ii) the reduction of Cu(II) to Cu(0) with P 4 ligand 

accompanied with formation of organophosphorus products, (iii) the oxidation of Cu(0) by 

the Fe(ill)-component, and (iv) the oxidation of Cu(I) and Fe(II) by oxygen. 

PO(OR)s, 
P(O)H(OR)i 

The synergetic effect is achieved 

due to a rational division of functions 

between components of the mixed 

catalytic system. The Cu(II) ion, more 

inclined to a two-electron · redox 

reactions is responsible for activation 

and oxidative alkoxylation of P4, whereas the Fe (ill) ion, as a stronger one-electron oxidant, 

is engaged in the Cu(0) oxidation. As a result of the combined effect of favourable kinetic and 

thermodynamic factors, the reaction may be carried out at less temperature and amount of 

catalyst than with the individual CuX2 or FeX3 catalysts. 

This work is supported by the research grants INT AS 00-00018 ~nd ISTC K-754p. 
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BbI6OP KATAJIH3ATOPA COIIPR)KEHHOro OKHCJIEHHH OKCJmA 
Yr JIEPO,l(A H BO~bl HA OCHOBE IIPHHI(HIIA KHHETHqEcKoro 

COIIP.H)KEHHH 

THE CHOICE OF THE CATALYST FOR CONJUGATION OXIDATION 
OF CARBON MONOXIDE AND WATER ON THE BASIS OF KINETIC 

CONJUGATION PRINSIPLE 
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The endoergic reaction (1) is conjugated with the exoergic reaction (2), and it is carried 
out as conjugated process (3) in the catalytic system PdBr2 - 1,4-dioxan. The hydride 
palladium complex is the common intermediate of the reactions (1) and (2), and it is 
responsible for its conjugation. 

PaHee 6bIJIO ITOKa3aHo, 1IT0 a pacrnopax K0MITJieKC0B IlaJIJI~HH TepMO)];HHaMH1IeCKH 

3arpy,nHeHHasl peaKIJ;HH (1) MO)KeT 6bITb rrpoae,neHa 3a C1IeT 

(1) 

corrpH)KeHHH C 3K303prH1IeCKOH peaKn;Heii (2) B BII,ne C)'MMapHOH peaKIJ;HH (3) [1]. B Ka11ecrne 

o6mero HHTepMe,nHaTa, 0TBeTCTBeHH0ro 3a corrpH)KeHHe peaKIJ;HH (1) H (2), M0)KeT 601Tb 

CO+ ½O2 ➔ CO2 

CO + H2O + 02 ➔ CO2 + H2O2 

(2) 

(3) 

K0MITJieKC Ila.JIJI~ffg(0), o6pa3)710lli;HHCH B xo,ne peaKIJ;HH (2) H OKHCJ1HIOlli;HHCH B H2O2 [ 1]. 

Ha OCHOBe HMeIOm;HXCH )1aHHbIX Mbl rrpe,nrrOJIO)KHJIH, 1ITO corrpH)KeHHe peaKIJ;HH (1) H (2) 

M0)KeT 6bITb opraHH30BaH0 C yqacTHeM ,npyroro HHTepMe,nHaTa - rn,npH,nHoro K0MITJieKca 

naJIJia,nHH, KOTOpbIH, IT0-BH)];HM0MY' HBJIHeTCH rrepBH"l!HbIM rrpo,nyKT0M pacrr~a 

rraJIJI~Heaoro HHTepMe,nHaTa, rrpHao,ngm;ero K o6pa3oBaHHIO CO2 (4) . . 

PdX2 + CO + H2O ➔ CO2 + HPdX + HX 
(4) 

HPdX + 02 ➔ XPdOOH NX ) PdX2 + H2O2 

B Ka"l!eCTBe 6a30BbIX 6bIJIH BbI6paHbl KaTaJIHTHtJeCKHe CHCTeMbl Ha 0CH0Be 6poMHCTOro 

IlaJIJI~HH, KOT0pbie HCITOJ1b3)710TCH B rrpou;eccax 0KHCJIHTeJibH0f0 Kap6oHHJIHpOBaHHH 

aneTHJieHa B MaJieHHOBblH aHfH.DPH,n [2] H MeTHJlaIJ;eTHJieHa - B IJ;H1pa.KOHOBblH aHflUlPHJl [3]. 

YKa3aHHbie CHCTeMLI He co,nep)KaT C0KaTa.JIH3aTopoB - HOH0B Me,nH (II) HJIH )KeJie3a (III) H 

JIHfaH)];OB, crroco6HbIX CTa6HJIH3HpoBaTb coe,nHHeHffg IlaJIJI~H (0). B CBH3H C 3THM, 
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KHCJI0po.u Herrocpe)];CTBe~rno 0KHCJUieT B0CCTa.H0BJieHHbie q>opMbl KaTaJIH3aTOpa, 

rrepBHT.JHbIMH H3 KOTOpbIX, BepmITHee BCero, .SIBJUIIOTCSI rH,n;pH,UHbie KOMIIJieKCbl IlaJIJia)];HSI. 

B pe3yJibTaTe BapbHpOBaHHSI COCTaBa KaTaJIHTHT.JeCKOH CHCTeMbl H YCJIOBHH CHHTe3a 

ycTaHOBJieHO, T.JTO HaH60JibIIIeii CKOpOCTH o6pa.30Bamrn CO2, rrpHMepHO lMOJib/JI·T.Jac, 

y,uaeTCSI ,UOCTHT.Jb B KaTaJIHTHlleCKOH CHCTeMe PdBr2 - 1,4-)];HOKCaH, rrpH 30°C H aTMOC<pepHOM 

,uaBJieHHH CMeCH fa.30B C COOTH0IIIeHHeM co : 02 = 0.25. CoOTHOIIIeHHSI CKOpOCTeii 

rrpeapameHHSI co H 02, a TaK)Ke CKOpOCTH o6pa.30BaHHSI CO2 B YKa.3aHHbIX ycJIOBHSIX OT.JeHb 

6JIH3KH K CTeXHOMerpmI peaKIJ;HH (3). O6pa.30BaHHe rrepOKCH,Ua BO)];Opo,ua B ycJIOBHSIX 

rrpo:uecca 3acpHKCHpOBa.HO MeTO)];OM HO,UOMeTpHT.JeCKOro THTPOBaHHSI. CeneKTHBHOCTb 

o6pa.30Ba.HHSI rrepOKCH,Ua B0,n;opo)];a Ha rrpopearnpoBaBIIIHH KHCJIOpO)];, pacCT.JHTaHHaSI B 

COOTBeTCTBHH co CTeXHOMeTpHeii peaKIJ;HH (3 ), rrpOXO,UHT qepe3 MaKCHM)'M BO BpeMeHH 

OIIbITa. MaKCHMaJibHaSI )];OCTHfHYTM ceJieKTHBHOCTb o6pa.30BaHHSI H2O2 COCTaBJISieT 15%. 

MeT0,UOM xpoMaTO-Macc-crreKTpOMeTpHH B KOHTaKTH0M pacrnope 3aq>HKCHpOBaHbI 

rrpo,uyKTbl 0KHCJieHHSI 1,4-,UHOKCaHa - 1,4-,UHOKCeH, 2-rH,UpOKCH-1,4-,nHOKCaH H 3q>Hp 

rrocne,n;Hero C MypaBbHHOH KHCJIOTOH. 

O6cy)K,l];aeTCSI MeXaHH3M npo:uecca H IIYTH rrpeBpameHHSI H2O2. 

Pa6orn BbIIIOJIHeHa rrpH rro,n;,n;ep)l(Ke P<l><l>H (rpaHThI O 1-03-32883, 02-03-06665). 

JluTeparypa 

(l]B.H. 3y.D,MH, B.A. mrxono6oB, B.M. MacTMXMH .D,p. KntteTMKa M KaTaJIM3, 20 (1979) 1599. 
[2]L.G. Bruk, I.V. Oshanina, A.P. Kozlova, E.V. Vorontsov, O.N. Temkin, J. Malec. Cata/. 104 

(1995) 9-16. 
(3] n.r. EpyK, H.B. Ornattntta, A.C. 3aKnesa, A.IT. Ko3noBa, O.H. TeMKHH, KwtteTMKa" KaTanm, 

39(2)(1998) 183-186. 
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MO,ll;EJIHPOBAHHE IIOBEPXHOCTHOH PEAKUHH ,ll;HMEP - MOHOMEP 

C MO,ll;H«l>H~POBAHHhIMH IIPABHJIAMH A,ll;COPJiUHH 

COMPUTER SIMULATIONS OF THE MONOMER-DIMER TYPE SURFACE 
REACTIONS WITH MODIFIED ADSORPTION RULES 

A6paMoBa JI.A., Jiapauos C.11.* u ~JIOB A.A. 

Abramova L.A., Baranov S.P. * and Dulov A.A. 

11HcTHTYf opraHwiecKoii XHMHH HM. H.,n;. 3enHHCKoro P AH 
JleHHHCKHii rrpocrr., 4 7, MocKBa 117991, Poccm1 

E-mail: aad@ioc.ac.ru 
*<l>H3HqecKHii HHCTHT)'T HM. IT.H. Jie6e,ueBa PAH 
JleHHHCKHii rrpocrr., 53, MocKBa 117924, Poccm1 

OKHCJieHHe 0KHCH yrnepo,ua Ha IIOBepXHOCTSIX MeTaJIJIOB IIJiaTHHOBOH rpyrrm,I He TOJThKO 

srnm1eTCH Ba)KHbIM IIpOMbIIIIJieHHbIM rrpon;eccoM, HO CJIY)KHT TaK)Ke rrpe,UCTaBHTeJieM 

nrnpOKOfO KJiacca peaKD;HH THIIa MOH0Mep-,llHMep, rrpoTeKaromHx B a,ucop6n;HOHHOM CJIOe. 

OrrHCaHHe MeXaHH3Ma TaKHX peaKD;HH B paMKax Mem,ua qff CJieHHOfO MO,lleJIHp0BaHH.sI 6bIJIO 

rrpe,llJIO)KeHo 3mpcpoM, fynapH H EapIIIa,uoM [1] (T.H. ZGB-Mo,uen1>). KHHeTHKa 

paccMaTpHBaeMoro nponecca orrpe,uem1eTc.si MexaHH3MOM J1:mrMropa-XHHmerr1,ay,na H 

Bbipa)KaeTC.sI cne.zzyiomHMH ypaBHeHH.sIMH: 

cor + * ➔ coa 
O{ + 2* ➔ 20a 

COa + Oa ➔ C02r + 2* 

(1) 

(2) 

(3) 

r,ue * - CB060,llHbIH IIOBepXHOCTHhIH neHTp, a HH,lleKChl 'r' H 'a' OTHOC.sITC.sI K fa30cpa3HOMY H 

a,ucopfii.1poBaHHOMY COCTO.sIHH.sIM, COOTBeTCTBeHHO. 

IToBe,I(eHl{e peaKQHOHHOH CHCTeMbI 3aBHCHT OT OTHOCHTeJibHOH KOHD;eHTpaQHH co B 

ra:JoBoii cpa3e Y co = Pco/(pco+p02). Mo,uenh rrpe,ucKa:JbIBaeT cymecTBOBaHHe rpex 

CTall;HOHapHblX COCTO.sIHHH peaKD;HH, pa.3,ueneHHbIX Me)K)];y co6oii cpa30BbIMH nepeX0,llaMH: 

HeaKTHBHOe COCTO.sIHHe noaepxHOCTH, OTpaBJieHHOH KHCJIOpO,llOM rrpH Y co<Y 1, HeaKTHBHOe 

COCTO.sIHHe noaepXHOCTH, OTpaBJieHHOH OKHCblO yrnepo,ua rrpH Y co> Y 2, H COCTO.sIHHe 

cTan;HoHapHoii peaKD;HH rrpH Y 1<Y co<Y2. B TO BpeM.sI KaK cymecTBoaaHHe <t>rooBoro 

rrepexona, ca.si3aHHoro c orpaaneHHeM . CO rrpH Y co=Y2, rro,uTBep)K)];aerc.si 

3KCIIepHMeHTa.TlbHbIMH Ha6mo,ueHH.sIMH, He o6Hapy)KHBaeTC.sI HHKaKHX CBH,lleTeJibCTB 

orpaaneHH.sI KHcnopo,uoM rrpH Y co= Y 1- ,l];JI.sI rrpHBe,ueHHH Mo,uenH ZGB B 6onee rronHoe 

CO0TBeTCTBHe c JKCIIepHMeHTa.TlbHOH CHTYaQHeii, a JIHTepazype 6bIJI rrpe,llJI0)KeH PM ee 

BH,llOH3MeHeHHH. 

B HacTmnn;eii pa6oTe paccMaTpHBaeTc.si MO,llHq>Hn;HpoaaHHa.si Mo.n;enh ZGB, 

OTJIHqaroma.sicSI OT HCXO,[(HOH BepCHH [ 1] H3MeHeHHbIMH rrpaBHJiaMH a,ucop6n;HH. 
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Mo,nenHpOBaHHe, KaK H B HCXO,L{HOM BapHaHTe, rrpoBO,L{HJIOCh MeTO,L{OM MoHTe-Kapno. IlpH 

3TOM MeTaJIJIHqecKIDI rroaepXHOCTh H306pa)l(arracb B BH,ne rrpaBHJihHOH KBa,npaTHOH (Z = 4) 

HJIH TPeyroJihHOH (Z = 6) pemeTKH pa3MepoM 128x128 y3noa c rrepHo,nH1IeCKHMH 

rpaHHqHbIMH ycnoBmIMH. A,ncop6UHOHHhlMH ueHTPaMH ,nmI MOJieKyn co CJIY)l(HJIH CB_j{3H 

perneTKH ( a,ncop6uH_j{ «MOCTHKOM» ); qT06hI a,ncop6uHg 6bma B03MO)l(HOH, BhI6paHHasI CB_j{3h 

,L{OJI)l(Ha 6hITh CBo6o,nHOH. A,ncop6u;HOHHhlMH ueHTPaMH ,nng KHCJiopo,n:a CJIY)l(HJIH Y3Jihl 

perneTKH, rrpH 3TOM MoneKyna 02 a,ncop6Hpoaarrach Ha ,naa coce,nHHX y3na. ,[{AA 

ocymecrnneHH_j{ a,ncop6UHH ,L{OJI)l(Hbl 6bITh CB060.L{HhIMH KaK o6a Y3Jia, TaK H coe,nHH_jJIOJUruI 

HX CB_j{3h. y crrernHruI IIOIIhITKa a,ncop6UHH )J;HMepHOH MOJieKyJihl corrpoBO)l(,L{aeTCSI ee 

HeMe,[lJieHHOH ,L{HCCOUHau;HeH. IlpH HaJIHqffH aTOMa KHCJIOpo,na, a,n:cop6HpoBaHHOfO Ha y3ne, 

H MOJieKyJihI co, a.ncop6HpOBaHHOH Ha BhIXOAAmeii H3 3TOfO y3na CBSI3H, Me)l(,L{y HHMH 

HeMe)];neHHO rrpoHcxo,nHT peaKu;Hg (3 ), corrpoBo)l(,L{aromruicg ' ,necop6u;Hee: CO2 

( c ocao6o)l(,L{eHHeM y3na H cagJH perneTKH ). 

Ha pHCYffKe rrpe,LlCTaBJieHhl pe3yJihTaThl MO,nenHpOBaHHSI Ha TpeyroJibHOH (KpHBruI 1) H 

Ha KBa,n:paTHOH (KpHBruI 2) perneTKax. 

0,5 

d" 
~ 0.4 

0,3 

0,2 

0,1 

I 
0,0 

0,0 0,2 0,4 0,6 0,8 1,0 

Yeo 

,[{AA o6eHX paCCM01])eHHhIX perneTOK xapaKTepHa JIHHeHHrul 3aBHCHMOCTh CKOpOCTH 

peaKUHH OT KOHUeHTPaUHH co a o6naCTH Ma.TlhIX H YMepeHHbIX KOHUeH'I])aUHH, ~o 

cornacyeTC_j{ C 3KcrrepHMeHTaJihHhIMH H3MepeHHSIMH. B o60HX cnyqruix Ha6mo,naeTC_j{ TaK)l(e 

Q_)a30BhIH rrepexo.n nepaoro po,na, CBSI3aHHhIH C OTPaBJieHHeM rroaepXHOCTH OKHChlO 

yrnepo,na. Kaa,n:paTHruI pemeTKa xapaKTepH3yeTC_j{ OTHOCHTeJihHO MeHhIIIeH pea.KIJ;HOHHOH 

aKTHBHOCThlO H 6onee HH3KHM IIOJIO)KeHHeM rropora 01])aBJieHH_j!, qeM TPeyroJihHruI pemeTKa. 

[l]R.M. Ziff, E. Gulari, and Y. Barshad, Phys. Rev. Lett., 56 (1986) 2553. 
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. METO,ll; PE,ll;YKQHH ,ll;.Jlll CHCTEM HEJIHHEHHhIX 

,ll;Hff><l>EPEHI(HAJihHbIX YPABHEHHH XHMHqECKOH KHHETHKH 

THE METHOD OF REDUCTION OF THE SYSTEMS OF ORDINARY 
DIFFERENTIAL EQUATIONS 

AJieKcees li.B. u KoJILQOB H.H. 

Alekseev B.V. and Koltsov N.I. 

l.J)'BallCKHH rocy,uapcTBeHHblli YHHBepCHTeT HM. l1.H. YnMIHOBa 
MocKOBCKHii rrp., 15, r.lJe60Kcap:r,1428015, Poccnsi 

<l>aKc (8352)42-80-90; E-mail borisal@chuvsu.ru 

The method of reduction of the system of ordinary differential equations, describing the 
complex behaviour of chemical reactions is proposed. The reduction rule is only to take into 
account a particular reaction stage when and while its rate is greater than some prescribed 
level of significance. An example illustrating application of the reduction method to the 
autooscillating reaction is given. 

O,n;HHM H3 IIO.[(X0,[(0B K )'MeHbIIIeHHIO pa3MepHOCTH KHHeTH1IeCKHX Mo.n;eneii XHMHqecKHX 

peaKIJ;HH SIBJI.SieTC.SI IIOHH)KeHHe rrop.SI,n:Ka (pe.n;yKUH.SI) OIIHCbIBaIOm;HX HX CHCTeM 

o6bIKHOBeHHbIX ,umpq,epeHUHaJibHbIX ypaBHeHHH C HCIIOJib30BaHHeM CBOHCTBa pa3,n;eneHH.SI 

BpeMeH. 3To CBOHCTBO 3aKnroqaeTC.SI B TOM, ~o Beeb BpeMeHHOH HHTepBan MO)KHO 

pa3,[(eJIHTb Ha IIO,UHHTepBaJibl, Ha Ka)K)];OM H3 KOTOpbIX peanH3yeTC.SI TOJibKO qacTb CJIO)KHOro 

MexaHH3Ma peaKUHH. B pa6orax [ 1, 2] npe,uno)KeH cnoco6 pe.n:yKIJ;HH, rrpH KOTopoM 

OT6pacbIBaIOTC.SI Te MOHOMbl IlOJIHHOMHaJibHOH CHCTeMbI ,umpq,epeHUHaJibHbIX ypaBHeHHM, 

KOTOpbie He npeBblIIIaIOT 3a,[(aHHOfO nopora 3HaqHMOCTH. O,n:HaKO, KaK IIOKa3bIBaeT aHanH3, 

npH cpaBHeHHH MOHOMOB, conpOBO)K,lJ;aeMOM HX HCKnJOqeHHeM HJIH BOCCTaH0BJieHHeM, 

Tep.SieTC.SI XHMHqHOCTb CHCTeMbl. 3TO MO)KeT npHBeCTH K cymecTBeHH0MY H3MeHeHHIO 

CBOHCTB pe;zynHpOBaHHOH CHCTeMbl no OTHOIIIeHHIO K HCXO,UHOH MO,UeJIH. B ,uaHHOH pa6oTe 

npHBe,ueH MeTO,[(, co,n;ep)Kalil;HH ,npyroe rrpaBHJIO pe,uyKUHH H rrpHMeHHMblH K ynpom;eHHIO 

HeJIHHeHHbIX CHCTeM ,[(Hq>q>epeHUHaJibHblX ypaBHeHHH peaKIJ;HH, xapaKTepH3YJOinHXC.SI 

CJI0)KHblM KHHeTHqecKHM IlOBe,UeHHeM. 

6 ) • "s ( - + ) V . .UByx Heo paTHMblX , HMeeT BH,U xi = L..J J=l r1 a Ji -a Ji , r,ue CKOp0CTH CTa,[(HH rj 

onpe,neJI.SIIOTC.SI B COOTBeTCTBHH C 3aKOHOM ,ueHCTBYJOinHX Mace COOTHOllleHH.SIMH 
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+ - nn aji_ 

rj - k j i=l xi 1:1epe3 K0HCTaHThI CKOpOCTeH CTa)];HH k j, K0HI(eHrpal.(HH xi Bemecrn xi 

H CTeXH0MerpH1:1ecKHe K03cpcpHu;HeHTbl CTa)];HH a }i . B xo,ne peaKI(HH o6mee K0JIH1:leCTBO 

aTOMOB Ka)K,l);oro BH)];a OCTaeTC.SI II0CT0.SIHHhIM. TIOCKOJihKY Kc:PK)];Oe H3 BeII.(~CTB y-qacrnyeT 

XOUI 6bI B O)];HOM 3aK0He coxpaHeHH.SI 1:IHCJia aTOM0B, K0HI.(eHTpau;HH Bcex BeII.(eCTB B X0)];e 

peaKn;HH orpamrqeHhI HeKoTopoii KOHCTaHToii: jxi I ~ R . OcHOBHa.SI H)];e5.1 Harnero MeTO,na 

pe.L()'KI(HH CHCTeMbI C0CTOHT B TOM, 1:IT06b1 rrpou;ecc pe.n:YKUHH OCTaBJI5.IJI 3aK0Hhl coxpaHeHH5.I 

HeH3MeHHh~MH. 3Ta H,neg peaJIH3yeTC5.I B CJie)zylOII.(eM rrpaBHJie: crpyKTYPHOe H3MeHeHHe 

CHCTeMbI rrpOHCXO,l(HT T0JihKO B Te M0MeHThl BpeMeHH, Kor,na 3HaqeHHe KaKOH-JIH6o H3 

CKOpOCTeii CTa,l(HH rj ,l(0CTHraeT BeJIH1:IHHhl € (rropora 3Ha1:IHMOCTH). EcJIH CKOpOCTh 

,l(OCTHraeT rroporoBoro 3Ha1:leHH5.I, YBeJIH1:IHBa.SICh, TO C 3T0ro M0MeHTa BpeMeHH 

COOTBeTCTBYJOII.(a.SI CTa,l(H5.I BKJII01:laeTC5.I B MexaHH3M, a eCJIH CK0p0CTb YMeHhrnaeTC5.I ,no . 

rroporoBoro 3HaYJeHH.SI, TO CTa,l(H5.I HCKJII01:1aeTc5.I H3 MexaHH3Ma. Tipn TaK0M crroco6e 

pe.l(yKI(HH B Ka)K,l(OM rrpoMe)l(yfKe BpeMeHH CHCTeMa ,l(Hcp<pepeHn;HaJihHhIX ypaBHeHHH 

0CTaeTC5.I XHMH1:leCKH OCMhICJieHHOH, CO0TBeTCTBY5.I HCX0,D;H0MY MexaHH3MY C HCKJII01:leHHeM 

HeKOT0pbIX CTa,l(HH. Ee perneHH5.I 6y.l(yT orpaHH1:leHHhIMH, T .K. 3aKOHhl coxpaHeHH5.I aTOMOB 

orrpe,neJUIIOTC.SI CIIHCK0M BemecTB H HX XHMH1:leCKHMH cpopMyJiaMH H He H3MeH5.IIOTC5.I rrpH 

HCKJIIOYJeHHH HJIH ,l(06aBJieHHH KaKHX-JIH6o CTa,l(HH. 

OueHKa norpernHocm ti.(t) = .Jr, (x; ( t) - y; (t) )2 311Mem.1 BeKTopa perneHHH x; ( t) 

HCXO,Zl;HOH CHCTeMbl BeKT0p0M perneHHH Yi (t) pe.l(yu;HpOBaHH0H CHCTeMbl HMeeT BH,l( 

~(t) ~ E(exp(nLMS(t-t0 ))-l)!(L✓n), r,ne E BeJIHqHHa rropora 3Ha1:IHMOCTH, 

L __ vi,rnM-1, M v K 
1\...lVlI\ - MaKCHMaJibHa.SI MOJieKyJUipHOCTh CTa,l(HH MeXaHH3Ma, a 

MaKCHMaJihHa.SI H3 K0HCTaHT CKopocTeH CTa,l(HH. TaKHM o6pa30M, rrorpeIIIH0CTh, 

B03HHKaIOII.(a.SI rrpH rrepexo,n:e OT T01:IHOH CHCTeMbI K pe.l(yUHpOBaHHOH, ou;eHHBaeTC5.I 

JIHHeHHOH 0TH0CHTeJIJ,H0 rropora 3HaYJHMOCTH € BeJIH1:IHHOH H MO)l(eT 6hITh c,n:erraHa KaK 

yro,n:Ho MaJIOH rrpH C0OTBeTCTBYJOII.(eM BhI6ope rropora 3HaYJfl¥0CTH, X0T5.I MH0)l(HTeJih 

rrporropu;H0HaJihH0CTH B peanbHhIX rrpHMepax 1:1acTO 6brnaeT 60JihllIHM. 

PaccMoTpHM rpexcTa,l(HHHYJO peaKUHIO X3 =X1, X1 =X2, 2X3 +X2 ➔ 3X3, 

xapaKTepH3YIQIIJYIOC5.I aBTOKOJie6aTeJihHhIM pe)l(HM0M rrpH BeJIH1:IHHax KOHCTaHT CKOpOCTeH 

. -1 
CTa,l(HH k1 = 2.89, k_1 = 0.01, k2 = 0.034, k_2 = 0.1, k3 = 2000c H Ha1:1anhHhIX ycnoBH5.IX 
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x1 (0) = 0.2' x2 (0) = 0.8' X3 (0) = 0. Ha~m npOaIIaJIH3HpOBaHbl HHTepBaJibl He3HatJHMOCTH 

CTa,l(HH .l(JUI pe.zzynHpOBaHHOH CHCTeMbl npH BeJrnqHHe rropora 3HatJHMOCTH € = 0.001. IlpH 

3~0M ycTaHOBJieHO, qTQ BTOpruI CTa.l(H.SI, xapaKTepH3YJOII(asICH B o6paTHOM HarrpaBJieHHH 

CKOpOCTblO k_ 2x2 , HMeeT HHTepBaJibl He3Ha'CJHMOCTH He TOJibKO B Ha'CJaJibHbIH nepHO.l(, HO H B 

TeqeHHe acero XO,[(a peaKIJ;HH. 3To 061>.HCHHeTCH TeM, qTQ B03HHKaIOI.IlHH B ,[(aHHOH peaKQHH 

npe,neJibHbIH :QHKJI xapaKTepH3yeTCH MaJibIMH BeJIHqHHaMH X2 , BCJie.l(CTBHe qero Ha 

nporn:>KeHHH Ka:>K.l(Oro rrepHo,n;a aBTOKOJie6aHHH cym;ecrnyeT HHTepaa.rr He3HatJHMOCTH 

CKOpOCTH BTOpOH CTa,l(HH a o6paTHOM HanpaarreHHH. Pa3HH:Qa TOqHoro H pe,[(Y:QHpOBaHHOro 

perneHHH Ha HHTepaa.rre OTO .l(O 40c HaxO,D;HTCH B npe.nenax OT -0.0078 ,n;o 0.0522. 

TaKHM o6pa30M, pa3pa6oTaHHbIH HaMH MeTO.l( pe,n;yKI(HH MO:>KeT 6bITb IIpHMeHeH .l(JIH 

aHaJIH3a CHCTeM .nmpcpepeH:QHaJibHbIX ypaBHeHHH XHMHqecKHX peaK:QHii, 

xapaKTepH3YJOI.IlHXCH HeJIHHeHHbIM KHHeTHqecKHM IIOBe,neHHeM. 

JluTepa-rypa 
[I] Tpomrn A.B., MacneHHHKOB C.H., CmrnaK C.H.// KnHeTHKa H KaTaJIH3. 1995. T.36. N!!S. C.658. 
[2] faJIHHa f.K., CnnBaK C.H., BawMaH A.M., KoMnccapoB B.)];. II ,[(AH. 1998. T.362. NQI. C.57. 
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KEPAMlfllECKHE KOMilO3H~HOHHbIE MEMliP AHLI ,[(JUI 

TEPMOKAT AJIHTHqEcKoro PA3JIO)KEHHR CEPOBO,l(OPO,l(A 
HA BO,l(OPO,l( H CEPY 

CERAMIC COMPOSITE MEMBRANES FOR HYDROGEN SULFIDE 
THERMOCATAL YTIC DECOMPOSITION TO HYDROGEN AND SULFUR 

AJieKceee C.IO., AJJeKceesa O.K. u Illanup Ii.JI. 

Alexeev S. Yu., Alexeeva O.K. and Shapir B.L. 

PHU: "KypqaTOBCKHH HHCTmyr", I1B3TIT, MocKBa 123182, Poccm1 

E-mail:alex@hepti'.kiae.ru 

Inorganic composite catalytic membranes for H 2S thermal decomposition based on 

thermostable alumina ceramic porous tubes with outer MoS2 catalytic layer have been 

developed in the present work. Mo-coating with thickness of 1 µm was deposited by 

magnetron sputtering. XRD data show that during treatment MoS2 layer was formed which 

acted as catalyst of H2S conversion, H2S conversion degree at T > 773K being as high as 

30-40%. Data of comparative analysis show the advantages of the present catalytic 

membranes related to dense Pd and Pt membrane: high thermal stability, resistance to H2S, 

low costs of materials. 

Ha OCHOBe TepMOCTa6HJibHhIX KepaMHqecKHX Tpy6oK c BHeIIIHHM KaTaJIHTHqecKHM 

cnoeM pa3pa60TaHhl HeopraHHqecKHe KOMII03HI.lHOHHbie KaTanHTHqecKHe MeM6paHbl ,l];JUI 

pa:1no)KeHH.S1 cepoao,n;opo,n;a Ha Bo,n;opo;:i: H cepy. PaHee 6hrno rrpeM0)KeHo ,n;aa ITYTH pa3BHTHJI 

KaTanHTHqecKoro MeM6paHHOro rrpouecca L(n.SI pa3JIO)KeHH5I H2S H OTB0,n;a rrpO)];yKTOB 

peaKUHH (1,2]. O,n;HH H3 HHX rrpe,n;rronaraeT HCI10Jlh30BaHHe KepaMHqecKHX HJIH ;:i:pyrnx 

HeopraHHqecKHX rropHCTbIX MeM6paH H rropOIIIK006pa3HOro HJIH rpaHynHpOBaHHOro 

KaTanH3aTOpa pa3JIO)KeHHJI H2S [I]. B :noM cnyqae HeJih3JI H36e)KaTJ, TaKHx rrpo6neM, KaK 

Il0Tep.SI KaTanH3aTopa B IlOTOKe, crreKaHHe rropornKa, pa3pyrneHHe rpaHyJI. ,ll;pyroil ITYTb -

HCI10Jih30BaHHe IlJIOTHhIX MeM6paH Ha OCHOBe Pt HJIH Pd q>OJibr HJIH IIJieHOK, 

o6ecrreqHaruomHx pa3JIO)KeHHe H 2S H y,n;aneHHe ao,n;opo,n;a [2]. 3TH MaTepHanhI, o,n;HaKo, 

JIBJI.SIIOTC.SI oqeHh ,n;opornMH H He HMelOT )];OCTaToqHoH XHMHqecKOH CTa6HJibHOCTH B H2S -

co,n;ep)Kameii cpe,n;e rrpH BhICOKHx TeMrrepaTypax [3]. 

B ,n;aHHOH pa6oTe Bh16op MaTepHana KaTanH3aTopa H Me~6paHhI orrpe,n;en.SIJic.SI no 

cne,n;yromHM Kp1nepH.S1M: CTa6HJihHOCTb B H2S-co;:i:ep)Kameil cpe,n;e, BbICOKruI CTerreHb 

pa3JI0)KeHH5I H2S ' B TeMrrepazypHOM ,n;HaI1a30He 773-973 K, OilTHManbHOe COOTHOIIIeHHe 

Me)K)];y pa3MepoM rrop H ceneKTHBHOCThIO (H3BeCTHO, qTQ, KaK rrpaBHJIO, rrpH pocTe 
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ceJieKTHBHOCTH )'MeHI>IIIaeTCSI rrpoH3BO.L(HTeJihHOCTh H .Hao6opoT ), CTOHMOCTE, MaTepHaJIOB H 

rrpOH3BO.L(CTBa MeM6paH H KaTaJIH3aTopoB, rrpOMhIIIIJieHHM .L(OCTYTIHOCTh MaTepHaJIOB. 

nhIJIH BhI6paHhI rrpoH3BO,n;HMhie B Pocc1m (TY-3113-001-001739 01-95) TPY6lfaThie 

MeM6paHhl H3 OKCH.L(OB aJIIOMHHHSI, C BHYTPeHHHM .L(HaMeTpOM 6 .MM H BHeIIIIillM .L(HaMeTpOM 

10 MM, TIOCKOJihKY OHH HMeIOT xapaKTepHCTHKH, y,n;OBJieTBOpSIIOmHe rrpHBe,aeHHbIM BhII!Ie 

KpHTepHSIM B 6om,meii CTerreH;H, lfeM Bee OCTaJibHhie MeM6paHbl, rrpOH3BO.L(HMbie B 

rrpOMhIIIIJieHHOM Macmrn6e. JJ:aHHbie no H3MepeHHIO rrpoHHI(aeMOCTH IIOKa3aJIH, lfTO 

npOHHI(aeMOCTh H ceJieKTHBHOCTb cymecTBeHHO He M~HSIJOTCSI rrpH HarpeBe HJIH H3MeHeHHH 

ra30BOH cpe,D;bl. HaIIIH rrpe,n;hmyrn;He pe3yJihTaThl IIOKa3aJIH, lfTO MaTepHaJihl Ha OCHOBe A}i03 

C W- H Mo-rroKpbITHSIMH, oca)K,r(eHHhIMH B BaKYYMe, SIBJISIIOTCSI rrepcrreKTHBHhIMH ,r(JISI 

KaTaJIHTH11eCKOH OlfHCTKH ra30B, HarrpHMep, 011HCTKH BO,n;opo,n;a OT cepOBO,ll;Opo,n;a [ 4-6]. C 

)'11eTOM :noro 6bIJIO BhI6paHO II HaHeceHO Ha BHeIIIHIOIO IIOBepXHOCTh rpy6KH Mo-noKpbITHe 

TOJimHHOH 1 µM (MeTO,n; MamerpoHHOro pacnhIJieHHSI B aTMoccpepe Ar). Ilo ,ll;aHHhIM 

pelnreHo-cpa3oBoro aHaJIH3a B rrpoI(ecce peaKI(HH o6pa30BaJICSI cnoii MoS2 (rrp1111eM c 

BhICOKOH a,n;re311eii), KOTOphIH 3aTeM pa6oTan KaK Karnnmarnp pa3JIO)l(eHHSI H 2S; 

IlpoBe,ll;eHhI pecypCHhie HCIIhITaHHSI B Te11eHHe HeCKOJihKHX COTeH 11acoB. lf3)'11eHa 

3aBHCHMOCTh CTeneHH pa3JIO)l(eHHSI cepOBO,ll;Opo,n;a OT TeMrrepaTypoI. IlpH T > 773K OHa 

MO)l(eT ,ll;OCTHfaTh 30-40%. ,L(aJihHeiimee YBeJIH11eHHe 3cp4?eKTHBHOCTH B03MO)l(H0 3a c11eT 

IIOBhIIIIeHHSI ceJieKTHBHOCTH MeM6paHhl rryreM OIITHMH3aI(HH rropHCTOH crpyKryphI. ,L(aHHhie 

cpaBHHTeJibHOrO aHaJIH3a IIOKa3hIBaIOT rrpeHMymecTBa rrpe,n;naraeMhIX MeM6paH no 

OTHOIIIeHHIO K KaTaJIHTH11eCKHM MeM6paHaM Ha OCHOBe Pd H Pt: BhICOKHH pecypc pa60ThI B 

cpe,n;e H2S, TepMOCTOHKOCTh, ,n;emeBH3Ha MaTepHaJIOB, B03MO)l(HOCTb pa60TbI rrpH 

He6oJihIIIHX rreperra,n;ax ,1J;aBJieHHSI. 
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ff3yqEHHE 3AK0H0MEPHOCTEH OKHCJIEHIDI BLICillHX JIHHEHHLIX 

OJIE<l>HHOB 

STUDY OF REGULARITIES OF OXIDATION OF HIGHER LINEAR OLEFINES 

A.Jiuena JI.ff. 

Aliyeva L.I. 

I1HCTHTYT HeqneXHMIJqecKHX rrpoueccoB HM. IO.r. MaMe,lJJUIHeBa 
Hau110HarrhHOH AKa,ZJ;eMIIH HayK A3ep6aii,z:p1<aHa 
yn. H. PaqmeBa; 30, EaKy 370025, A3ep6aii,n)l(aH 
Ten.: (99412) 90-24~76; <l>aKc: (99412) 90-35-20; 
E-mail: anipcp@dcacs.ab.az; ipcp@baku-az.net 

TipoBe,neHo IIccne,noBaHIIe peaKUHII 0KIICJieHII5I Bhicm11x JIIIHeHHhIX oneqmHoB (reKceii-1, 

,neueH-1) B rrp11cyTCTBHII fOMoreHHbIX H reTeporeHII3Hp0BaHHbIX KaTarIH3aTopoB. OrrbITbI no 

113yqeH'.HIO 3aKOHOMepHOCTeii peaKUIIH roMoreHHOro OKHCJieHH5I BbICIDHX OJieq>HHOB 

ocymecTBJI5IJIHCb rrpII 80-11 o0c, M0JibH0M C00TH0IDeHIIII OJieq>HH:rn~porrepoKCH,[( (fTI) 
. . 3 

=2+ 3: 1 11 rrpo,z::r;0JI)l(HTeJibH0CTH 2 q_ B rrpncyTCTBHH 2+4-10- MOJiblJI Me-co,nep)Ramero 

KaTaJIH3aTopa. 

}l3yqem1e BJIH5IHII5I TeMrrepaTypbI Ha peaKUHIO II0Ka3aJI0, lff0 IIpII TeMrrepaType 90°C, 

Hap5I,ny C HH3KOH KOHBepcneii Cblpb5I, CHH)l(aeTC5I II ceJieKTIIBH0CTh npouecca, a II0BbIIDeHHe 

TeMrrepaTypbI ,[(0 110°C rrpHB0,[(HT K yBeJinqeHmo ceJieKTHBH0CTH - 94% B TeqeHIIe 90 MHH. · 

Y CTaHOBJieHO, 1ITO rrpH IICIIOJib30BaHHH peaKUHII OKHCJieHH5I BbICIDHX JIIIHeHHbIX OJieq>IIHOB 

rrr cMemaHHhIX KaTarrmarnpoB ( coe,n11HeHM5I MeTaJIJioB VI II VIII rpyrm) B cMecn 

0,[(HOaTOMHbIX aJIHq>aT11qecKHX crrnpTOB Be,z::r;eT K yBem1qeHIIIO KOHBepc1rn Cblpb5I. 

}lH,nyunpoBaHHOe OKHCJiem1e, npoBe,ZJ;eHHOe B npncyTCTBHII reTeporeHH3HpOBaHHbIX_ 

KaTaJIM3aTopoB - H0CHTeJIII AliO3, ueoJIHThI NaX, Na Y, rrporrnTaHHbie coJI5IMH rrepexo,z::r;HhIX 

MeTarIJI0B II03B0JI5IeT CHH3HTb TeMnepaTypy ( 60 - 80 °C) H II0BhICIITh ceJieKTHBH0CTb. 

TipH HH,z::r;yunpoBaHH0M 0KHCJieHHH OJieq>HHOB C MaCJI5IHbIM aJib,nerH,[(0M MaKCHMaJibHbIH 

BbIX0,ZJ; ueneBhIX rrpo,nyKT0B Ha6nro,naeTC5I rrpH HCII0Jih30BaHHH ueoJIHTa THIIa Nay co 

CTerreHbIO o6MeHa Ha II0HhI Ni 45%. 

Kom-111eCTBeHHOe OIIHCaHHe KHHeTHKH rrpouecca OKHCJieHH5I BhICIDHX JIHHeHHhIX 

oneq>HHOB 61,rno rrpoBe,ZJ;eHo no HK-crreKTpaM II rr0Ka1am:>; · 1IT0 6onee 60% 113 
; 

K0HBepTHp0BaHH0ro a-oneq>HHa rrepexo,z::r;HT B 3II0KCH)]; II peaKUH5I 5IBJI5IeTC5I Heo6paTHMOH 

peaKu11eii 2 nopH,nKa. 
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PA3JIOJKEHHE TPEXA TOMHLIX MOJIEKY JI OTHOCHTEJILHO CJIAlihIM 

BO3,]J;EHCTBHEM 

DECOMPOSITION OF THREE ATOMIC MOLECULES BY COMPARATIVELY 
WEAK INFLUENCE 

Au~pees B.B. 

Andreev V.V. 

q)'BaIDCKHH rocy.n;apcTBeHHbIH YHHBepCHTeT, 
MocKOBCKHH rrp., 15, qe60Kcapb1428015, Poccm1 

E- mail: avv@chuvsu.ru 

In the given paper the effects are considered appearing in rotating non-linear 3-atomic 
molecules at excitation of valent vibrations. In particular, in molecules the atom nucleuses 
receive certain angular momentum and, consequently, they receive magnetic moment. On the 
base of this phenomena the technologies of resonance decay of molecules with the help of 
comparatively weak external energy sources it is possible to develop. 

B ,ll;a.HHOH pa6ore paccMaTpHBalOTCH 3q>q>eKThl, B03HHKaIOIUHC BO apamaro:m;HXCH 

HeJIHHeii:HbIX rpexaTOMHblX MOJieKynax rrpH B036y~eHHH Ba.JICHTHbIX KOJie6aHHH. B 

"l!aCTHOCTH, IIOKa3bIBaeTCH, "l!TO rrpH 3TOM .a.n;pa MOJieKyJibl rrpHo6peraIOT HeKOTOpbIH MOMCHT 

KOJIH"lleCTBa ,ll;ijH)KCHHH H, CJIC,ll;OBaTCJlhHO, y HHX IIOHBJIHCTCH CBH3aHHbIH C. HHM MarHHTHbIH 

MOMCHT. Ha OCHOBe :noro HBJICHH}I MO)KHO pa3pa6oTaTb TeXHOJIOrHH pa3Barra MOJieKyJI 3a 

C"l!CT pe3oHaHca rrpH IIOMOIUH cpaBHHTCJihHO CJia6bIX BHelllHHX HCTOqHHKOB 3HeprHH. 

Ilpe.n;rronaraeTCH, qro raMHJihTOHHaH paccMaTpHBaeMOH CHCTeMbl MO)KHO 3aIIHCaTh B BH.n;e 

II= Ii. +Bl +H3 +114. 

3.n;ecb II; , orrpe.neJUIIOmHiic.a rro q>opMyJie 

rrpe.n;craaJIHeT co60.0: raMHJibTOHHaH i - ro H,npa MOJieKynhI ( i = l, 2, 3 ). faMHJibTOHHaH II 4 , 

OIIHChIBaIOIIJ;HH BpameHHe MOJICKYJihl B u;eJIOM, orrpe,neJIHeTCH TaK: 

n
2 

{ 1 a ( . a J 1 a
2 

} H 4 = ------ --- sm0- +---- . 
2(m1r/ +m2r22) sine ae 00 sin 2 0 8cp2 

B pa6ore rronyqeHo rrpH6JIH)KeHHoe pemeHHe ypaatteHH}I lllpe,llHHrepa. 
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BJIIDIHHE iKEJIE30CO,lJ;EPJKAW:HX KAT AJIH3ATOPOB HA TEPMH'IECKOE 

PACTBOPEHHE Yr JIEH B TETP AJIHHE 

EFFECT OF IRON-BASED CATALYSTS ON COAL DISSOLUTION IN TETRALIN 

Au1meiiKOB E.H. u AMOCOBa H.C. 

Andreykov E.I. and Amosova I.S. 

I1HCTHT)'T opraHHtJecKoro CHHTe3a YpO P AH 
yn. C. KoaaneBcKoii, 20, EKaTep»H6ypr 620219, PoccIDI 

Ten.: (3432) 49-35-35;.E-mail: cc@ios.uran.ru . 

A study of the effect of iron-based catalysts on liquefaction of different rank coals was 
carried out in the absence of H2 at 350-400°C. The catalytic action of iron compounds is 
determined by coal rank and reaction conditions. 

KaTaJIH3aTOpbI Ha OCHOBe coe,n:HHeHHH )KeJie3a .sIBJUIIOTC.sI rrepcrreKTHBHbIMH ,lQllI 

O)KH)KeHIDI yrneH B rrpHCYTCTBHH MOJieKyAApHoro BO,n:opo.n;a, IIOCKOJibKY OHH ,n:ocTaT01IHO 

aKTHBHbl, ,nerneBbl H 3KOJIOrHlJeCKH 6e3orracHbl [ 1]. 

3q>q>eKTHBHOCTI, KaTaJIH3aTopoB O)KH)KeHIDI yrneii CB.sI3aHa C HX crroco6HOCTI,IO 

aKTHBHpOBaTb MOJieKyn.sipHbIH BO,n:opo.n;. 8 TO )Ke BpeM.si, B03MO)KH0 BJIH.sIHHe KaTaJIH3aTOpa 

Ha TepMHlJeCKHH pa3pbIB XHMHtJeCKHX cag3eii B yrne H 6HMOJieI<yJI.sIPHYIO peaKUHIO 

BO,n:opo,rr.noHOpHOro pacrnopHTeJI.sI C yrneM, a TaK)Ke Ha aKTHBauHIO BOJJ;0po.n;a, 

3JIHMHHHpOBaHHOfO H3 pacrnopHTeIDI. 

C I(eJiblO HCCJie,n:oBaHH.sI 3THX q>)'HKUHH KaTaJIH3aTOpa H3YtJeHO BJIH.SIHHe XJIOpH,n:a, 

cyn1,4>arn H cynhq>H,na )KeJie3a Ha TepMH11ecKoe pacrnopeHHe (6e3 MoneKyJI.sipHoro BOJJ;opo,na) 

fa30BOro H 6yporo yrneH B TerpaJIHHe rrpH TeMrrepazypax 350-400°C. IlpHpo,na yrJI.sI 

OKa3bIBaeT pema10m;ee BJIH.sIHHe Ha xapaKTep KaTaJIHTHlJeCK0fO ,n:eHCTBH.sI coe.z:orneHHH 

)KeJie3a. IlpH TepMopacrnopeHHH 6yporo yrng KaTaJIH3aTop1,1 aKTHBHPYIOT TepMHtJeCKHH 

pa3pbIB C-0 CBjJ:3eH, peaKI(HOHHag crroco6HOCTI, Bo,n;opo,rr.noHOpHoro paCTB0pHTe~ 

o6ecrretJHBaeT CTa6HJIH3al(HIO o6pa3YIQ:m:HXC.sI pa,n;HKaJIOB H IIOBI,IIIIeHHe KOHBepCHH, B 

COOTBeTCTBHH C ,naHHbIMH pa60ThI [2]. IlpH TepMopacrnopeHHH fa30BOro yrJI.sI 3TH 

KaTaJIH3aTOpbl He }'BCJIH1IHBaIOT CKOpOCTI, TepMH1IeCKOro pacrra.n;a MaKpOMOJieKyn1,1 yrn.si, HO 

rrpH 400°C crroco6CTBYIOT rrpeBpam;eHHj{M BhICOKOMOJieKyn.sipHbIX rrpo.n:YKTOB C 

o6pa30BaHHeM HepaCTBOpHMOro OCTaTKa. 3TH peaKI(HH KOHKypHpyroT C rrepeHOCOM 

Bo,nopo,ZJ;a OT TeTpaJIHHa H )'MeHbIIIaIOT KOHBepcHIO yrn.si 3a CtJeT CHH)KeHIDI BbIXO,na 

acq>aJibTeHOB H npeacq>aJibTeHOB. 81,rxo.ZJ; MaCeJI, B C0CTaB K0T0pbIX BX0,ZJ;HT na6HJII,Hag 

HH3KOMOJieKyAApHag qla3a yrn.si, rrpH 350 H 370°C B rrpHCYTCTBHH KaTaJIH3aTOp0B BbIIIIe. 

JlaTepa-rypa 
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MEXAHH3M KAT AJIH3A PEAKQHH H30D;HAHATOB C HEHAChll.D;EHHhIMH 

IIOJIHMEPHhIMH cnHPTAMH 

THE MECHANISM OF THE CATALYSIS OF THE REACTIONS OF 
ISOCYANATES WITH UNSATURATED ALCOHOLS 

IianaMmnua 3.P., Jlo.z.Liruua B.11. u CTos6yu E.B. 

Badamshina E.R., Lodygina V.P. and Stovbun E.V. 

llHCTHT)'T rrpo6rreM XHMHqecKOH c)JH3HKH P AH 
MocKOBCKruI o6rr. 142432, qepHororroaKa, Poccm1 

Fax: (+7-096) 515 54 20; E-mail: badamsh@icp.ac.ru 

The mechanism of catalysis of the reaction of hydroxyl-containing unsaturated polymeric 
alcohols with diisocyanate in the presence of organotin compound is investigated. The types 
of homo- and heteroassociates of functional groups in the initial reaction system and in the 
course of reaction are determined. · The interconnection between the kinetic parameters of 
reaction and the presence of the complexes of the reaction product with the catalyst is 
established. The values of the concentrations of all types of functional groups in the course of 
reaction and their reactivity with isocyanate are obtained by the method of mathematical 
simulation. The mechanism of the activation of the hydroxyl groups due to the formation of 
complex with the catalyst is proposed. Conclusions about the passivation of catalyst by the 
resultant complexes with_ the reaction product and about the composition of these complexes 
are made. The actually working concentrations of catalyst are determined. 

Bonpoc MeXaHH3Ma KaTamna npH B3aHMO,l(eHCTBHH H3OUHaHaTOB C 

rn,ll;pOKCHJICO,[(ep)l(amHMH coe,nHHeHHXMH (peaKUH.sI ypeTaHOo6pa30BaHH,SI) no-npe)l(HeMy 

aKryarreH, TIOCKOJibKY rio,n6op KaTam-lTHtieCKHX CHCTeM ocymecTBJI.sieTC.sI, KaK npaBHJIO, 

3MIIHpHtieCKHM nyTeM, B TO BpeM.sI KaK nporH03Hp0BaHHe TaKoro no,n6opa ,l(OJl)l(HO 601Tb 

crre,ncTBHeM ,neTaJibHoro H3yqeHH.sI MexaHH3Ma KaTaJIHTHqecKHX peaKUHH. UerrbIO ,naHHOH 

pa60Tbl ,SIBJI,SieTC,SI 3KCnepHMeHTaJibHOe H TeopeTHqecKoe HCCJie.L(OBaHHe MeXaHH3Ma H 

KHHeTHKH B3aHMO,l(eHCTBH,Sl H3OUHaHaTOB C rH,npOKCHJICO,llep)l(amHMH coe,nHHeHH.sIMH B 

npHCYTCTBHH MeTaJIJIOOpraHHqecKoro KaTaJIH3aTopa ( coe,l(HHeHHe qeTblpexBaJieHTHOfO 

OJIOBa). 

_ 3KcnepHMeHTaJibHO onpe,neJieHo, qTo a HCCJie.L(yeMOH CHCTeMe KOHUeBbie 

rn,npoKCHJibHble rpyrrnoI , cyiuec-:i,:ByIOT B qeTbipex OCHOBHbIX COCTOHHH.sIX 

aBTOaccouHHpoaaHHble (OH ... OH), acco1~HHpqaaHH01e c 1t-:meKTJ)OHaMH ,naoifHoif CBH3H 

.L(HeHOBOfO 3BeHa (OH ... 1t), iieacCOUHHpOBaIIHbie (OH), H acCOUHHpOBaHHbie C 

o6pa3yIOIQHMHCH B xo,ne peaKUHH ypernHOBblMH (OH ... NHCOO). Bee YKa3aHHble c)JopMbI 

<l>YHKUHOHaJibHbIX rpyrrn cnoco6Hbl o6pa30BbIBaTb KOMTIJieKCbl C KaTaJIH3aTopoM KaK no 

THny ,noHopHo-aKUenTopHoro (3M), TaK H Bo,nopo,nHoro CB.sI3bIBaHH.sI. ~ noHHMaHHH 
; r,: 

MeXaIIH3Ma HCCJie.nyeMOH KaTaJIHTHqecKOH peaKUHH He06XO,l(HMO noweHHe 

KOJIHqecTBeHHbIX ,l(aHHblX no KOHUeHTpaUH.sIM Bcex THTIOB <l>YHKUHOHaJibHbIX rpyrrn B 
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CHCTeMe, peaKUHOHHOH cnoco6HOCTH Bcex roMo;.. H reTepoaccouHaTOB 3THX rpynn H HX 

KOMITJieKCOB C KaTaJIH3aTopoM. 

3KcnepHMeHTaJil>HOe HCCJie,n;oBaHHe KHHeTHKH peaKUHH 

2,4-ToJiyirneH,n;HH30UHaHaTa C HeHaCbIIneHHblMH cnHpTaMH npH 3KBHMOJII>HOM COOTHOllleHHH 

cpyHKUHOHaJibHbIX rpynn B npHCYTCTBHH 10-4 - 10-5 
MOJib!JI ,n;H6YTHJI)UrnaypHHaTa OJIOBa 

IlOKa3aJIO, lffO 3HaqeHHe Ha6mo.n;aeMOH KOHCTaHTbl CKOpOCTH BToporo nopH,n;Ka (k2H) 

onpe,n;eIDieTCH 06.w;eii HCXO,llHOH KOHUeHTpauHeH m,n:pOKCHJil>HbIX rpynn HJIH, TO )Ke ca~me, 

KOHUeHTJ)auHeH o6pa3)10IllHXCH ypeTaHOBbIX rpynn, H OHO TeM Bblllle, qeM MeHbllle 3Ta 

KOHUeHTJ)aum1. Bo3HHKaromHe B xo,n:e peaKUHH ypeTaHOBble rpynn1>1 cnoco6Hbl 

o6pa30BbIBaTb )];OCTaToqHo npoqH'bie KOMITJieKCbl C KaTaJIH3aTopoM, Bl>IBO,n:H ero H3 3OHhl 

peaKUHH. '3TOT q>aKT onpe,n:eJUieT xapaKTep 3aBHCHMOCTH (k2H) OT KOHUeHTJ)aUHH 

rH,n:poKCHJibHbIX rpynn. 

BbITIOJIHeHO MaTeMaTHqecKoe MO,lleJIHpoBaHHe HCCJie,l(yeMOH peaKUHH TIYTeM pememrn 

o6paTHOH KHHeTHqecKOH 3a,n:a~m. IIpe,n;JIO)KeHa CHCTeMa ypaBHeHHH, OITHCblBaIOII(aH KaK 

B3aHMO,n:eHCTBHe rn,n;pOKCHJibHblX rpyrm C H3OUHaHaTHbIMH, TaK H paBHOBeCHbie peaKUHH 

o6pa30BaHHH H pacna,n:a accouHaTOB cl>YHKUHOHaJibHbIX rpynn ,n:pyr C ,n:pyroM H C 

KaTaJIH3aTOpOM. 8 paMKax HCITOJib3yeMOH MO,n:eJIH, yqHTblBa.IOII(eH naCCHBaumo ~IaCTH 

KaTaJIH3aTOpa B pe3yJibTaTe o6pa30BaHHH 3,l(A KOMITJieKCOB C ypeTaHOBOH rpynnoif, 

no.rryqeHbl qHcJieHHble 3HaqeHHSI KOHUeHrpaUHH Bcex THilOB q>YHKUHOHaJibHblX rpynn H 

H3MeHeHHe 3THX KOHUeHrpaUHH B xo,n:e peaKUHH. IlOKa3aHO, lffO B npHCYTCTBHH 

KaTaJIH3aTOpa rn.n;poKCHJibHbie rpynnbl no . YMCHbllleHHIO peaKUHOHHOH cnoco6HOCTH 

pacnonaraIOTCH B pH,n;: HeacCOUHHpOBaHHbie > acCOUHHpOBaHHbie C rt-:meKTpOHaMH > 

acCOUHHpOBaHHble C ypeTaHOBOH rpynnoif :::::: aBTOaCCOUHHpoBaHHbie. IIonyqeiio, qTQ 

,n;eHCTB)'IOillaH KOHUeHTpau;HH KaTaJIH3aTOpa B HCCJie,n;yeMI>IX CHCTeMax BapbHpyeTCH B 

npe,n:enax (l-S)xl0-
9 

MOJib/JI, lffO npaKTHqecKH Ha qeTbipe rropSI,n;Ka MCHbllle BBe,n;eHHOH B 

peaKUHOHHy.IO CMeCb H onpe,n;eJISieTCSI o6meii KOHUeHTJ)aI.J;HeH ypeTaHOBblX rpynn. 

IIpe,n:JIO)KeH MexaHH3M KaTaJIHTHqecKOH peaKI.J;HH, 3aKJIIOqaJOIUHHCH B aKTHBaUHH 

rH,n;poKCHJibHOH rpyrrnbI 3a cqer o6pa30BaHHSI ,l(OHOpHO-aKUeIITOpHoro KOMITJieKca C 

ueHTJ)aJibHl>IM aTOMOM OJIOBOopraHHqecKoro KaTaJIH3aTOpa. C.n;eJiaH BbIBO,ll, qTo Hap51.Izy C 

KOMITJieKCaMH ypeTaHOBOH rpynnbl C KaTaJIH3aTOpOM COCTaBa 1: 1 npHCYTCTB)'IOT ·KOMUJieKCbl 

H COCTaBa 2: 1, COOTHOIIIeHHe Me)K)];y KOTOpbIMH orrpe,n:eJI.sieTCH KOI{qeHrpau;HeH ypeTaHOBbIX 

rpyrrn. 
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COBPEMEHHLIE BLICOKO3<1><1>EKTHBHLIE CEPHOKHCJIOTHLIE 

BAHA)];HEBLIE KATAJIH3ATOPLI 

ADV AN CED HIGH EFFICIENT VANADIUM PENTOXIDE CATALYSTS FOR 
SULPHURIC ACID PRODUCTION . 

6aKaee A . .H., liyKaJIOB B.Il., BJiacoe B.Il. u Caii4>yJIJIHH P.A. 

Bakaev A.Ya., Bukalov V.P., Vlasov S.P. and Sayfullin R.A. 

3AO «Ypru1TexHoreHMern, KHpoBrpa.n, Poccm1 
E-mail: MCHI@tlms.ru 

Uniform distribution of active component with high dispersity in catalyst volume allows 
to increase the efficiency of low temperature vanadium pentoxide catalysts and to support its 
high crushing strength. The results of catalysts operation on sulphuric-acid plants are given. 

HayKa H npOH3BO,ZJ;CTBO HMeIOT 3HatJHTeJII,HhIH OllhIT B C03,namm If 3KCm1yaTa:QHH 

BaHa,n;HeBhIX cepH0KHCJI0THhIX KaTaJIII3aTopoB, K0T0pbie B 60JihIIIOM 061>eMe HCII0Jih3YIOTCSI 

6orree 70 rreT B rrp0H3B0)];CTBe cepHOH KIICJI0Tbl. 

,[vig cepH0KHCJI0THhIX CHCTeM C 0,ZJ;HHapHhIM K0HTaKTHp0BaHHeM CTerreHb K0HBepCIIIf 

)];H0KCH,n:a cepbl pernaMeHTHpoBaHa Ha · yp0BHe 97 ,0%, )];AA CHCTeM c )];BOHHhIM 

K0HTaKTHp0BaHHeM - Ha yp0BHe 99,5%. Ilo MHeHHIO cne[(HaJIHCT0B qmpMhl «Monsanto» 

(ClllA) co3,naHHe KaTaJimarnpoB, pa6oTarom;Hx rrpH TeMrrepazype 350° C, paBH03HatJHo 

OTKa3Y OT rpOM03,llKHX .n:oporocTOSimHx CHCTeM C ,ll;BOHHhIM KOHTaKTHpOBaHHeM. 

3Hamrn MexaHH3Ma peaK[(HH 0KHCJieHHSI SO2 B SO3, rrpoTeKaromeii B )KH,ll;KOH cpa3e 

aKTHBHOfO KOMilOHeHTa KaTaJIH3aTOpa nyreM rrepeHoca KHCJIOpo.na H3 fa30BOH Q)a3hl, 

cnoco6cTByroT ycoBepmeHCTB0BaHHIO H3BeCTHhIX BaHa,nHeBhIX cepH0KHCJI0THhIX 

KaTaJI~3aTOpOB. 

lla 3AO «J.neJIKOBCKHH KaTaJIH3aTOpHhIH 3aBo,n» rrpoBe.r,;eHhI 3KcrrepHMeHTaJihHhie 

pa6oThl 110 YJI~IIIeHHIO TeKCTYPhI H HeK0T0phIX q>II3HKO-XHMHlfeCKHX CBOHCTB BaHa,nHeB0fO 

HH3K0TeMrreparypHoro cepH0KHCJI0TH0fO KaTaJIH3aTOpa MKA-1-6, B pe3yJihTaTe K0T0pbIX 

y~meH0 KatJeCTB0 BhmycKaeM0fO KaTaJIH3aTopa. 

BhICOKM 3q><peKTHBHOCTh ,naHH0f0 KaTaJIH3aTOpa ,ll;0CTHrHYTa 6naro,napg crroco6y ero 

rro~eHHSI, 1103B0JISIIOll(eMy paBH0MepH0 pacrrpe,neJISITh aKTHBHhIH K0MII0HeHT B 061>eMe 

KaTaJIH3aTOpHOH Macchi C BhICOKOH ,ZJ;HCIIepCHOCTf?IO. 

B Ta6nmi:e 1 11p1rne,neHhI pe3yJihTaThI 3KcrrnyaTaD;HH KaTaJIH3aTopa HKA-1-6 II CB,ll;(K,[0 

3AO «YpaJITexHoreHMeT» Ha ycTaH0BKe POCK OAO «CH6Heq>Th-OMCKHH HTI3» B 

K0HTaKTH0M arrrrapaTe Ka-209 ,n;ByxcTa,nHHHOfO K0HTaKTHpoBaHHSI. TipH 3T0M C0CTaB ra3a Ha 

rrepBoii cTa,nHH K0HTaKTHp0BaHHSI, % Mac.: SO2 - 20; 0 2 - 9,5; N2 - 65,5; CO2 - 4,9, H Ha 

BTopoii CTa,nHH, % Mac.: SO2 - 1,3; SO3 - 0,004; 02 - 6,3; N2 - 86; CO2 - 6,4. 
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PEJKIIM PAliOTLI KOHTAKTHOro AllIIAPATA ' 
Ta6nm~a 1 

IIapaMeTp ,[(aHHbie ITO CJI0SIM 
1 CJIOH 2 CJIOH 3 CJIOH 4 CJIOH 5 CJIOH 

Tim 11KA-1-6 
KOHTaI<THOH (BepX CJIOSI)/ CB,[((~) CB,[((~) 11KA-1-6 11KA-1-6 
MaCCbI CB,[((~) 
TeMITepaTypa 
ra.Ja Ha ·4107 420 4757 485 445-;-455 4207 430 4207 425 
BXO,ne, OC 

TeMITeparypa 
ra.3a Ha 5957 606 5207 530 520-;-530 437-;-447 4207 425 
BbIXO,ne, °C 
CTeITeHI> 
0KHCJiemrn 

0,657 0,7 0,87 0,88 0,97 0;95 0,957 0,96* 0,977 0,975* 
,[{HOKCH,na 

cephI 

* CTerreHb OKHCJieHHSI ,[{HOKCH,na cepbl ITpHBe,n:eHa HCITOCpe,nCTBeHHO ITO BTOpOH czyrreHH. 
KoHC'lJHM CTCITCHb KOHBepCHH no arrrrapazy COCTaBHT 99,81- 99,84%. 

Cne,nyeT OTMeTHTb xopornyio MexaHH'lJecKyro rrpO'lJH0CTh KaTamf3aTOpa H 

BO3MO)l(HOCTh ero rrpOH3BO,I1;CTBa B BH,IJ;e rpaHyJI pa.3JIH'lJHOro rrpoq>HJISI (KOJibUO, 3Be3,nO'lJKa, 

UBeTOK), 'lJTO CHH3HT rH,npaBJIH'lJeCKOe corrponrnJieHHe CJIOSI. 

3Kcrn1yaraUHSI ,nHaT0MHToBoro KaTamnaTopa CB,[((K-,[(, K) c ne3HeBoii ,no6aBKOH B 

CHCTeMax MOKporo KaTaJIH3a Ha cepHHCTOM ra3e Il0CJie C)KHraHHSI cepoBo,nopo,na COCTaBa, 

%06.: S02 - 6,0; 0 2 - 11,5; CO2 - 0,5; N2 - 82,0 Ha OAO «AB,neeBCKHH KOKCOXHMH'lJeCKHii 

3aBo,n» (YKpaHHa) o6ecrre'lJHJia ycTOH'lJHByro KOHBepcmo ,I1;H0KCH,na cephl rrpH o,nHHapHOM 

KOHTaKTHpOBaHHH Ha ypoBHe 99,5%. 

TaKHM o6pa30M, rrpe,nrrpHSITHSI-I10Tpe6HTCJIH, HCIIOJib3YSI Ha6op OTe'lJeCTBeHHhIX 

BhICOK03q>q>eKTHBHbIX KaTanmaTopoB MapoK CB,ll;, 11KA-l-6, MOryT ycrrenrno 

0ITTHMH3HpoBaTb ITponecc rrp0H3B0):(CTBa cepHOH KHCJIOTbI. 1 
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PALLADIUM (II) CATALYZED OLEFINS OXIDATION: 

2-0XOALKYLPALLADitJM COMPLEXES AS P-HYDRIDE SHIFT 
INTERMEDIATES 

OKHCJIEHHE OJIEWHHOB KOMIIJIEKCAMH IIAJIJIAAIDI (II): 
2-0KCOAJIKHJibHbIE KOMIIJIEKCbl IIAJIAAIDI KAK HHTEPME)];HATbl 

P-rH)];PH)];HOro C~BHr A 

Beck I.E., Gusevskaya E.V.*, Golovin A.V. and Likholobov V.A. 

lieKK H.3., ryceBCKaB E.B. *' roJIOBHH A.B. H JIHXOJI060B B.A. 

Boreskov Institute of Catalysis SB RAS, Novosibirsk, 630090, Russia 
Fax: (3832)-345076; E-mail: beck@catalysis.nsk.su 

*nepartamento de Quimica-ICEx, Universidade Federal de Minas Gerais, 31270-901, Belo 
Horizonte, MG, Brasil 

The mechanism of unsaturated compounds oxidation catalysed by Pd(II) complexes have 

been of interest for a long time and was supposed to run through 3 main steps - the olefin 

coordination with a p-complex formation, followed by its transformation into a 

s-organopalladium compound via a nucleophilic attack on the coordinated olefin, then 

products formation through decomposition of the latter one. The first two elementary steps 

were best of all studied with a great many of their resultants being isolated or at least well 

characterized in situ. On the contrary the last step of the reaction being more complex and 

determining the end products distribution has been of less studied. The prevalent in the 

palladium (II) . catalytic reactions mechanism of P-oxyalkylpalladium intermediates 

decomposition through a P-hydride shift was the subject of our investigation. 

The elementary character of this step was doubted when we succeeded to register a 

P-oxoethylpalladium(II) compound as an reaction intermediate during ethylene oxidation by 

Pd(NO2)Cl(CH3CN)2 in chloroform [l]. To generalize the stepwise decomposition of 

P-oxyalkylpalladium (II) into carbonyl compounds the reactions of a-olefins ( ethylene, 

propylene, 1-hexene and styrene) with Pd(NOn)mCh.m(CH3CN)2 complexes (n=2, 3; m=0, 1, 

2) in chloroform/acetic acid solutions were studied by 1H NMR and IR spectroscopy. The 

main products of these reactions in CHCb and at low acetic acid concentrations were 

carbonyl compounds ( acetaldehyde or methylketones) for the most part resulting from oxygen 

atom transfer from the N-containing oxidative ligand to the alkene, respectively. The 

reversible insertion of coordinated olefin into Pd-O bonds results in nitrate- or 

nitritopalladation products, whereas in the acetic acid presence b-acetoxypalladation occurs in 

addition followed by the partial transformation into P-hydroxyalkylpalladium compounds 
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along with acetylnitrite(nitrate). In all cases P-oxyalkylpalladium (IT) ·semi-products 

Pd-CH2-CH(OX)R (R=H, CH3, n-C4H9, Ph; X=H, NO, NO2) as well as the corresponding 

P-oxoalkylpalladium intermediates Pd-CH2-C(O)R have been observ~d in situ; carbonyl 

compounds were shown to be the end products of this transformation. We failed to register 

the P-hydrogen eliminated by 1H NMR probably due to the strong line broadening caused by 

interaction with Pd quadrupole nucleus. The hydride nature of this hydrogen could be 

indirectly confirmed by the absence of any exchange with acidic protons yet in the presence 

of rather strong acids (DCl, DO Ac, CF 3COOD ). According to the charge conservation law 

particle X should be eliminate~ only as a positive· one (X=H) or at least forming a neutral 

molecule ZN On-I with an anion (Z=Cl, OAc) possibly coordinated by Pd. 

We suppose the further decomposition of the P-oxoalkyl palladium hydrides observed via 

reductive elimination with Pd(0) formed being just reoxidized by ZNOn-I (Z=Cl, OAc). The 

possibility of Pd black oxidation by NOCl or AcONO2 in chloroform was shown 

experimentally resulting in [Pd(NO)Cl]n or [Pd(NO2)(OAc)]n complexes formed via oxidative 

addition. · 

The observed decomposition of b-hydroxyethylpalladium (II) being the well-known 

intermediate of the Wacker process suggested the same mechanism to be realized. 

Financial support from the RFBR (Grant M 00-15-97447) is gratefully acknowledged. 

[l)E.V.Gusevskaya, I.E.Beck, A.G.Stepanov, V.A.Likholobov, V.M.Nekipelov, Yu.l.Yermakov, 
K.I.Zamaraev, J. Mol. Catal., 37, 177-188 (1986). 
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OXIDATION OF OLEFINS BY PALLADIUM NITRO COMPLEXES. ON THE ROLE 

OF 1,2-GLYCOL NITRITOACETATES IN THE MECHANISM OF 
1,2-GL YCOL MONO ACETATES FORMATION 

OKHC.JIEHHE OJIE<l>HHOB HHTPOKOMU.JIEKCAMH IlA.JI.JIA)J;IDI. 0 PO.Jiff 
HHTPHTOAQETATOB 1,2-r.JIHKO.JIEH B MEXAHH3ME 06PA30BAHIDI 

1,2-r .JIHKO.Jlh MOHOA~ETATOB 

Beck I.E., Konevetz D.A.*, Golovin A.V. and Likholobov V.A. 

6eKK H.3., Koueeeu ,L(.A. *, roJioeuu A.B. u .JluxoJio6oe B.A. 

Boreskov htstitute of Catalysis SB RAS, Pr. Alcad. Lavrentieva, 5, Novosibirsk 630090, Russia 
. Fax: (3832)-345076; E-mail: beck@catalysis.nsk.su 

*Institute of Bioorganic Chemistry SB RAS, Pr. Alcad. Lavrentieva, 8, Novosibirsk 630090, Russia 

NMR spectroscopy was used for thorough studying the mechanism of ethylene and 

propylene oxidation by complexes Pd(NO0 )mCh-mL2 (L=CH3CN; n=2,3; m=072) in the 

presence of acetic acid. The spectroscopic studies provided evidences of the formation of 

organic intermediates which were transformed into 1,2-glycol monoacetates in the course of 

the reaction. 2-acetoxyethyl nitrite was supposed to be intermediate in ethylene oxidation [ 1]. 

The NMR spectroscopic studies of propylene oxidation by palladium nitro and nitrato 

complexes in the acetic acid presence reveals similar organic compounds but two isomeric 

ones to be intermediates to different reaction end products - two isomeric 

1,2-propyleneglycol monoacetates. The nitritoacetates of ethylene- and 1,2-propyleneglycols 

prepared by counter~synthesis had spectral characteristics identical to those observed for 

reaction intermediates. Their chemical properties were studied, and the role in the reaction 

mechanism was elucidated. The transformation of the nitritoacetates into monoacetates of 

1,2-glycols was shown not to occur but in the presence of zero-valent palladium. The 

presence of at least stoichiometric amounts of acetic acid in the reaction mixture is required 

too. The first step of this transformation is the oxidative addition of palladium to the C-ONO 

bond of the 1,2-glycol nitritoacetate followed by O-COCH3 bond breaking. The hydroxyl 

group of the final 1,2-glycol monoacetate occupies the place of the former acetate group, and 

the arising acetate group - of the former nitrite group. Upon completion of the reaction, 

palladium is found to be in the form of palladium (II) nitrosyl complexes. The mechanism of 

1,2-glycol monoacetates formation was refined based on the data obtained. 

Financial support from the RFBR (Grant Ng 00-15-97447) is gratefully acknowledged. 

[1]1.E. Beck, E.V. Gusevskaya, A.G. Stepanov, V.A. Likholobov, J. Mol. Catal. 73 (1992) 115. 
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ACETATE INSERTIONINTO PALLADIUM (II) COORDINATION SPHERE GAINS 

AN INSIGHT INTO OLEFINS OXIDATION MECHANISM 

BBE,l(EHHE AQETATA B KOOP,l(HHAIJ;HOHHYIO C<l>EPY IIAJIJIA)J;IDI (II) 
OliJIErqAET H3yqEHHE MEXAHH3MA OKHCJIEHIDI OJIE<l>HHOB 

Beck I.E., Konevetz D.A.*, Golovin A.V. and Likholobov V.A. 

lieKK 11.3., Koueee:Q ,l(.A.*, roJioeuu A.B. u ~uxoJio6oe B.A. 

Boreskov Institute of Catalysis SB RAS, Pr. Ale Lavrentieva, 5, Novosibirsk 630090, Russia 
Fax: (3832)-345076; E-mail: beck@catalysis.nsk.su 

*Institute of Bioorganic Chemistry SB RAS, Pr. Ak .Lavrentieva, 8, Novosibirsk 630090, Russia 

Studying catalytic transformations of organics by one of the mo~t powerful 

method - 1 H NMR spectroscopy scientist as a rule faces the problem of low steady-state 

concentration of organometallic intermediates and NMR time scale exchange resulting in 

dramatic broadening of the signals up to complete loss of the multiplicity and fusion of 

different exchanging nuclei signals. To overcome the fast exchange problems drastic cooling 

of the sample is practicised though freezing the reaction under study. 

We faced this problem studying_ the mechanism of olefins oxidation by complexes 

[Pd(NOn)Cl(CH3CN)h (n=2; 3) in chloroform/acetic acid solutions. To check the role of 

intraspheric acetate in the reaction mechanism, similar complexes with an acetate ligand 

instead of chloride one were tested under the same reaction conditions. Though· the products 

distribution changed a little, suggesting the minor role of intraspheric acetate in the reaction 

mechanism we observed drastic changing of reaction solutions 1 H NMR spectra. The bridged 

acetate ligand was found to diminish the lability of palladium complexes slowing down the 

ligands exchange rates. So acetate palladium complexes are shown to be more suitable for 

intraspheric processes investigation by NMR because of minimal broadening of organic 

ligands signals and separation of signals attributed to the same every species coordinated in 

different ways and free ones. For example free and all kinds of p-coordinated olefins as well 

as enantiomeres of prochiral olefins give different signals both in low polar and protic 

solvents up to room temperature. 

The rate-limiting step in the olefins oxidation depends on other ligands in Pd 
coordination sphere too. The combination of an acetate and a nitroligand resulted in the p7_s 

transformation of the coordinated olefin to become limiting owing to the s~eady-state 

concentration of different Pd(II) p-complexes with various mono- a!ld disubstituted ethylenes 

increases. The combination of an acetate and a nitrate ligands led to the decomposition of the 

various oxypalladation products to become limiting owing to the steady-state concentration of 

various p-complexes increases. 

Financial support from the RFBR (Grant M 00-15-97447) is gratefully acknowledged. 

63 



P.P-33 . 
THE SAME OXYGEN TRANSFER FROM VARIOUS NOx GROUPS INTO OLEFIN 

OXIDATION PRODUCTS AS A GENERAL FEATURE FOR CATALYTIC 
Pd(Il)/NOx- AND MODEL SYSTEMS 

0,L(HOTHIIHLIH IlEP~ll()C.KHCJIOPO,L(A OT NOx rPYIIIl PA3JIH1:IHOH 
IlPHPO,L(hl B IlPO,l(YKTbl OKHCJIEHIDI OJIE<l>HHOB - Oli~MI 1:IEPTA 

KATAJIHTlfl-lECKUX Pd(Il)/NOx- H MO,L(EJibHblX CHCTEM 

Beck I.E., Konevetz D.A. *, Fedotov M.A. and Likholobov V.A. 

lieKK H.3., Koueoeu: ,L(.A. *, <l>eJJ,oToB M.A. u JluxoJio6oo B.A. 

Boreskov Institute of Catalysis SB-RAS, Pr. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 
Fax: (3832)-345076; E-mail: beck@catalysis.nsk.su 

*lpstitute of Bioorganic Chemistry SB RAS, Pr. Akad. Lavrentieva, 8, Novosibirsk 630090, Russia 

· · The 17 0 distribution among the a-olefins oxidation products by palladium complexes 

with nitro or nitrato ligand~ enriched in heavy oxygen has been investigated in chloroform

acetic acid solutions. In chloroform the labelled oxygen was shown to be transferred from the 

ligand into carbonyl compound ( acetaldehyde from ethylene or acetone from propylene) and 

reduced palladium ligand (nitrosyl in the case of nitrocomplex or nitro at initial nitrate 

complex) through the intermediate formation of P-palladiumalkyl nitrite or nitrate by 

Markovnikov' s rule, respectively. At ethylene oxidation in the acetic acid presence the heavy 

oxygen from the ligand was transferred into acetaldehyde or . ethyleneglycol monoacetate 

whereas the ethylidene· diacetate, formed in appreciable amounts at low (up to 10%) acetic 

acid percentage did not . contain any heavy oxygen. Rather high enrichment degree of the 

glycol monoacetate formed was observed in all experiments. The increase of unlabelled 

acetaldehyde part in acetic acid presence evidences at least' two altemati ve ways lead to 

acetaldehyde with the contribution of each depending on th·e oxygen-transfer ligand applied. 

The same nature of oxygen transfer, from the :nitrite (nitrate) group into the carbonyl position 

of the 1,2-glycol monoacetate observed earlier in catalytic propylene oxidation by 

Pd(OAc)i/LiNOiHOAc [1] were shown to be characteristic of three model systems under 

study, viz. Pd(NO2)Cl(CH3CN)2/HOAc/olefin, Pd(NO3)Cl(CH3CN)2/HOAc/olefin, and 

2-acetoxyethyl nitrite/Pd0/HOAc, the last one modeling the final step in glycol formation [2]. 

The mechanism of products formation was detailed using the data obtained. 

Financial support from the RFBR (Grant NQ 00-15_-97447) is gratefully acknowledged. 

[l]N.I. Kuznetsova, V.A. Likholobov, M.A. Fedotov, Yu.I. Yermakov, J. Chem. Soc. Chem. Commun. 
(1982) 973. 

[2]I.E. Beck, E.V. Gusevskaya, A.G. Stepanov, V.A. Likholobov, J. Mol. Catal. 73 (1992) 115. 



PP-34 
HCCJIE,[(OBAHHE BOCCTAHOBJIEHIDI IllECTHBAJIEHTHOro OKCH,nA 

XPOMA B 3JIEKTPOMArHHTHOM IlOJIE 

STUDY OF REDUCTION OF HEXA VALENT CHROME OXIDE ON EXPOSURE 
TO MICROV A WE RADIATION 

liHK6yJiaToB H.X., llaMHHeB P.P., IllyJiaeo H.C., KacLHnooa JI.3. u liaxouuua E.H. 

Bikbulatov I.H., Daminev R.R., Shulaev N.S., Kassianova L.Z. and Bahonina E.I. 

Crep.JIHraMaKCIGIH qnurnarr Y q>HMcKoro rocy,napcmemmro Heq>T.srnoro reXHWiecKoro ymmepcm:era 
rrp. OKni:6pH, 2, CTepnHrnMaK, Pecrry6nHKa EamKopTOCTaH, PoccHH 

<l>aKc: (3473) 24-24-08; E-mail: nshulaev@sfugntu.bashnet.ru 

The effect of microwave radiation on redox processes, which are common to metal-oxide 
catalysts during their work and regeneration, is studied on an example of hexavalent chrome 

oxide reduction, and also its effect on the targeted dehydrogenation reaction over the 
investigated catalyst. 

IlpH rrpoBe,[(eHHH reTeporeHHO-KaTanHTHqecKHX rrpoueccoB ITO,[( ,neHCTBHeM 

cnepXBblCOKOqacT0TH0ro (CBll) :meKTp0MafHHTH0f0 H3JiyqeHHH Ha6mo,naeTCH H3MeHeHHe 

CTPYKTYPbI, XHMH1IeCKOro COCTaBa, aKTHBHOCTH H ceneKTHBHOCTH KaTanH3aTopoB. 

CpaBHeHHe MeTO,[(OB BOCCTaHOBJieHHH OKCH,[(a xpoMa I1OKa3ano, qTo co,nep)KaHHe 

meCTHBaneHTHOf0 OKCH,n;a xpoMa rrocne o6pa60TKH OTpa60TaHHOfO anIOM0Xp0MOB0ro 

KaTanmaTOpa llM-2201 ( c Hcxo,nHbIM co,n;ep)KaHHeM Cr03 0,800 % Mac.) B 

:meKTPOMarHHTHOM none (v=2450 Mfu, 1=8 MHH) COCTaBJIHeT 0,0087 % Mac., qTQ rrpHMepHO 

n 10 pa3 MeHbllie qeM npH 6onee .l(JIHTeJibH0M Tpa,[(HIJ,HOHHOM TepMHqecKOM Harpene. 

Ha pHC. 1 npHBe,neHa 3aBHCHMOCTb H3MeHeHmI KOHD;CHTpan.HH CrO3 OT ,[(JIHTeJibH0CTH 

no3,neiicTBHH 3neKTPOMarHHTHoro CBll H3JiyqeHHH. IlpHne,neHHble KpHBhie C(t) c 

,[(OCTaToqHOH CTeneHbIO TOqHOCTH annpoKCHMHPYIOTCH 3KCI10HCHIJ,llMbHOH 3aBHCHMOCTblO 

3 

- p2y,1·t 

C(t) = c0 • e 22
,
5 

, r.I(e Py.n - y,n;enhHM MOII(HOCTb Cff4-H3JiyqeHHH, KBT/Kr; t - npeMH 

o6pa6oTKH, MHH. ' qTo Il03BOJIHeT orrpe,n;eJIHTb CKOpOCTb rrpou.ecca BOCCTaH0BJieHHH 

meCTHBaneHTHOfO OKCH,[(a xpoMa Cr03: KaK BH,[(HO H3 

rrocne,n;Hero Bblpa)KeHHH, C ynenHqeHHeM MOIUHOCTH 3JieKTpoMafHHTH0ro H3JiyqeHHH 

3 

CKOpOCTb npou.ecca ynenwnrnaeTCH ~ PYtl2. Pe3ynbTaTbl 3KcnepHMeHTOB I10Ka3bIBaIOT 

ynenttqeHHe cKopocTH peaKIJ,HH noccTaHoBneHHH oKcH,n;a xpoMa (VI) no.n ,neiicTBHeM CBll

H3nyqeHHH B HeCKOJibKO ,neCHTKOB pa3. KpoMe Toro, npOBO,ll;HJIHCb 3KCrrepHMeHTMbHbie 
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HCCJie,noBamu1 aKTHBHOCTH KaTaJIH3aTOpOB B peaKUHH .nern,up11pOBamrn yrneBo,uopo,noB IIO,U 

,ueiiCTBHeM cBq-H3JI)'1IeHH51 Ha npHMepe ,uern,upnpoBamrn 6YTeHOB Ha IIp0MblIIIJieHH0M 

KaTaJIH3aTope K-16Y (TY 38.1031.55-85) BwicHHJIOCh, qTQ aKTHBHOCTh KaTaJIH3arnpa 

K-16Y MapKH E COCTaBHJia 24,63 % (Ha nponymeHHOe Chiphe), ceneKTHBHOCTh 62,64 % Mac. 

( Ha pa.3JI0)l(eHH0e Chiphe). Ha6mo,UaJIOCh BhICOK0e co,uep)l(aHne B KOHTaKTH0M ra3e ,UHOKCH,Ua 

yrnepo,ua ( OT 6 .no 10 % Mac.), o6pa.3YfOIUefOC51 B pe3yJihTaTe B3aHMO,UeHCTBH51 

0TJianuomerocH Ha KaTaJIH3aTOpe K0KCa C KHCJI0p0,U0M 0KCH,D;0B MeTaJIJI0B, BXO,UHIUHX B 

C0CTaB xpoM-)KeJie30-JJ;HHK0B0fO KaTaJIH3aTOpa K-16Y, II0,UBepralOIUHXCH HHTeHCHBH0MY 

B0CCTaHOBJieHHIO B CBq-IIOJie. 3To, B CB0IO oqepe,uh, MO)KH0 paccMaTpHBaTb KaK 

rroJIO)KHTeJihHhIH 3<p<peKT, cnoco6crnyromnii BhI)l(Hry ornararomerocH K0Kca, yBen11qeHnro 

Me)l(pereHepaUH0HH0fO nepH0,Ua pa60ThI KaTaJIH3aTOpa. 

u 1 u ro 0,9 · ~ 

~ - 0,8 
C"\ 0,7 

0 
i- 0,6 u 
~ 

0,5 
:::r 0,4 -
ro 
~ 0,3 · 
~ 0,2 C) 

:::r 0;1 ::r: 
0 0 ~ 

0 1 2 3 4 5 6 7 

BpeMH, MHH 

. PHc. 1 3aBHCHMOCTb H3MeHeHHH K0HJJ;eHTpau;nu CrO3 OT BpeMemi: 

- nptt M0IUH0CTH 3 KBT, C(t) = 1,00 · e 
1
•
47 

; 

- nptt M0II(H0CTH 4 KBT, C(t) = 1,001 · e 
0

•
9513

• 
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PP-35 
OilPEl(EJIEHIIE CTEilEHH BOCCTAHOBJIEHHOCTII OKHCJIOB )l(EJIE3A B 

MET AJIJIOOKCII)];HLIX KAT AJIII3ATOP AX B 3ABHCHMOCTH ,OTJIX 
3JIEKTPO<l>H31IqECKHX CBOHCTB . 

TEST OF IRON OXIDE REDUCTION IN METAL-OXIDE CATALYSTS AGAINST 
ITS ELCTRO-PHYSICAL PROPERTIES 

lim~6yJiaTOB H.X., ,ll;aMuHeB P.P., IllyJiaes H.C., KacLBHOBa JI.3. u lioKHH A~H. 

Bikbulatov I.H., Daminev R.R., Shulaev N.S., Kassianova L.Z and Bokin A.I. 

CTepmnaMaKCKHM qmmrnJI y <PHMCKOfO rocy ,uapcTBeHHOro 
Hecpnrnoro Texm111ecKoro ymrnepc1nern 

ITP, OKrn:6p51, 2, CTep;rnrnMaK, PecITy6rittKa EalliKOpTOCTaH, Pocctt51 
<l>aKc: (3473) 24-24-08; E-mail: nshulaev@sfugntu.bashnet.ru 

The relationship between a degree of iron oxide reduction, depth of microvawe 
penetration in the catalyst and its magnetic properties and electric resistances is established. 

B ,uaHHOH pa6oTe ITpe,uCTaBJieHbI pe3yJibTaThI HCCJie,UOBaHHH ITO OITpe,ueneHmo <l>a10Boro 

COCT051HH51 ( CTeITeHH OKHCJJeHH51) )KeJie300KCH,UHbIX KaTaJIH3aTopoB ITO H3MepeHHIO RX 

3JICKTpOQ)H3H1IeCKHX xapaKTepHCTHK. KaK H3BeCTHO, cpa30Bbie COCT051HH51 KaTamnarnpoB 

H3MeH51IOTC51 no,u B03,UeMCTBHeM peaKQHOHHOM cpe,Ubl. HanpHMep, BCe OTpa6oTaHHbie B 

npou;ecce ,uerH,upttpoBaHH51 MCTHn6yTeHOB )KCJie300KCH,UHbie KaTanmaTOpbl OTJJfP:IaIOTC5I OT 

CBe)KHX cpa30BbIM COCTaBOM OKHCJJOB )KeJie3a. HaMH 6hIJIH IIO,UBeprHyThI HCCJie,UOBaHHIO 

OTpa6oTaHHble KaTaJJH3aTOpbI C pa3JIH1lHbIMH cpoKaMH CJiy)K6bI H nonyqeHbI CJie,UYJOIUHe 

pe3y JJb TaTbI. 

)J,aHHbie O 3aBHCHMOCTH y,ueJJbHOM CHJihI B03,UeMCTBH51 Ha KaTaJJH3aTop MarHHTHOfO IIOJI5I 

OT COCT051HH51 MeTanJia npe,UCTaBJieHbI B Ta6n. l. 

Ta6JIHUa 1 

)],o perettepaUHH TTocne perenepan:HH 

O6pa3Ubl 
Fe2O3 FeO Fyn Fe2O3 FeO Fyn 

%Mace ¾Mace %Mace ¾Mace 
CBe)KHH 65,03 - 1,02 - - -

OTpa6. 55,04 7,77 3,88 61,86 0,183 2,86 
4200 qacoB 

-
OTpa6. 53,84 9,02 4,69 58,84 0,2 3,47 
8160 qacoB 

Y ,ueJibHM c1rna onpe,uemrnach OTHOIIIeHHeM CHJibl ,ueMCTBYJOIIJ,eM co CTOpOHbl 

MarHHTHOfO Il0JI51 F B K CHJie T5J)KeCTH 06pa1u:a KaTaJJJi3aTopa. 
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CTerreHh BOCCTaHOBJieHHOCTH OKHCilOB )Keile3a TaK)Ke KOppenHpyeT C 3IleKTpHqeCKHM 

corrpoTHBJieHHeM H rny6HHoii rrpoHHKH0BeHHSI CBlJ-HJn~eHHSI (u=2450 Mfu) a 

KaTaJIH3aTOp (rn6n. 2). 

Ta6nHua2 

O6pa3eU 
Fe2O3 FeO CorrpoTHBileHHe, f ny6HHa rrp0HHKH0BeHHSI, 

%Mace %Mace MOM ,MM 

Cae)KHH 65,03 - - 170 

OTPa6. 55,04 7,77 335 50 
4200 qacoa 
OTpa6. 53,84 9,02 125 20 
8160 qacoa 

TaKHM o6pa30M, M0)KH0 c,uenaTb BhIB0.lJ;, qTo cym;ecrnyeT 3aBHCHM0CTb 

:meKTPO<pHJHqecKHX CBOHCTB HCCJie,nyeMhIX KaTaJIH3aTopoB OT CTerreHH 0KHCJieHHSI )Kene3a. 

3TO Il03B0IlSieT pa3pa6oTaTb 3KCrrpecCHblH MeTO,U on;eH0lJH0ro orrpe,ueneHHSI <pa30B0ro 

C0CT05IHHSI MeTanil0B BX0.LVImHx B C0CTaB KaTanH3aTOpa. 
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BJIIDIHHE KHCJIOPO,l\A HA KATAJIHTH'IECKYIO AKTHBHOCTh 
HHKEJIEBhIX DJIEJIOK B PEAKQHH HH3KOTEMDEPATYPHOro 

H3OTODHOro OliMEHA B MOJIEKY IDIPHOM BO,l(OPO,l(E 

OXYGEN INFLUENCE ON CATALYTIC ACTIVITY OF NICKEL IN THE LOW 
TEMPERATURE ISOTOPE EXCHANGE IN THE MOLECULAR HYDROGEN 

lioeea O.A., )Kaeopomcoea K.H. u liLicTpoea O.C. 

Boeva O.A., Zhavoronkova R.N. and Bystrova O.C . 

. :ppc,CHHCKHH XHMHKO-TeXHOJIOrnqeCK,IIH )'HHBepCHTeT HM. ,l];.11. MeH,D;eJieeBa 
MHyccKaJI IIJI. ,n;. 9, MocKBa A-47, 125047, Poccm1 

<l>aKc: 7(095) 490-75-23.; E-mail: lija7@cityline.ru. 

This work is devoted to the studies of oxygen influence on catalytic activity of Ni in 
hydrogen homomolecular isotope exchange reaction at low temperatures. It was found, that 
adsorption of hydrogen at any conditions did not _influence the character of the temperature 
dependence of KsP in region 1 ( the lowest temperatures) but leads to disappearance of the region 2 
in some cases. Activity in region 2 can be recovered by heating in hydrogen. 

Pa6ora IIOCBHII(eHa : H3yqeHHIO BJIH.SIHmI a,n;cop6HpOBaHHOro rrpH pa3JIJiqHbIX YCJIOBHHX 

KHCJIOpo,n;a Ha KaTaJIHTJiqecKyro aKTHBHOCTb HHKeJI51 B peaKIJ;HH HH3KOTeMrrepaTypHoro 

H30TOIIHOro o6MeHa B MOJieKyJI5IpHOM BO,l.l;OpO,[(e. O6oeKTaMH HCCJIC,lJ;OBaHHH CJJY)KHJIH 

IlJieHKH HHKeJI51, HaIIbIJieHHbie B BaKYYMe 10-7 Topp Ha CTCHKH CTeKJI5IHHOro peaKTOpa H Ha 

HaCa,[(KY H3 Me,D;H (1,5* 1,5*0,l). I130TOIIHbIH o6MeH myqarrH B HHTepBaJie TeMrreparyp 

-196°C - + 20°C npH ,[(aBJieHHH 0,5 Topp CTaTHqecKHM MeTO,[(OM [1] Ha CBe)KeHailbIJieHHbIX 

nrreHKax, a TaK)Ke IIOCJie a,n;cop6:u;HH Ha HHX KHCJIOpo,D;a rrpH -196°C H rrpH + 20°C npH 

,[(aBJieHHH 1-2 IO -2 Topp, H ITOCJie KOHTaKTa IIJieHOK C aTMoc<)>epHbIM B03,[(yxOM. Bo Bcex 

CJiytlaJIX, 3a HCKJIIOqeHHeM IIJieHKH, HaIJblJICHHOH Ha Me,[(HYJO Haca,n;Ky, IIOCJie Ham,IJieHH51 

IIJieHKH Ha Heii H3Mep5IJIH a,n;cop6u;HIO BO,n;opo,n;a rrpH -196°C C u;eJiblO orrpe,neJieHHH 

ITJ101I(MH IIOBepXH0CTH. B cnyqae ITJieHKH, HaITblJICHHOH Ha Me,n:Hyro Haca,n:Ky, OHa cpa3y )Ke 

6bIJia UO,D;Beprnyra KOHTaKTY C aTMoccpepHbIM B03,[(yxOM B npou;ecce nepeHeCeHHH ee H3 

HaITblJIHTeJI51 B peaKTOp, B KOTOp0M np0BO)];HJilt HCCJie,n:0BaHHe, ITOCJie qero OHa IlO,[(BepraJiaCb 

CTaH,napTHOH'TpemipOBKe npH 400°C B TeqeHHe 2-x qacoB, H T0JibKO ITOCJie 3TOro Ha Heii 

6bIJia H3MepeHa a,[(cop6u;H5I BO,nopo,na. Tiocne KOHTaKTa C KHCJIOpo,noM IIJieHKH no,n:BepraJIHCb 

OTKaqKe npH pa3JIJiqHbIX TeMneparypax, 1 
'H rtocne 3TOro Ha HHX rrpoBO,[(HJIH H3MepeHHe 

CKOpOCTH H2 - D2 o6MeHa B nrnpOK0M11fHTepBane TeMrreparyp. 

l13BCCTHO[l-4], qTo H30TOIIHhilP :o6MeH B MOJieKyJUipHOM BO,D;Opo,n;e npH HH3KHX 

reM'.neparypax ( -196°C - 0°C) rrpoTeKaeT ·Ha nepexo,n:HbIX MeTaJIJiaK, B TOM qJicne Ha HHKene, 

no .[(BYM KOHKYPHPYJOIUHM MexaHH3MaM: MexaHH3MY I1nH (Eley) H MeXaHH3MY PH,n:HJia. 3m 
rrpOHBJI5IeTCH B TOM, qro TeMneparypHaJI 3aBHCHMOCTb Ky.u MeTaJIJia B Koop,n:HHaTax 

ypaBHeHH51 AppeHHyca HMeeT ;:q3fi <?fiJ.laCTH: o6JiaCTb 1 (-196°C - T m11) C 3Heprneii aKTHBaIJ;HH 

o6MeHa E1=0-4 K,[1;)1(/MoJih, H ;., o6naCTb 2 (T > T HJJI ) c 3Heprneii aKTHBau;HH o6MeHa 

E2 = s~ 15 K,[1;)1(/MoJih. B o6nacfH l rrpeo6na,naer MeXaHH3M I1JIH, B o6nacTH 2 - PH,n:Hna. 
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O6MeH, HCCJie,[(OBaHHhIH Ha: , _CBe)KCHaIILIJICHHhIX IIJieHKax Ni, IIp0TeKaJI B II0JIH0M 

C00TBeTCTBHH c BLimecKa:38.HHLIM: E1 = 0, E2 = 13 K,[()K/MOJIL, T H3n 0K0JI0 -125°C. 

Ha 2-x nJieHKax a.n;cop6n;m1 0 2 rrpoBe,neHa rrpH -196°C H ,[(aBJieHHH 10·2 
Topp, 3aTeM 

IIJieHKa 61,ma 0TKatJaHa rrpH TOH )Ke TeMnepazype . ·B TetJCHHC 10 MHH. B pe3yJILTaTe TaK0H 

o6pa6oTKH xapaKTep TeMIIepaTYPHOH 3aBHCHM0CTH Ky.a IIJICHKH rrpaKTHlJCCKH He H3MCHHJIC.sI 

110 cpaBHCHHIO co CBC)KeHaIILIJICHHOH IIJICHKOH. 

Ha 2-x IIJICHKaX a,[(COp6n;H.SI 02 IIp0BC,[(CHa IIpH +20°C H ,[(aBJICHHH 10"2 
Topp, 3aTeM 

IIJICHKa 61,ma 0TKatJaHa IIpH 200°C B TetJeHHe 15 MHH. ,[(OJI.sI np0tJHO CB.SI3aHHOro KHCJiopo,n:a 

COCTaBHJia 40% OT M0H0CJIO.SI. Ha nepBOH H3 IlJICHOK nocne TaKOH o6pa6oTKH Ha6JIIO,[(aJiac1, 

nHmL o6JiaCTb 1 B HHTepBaJie -'l 9.6°C - -20°C, B TO BpeM.sr KaK Ha 2-H nn_eHKe TeMnepazypHa.sr 

3aBHCHMOCTb Ky,n HMeJia TaKOH )Ke xapaKTep, KaK Ha CBe)KeHallbIJieHHOH nneHKe. 

Ha IlJICHKe, HailbIJieHHOH Ha MC,[(HYJO HaCa,[(KY' H Ha ,[(Byx IIJieHKax, HaIIbIJICHHbIX Ha 

CTCHKH peaKTopa 61,m ocymeCTBJICH KOHTaKT C aTMOCq>epHbIM B03;rt;yxoM, KOTOpLIH ,[(JIHJIC.SI 

20 MHHYT' Il0CJie qero ,[(Be IlJICHKH . 9b1JIH 110,[(BeprHYTbI rpeHHp0BKC npH 400°C B TetJeHHe 2-x . 

qacoB, a rpeTb.SI - npH 300°C B ,TetJeHHe 0,5 qaca. Pe3yJibTaThl HCCJIC,[(0BaHH.sI H30T0IIH0ro 

o6MeHa Ha BCCX 3-x IIJICHKax 0Ka3aJIHCh 0lJCHh CX0,[(HhIMH: B IIIHpOK0M HHTepBaJie 

TeMnepaTyp OT - l 96°C ,[(0 +80°C H30TOIIHbIH o6MeH npoTeKaJI C ::meprneii aKTHBaD;HH 

6JIH3KOH K 0, T.e. 110 MCXaHH3MY 11JIH. O.n;Ha H3 3THX IlJICH0K 6I,ma 3aTeM 110,[(Beprnyrn 

nporpeBy B Bo.n;opo,n:e npH 300°C B TClJCHHe 6,5 qacoB . . TipoBe.n;eHHOe IlOCJie 3TOro 

HCCJie,n:oBaHHe H30TOIIHOro o6MeHa Il0Ka3aJIO, lJTO rrp0H30illJIO IIOJIHOe B0CCTaHOBJICHHe 

o6JiaCTH 2, B TaKOM )KC BH,n:e, KaK Ha CBC)KCHailblJICHHOH IlJICHKe, E2 = 13 K,lJ;)K/MOJih, T H3JI 

oKoJio-120°C, a npH T<TH3n 3HeprH.sr aKTHBau;HH o6MeHa E1 = 0. 

11TaK, npH BCCX HCCJIC,[(0BaHHbIX cnoco6ax noca,ZI;KH KHCJIOpo.na Ha IIOBepXH0CTb IIJICHOK 

HHKeJI.sI - OT xeMocop6u;HH npH -196°C .no HanycKa aTMoccpep1,1 npH K0MHaTHOH 

TeMrrepaType, 0TcyrcrnyeT KaKoe-JIH6o ero BJIH.SIHHe Ha KHHCTHKY H30T0IIHOro o6MeHa B 

06m1cTH 1 : :na o6JiaCTb coxpam1eTc.sr BO Bcex cnyqa.srx, npHtJeM coxpaH.sreTc51 He TOJihKO 

xapaKTep 3aBHCHMOCTH Ky.a OT T' HO H a6coJIIOTHhie 3HatJeHH.SI Ky.ll, KOTOphie, B npe.n;enax 

T0lJHOCTH H3MepeHHH, COBITa,[(aIOT co 3HfflJCHH5IMH Ky.u lJHCTbIX ITJieHOK. O6JiaCTh 2 OKa3aJiacb 

He CTOJih ycTOHlJHBOH, H no.n B03,r.t;CHCTBHCM a,[(cop6HpoBaHHOro npH KOMHaTHOH 

TeMnepazype KHCJI0p0,[(a rrpona.n;aeT,' · HO B '.HOM CJiyqae o6naCTI, 1 rrpo,[(JleBaeTC.SI BITJI0Th ,n;o 
0 

+80 C. OtJeBH,[(HO, lJTO KHCJI0p0,[( 3aHHMaeT BCe rrpotJH0 a,[(cop6HpYJOI.U;He I(CHTphI, 

CB060,[(HbIMH OCTaIOTC.SI JIHII1h Te, Ha K0T0pbIX o6MeH M0)KCT npoTeKaTI> 110 MexaHH3MY 11JIH, 

TO eCTb 3T0 Te u;eHrphI, Ha K0TOpbIX H KHCJI0po,n H B0,[(opo,n CB.SI3aHbl He CJIHIIIK0M IIp0tJH0. 

Te I(CHTPhI, K0T0pbie OKa3bIBaIOTC.sI . 3aH.SITbIMH KHCJI0pO,r:t;OM, He aKTHBHhl B OTH0illCHHH 

MexaHH3Ma 11:JIH H B TOM CJIYllae, · Kor.n;a 0HH, 3aH.sITbl BO,r:t;OpO,r:t;OM Ha CBe)KeHailblJieHHhIX 

IlJICHKax - Ha HHX Bo,n:opon CB.SI3aH CJIHIDK0M np0tJH0, II03T0MY rrpH HH3KHX TCMIIepazypax 

OH He npHHHMaeT yqactH.SI B o6Mem~. 

JlaTepayYpa 

(1] )KaoopoHKoBa K.H., 6opecKoB f.K., HeKHJieJioB B.H.// Kmiennca H KaTilJIH3, 1967, T.8, N24, c.841-847. 
t2] )KasopoHKOBa K.H., 6oesa O.A., IleIIIKOB A.B. H oorp./ !Km-Iermca H KaTailli3, 1982, T 23, .N24, c.881-888. 
[3] ' )KaaopoHKOBa K.H., IlepeBe3eHI~eaa H.H.// KHHeTHKa H KaTamt3, 1983, T.24,.N23, c.623-628. 
[4] )I{aaopoHKOBa K.H., lioeaa O.A.,// )l{.H.X., 1991, T.36, .N28, c.2001-2009. 
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MEXAHH3M OTPABJIEHIDI )KEJIE3OOKCH)];HhIX KAT AJIH3ATOPOB 

~ErHJ(PHPOBAHIDI XJIOP-HOHAMH 

THE POISONING OF IRON-OXIDES CATALYSTS FOR DEHYDROGENATION BY 
CHLORINE-IONS 

JioKHH A.H., lia~euoo IO.Il. H KacL11uooa JI.3. 

Bokin A.I., Bagenov Ju.P. and Kassianova L.Z. 

3AO "KayqyK", yn. TexnHqecKrui, 14, CTepnHTaMaK 453110, EamKoprncTaH, Poccm1 
<l>aKc: (34 73) 25-33-45 

E-mail: postmaster@sfugntu.bashnet.ru 

The effect of chlorine-ions existing in hydrocarbon raw on activity of iron-oxide 
dehydrogenation catalysts is studied. It is established, that the activity and selectivity decrease 
following the formation of volatile chlorine compounds with catalyst components, and 
intermediate compounds catalyzed breaking of C-C bond. 

,[{e3aKTHBaruu1 KaTaJIH3aTopa MO)KeT npOHCXO.l(HTh no pa3JIHqHhIM rrpHqHHaM. OcHOBHhie 

MeXaHH3Mhl - arn0Mepau;m1 H OTpaBJieHHe. IIpHqffHOH OTpaBJieHH.SI Moryr 6hITh rrpHMeCH B 

Chiphe, KOTOphIC H3MCH.SIIOT COCTaB rroaepXHOCTH KaTaJIH3aTopa. 

HanHqHe xnopopraHHKH B yrneao,n:opo,n:HOM Chlphe a BH,n:e coe,n:HHeHHH 4-xnop-

2-MeTHJI6YTeH-2 H 2-xnop-2-MeTHJI6yreH-3 o6ycJIOBJICHO TCXHOITOrHeH rrpOH3B0)];CTBa 

H30IIpeHa ,n:ByxCTa)];HHHbIM .n:ern,n:pHpoBaHHCM H30I1CHTaHa [1]. OHH MOryr OTpaBIT.SITh 

KaTaJIH3aTOp, o6pa3y.SI Ha IIOBepXHOCTH XJIOpH.l(hI, HITH o6nerqaTh CIICKaHHe B pe3yJihTaTe 

o6pa30BaHH.SI nezyqHX XJIOpH,n:OB. 

)l(ene300KCH,ll;Hhie KaTanH3aTOphI ,n:efH,ll;pHpOBaHH.H B 'Kaqecrne npOMOTOpa co.n:ep)KaT OKCH)J; 

KaJIH.SI (a BH,n:e Kap6oHaTa), KOTOphrn cnoco6crnyer peru<u;HH KHcnopo.n:a B0.l(.SIHOro rrapa c 

yrnepO,n:HCThThfH OTITO)KCHIDIMH, TO CCTb npou;eccy CaMopereHeparurn KaTaJIH3aTOpa [2]. 

8 rrpOMhIIIIITeHHOM peaKTOpe C Herro,n:BH)I(HhIM cnoeM KaTaJIH3aTOpa rrpOHCXO,lU{T 

rrocne.n:oaaTenhHOe OTpaBJICHHe, rrpHBOJ.VImee K H3MeHeHHIO XHMHqecKoro COCTaBa 

KaTami3aTopa, 3a cqeT IIOTepH KaJIH.SI. O6hJqHO CHH)KCHHe aKTHBHOCTH KaTaJIH3aTopa 

KOMITeHCHpyeTCSI IIO.l('bCMOM TeMrrepaTyphI, qTo B CBOIO oqepe,n:h crro~o6cTByeT yxy.nmeHHIO 

ceneKTHBHOCTH rrpou;ecca. 

O,n:HOH H3 rrpHqffH, crroco6cTByroru;eii MHrpau;HH KaJIH.SI H3 COCTaBa KaTaJIH3aTOpa, 

j{BIT.Sle'I.'C.SI HaJIHqHe XJIOp-HOHOB B yrneao.n:opO.[(HOM ChlphC. 

3KcrrepHMeHTbl no orrpe.n:eneHHIO BJIHSIHHSI x.rrop-HOHOB Ha .n:ern.n;pHpyromyro 

aKTHBHOCTh )KeJie300KCH,[(HOfO KaTaJIH3aTopa rrpoBO.l(HJIHCb MCTO,[(OM BBC):(CHH.SI xrrop-HOHOB 
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B yrneBO,L(OpO.L(HOe Chiphe.· Pe3yJibTaThJ 3KcrrepHMeHTOB, npoBe,L(eHHblX rrpH TeMrrepazype 

600 °C, 061>eMHOH CKOpOCTH 110,L(aqlf yrneBO.L(Opo.n;~oro ChlpMI 1 qac-
1
' pa36aBJieHHH 

yrneBo,n:opO,L(hl : BO,L(a 1: 15 MOJib!MOJih ; B rrpouecce ' ,nem,L(pHpOBaHH.sI H30aMHJICHOB .B 

H30IIpeH, rrpe,L(CTaBJieHhl Ha pHCYHKe 1. KaK BH,L(HO . 83 pHCYffKa, CKOpOCTh orpaBJICHH.sI 

orrpe,n:eJI.sieTC.sI KOHUeHTpau;Heii xnop-HOHOB B Chiphe , II npOHCXO,[J;HT rrpH mo6oM ero 

co,n:ep)KaHHH. • • 1-.;:, 
.. ,: i .· ~ . .. 

B1>1.sIBJieHO, qTo rrpHqHHaMH, Bbl3bIBaIOmHMH pTpaBJICHHe KaTa.JIH3aTopa, .sIBJI.sIIOTC.sI 

H3MeHeHHe XHMHqecKoro COCTaBa 3a cqeT o6pa3oBaHIDI nerKOJieryqHx, nerKOIIJiaBKHX 

COC,L(HHeHHH xnopa C KOMIIOHeHTaMH KaTa.JIH3aTOpa,' HX ,L(aJJbHeHlIJa.sI MHrpan;H.sI C 

IlOBepXHOCTH KaTaJJH3aTOpa, a TaK)Ke o6pa30BaHHe ' rrpoMe~ToqHhIX coe,n;HHCHHH, 

KaTaJJH3HpyromHx rrpou;ecc pa3p1>rna C-C CB.sI3H. 
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PMC. 1. Bn.MAHM8 CI-MOHOB Ha A8rMAPMPYIO~YIO cnoco6HOCTb 

)1(8ne300KCMAHOro KaTa11M3aTopa 

10 20 30 40 
HoMep OnblTa 

50 60 70 80 

[l]A. X. ApcJiattoBa, JI. 3. KacMIHOBa. «Te3HChI )].OKJIMOB ttayqttoii Kompepem.i00». Ycpa. 113)1.. 
YfHTY. 1996. CTJ). 63. ·. . ; 

[2] q_ Cerrepq>HJib)]. «TipaKrnqecKHH Kypc reTeporefIHOro,KaTaJIH3a». MocKBa. «M0p». 1984. 
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PA3PAliOTKA KAT AJIH3ATOPOB ,IJ;ErH,L(PHPOBAHIDI METHJiliYTEHOB 

CATALYST DEVELOPMENT FOR METHYLBUTENE DEHYDROGENATION . 

lioKHH A.H., lia,KeHoB IO.IT. u KacLBHoea JI. 3. 

Bokin A.I., Bajenov J.P. and Kassianova L.Z. 

3AO "KayqyK", yn. TexmP:1ecKM 14, CTepmna.MaK 453110, Poccm1 

<l>aKc: (+7-2473) 25-33-45 

E-mail: postmaster@sfugntu.bashnet.ru 

The modified iron-oxide catalysts for methylbutene dehydrogenation are produced in 

working conditions by Sterlitamak "Kauchuk" Corp. 

8 HaCTOj{Il(ee BpeMg B PoccmI, B rrpOH3BO,UCTBe H30IIpeHa ,[(ByxCTa.z:I;HHHbIM 

,nerH,ZlpHpOBaHHeM H30IIeHTaHa, rrpHMeHj{IOT )l(eJie300KClf)lHbie KaTaJIH3aTOphl pa3JI1fqHbIX 

MapoK: K-2411, K-2411M, K-28, KHM-1. 

Bee rrepeqlfCJieHHble KaTaJIH3aTOpbI HMeIOT pg,n CKphIThIX He)lOCTaTKOB: JIH6o BhICOKa.51 

rHrpOCKOIJHqHOCTb, JIH6o He,UOCTaToqHruI rrpoqHOCTh, KOTOpa.51 rrpHBO)llfT K YITJIOTHeHHIO 

CJIOjJ KaTaJIH3aTOpa B rrponecce ero 3KCIIJiyaTan;HH, lfJllf HeycrniiqlfBOe q>a30BOe COCTOHHHe 

KOMilOHeHTOB KaTaJIH3aTopa, corrpOBO)l()laIOmeecg lf3MeHeHHeM XHMlflJeCKOfO COCTaBa 110 

Mepe yBeJrnqeHlfj{ cpoKa CJIY)l(6hI KaTaJIH3aTopoB. O6Il(HM He)lOCTaTK0M Bcex rrpHMeHgeMblX 

KaTanlf33TOpOB j{BJI.sreTcg HX HH3Ka.51 KaTaJIHTHlJeCKa.51 aKTHBHOCTh, He Y.llOBJieTBopgIOII.(M 

COBpeMeHHhIM Tpe6oBaHlfj{M rrpou;ecca. Tipo,n;JieHHe TaKOH CHTyau;HH M0)KeT rrpHBeCTH K 

IIOJIHOH KOHCepBaUHH TeXHOJIOrHH rrpOH3BO}];CTBa H30rrpeHa MeTO,UOM .uerH,npHpOBaHlfj{ 

MeTHJI6yTeHOB. 

KaTaJIH3aTOphI, co,nep)Kamne OKCH}];bl )l(eJie3a If KaJIHj{, roT0B.sIT CMerneHHeM 

KOMIIOHeHTOB B BH,ne nacT. <l>opMHpOBaHHe aKTHBHbIX K0MIT0HeHTOB rrp0HCX0}];HT B 

pe3yJihTaTe TOilOXHMHlJeCKHX peaKUHH: 

I-h6bITOK 0KHCH )l(eJie3a, He rrpopearnpoBaBIIIHH C Kap6oHaTOM KaJilfjl HJIH HenoKpbIThIH 

CJI0eM o6pa30BaBIIIerocg <)>eppHTa KaJIH.sr, yxy,nIIIaeT ceneKTH~H0CTb 3a cqeT peaKUHH 

KpeKHHra If KOKCOo6pa30BaHHSI, npoTeKaIOII.(lfX Ha HeM. 

HeKoropb1e rrpou;ecchl, rrpoTeKaIOIIUJe Ha IIOBepXHOCTlf )KeJie300KClf)lHbIX 

KaTaJIH3aTopoB B cpe.ne yrneBo,nopo,uoB, pa36aBJieHHbIX B0)lSIHbIM napoM M0)KH0 

npe)lCTaBlfTb CJie)lyIOII.(lfMH ypaBHeHlfj{Mlf peaKUHH: 
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Fe2O3 + K2C03 ➔ KFeO2 ➔ Fe3O4 + K2CO3 

{, ~ {, 
Fe + CO2 K2FeO4 Fe+ CO2 + H2O 
{, 

Fe3C ~ Fe + C ➔ CO2 + H2 
{, 

C~ + Fe3O4 + 2H2 

IlpH B0CCTaH0BJieHHH <peppHTa KaJIHj{ o6pa3JIOTCR <pa3hl MarHeTHTa H Kap6oHaT KaJIHSI. 

Kap6oHaT KaJIHSI IIpH 3T0M o6pa3yeTCSI 3a cqeT nornomeHHSI CO2, Bhl,lleJlj{JOil.lerocSI B 

rrpouecce Ca.MopereHepauHH KaTa.JIH3aTopa, IIpHqeM <peppHT KaJIHSI BOCCTaHaBJIHBaeTCSI 

aTOMapHhIM Bo,n;opo,n;oM, o6pa.3JIOil.lHMCSI rrpH ,n;erH,n;pHp0BaHHH, HO 3HaqHTe.JihH0e 

KOJrnqecTBO cpeppHTa coxpam1eTCSI B KaTaJIH3aTope CKOJihKO ~0,[(HO ,n;onro B pe)KHMe 

,nem,npHp0BaHHSI. 

CornacHO pe3yJihTaTaM pa6oT [2,3], aKTHBH0CTh 3THX KaTaJIH3aTOp0B o6ycJIOBJieHa 

rnep,nhIM pacTBopoM KpeMHHSI H xpoMa B perneTKe cpeppHTa KaJIHSI (K2Fe2-x-ySixCryO4). B 

pa6ore [2] II0Ka3aH0, qTQ B rrpouecce 3KCIIJIYaTaU:HH KaTaJIH3aTopa 0KHCh xpoMa 

B3aHMO,neiicTByeT C MarHeTHT0M C o6pa.30BaHHeM TBep,noro pacTBopa Fe +l F e{!x cr;3 0 4 • 

B OKHCJIHTeJihHOH cpe,n;e Ha IIOBepXHOCTH 3THX KaTaJIJf3aTOpOB IIOSJBJlj{eTCSI 

3HaqHTeJihH0e K0JIHqecTB0 CB060,[(HOH 0KHCH xpoMa, BbI3bIBaIOil.leii HHTeHCHBH0e 

3ayrnepO)KHBaHHe. TaKoe IIOBe,neHHe rroaepXHOCTH CaMopereHepHpyJOil.lHXCSI KaTaJIH3aTopoB 

,n;em,npHpOBaHH.sI HCKJIIOqaeT B03MO)KHOCTh npoae,neHH.sI OKHCJIHTeJibHOH pereHepaumI B 

cnyqae ee Heo6xo,nHMOCTH. 

[(eJihlO Hacro.simero HCCJie,[(0BaHHSI SIBHJI0Ch YBeJIHqeHHe ,nem,npHpyromeif cnoco6HOCTH 

)KeJie300KCH,D;H0ro KaTaJIH3aTopa ,nerH,npHp0BaHHSI MeTHJI6yTeHOB MeT0,D;0M HarrpaBJieHH0ro 

H3MeHeHH.sI ero CTPYKTYPhl H XHMHqecKoro COCTaBa 3a cqeT MO,[(Hq>HKaUHH cymecTByromero 

KaTaJIH3aTopa aJIIOMOXpOMOBbIM KOMITOHeHTOM, rronyqeHHbIM OT,n;eJihHhIM rrpHroTOBJieHHeM. 

B rrp0MhIIIIJieHHhIX ycn0BH.sIX rrpHr0T0BJieH0 20 T0HH H0Boro KaTaJIH3aTopa no,n; MapKOH 

K):(-20. Ha 3AO «Kayqyi<» TaK)Ke BhmymeH rrpe,n.Jio)KeHHhlii C0TPY,D;HHKaMH Hl111 

«5IpCHHTe3»MO,nHcpHI.lHPOBaHHhIH KaTaJIH3aTop K-2411M. 

TeXHffqCCKHe xapaKTepHCTHKH KaTaJIH3aTopoB rrpe,ncTaBJICHhl B ra6JIHU:e 1. 

B HaCTO.Kll.lHH MOMeHT HOBhie KaTaJIH3aTOphI rrpOXO,n.KT npOMhIIDJieHHOe HCIIbITaHHe B 

ripo{lecce ,nerH,npHp0BaHH.K MeTHJI6yreHOB B H30npeH Ha 3AO «Kayqyx» B r.CTepJIHTaMaKe. 
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Ta6mu~a 1 - TexmI~eCKHe xapaKTepHCTHKH KaTaJIH3aTOp0B ,n:ern,n:pHp0BaHmI MeTHJI6)'TeHOB 

IloKa3aTeJIH I1oKa3aTenH 

MexaHH-
aKTHBHOCTH H aKTHBHOCTH H 

HaHMeHo-
Y ,n:em>HruI ceJieKTHBH0CTH B KOHBepCHH B 

qecKrui 
BaHHe npo~H0CTb, 

IIOBepXHOCTb, rrpouecce rrpouecce 

%Mac. 
M

2/r .nerH,n:pHp0BaHHH ,n:ern,n:pHp0BaHHH 
MeTHJI6)'TeHOB, 3THJI6eH30Jia, 

%Mac. %Mac. 
K-24M 97,5 4,5 40,05-86,5 68,2-91,2 
( IIPOTOTHII) 

KJ(-20 97,5 4,8 44,75-86,8 72,0-91,0 

K-24MM 97,2 3,8 42,2-86,95 70,15-91,4 

JluTeparypa 

[1] MonqattoB B.B., Att.upy111Kea11q M.M., l1.JU1c0Ba JI.M. 11 .up. K1rner11Ka 11 KaTa.JII13,, 29(1) 1988. 
[2] JI.M. Ilru1cosa, M.M. AH.llpywKes11q, r.P. KoTeJihHHKOB H .ll.P- K11tteTHKa H KaTa.JII13, 17 (1976) 

750. 
[3] JI.M. Ilru1coaa, M.M. Att.ll.py111KeB11q, r.P. KoTeJibHHKOB 11 .ll.P- K11tteTHKa H KaTa.JIH3, 17 (1976) 

1295. . 

";. 
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INVESTIGATION OF THE REACTION. MECHANISM OF METHYLPYRAZINE 

AMMOXIDATION BY IR IN SITU .· .,. 

HCCJIE,ll;OBAHHE MEXAHH3MA PEAKD;HH OKHCJIHTEJlbHOro 
AMMOHOJIH3A METHJIIIHP A3HHA METO,Lt;OM HKC IN SITU 

Bondareva V.M., Andrushkevich T.V., Paukshtis E.A., Paukshtis N.A. and 
Popova G.Ya. 

lioHllapeBa B.M., AH~pymKeBu-i T .B., IIayKmTuc E.A., IIayKmTuc ff.A. u IlonoBa r .$1. 

Boreskov Institute of Catalysis SB RAS 
Prosp. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 
Fax: (+7-3832) 34 30 56; E-mail: valent@catalysis.nsk.su 

The structure of surface complexes formed during adsorpticm of the components of 
methylpyrazine ammoxidation reaction mixture on the binary vanadia-titania catalyst has 
been studied by IR in situ at temperature interval 150-230°C. Surface intermediates were 
identified and the sequence of their conversion to the main reaction product - amidopyrazine -
was ascertained. 

V-Ti-O catalysts are effective in ammoxidation of methylpyrazine (MP) to 

amidopyrazine (AP) [1]. The active sites of these catalysts include V5
+ cations strongly bound 

with titania apparently owing to formation of V -0-Ti bonds [ 1]. 

The studies were carried out using vanadia-titania catalyst of the composition 20 V 20 5-

80 MoO3 (wt.%). The sample was prepared by mixing of a solution of vanadium oxalate with 

titanium dioxide ( anatase) followed by drying and calcination at 450°C. The excess of bulk 

V 20 5 was removed by washing in diluted HNO3 (2M) as described in [ 1]. 

IR experiments were carried out in a static IR cell without evacuation of gas phase. 

Adsorption of MP and MP+ 02 (1:10), MP+ NH3 (1:15), MP+ 02 + NH3 (1:5:15) mixtures 

was done at 150°C and then temperature was increased stepwise up to 230°C. IR spectra were 

recorded using IFS-113V Bruker spectrometer. 

The following surface carbon-containing complexes were identified at the adsorption of 

reaction mixture components: coordinately bonded methylpyrazine (I), as well as adsorbed 

pyrazine carbaldehyde (II), pyrazine carboxylic acid (ID) and amidopyrazine (N). Absorption 

bands, the structure of surface complexes and· temperature interval of their observation are 

listed in the Table. 

Interaction of MP or MP + 0 2 mixture with V-Ti-O surface at 150°C resulted in 

coordinately bonded MP (I) formation. With increase of adsorption time an aldehyde-like 

oxidized complex (II) appears. When temperature rise (2 175°C), the more profound 

oxidation occurs and surface complex containing COOH group (III) forms. 
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Table. 

Sign Surface complex· . . , T, °C IR bands, cm-1 
. -· 

. -. 

I 150 1404 
N 

Q\CH3 
~ .. ... 

1450 '. 

1474 
• ■ 

-- V --- 0 --- V --- 0 -- 1524 

II 150-230 1300 

~)-c(H '. 

1579 
N 0 1610 
■ ■ • ■ 

-- V --- □ --- V --- 0 --
. . 

1695 

ill 175-230 ·1386 

~-lo 1586 

N I 1610 
■ ■ 

I 

--- V --- d --- V -- 1730 

IV 150-230 1331 

(o)-c<H, 
1384 

'. 

1577 
N 0 

.·.• 

■ ■ ■ ■ 1605 ,. 
-- V --- □ --- V --- 0 --

1670 

At adsorption of MP + NH3 mixture at 150°C, only coordinately bonded MP (I) is 

observed. Surface complex containing C=O and C-NH2 groups simultaneously (IV) is found 

with increase of temperature. The higher the temperature of adsorption, the more the intensity 

of the bands' corresponding to this complex. 

At adsorption · of MP in combination with NH3 and 0 2 the same surface complexes 

(I and IV) w,ere observ~d. Note that in the presence of oxygen the formation of the 

complex (IV) 'Yas det~cte~l already at 150°C. 

From the, data obt3:ip.ed we suppose that formation of amidopyrazine in the course of 

methylpyrazine ammoxidation is realized through consecutive con.version of (I) into (Il) and 

further into (IV). 

[l]V.M. Bondareva, T.V. Andrushkevich, O.B. Lapina, V.V. Malakhov, L.S. Dovlitova, 
A.A. Vlasov, Kinetika i Kataliz, 41 (2000) 736 (in Russian). 
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THE KEY INTERMEDIATES IN ASYMMETRIC EPOXIDATIONS OF ALLYLIC 

ALCOHOLS, CATALYZED BY VANADIUM COMPLEXES WITH A 
PLANAR-CHIRAL HYDROXAMIC ACID 

KJnoqEBLIE HHTEPME)UIATl,I ACHMMETPWIECKoro 
3IIOKCH,ZJ;IIPOBAHIDI AJIJIHJIOBLIX CIIHPTOB, KAT AJIH3HPYEMoro 

KOMIIJIEKCAMH BAHA,l];IDI C XHP AJILHOH rH~POKCAMOBOH KHCJIOTOH 

liphlJIHKOB K.Il., Tamn E.II., Kron T.* u lioJIM C.* 

Bryliakov K.P., Talsi E.P., Kiihn T. * and Bolm C. * 

Boreskov Institute of Catalysis SB RAS, Pr. Akad. Lavrentieva 5, Novosibirsk 630090, Russia 
Fax: +7 3832 343766; E-mail: bryliako@catalysis.nsk.su. 

*Institut fur Organische Chemie der RWTH Aachen, 
Professor-Pirlet-Str. 1, D-52056 Aachen, Germany 

Fax: +49 241 8092391; E-mail: Carsten.Bolm@oc.rwth-aachen.de 

Chiral hydroxamic acids are used in vanadium(V) catalyzed asymmetric epoxidations of allylic 
alcohols by tert-butyl hydroperoxide [1-3]. In this work, multinuclear NMR spectroscopic study of 
the vanadium(V) complexes and characterization of the reactive intermediates in the VO(OAlkyl)3 / 
planar-chiral hydroxamic acid [2] / TBHP catalytic system is presented. The reactive intermediates 
have been characterized by 13C, 51V and 170 NMR techniques. 

The system studied is based on a planar-chiral hydroxamic ligands 1 and is able to 

epoxidize allylic alcohols with ees up to 71 % [2]. For the present multinuclear NMR study, 

ligand 1 a was taken. 

R 
I 

N,OH 

0 

VO(Oi-Pr) 3 (5 mo I%) O 

Ligand 1 (7.5 mol %) ~f ./"".... 
R1- T OH 

TBHP R2 

1 a R = t-butyl 
1 b R = adamantyl 

The vanadium(V) complexes that form in this system at ligand/vanadium ratios 1.0 ... 1.7 were 

~_tudied, and possible structures were proposed. The reactive intermediates were shown to be 

two vanadium(V) alkylperoxocomplexes (in a roughly 3: 1 ratio) differing in the relative 

positioning of V=O group and the planar-chiral phenyl part. When geraniol as a substrate was 

added, these complexes disappeared in a parall~l manner and geraniol epoxide formed, so we 

conclude that formation of two diastereomeric reactive complexes could account for the 

asymmetric induction level observed (:S 71 % for lb and :S 46% for la). 

Acknowledgement. K.P. Bryliakov is grateful to INT AS (grant YSF-006) for financial support. 

[l]R.C. Michaelson, R.E. Palermo, K.B. Sharpless., J. Am. Chem. Soc. 99 (1977) 1990. 
[2] C. Bolm, T. Ktihn., Synlett 6 (2000) 899. 
[3]Y. Hoshino, H. Yamamoto. J. Am. Chem. Soc. 122 (2000) 10452. 
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0 MEXAHH3ME rETEPOrEHHO-KATAJIHTHqEcKoro PAC~EIIJIEHIDI 
BbICOKOKHIDIII(HX IIOliOqHhIX IIPO,l.l;YKTOB CHHTE3A H30IIPEHA H 

<l>EHOJIA 

MECHANISM OF HETEROGENEOUS DESTRUCTION OF IZOPRENE AND 
PHENOL SYNTHESIS BY-PRODUCTS 

liychirHH B.M., TyJILqnncKuii: 3.A., llhIKMaH A.C. u 3uueuKoB A.B. 

Busygin V.M., Tulchinski E.A., Dykman A.S. and Zinenkov A.V. 

OAO «H1u1meKaMCKHeq>TeXHM», HmKHeKaMCK 423550, Poccm1 

AOOT BHHHHeqnexHM, )I{eJie3Ho,nopo)KHbIH np. 40, CanKT-IleTep6ypr 

<l>aKc 3900092; E-mail: office@ehim.spb.su 

Isoprene and phenol industrial processes side products destruction over heterogeneous 

catalysts were extensively investigated. It is found that strong acidic centers on the catalyst 

surface undergo rapid deactivation with coke formation. Variation of modifiers for alumina

silicate support can provide an optimal acidity to provide selective heavy by-products 

decomposition. 

Pa3pa60TKa 3cp<peKTHBHbIX KaTaJIHTUlJ:eCKHX CHCTeM .L(JUI pacmerrJieHH.SI BbICOKOKHIUIII(HX 

OTXO,L(OB MHOfOTOHHa)KHbIX XHMHqecKHX npOH3BO.L(CTB, B qacTHOCTH npou;ecCOB CHHTe3a 

H30rrpeHa H3 H306YTHJieHa H cpopMaJih,L(em.na H cpeHOJia KYMOJihHbIM MeTO,nOM, C 

o6pa30BaHHCM IIOJie3HbIX rrpo,rzyKTOB oqeHh Ba)KHa MS! IlOBbIIIICHHSI 3KOH0MHqecKHX 

IIOKa3aTeneiI npou;eccoB. 

IlpH )TOM CTaBHTCSI u;enb ,necTpyKrypHpOBaTb CJIO)KHhie Ky6oBbie CMCCH 

KHCJIOpo,nco,nep)KaII(HX npo,nyKTOB npeHMymecTBCHHO C o6pa30BaHHeM HCXO.L(HhIX HJIH 

KOHeqHbIX BemecTB. TIOKa3aHO, qrn ,nJUI HX pa3JIO)KCHHSI I(CJiecoo6pa3HO npHMCHSITb 

YHHBepCaJibHbie aJIIOMOCHJIHKaTHbie KaTaJIH3aTOpbI, K0TOpbie SIBJISIIOTCSI KHCJIOTHbIMH 

KaTaJIH3aTOpaMH, rrp0SIBJISIIOII(HMH KaK EpeHCTC.L(OBCKYJO (E), TaK H JlbIOHCOBCKYJO (L) 

KHCJIOTHOCTb. 

OcnoaHoiI npo6neMoiI npH pa3JIO)KCHHH 

BbIC0K0KHilSIII(HX rrp0.L(YKT0B SIBJISICTCj{ OTJI0)KCHHe K0KCa B HaqaJibHhIH rrepHo,n pa60TbI 

KaTaJIH3aTOpa, npHBOJ:VImee K OTpaBJieHHIO KaTaJIH3aTOpa H pe3KO YMCHblliaIOIIJ;ee ero 

3cpcpeKTHBHOCTb. KoKcoo6pa3oBaHHe rrp0HCX0,[(HT' TIO-BH.L(HMOMY'. iia HaH6onee CHJibHbIX B H 

L-u;empax. il03TOMY Ba)KH0 no,no6paTh ycn0BH.H, Il03B0JUIIOIIJ;He )'MeHbIIIHTh K0JIHqecTBO 

TaKHX neHTpOB. TaK, npH pacmerrJieHHH BbICOKOKHTISIIUHX no6oqHhIX rrpO.L(YKTOB CHHTe3a 

H3OnpeHa, COCTOSII.I(HX B OCHOBHOM H3 .L(HOKCaHOBhIX CIIHpTOB, TIHpaHOBbIX cnHpTOB H 

3qmp0B .L(HOKCaH0BbIX CIIHpT0B C u;eJiblO YMCHbIIIeHHSI KOKC006pa30BaHHSI H, 
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COOTBeTCTBeHHO, yaeJIH11eHH.sI BbIXO,[(a IIOJie3HhIX rrpo.nyKTOB, rrpe,[(JlaraeTC.sI HCIIOJih30BaTb 

MO.[(Hq>H:UHPOBaHHbie amoMOCHJIHKaThl C YMeHhIIIeHHhIM KOJJHqecTBOM CHJihHbIX KHCJIOTHhIX 

:ueHTpOB. C .npyroii CTOpOHbI, IIO,[(aBJieHHe KHCJIOTHOCTH KaTaJIH3aTopa rrpHBO,[(HT K 

ycHJieHHIO pOJIH repMH11eCKHX npo:ueccoB, H, KaK CJie,[(CTBHe, K )'MeHbIIIeHHIO ceJieKTHBHOCTH 

rrpo~ecca a :a;eJIOM. TaKHM o6pa3oM, .[(JI.sI rrpoae.neHH.sI npo:uecca pa3JIO)l(eHH.sI rro6011HhIX 

npO.nyKTOB CHHTe3a H3onpeHa ,[(HOKCaHOBhIM MeTO,[(OM C MaKCHMaJibHOH ceJieKTHBHOCTblO, 

rpe6yeTC.sI KaTaJIH3aTOp C onpe.neJieHHOH KHCJIOTHOCTblO. IlpoBe,[(eHO HCCJie,[(oBaHHe no 

H3yqeHHIO ycJIOBHH rrpHrOTOBJieHH.sI KaTaJIH3aTopoB H .no6aBOK pa3JIH11HbIX MO,[(H<PHKaTopoB 

Ha 3<pcpeKTHBHOCTb HX ,[(eHCTBH.sI. IlpH 3TOM aKTHBHOCTb CHJibHhIX B- H L-:ueHTpOB B COCTaBe 

KaTaJIH3aTopa IlO,[(aBJI.sieTC.sI BBe,[(eHHeM Ha CTa,[(HH HX CHHTe3~ · pa3JIHqHhIX OCHOBHhIX 

,no6aBOK, HarrpHMep, OKCH,[(a KaJih:UH.sI. AHaJiorn:qHbie HCCJie,[(OBaHH.sI 6hIJIH npoBe,[(eHbl npH 

H3yqeHHH pa3JIO)l(eHH.sI Ky60BhIX npo.nyKTOB npo:uecca npOH3B0,[(CTBa cpeHOJia KYMOJibHhIM 

MeTO,D;OM. 
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OXIDATIVE METHYLATION OF BENZENE BY METHANE ON ZSM-5 IN THE 
PRESENCE OF NITROUS OXIDE 

OKHCJIHTEJILHOE METHJIHPOBAHHE liEH3011A MET AHOM HA IJ;EOJIIITE 
ZSM-5 B IlPIICYTCTBHH 3AKHCH A3OTA 

Abstract 

Vereshchagin S.N., Kirik N.P., Shishkina N.N. and Anshits A.G. 

Bepemaruu C.H., KupHK H.II., illnmKUHa H.H. H Aumu .. A.r. 

Institute of Chemistry and Chemical Technology SB RAS 
K. Marx St., 42, Krasnoyarsk 660049, Russia 

Tel./Fax 8-3912-439431; E-mail snv@krsk.infotel.ru 

Conversion of the CH4-C6H6-N2O feed on a series of H-Na-ZSM-5 catalysts leads to 
complex mixture of C1-C2-substituted alkylaromatics (toluene, xylenes, trimethylbenzenes, 
derivatives of indene, naphtalene and diphenylmethane) and hydroxylated hydrocarbons 
(phenol and cresols ). It was shown that acidity of the surface favored the progress of reaction 
of oxidative methylation and did not change the rate of hydroxylation .. Composition of the 
product obtained under the same condition on H-Na-ZSM-5 using different feeds (CH3OH, 
CH4-N2O, C6H6-N2O, CH3OH-C6H6) is compared with that for CH4-C6H6-N2O feed, and 
reaction routes for hydroxylation and methylation processes are discussed. 

Introduction 

It is known that ZSM-5 type zeolite exhibit remarkable catalytic activity in the processes 

of hydroxylation of aromatics, dehydrogenation and aromatization of light alkanes when N2O 

is used as oxidant. Recently it was shown that methane alkylates benzene on HZSM-5 in the 

presence of nitrous oxide. In spite of the numerous studies of the hydrocarbon-N2O mixtures 

the nature of catalytic active sites and mechanism of hydrocarbon transformation is still under 

discussion. The present contribution deals with the influence of zeolite acidity on the progress 

ofreaction of oxidative conversion CH4-C6H6-N2O feed on ZSM-5 type zeolites. 

Experimental 

Zeolites H-Na-ZSM-5 (SiO2/AhO3=33, the contents of iron <0.06 wt.%, sodium 

0.01-2.5 wt.%) were prepared from HZSM-5 by impregnation with NaOH solution. Catalytic 

conversion of CH3OH, CH4-N2O, C6H6-N2O, CH3OH-C6H6 and -~~-C6H6-N2O feeds w~re 

carried out at atmospheric pressure and 350-450°C in a stationary catalyst bed set-up. 1H, 13C 

NMR and GC-MS analyses were employed to study product composition and location of 

labeled 13C atoms. 
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Results and discussion 

Conversion of the CH4-C6H6-N20 feed on a series of H-Na-ZSM-5 catalysts leads to 

complex mixture of alkylaromatics: toluene, xylenes, trimethylbenzenes, derivatives of 

indene, naphtalene, diphenylmethane and hydroxylated products (phenol and it's mono- and 

dimethyl-derivatives). The rate of formation of hydroxylated products did not depend on the 

sodium content (i.e. on the surface acidity). To elucidate possible role of methanol (which can 

be formed from methane) as an active intermediate of methylation reaction, different feeds 

(CH30H, CH4-N20, C6H6-N20, CH30H-C6H6, CH4-C6H6-N20) were converted on 

H-Na-ZSM-5 and the compositions of the products obtained were compared. 

It was found out that acidity of the surface favored the progress of reaction of aromatic 

ring methylation both under nonoxidative (CH30H, CH30H-C6H6) and oxidative 
•,..!'_i, I 

(CH4-C6H6-N20 and CH4-N20 feeds) condition, methyl group originating from methane 

molecule in the latter case (according to 1H and 13C NMR studies). The composition of the 

alkylated aromatic hydrocarbons formed on HZSM-5 and H-Na-ZSM-5 for CH4-C6H6-N20 

and CH4-N20 feeds was found to be similar (but not identical) to that for CH30H-C6H6 

conversion on HZSM-5. 

The main difference m the product composition was enhanced amount of 

diphenylmethane and hydrocarbons with condensed aromatic rings (indene, naphthalenes and 

so on). Moreover no products formation was found on non-acidic NaZSM-5 sample for 

methanol containing feeds whereas fast cooking, hydroxylation and some methylation of 

benzene with methane was found to occur in the presence of CH4+N20, accompanied with 

deep oxidation of methane. Taking into account the detailed composition of hydrocarbons 

formed and 13C label distribution (with 13CH4-C6H6-N20 feed) it was concluded that on acidic 

samples the routes of formation of light alkylated aromatics included most probably surface 

methoxy species both for oxidative and non-oxidative conditions. For non-acidic zeolites in 

the · presence of N20 alkylated aromatics were produced through cross-methylation with 

surface hydrocarbon residues formed from methane and benzene. In this case active 

Ci-fragment formed from methane can be either deep oxidized or intercepted by benzene to 

give toluene or converted to surface residues. 
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BJIIDIHHE ,ll;OliABKH 'CYPhMhl HA COPlil.J;HOHHhIE
CBOHCTBA ,ll;HOKCH,ZJ;A OJIOBA 

EFFECT OF ANTYMONY DOPANT ON SORPTION 
PROPERTIES OF TIN DIOXIDE 

Buu019:posa M.B., ,ll;epmo1rnsa·JI.E. u ,ll;o6poeoJILCKHH IO.A. 

Vinokurova M.V., Derlyukova L.E. and Yu.A.Dobrovolsky 

HHcTHTYT rrpo6neM XHMHqecKoH q>H3HKH P AH 
qepHoronoBKa, MocKOBCKOH 06.rr. 142432, Poccm1 

<l>aKc: (096) 576 4009; E-mail: led@icp.ac.ru 
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The effect of antimony dopant (0,15%) on electrophysical and sorption properties of 
SnO2 was studied in the temperature range from 25 to 200°C. The introduction of antimony 
exerts no effect on the unit cell parameters of the SnO2 crystals, specific surface and activation 
energy of the conductivity. Sb dopant leads to acceleration of oxidation rates CO .to CO2. 

Some forms of chemisorbed SO2 are observed on the surface of both doping and undoping 
samples. The temperature increasing results in the change in the ratio of SO2 forms · on the 
doping sample. 

H3yqeHa xeMocop6um1 CO H SO2 Ha SnO2 H SnO2 c .n;o6aBKOH 0, 15% Sb. O6pa3UbI 

rronyqeHbI OCa)K)leHHeM aMMHaKOM H3 COJUIHOKHCJibIX pacrnopoB C IIOCJie)lyroIIJ;HM 

pa3JIO)l(eHHeM m.zi;paTOB B BaKY)'Me 10-5 Topp rrpH 300° B TeqeHHe 90 qacoB. <l>H3HKO

XHMHqecKHe xapaKTepHCTHKH o60HX o6pa3U:OB 6JIH3KH: ,ll;H<ppaKTOrpaMMbI H,ll;eHTHqHbI, 

y,z:i;eJibHruI IIOBepXHOCTb COCTaBJHieT 80 M2 /r' :meprm1 aKTHBaQHH rrpoBO,ll;HM0CTH B 

TeMrrepaTypH0M HHTepBane 25-200°C -0,12 3B. 

XeMocop6umo H3yqaJIH BaKY)'MHbIM CTaTHqecKHM MeT0,ll;OM, 3JieKTporrpoB0,ll;HOCTb -

30H,ll;0BbIM MeT0)l0M Ha IIOCT0RHHOM T0Ke B ycTaH0BKe C 0,ll;HOBpeMeHHOH perHCTpauHeH 

,z:i;aBJieHHa H rrpoBO,ll;HMOCTH o6pa3u:a. TepMo,z:i;ecop6umo Hccne,z:i;oBaJIH Mern,z:i;oM TTITIP c 

Macc-crreKrpoMeTpHqecKHM aHaJIH3OM rrpo.zi;yKTOB. 

XeMocop6u:Ha co H SO2 Ha o6oHX o6pa3u:ax rrpoTeKaeT C BbICOKOH CKOp0CThlO. IlpH 

25°C CO cop6HpyeTca Ha SnO2 B He3apa)l(eHHOH q>opMe, B TO BpeMa KaK Ha nempoBaHHOM 

o6pa3u:e xeMocop6u:Ha co corrpOBO)l(,ll;aeTCj{ YBeJmqeHHeM 3JieKTporrpOB0,ll;HOCTH. C 

II0BblIIIeHHeM TeMrreparypbl IIOJIO)l(HTeJibHOe 3apa)l(eHHe IIOBepXHOCTH Ha6n10,z:i;aeTca Ha 

060HX o6pa3U:aX. fl pH l 50°C cop6U:Ha CO Ha JiempOBaHHOM . o6pa3U:e COIIpOBO)K)laeTCa 

qacTHqHI>IM BOCCTaHOBJieHHeM IIOBepXHOCTH C rrepeXO)lOM co B CO2. BocCTaHOBJieHHe 

HenempoBaHHoro o6pa3ua Ha6nro,z:i;aeTca B o6nacTH 6onee BbICOKHX TeMrreparyp. 

3aKOHOMepHOCTH xeMocop6U:HH SO2 rrpH 25°C O)lHHaKOBbl )lJia o60HX o6pa3U:OB, 

rrpHqeM cop6u:Ha He corrp0BO)l()laeTca H3MeHeHHeM 3JieKTporrp0BO)lHOCTH. IlOBblmeHHe 
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TeMnepaT)'Pbl rrpHBO)];HT K )'BeJJHqeHHIO IIOJIO)KHTeJibHOro 3ap.sI)KeHH.sI IIOBepXHOCTH. 

3JieKrponpOBO)];HOCTb o60HX . o6pa:n.(OB MeH.sieTC.sI nponopl.(HOHaJibHO KOJIHqecrny 

nornomeHHOro raJa. O,n;HaKO, eCJIH · Ha HeJiernpoBaHHOM o6pa31.(e BO BCeH HCCJie,n;oBaHHOH 

o6Jiacrn: TeMrreparyp xeMocop61.(H.sI SO2 conpoBo)K)];aeTc.sI TOJibKO )'BeJIHqeHHeM 

:meKrporrpOBO)];HOCTH, TO )];llil JierHpOBaHHOfO o6pa31.(a, HaqHHa.sI co 150°C, xapaKTep 

3ap.sI)KeHH.sI IIOBepxHOCTH MeH.sieTC.sI. TiocJie 3aBepmeHH.sI xeMocop61.(HH 3a CTa,n;HeH 

yaeJIHqeHH.sI npoBO)];HMOCTH CJie.n;yeT ee Me,n;JieHHOe YMeHbIIIe HHe, qTo YKa3bIBaeT Ha HaJIHqHe 

HeCKOJibKHX q>OpM Heo6paTHMOH xeMocop6I.(HH SO2. J13yqeHHe TepMo,n;ecop61.(HH 

rro,n;rnep,n;HJIO HaJIHqffe Ha IIOBepXHOCTH no MeHbIIIeH Mepe rpex cop61.(HOHHbIX q>OpM, 

COOTHOllleHHe K0TOpbIX 3aBHCHT OT TeMneparypbI a.n;cop61.(HH. 

TaKHM o6pa30M, aae,n;eHHe ,n;o6aBKH cypnMbI l pemeTKY ,n;Ho~cH,n;a onoaa npHBo,n;HT K 

yaeJIHqeHHIO CK0p0CTH OKHCJieHH.sI co ,n;o CO2 H H3MeHeHHIO cpopM CB.sI3H cop6HpOBaHHOro 

SO2 C II0BepxHOCTblO. 

TioJiyqeHHbie o6pa31.(bl 6:bIJIH HCII0Jib30BaHbl B Kaqecrne pa6oqHx 3JieKTJ)0,l.(0B B 

3JieKrpOXHMHqecKHX SJqeiiKax Nao,s WOJINa5GdSi4O12/SnO2. IIoKa'.JaHO, qTo BBeJ.(eHHe 

cypbMbl B COCTaB SnO2 II0BbIIIJaeT . ~aTaJIHTHqecKyro aKTHBHOCTb 3JieKTpo.n;a B 

3JieKTpOXHMHqecKHX npol.(eccax ,n;eTeKTHp0BaHH51 . SO2 B B03,n;yxe. 

Pa6ora BnmonHeHa npH qmHaHconoii rro,[U.(ep)l(Ke P<I><I>H (rrpoeKT N 01-03-97012). 
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MEXAHll3M "DOBEPXHOCTHOFO B3PI,IBA" B PEAKU;lfflX NO+CO II NO+H2 

HA DOBEPXHOCTH Pt(l00) 

MECHANISM OF "SURFACE EXPLOSION" IN THE REACTIONS NO+CO AND 
NO+H2 ON THE Pt(l00) SURFACE 

BOBK E.11. n CMHDHOB M.IO. 

Vovk E.I. and Smirnov M.Yu. 

lfHcnnyr KaTaJIH3a HM. r.K. BopecKoaa CO PAR, HoaocH6HpcK 630090, Poccm1 
E-mail: vovk@catalysis.nsksu 

Ha rroaepXHocm Pt(lO0) KaTarrJITH11ecme peaKrurn No+CO H No+H2 rrporeKaIOT a 

ycrr0BIDIX crpyicrypHOH HeO,nHOpo,nHOCTH II0BepXHOCTH H C HeO,nHOpoJUibIM pacrrpe,]],erreHHeM 

a,[(cop6HpoBaHHhIX qacrm.~. A,ncop6IUi.SI peareHT0B NO H CO Ha 6onee cra6HJ1!>!fOH Pt(l 00)-hex 

rroaepxHOCTH rrpHB0)].HT K ee peKOHCT!))'KllHH hex➔ 1 x 1 c o6pa.30BaHHeM ocrpoBKOB · (1 x 1 ), 

3aIIOJIHeHHhIX a,n;cop6aTOM. OKp}')KaIOmIDI OCT!)OBKH (hex) q>a.3a OCTaeTC51: He3arrOJIHeHHOH. 

PeaKIJ;H51: rrpH Harpeae CMeIIIaHHhIX crroeB NOads+COads H NOads+Hads, rrpHroTOBJieHHbIX 

rrocrre,n;oBaTeJibHOH a,ucop6u;HeH Ha (hex) II0BepXH0CTH, B o6oHX crryqruJX rrpoTeKaeT IIpH 

~ 380 K; rrpH 3T0M B crreKTpax TeMrreparypHo rrporpaMMHpyeMOH peaKU;HH (TilP) Ha6mo)],aIOTC51: 

neo61>Jt1Ho Y3KHe IIHKH rrpo,zzyicroa N2 H CO2 HrrH N2 H H2O. llfapHHa IIHKOB Ha rrorroBHHe 

BhIC0Thl COCTaBAAeT 3-10 K. 3m 51:BITeHHe IIO~0 Ha.3BaHHe "rroaepxHOCTHOro B3pbrna". 

Tip~Ha "rroaepXHOCTHOro B3phrna" rrpe~OJIO:>KIITerrhH0 C0CTOHT B TOM, ~o ITHMHTHpyiomeH 

cra,uHeii B MexaHmMe o6eHX peaKU;HH 51:BAAercg ~ccou;Hau;H51: a,n;cop6HpoBaHHhIX MorreKYn NO, 

~ qero Heo6XOL(HMhl BaKaHTHhie MeCTa BHyrpH OCT!)OBKOB, K0TOphie II051:BJUIIOTC51: TOJihKO 

rrocne HarpeBa )].O TeMrreparypbI )],ecop6a;HH NO (pe~ No+CO) HJIH B0,]],opo,]],a (peaKIJ;H51: 

No+H2). ITpoTeKaHHe peaKU;HH H y)].aJieHHe C IIOBepXHOCTH rrpo,zzyicroB rrpHBO~T K 

JlaBHH006pa.3HOMY yae~eHHIO KOITHqecrna BaKaHTHblX MeCT' H KaK cne)lc:nme, K 

aBT0KaTaJIHTl{qeCKOMY ycKopeHHIO peaKu;HH. 

):,'(JUI rronyqeHH51: 6onee 51:CHbIX rrpe)lcraaneHHH o MexaHH3Me "rroaepxnocrHoro B3pbrna" 

HaMH 6bmH rrpoBe,n:eHbI H3MepeHH51: 3cpq>eKTHBHhIX :mepmH aKTHBau;m1 peaKI.lHH NO+CO B 

cMernaHH0M a,n;cop6u;HoHHOM cnoe H NO+H2 B ycnoam1x THTpoaannSI NO B0)lopo,n:oM. 

3Hepmg aKTHBaa;HH peaKa;HH NO+CO cocraaHna 130 K;ll)K/Monh, a peaKa;HH NO+H2 -

40 KL'()K/Monb. TaKoe 3HaqHTeJibHOe pa.3JIHqHe roaopHT 0 TOM, qro MeXaHH3Mbl 

rrpoTeKaIOmHx peaKUHH OTJIHqaIQTC51:. KpoMe 3T0fO, 6hIJIO 3KCIIepHMeHTaJihH0 o6Hapy)l(eHo, 

qTo peaKilH51: NOads + H2 HMeeT rrepBbIH rrop51:)].0K no )laBneHHIO BO,[(0po,]],a. ITonyqeHHhie 

pa:mHqHg 3Heprm1x aKTHBau;HH YKa.3blBaIOT Ha TO, qTQ MexaHJ:l_:3Mhl 3THX )],Byx peaKQHH 

pa:mHqHbl. He HCKJIIOqeH0, qTo 0TJIHqHg cag3aHhl C pa3HHa;eH B MOpq>OJIOrHH o6pa3YJOillHXC51: 

COBMeCTHbIX a,n;cop6a;HOHHbIX cnoeB (NOads+COads) H (NOads+Hads)- TipH COBMeCTHOH 

cmcop6a;HH NOH CO o6pa3YJOTC51: noKaJihHO HaCbIIlleHHhie ocrpoBKH (NOads+COads)/lxl, B 

rrpe,[(enax rpaHHU: KOTOpbrx a,ncop6HpoBaHHhie MoneKynhI xoporno rrepeMernaHhI [ 1]. 

Bo)lopo)l, KaK H3BeCTHO, rrpH KOMHaTHOH TeMrreparype Ha '{HCTOH IIOBepXH0CTH Pt(l 00)-hex 

He a,n;cop6HpyeTcg, O)].HaKO, HaMH 6bIJIO II0Ka3aH0, qTo rrpH COBMeCTHOH a,n;cop6UH~ NO H 
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B0.n;opo.n;a Ha Pt( 100)-hex, B0.n;opo.n; crroco6eH a.n;cop6HpOBaThCSI B orpaHHqeHHOH o6naCTH 

B0Kpyr o6pa3)'IOII(HXCH 0CTP0BK0B NO/lxl [2]. 

TaKHM o6pa3oM, peaKUHH . NO+CO rrpoTeKaeT BHyrpH HCX0.n;H0 HachIII(eHHhIX 

0CTP0BK0B (NOads+COads)/1 x 1, H MexaHH3M peaKI(HH BhlfJljJ)];HT cne.n;yiom;HM o6pa30M: 

r---- .----------, V2 @=O=@ 

~l-,,}ffi?,L-......::::·~.', C,3:c;;,;~ 1:.ii!·ili.· l!~:~:~\~il'rl·.!1
1

~· :ii.ii;··· J:~~~-~ .. 1 ,-'!'f.tefl//r•t/bP""' 
NOads + B Nads + Oads 

COads + Oads ➔ CO2 + 2 

Nads + Nads ➔ N2 + 2 , 

r.n;e CHMB0JI0M o603HaqeHhl BaKaHTHhle a.n;cop6I(HOHHhle MeCTa. 

OcHOBhlBMCb Ha TOM, qTQ Ha (hex) II0BepxH0CTH B npHC)'TCTBHH 0CTp0BK0B 

NOaasll x 1 Bo.n;opo.n; cnoco6eH a.n;cop6HpoBaThCSI H aT0MhI Bo.n;opo.n;a 3aHHMaJOT MecTa Ha 

orpam1qeHHhIX yqacTKax IlOBepXH0CTH BOKpyr OCTPOBK0B ( npH '.HOM a.n;cop6n;HSI He 

pacnpocTpaHSleTCSI BHyrph OCTpOBKOB) M0)KH0 npe.n;nonaraTh, qTQ peaKUHSI Me)K.n;y NOads H 

Bo.n;opo.n;oM crnpryeT c rpaHHUhI OCTPOBKOB NOaas/1 x 1. Ha6mo.n;aeMI>IH nepBhIH nopsr.n;oK no 

Bo.n;opo.n;y YKa3hIBaeT Ha TO, qTo aTOMbl Bo.n;opo.n;a rrpHHHMaIOT Herrocpe.n;cTBeHHOe yqacTHe B 

JIHMHTHpyio:meii CTaJJ;HH. MmKHO rrpe.n;JIO)KHTh cne,nyroll()'IO cxeMy MexaHH3Ma peaKUHH, 

K0T0pM HaXO)];HTCSI B cornaCHH co BCeMH 3KCrrepHMeHTaJihHO Ha6mo,naeMhIMH cpaKTaMH: 

0 - aTOM B0,L(Opo,na 

► 

NOads + Rads B N ads + OHads 

OHads + Hads ➔ H20 + 2 , 

► 

I I I I 
I ___ I I _________ I 

MexaHH3M, onHcrurn1,rn: ,n;aHHOH cxeMoii, BKJIIOqaeT CTa.nHH o6pa:JOBaHHSI H 

pacxo,n;oBaHHSI npoMe:>KyTOlffiOH qaCTHIU>I OHads• · MO)KHO npe,nnonaraTh, ~o OHads o6pa:3YJOTCSI 

B Kaqecrne K0poTK0)KHByrnero rrpoMe:>KyTOlffiOf0 K0Ml1JleKca, KOTOpbIH 6b1CTJ)O pacna.n;aeTCSI. 

[1] M.Yu. Smimov, D.Yu. Zemlyanov, V.V. Gorodetskii and E.I. Vovk, Formation of mixed 
(NOads+COads)l(lxl) islands on the Pt(l00)-(hex) surface. II Surf Sci. 414 (1998) 409-422. 

[2] E.I. Vovk, M.Y. Smimov, D.Y. Zemlyanov, NO and deuterium co-adsorption on the reconstructed 
Pt(l00)-hex surface: a TPR Study. II Surf Sci. 453 (2000) 103-111. 
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MEXAHH3M AMHHHPOBAHIDI METAHOJIA HA MO~H{J)MQHPOBAHHLIX 

AJIIOMOOKCH)J;HLIX KATAJIH3ATOPAX 

MECHANISM OF METANOL AMINATION ON MODIFICATED 
ALUMINIUM OXIDE CATALYSTS 

Bo.r.oJiaX(CKHii C.B. u !le BeKKH A.B. 

Vodolazhsky S.V. and de Vekki A.V. 

BcepOCCHHCKHH Hay~rno-HCCJie)lOBaTeJibCKHH HHCTHT)'T Heq>TeXHMHqecKHx rrponeccoB -
«BHMl1Heg>TexHM» 

)Kerre3Ho,n;opmKHblH rrp., 40, CaHKT-IleTep6ypr 143148, Poccm1 
<l>aKc: (812) 560 95 77; E-mail: devekki@yahoo.com 

The mechanism of methanol amination was studied on the modified alumina. As has been 
showed, this reaction proceed throw consecutive stage of dimethyl ether formation, 
transformation of which go throw the conjugated mechanism of bonds distribution between 
chemosorbed molecules of ammonia and dimethyl ether on Lewis sites of catalyst. This 
mechanism can explain the advantage of methylamines syntheses from dimethyl ether on 
alumina-type catalysts. 

B rrponecce CHHTe3a MeTHJiaMHHOB H3 MeTaHoJia H a.MMHaKa Ha AhO3 Ha6mo,n;aerc.si 

6bICTpoe HaKOilJieHHe )lHMeTHJIOBOro 3Q_)Hpa ()J.M3), KOTOpbIH 3aTeM pacxo.eyeTC.sI B xo.ne 

N-arrKHJIHpOBaHH.sI. PeaKnH.si arrKHJIHpOBaHH.R aMMHaKa 3q>HpOM HMeeT Ha 20-30 % 6onee 

BbICOKYJO CKOpOCTb H ee 3HeprH.sI aKTHBa[(HH cymecTBeHHO HH)Ke, qeM y aHarrOrHqHOH 

peaK[(HH C MCTaHOJIOM (99 H 150 K)J;)K/MOJib, COOTBeTCTBeHHO ). 3TO Il03BOJI.ReT roBOpHTb 0 

KOHCeK)'THBHOM xapaKTepe rrponecca MCTaHOJI -+ 3q_Hip -+ MeTHJiaMHHbI Ha aITIOMOOKCH,llHbIX 

KaTarrH3aTOpax. 

IlpH HCCJie,noBaHHH 3aBHCHMOCTH BblXO,l];a rrpO.nyKTOB Ha,rJ; 11-A}iO3 OT M0JibHOro 

OTHOIIIeHH.R NH3/CH3OH rrpH nocTo.sIHHOM napnHarrhHOM ,naBJieHHH crrHpTa o6Hap)')KeHo, 

qTo KaK BblXO.ll aMHHOB, TaK H KOHBepCH.sI cnHpTa npaKTHqecKH He 3~BHC.sIT OT P~m, 

H3MCH.sieMoro B lIIHpOKHX npe.nenax. 3TO CBH,lleTeJibCTBYCT O 6JIH3KOM K HyJieBOMY ITOPMKY 

peaK[(HH no NH3 Ha 3TOM KaTaITH3aTope, B OTJIHqHe, KCTaT~, OT .npyrHx _KaTarrH3aTopoB _ 

KHCJIOTHO-OCHOBHOfO THIIa, TaK)Ke HCCJie,noBaHHblX Ha.MH. Pacnpe.neneHHe MeTHJiaMHHOB B 

rrpO,l1;)'KTaX npH 3TOM KOHTPOJIHPYeTC.sI TepMO,llHHa.MHqecKH. 

He3aBHCHMOCTb CKOpOCTH peaK[(HH OT PNH3 03HaqaeT Marryro BepO.RTHOCTb aTaKH 

a,n;cop6HpOBaHHOH MOJieKyJinl ,[(M3 aMMHaKOM H3 ra30BOH q>a3bl H OTCYTCTBHe CB.R3H 

CKOpOCTH a.MHHHpOBaHIDI co CTerreHblO IIOKpbITIDI a.MMHaKOM coce,nHHX aKTHBHbIX ~eHrp0B 

IIOBepXHOCTH KaTaJIH3aTopa. HyneBOH rrop.R,UOK MO)KeT o6'b.RCH.SITbC.sI Kap6eHHbIM 

MeXaHH3MOM rrponecca, HO B onLrrax c CD30H H NH3 Ha.MH rroKa3aHo, qTo ero MO)KHO , 

oraeprH)'TI> KaI< no a6coJIIOTHOH BerrHqHHe H30TOIIHOro 3<pq>eKTa (ko / kH 1.12), TaI< • H no 

COCTaBY aMHHOB, KOTOpbie co.nep)KaT II0JIHOCTblO .neiiTepHpOBaHHbie MeTHJibHhie rpyrrrrhI .. 
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06 aJH:,TepHaTHBHbIX MeXaHH3Max . MO.)KHO CKa3aTI, cne,nyroruee. r eHepHpoBaHHe 

yrneBo,nopo,nHhIX pa.,n;HKaJIOB ,nJUI AhO3 HexapaKTepHo, npaKTHqecKH HecyruecrneHHa TaK)Ke 

Kap60HHH-HOHHasI aKTHBHOCTb :noro KaTamBaTOpa. KmoqeBOH CTa.,n;HeH peaKUHH 

aMHHHpOBaHH.sI, KaK Mbl rronaraeM, .sIBJI.sieTC.sI reHe3HC HOHHOH napbl Ha xapaKTepHOH ,[(JI.sI 

AhO3 nape JihIOHCOBCKHX KHCJIOTHo-ocHOBHblX ueHTPOB 6oJihlIIOH CHJI1>1. KocBeHHO :no 

IlO,l(TBep)K,[(aeTC.sI CHJibHOH 3aBHCHMOCTblO aKTHBHOCTH aJIIOMOOKCH,lJ,HblX KaTaJIH3aTopoB OT 

KpHCTaJIJIHqecKOH MO,ll,HcpHKaUHH, npoMOTOpa H TeXHOJIOrHH npHrOTOBJieHH.sI. KpoMe TOro, 

HaMH no,nrnep)K,[(eHa cnoco6HocTh y-AhO3 -H, B 6onhIIIeH cTeneHH, T1-AhO3 B oTcyTCTBHe 

aMMHaKa npoBO,lJ,HTh peaKUHIO CH3OCH3 CH4 + CO + H2. IlpHCYTCTBHe aMMHaKa 

IlO,l(aBmieT 3TOT OKHCJIHTeJibHO-BOCCTaHOBHTeJibHbIH rrpo:u;ecc, cne.n;oBaTeJibHO, ueHTpbI, ero 

Be,nyruHe, qacTHqHo HJIH IlOJIHOCTblO OKKynHp)'IOTC.sI NH3. 

; . YqHTblBasI Bee o6CTO.sITeJII,CTBa, HaMH rrpe,nJIO)KeH CJie;zyIOl:l(HH MexaHH3M peaKI(HH 

aMHHHpOBaHH.sI MeTaHOJia qepe3 ,l(HMeTHJIOBblH 3cpHp: 

-8 
H3C-, ?)( 

~ CH3+
8 

H 

► I -o NH2 
/ ~,/ 

Al 

I 

--►- NH2 -o : 
/ ""': / Al 

I 

H .. 
I · .. 1'ffi2-

~ ;o ""'' 
Al/ 

I 

Ha nepBOM 3Tane NH3 ,lJ,HCC0UHaTHBH0 a,ncop6HpyeTC.sI Ha napHOM KHCJIOTHO~OCHOBHOM 

JlhlOHCOBCKOM aKTHBH0M ueHTPe C o6pa30BaHHeM napbl npOTOH - aMH,n-H0H. MoneKyna 

)];M3, a.,n;cop6HpOBaHHa.sI Ha TaKOM BT0pHqHoM aKTHBH0M u,eHTpe, IIOL(BepraeTC.sI reTepOJIH3Y 

no CB.sI3H C-O C o6pa30BaHHeM ueneBhIX npo,nyKTOB, B pe3yJihTaTe qero aKTHBHbIH :u;eHTp 

KaTaJIH3aTopa BblCB060)K,l(aeTC.sI. 

3Ta cxeMa Il03BOJI.sieT 060.sICHHTb HeKOT?PbIH HH,lJ,yKUHOHHbIH nepHO,l( npH CHHTe3e 

MeTHJiaMHHa H3 MeTaHOJia (,nJI.sI npo,nyKTHBH0I'0 CHHTe3a Heo6xo,nHMO HaKOilJieHHe )];M3), 

OTHOCHTeJibHO HH3K)'IO 3HeprHIO aKTHBaUHH (BCJie,lJ,CTBHe BbICOKOH peaKUHOHHOH 

cnoco6HOCTH rrapbl np0T0H - aMH,lJ,-HOH), 66JibIIl)'IO CK0pOCTb peaKUHH c 11HCTbIM )];M3 H, . 

HaKoHeu, BbICOK)'IO 3aBHCHMOCTb aKTHBHOCTH KaTaJIH3aTopa OT MeTO,na rrpHrOTOBJieHH.sI (,lJ,JI.sI 

ocymecTBJieHH.sI peaKUHH Heo6XO,l(HM CHJibHbIH aKTHBHblH ueHTP, KOT0pbIM M0ryT .sIBJI.sITbC.sI 

napHble ,lJ,BOHHhie HJIH TPOHHble KHCJIOp0,ll,Hble BaKaHCHH H ,necpeKTbI). 
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MEXAHH3M IIPOTEKAHIDI rHAPOJIHTHqECKOH PEAKD;HH 
OliPA3OBAHIDI IIOJIHBAHMATOB KAJiiUI B PACTBOPAX 

PP-46 

MECHANISM OF THE HYDROL YTIC PRECIPITATION REACTION OF THE 
POTASSIUM POLYV ANADATES IN SOLUTIONS 

BoJIKOB B.JI. u IlollBaJILHan H.B. 

Volkov V.L. andPodvaln·aya N.V. 

MHCTHT)'T XHMHH TBep,n;oro Tena YpO PAH, 

yn. IlepBoMaiicKaJI, 91, fCTI-145, EKaTepHH6ypr 620219, Poccm1 
E-mail: volkov@ihim.uran,ru 

Hydrolytic precipitation of potassium polyvanadates is a heterogeneous autocatalytic 
process. Polyvanadates precipitation from KV03 solutions is characterized by induction 
period, which is not observed at all in the presence of V02

+. In total, this process is controlled 

by the formation on the surface of polyvanadates of the polymer anion [V120 31 •8]2-, the rate of 
polymerization of which is increased by V02

+ cations. This result was used as physico
chemical foundation for hydrochemical extraction of vanadium from the spent vanadium 
catalysts. · 

PeaKUH.sI rH,n;pom-ITHtJeCKOro o6pa30BaHHH IIOJIHBaHa,n;aTOB KaJIHH B KHCJibIX pacrnopax 

OTHOCHTCH K aBTOKaTaJIHTHtJeCKHM. OHa xapaKTepH3yeTC.sI HH.Il:YKUHOHHbIM rrepHO,l.J;OM 

o6pa30BaHHH 3apo,n:bIIIIeH TBep,n;oii <pa3bl H rrocne.n:yromHM B03paCTaHHeM co BpeMeHeM 

CKOpOCTH HX poem. Mexa.HH3M ,n;aHHOfO rrpouecca B pacrnopax II.sITH- H tJeTbipexBaneHTHOro 

BaHa,n;HH He H3YtJeH. PerneHHe 3TOro Borrpoca Cbirpano 6bI II0JIO)KHTeJibHYJO pOJib IIpH 

BbI6ope OIITHMaJibHOfO rryTH H3BJieqeHHH Ba.Ha,lJ;H.sl H3 OTpa6oTaHHbIX KaTaJIH3aTOpOB 

cepHOKHCJIOTHOro rrpOH3BO)];CTBa. 

B pe3yJibTaTe rrpoBe,n:eHHbIX HCCJIC)];OBaHHH ycTaHOBJieHo, qTo B KHCJibIX pacrnopax 

Kvo Vo2+ V 

3 H0HbI He TOJibK0 C0KpamaIOT, HO H rrpH orrpe,n;eneHHOH K0HUCHTpa[(HH, 

rrpHBO,n;gT K ucqe3HOBeHHIO HH.Il:YKUHOHHOfO rrepuo,n;a o6pa3oBaHug 3apO,D;bIIIIeH TBep,n;oii 

<pa3hI KxV12O31 . 0·nH20. Ha ,n;aHHhIH rrpouecc OKa3hrnaeT BJIH.sIHHe H Haxo,n;grn;uiic.s1 B 

pacrnope aHHOH so;- ' KOTOpbIH BCJie,n:CTBHe KOMIIJieKcoo6pa30BaHHH KaTHOHOB VO; 

TOpMO3HT cpopMHpoBaHHe oca,n:Ka. TeMrreparypHaJI 3aBHCHMOCTb KOHCTaHTbl CKOpOCTH poem 

3apO,D;bIIIIeH IIOJIHBaHa,[(aTa orrpe,n;eJI.sICTCH ypaBHeHHCM k=l,76-1013e·1001
RT_ CornaCHO MO)];CJIH 

o6pa3oBaHH.sI rnep,n:oii q>a3bI H3 rrepecbll(eHHhIX pacrnopoB paccMaTPHBaeMbIH rrpouecc 

JIHMHTHpyeTC.sl peaKUHeH TpeThero rrop.s1.n:Ka Ha IlOBepXHOCTH IIOJIHBaHa,naTa. Ha HatJaJibHOH 

CTa)J;HH pe3KO YBeJIHqHBaeTCH KOHCTaHTa CKOpOCTH npouecca, KOTOpaJI rrpH OTHOIIIeHHH 

y 4
+ N 5+ >6 )'MeHbIIIaeTc.s1, ocTaBaJICh 6onhme qeM )J;JI.sI Hc.xo,n;Horo KV03. B uenoM pocT 

3apo,n:hIIIIeH IIOJIHBaHa,[(aTa KOHTPOJIHpyeTCH o6pa30BaHHeM Ha ero IlOBepxHOCTH 
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IIOJIHMepHoro aHHOHa [V 12031 _0]2-, cKopocTL IIOJIHMepH3al(HH KOToporo yBeJrnqHBaIOT 

KaTHOHbl V02
+. MexaHH3M · rrpoTeKaIOIIJ;HX rrpH 3TOM peaKI(HH MO)KHO . rrpe.z::tCTaBHTb 

cne,zzyromHM o6pa3oM: 

2vo; +H2V10O~; ➔[(VO2)2H2 V10O2gf+2M+ ➔M2V12O31+H2O (1) 

2VO z+ +H2 V10O ;; ➔[(VO)2H2 V10O2g]0+2M+ ➔M2 V12O30+2H+ (2) 

qeTLipexnaneHTHbIH Bam1,n11:ii (peaKI(Hjl 2) CIIOco6cTByeT o6pa3oBaHHIO HeHTJ)aJILHOro 

aKTHBHOro KOMIIJieKca, KOTOphIH ycKOpBeT pocT TBep.z::to:ii <pa.3bl IIOJIHBaHa,LlaTa 

CTeXHOMeTJ)HqecKoro COCTaBa M2 V 12O30-nH2O. B pacTBopax IIHTHBaJieHTHOro BaHaJJ;Hj! 

(peaKU:Hj{ 1) IIpOMe~oqHI,IH aKTHBHLIH KOMIIJieKC HaxO,LlHTCR n pacTBope B BM.rte aHHOHa 

[ (VO2)2H2 V 10O2sJ2- H yqacTByeT B IIponecce o6pa.3oBaHH~ oca,nKa ho 061,1qn0My MexaHH3MY 

B3aHMO,LleHCTBHH rrpOTHBOIIOJIO)KHblX IIO 3apH.z::tY HOHOB'. 

IlonyqeHHble pe3yJILTaTLI HCIIOJib30BaJIH KaK q>H3HKO-XHMHqecKHe OCHOBhl 

rH,LlpOXHMH1IeCKOro H3BJieqeHHR H3 OTJ)a6oTaHHhIX KaTaJIH3aTOpOB 

cepHOKHCJIOTHOro IIpOH3BO.[(CTBa. Y CTaHOBJieHo, qrn IIpOBe,[(eHHe rrponecca rn.rtpOJIH3a 

CMeIIIaHHOfO pacrnopa BO.[(HOfO H menoqHoro Bbim;enaqHBaHHH II03BOJIReT 3q><peKTHBHO 

oca)K,LlaTh coe,LlHHeHHB BaHa.[(HH 6e3 nepeBO,Lla IIOCJie,[(Hero B IlRTHBaJieHTHOe COCTORHHe. 

K . y4+Ns+ 
oppeKTHPYH OTHOIIIeHHe B pacrnope IIepe.[( rn.z::tpOJIH30M IIpe,LlCTaBJIBeTCB 

B03MO)KHLIM H3BJie% ,no 92 % BaHa,nHB H3 OBK. IlorryqeHHLIH IIpO.z::tYKT MO)KeT 6bnb 

HCIIOJlb30BaH B KaqecTBe BaHaJJ;HHCO,Llep)Kamero peareHTa .[(JIB CHHTe3a HOBbIX 

KaTaJIH3aTOpoB. 

IlpoeKT P<l><l>l1 N2 - 02 - 03 -32005. 
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OKHCJIHTEJILHLIH AMMOHOJIH3 MOHO- H ~HAJIKHJJDHPJmHHOB . . 

HA OKCJmHOBAHMHEBOM KATAJIH3ATOPE 

AMMOXIDATION OF MONO- AND DIALKYLPYRIDINES 
ON VANADIUM OXIDE CATALYST 

Bopo6Lee II.Ji., ra6.i:.paKunoe B.3. u CeM6aee )];.X. 

Vorobiov P.V., Gabdrakipov V.Z. and Sembaev D.Kh. 

11Hcnnyr XHMH1IecKHX Ha)'K MOH PK, yn. lII.YaJIHXaHOBa, 106, A.rrMaTb1480100, KaJaxcurn: 
Fax: (+7-3272)-91-57-65; E-mail: almatypost@K.AZPOST.kz 

Kinetics of ammoxidation of mono- and dialkylpyridines has been studied and substrates 
were arranged in the rows according to their relative reactivity. Using a cluster approach 
modeling of chemisorption of alkylpyridines . on the surface of vanadium oxide catalyst has 
been carried out. A linear correlation between the rate constants of the formation of 
cyanpyridines has been established, which increases in the row: 3 -, 2 -, 4 -, and enthalpy of 
deprotonation of methyl groups of picolines, bonded through a nitrogen heteroatom with 
clusters, which model acidic Bronsted and Lewis centers. Methyl groups ~n 4- and 2-positions 
of dimethylpyridines of asymmetric structure and 2-methyl-5-ethylpyridine, chemisorbed in 
this way, possess a smaller enthalpy of deprotonation than the substituents in 3(5)-positions, 
therefore they are first to transform into a cyan group. A methyl group in 2-position may be 
transformed in a nitrile one in case of a perpendicular orientation of a substrate molecule to 
the catalyst surface. For the transformation of alkyl groups in 3(5)- and 4-positions the 
formation of n-complex with a flat-parallel molecule orientation is necessary. 

y CTaII0BJieHHrul HaMH K0ppem1u;m1 K0HCTaHT CK0p0CTH o6pa30BaHH.sI :u;HaHIIHpH.LI;HH0B C 

OCHOBHOCTl>IO ITHKOJIHHOB B ra30BOH q>a3e YKa3I>IBaeT Ha Ba)I<HYJO pOJII> B3aHMO,[(eHCTBH.sI 

HCX0,[(Hl>IX aJIKHJIITHpH,[(HH0B C KHCJI0THl>IMH :u;eHTPaMH II0BepXH0CTH Baml,ll;HHOKCH,[(HOro 

KaTaJIH3aTopa B ycJIOBH.sIX KaTarrH3a. BMeCTe C TeM, IIHKOJIHHl>I OTHOC.sITC.sI K lffiCJIY 

CH-KHCJIOT H crroco6HI>I 0TII(eIIJI.sITb np0TOH II0,l( ,neHCTBHeM CHJlbH0I'0 0CH0BaHH.sI, HarrpHMep 

B peaKIJ;HH ,n;eiiTepoo6MeHa. 3Ta peaKIJ;H.sI npoTeKaeT C reTep0JIHTHqecKHM pa3pbIB0M CB.sI3H 

C-H H o6pa3oBaHHeM Kap6aHHOHa H npOT0Ha. CoBna,neHHe II0CJie,n;oBaTeJlbH0CTH H3MeHeHH.sI 

peaK:UHOHHOH crroco6HOCTH IIHK0JIHH0B npH ,neiiTepoo6MeHe H 0KHCJIHTeJihH0M aMM0H0J1H3e 

1103BOJI.sieT npe,nnoJIO)KHTI>, qro aKTHBaIJ;H.sI MeTHJil>Hl>IX rpym1 IIHKOJ1HHOB B ycJJOBH.sIX 

reTeporeHHO-KaTaJIHTHqecKOH peaKIJ;HH rrpoTeKaeT 110 aHarrorHqHoMy MexaHH3My. Ponh 

aK:uenmpa IIp0T0H0B B K0HTaKTHOH peaK:UHH M0ryT Hrpa-r:~ HYKJieoq>HJil>Hbie H0Hl>I 

0 2
• IT0BepXH0CTH. tvm npoBepKH 3THX rrpe,nnoJIO)KeHHH HaMH 61>ma npe,nnpHH.sITa TI0ill>ITKa 

o:ueHHTI> B nepB0M npH6JIH)KeHHH BCJIHlffiHhl 3HTaJil>IlHH 0TPhIBa IIp0TOHa OT a-yrnepO,[(HhIX 

aTOMOB 3aMeCTHTeJieii MOHO- H ,[(HaJIKHJIIIHpH,[(HHOB, CB.sI3aHHbIX C KHCJIOTHhIMH :u;eHTPaMH 
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IIOBepXHOCTH Bam1,n;HHOKCH,l(HOro KaTa.JIH3aTopa, H COIIOCTaBHTh HX C KHHeTHqecKHMH 

xapaKTepHCTHKaMH peaKUHOHHOH crroco6HOCTH coe,nHHeHHH. 

feOMeTpHIO M0JieK)'JI HCX0L(HhIX coe,l(HHeHHH H o6pa3yJOIUHXC.sI B pe3yJihTaTe 

,nerrp0T0HHp0BaHH.sI HX aJIKHJihHhIX rpyim Kap6aHHOHOB 0IITHMH3Hp0BaJIH MeT0,lla.MH AMl [1] 

H MINDO/3 [2]. )::(ml M0,ne.rrHp0BaHH.sI xeMocop6u1rn aJIKHJIIIHpH,n:HH0B Ha IIOB,epxHOCTH 

BaHa,l(HHOKCH,n:HOro KaTaJIH3aTOpa HCII0Jih30BaJIH rrporpaMMY, C03,l(aHHyJO B na6opaTOpHH 

KBaHTOBOH XHMHH ill( CO PAH, r. l:loBocH6HpcK, pea.rrH3yJOmyIO pacurnpeHHhIH MeTO,n 

XloKKe.JI.sI, JJ:OIIOJIHeHHhlH II0TeHUHa.JI0M 0Tia.JIKHBaHIDI ITO AH,nepcoey [3]. EpeHCTe,noBCKHe 

KHCJI0THhJe ueHrphI M0,ne;rnpoBaJIH KJiacrepaMH pa3JIHqHoro crpoeHH.sI, co,nep)l(all(HMH 0JJ:HH 

HJIH ,[(Ba Terpa3,npHqecKH KOOp,n:HHHJ)OBaHHhIX HO Ha BaHa)lH.sI _ [ 4]. KHCJIOTHhlH QeHrp 

JlhIOHCa, rrpe,ncTaBJI.sIIOIUHH co6qii 3JieKrpOHOaKuerrTOpHhlH BaJieHTH0-HeHaCbII.UeHHhIH 

KaTHOH BaHa,l(H~, MO,nenHpOBa.JIH KJiaCTepoM [V(OH)3]2+, HMeIOIUHM BH,ll TpexrpaHHOH 

IIHpaMHJJ:bl c KaTHOH0M BaHa,n;H.sI a .BepIIIHHe. Ilocrre "rroca,n;KH" M0JieKyJI HJIH Kap6aHHOHOB 

aTOM0M a30Ta Ha rrpOTOHOJJ:OHOpHhIH QeHTp HJIH n;eHTp JlbIOHCa (no MeCTY ,[(eqmQHTa 

KHcnopo,na) B pa.MKax _ PMX npono,n:HJIH m;r~HMH3aUHIO napaMeTPOB (,nnHHhI cB.si:3eii, 

BaJI_eHTHbie H ,nByrpaHHhie yrnhI), orrpe,neJI.sIIOJnlIX IIOJIO)l(eHHe M0JieKyJibl Ha)l KJiacTepoM. 

BeJIHqHHY 3HTa.JibnHH ,[(eIIp0TOHHp0BaHH.sI aJIKHJibHbIX rpynrr BblqHCJI.sIJIH no pa3HHUe 

II0JIHbIX ::meprHH "a,n;cop6HpOBaHHhIX" aHH0H0B H M0JieKyJI. OHa He 3aBHCHT OT pa3Mepa 

KJiaCTepa, M0,[(eJIHpyiomero 6peHCTe,n:OBCKHH KHCJIOTHblH QeHTp. IlpH ero pacurnpeHHH 

Ha6JIIO,[(aeTC.sI 0THOCHTCJibH0e II0CT0.sIHCTB0 TaKHX xapaKTepHCTHK 3JieKTpOHHOH CTPYKT)'pbl, 

KaK,, pacrrpe,[(eJieHHe 3ap.sI.[(OB Ha aTOMaX, KHCJIOTHOCTb noBepXHOCTHhIX rH.[(pOKCHJibHhIX 

rpyrrrr, 3HepreTHqecKHH HHTepBaJI ~E Me)l(,[(y BhICIIIeii 3aIIOJIHeHHOH H HH3IIIeii CB060.[(HOH 

M0JieKyJI.si:pHI,IMH op6HTaJI.sIMH. 

Jlineparypa 
[!]Dewar M.J.S., Dieter K.M. J. Am. Chem. Soc,.,)08(1986) 8075. 
[2]KnapK T. K0Mnb10Tepmu1 XHMm1. M.: MHp, 1990, 383 c. 
[3]Anderson A.B., Grimes R.W., Hong S.Y. J. Phys: ·Chem., 91 (1987) 4245. 
[4]KnHWI)'K E.f., qyB~IJIKHH H.,n:., Ka3aHCKHH B.E. KHHeTHKa H KaTa.JIH3, 26 (1985) 589. 
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IlPEBPA~EHHE HH3illHX AJIKAHOB B IIPHCYTCTBHH HAHECEHHhIX 

HA U:EOJIHTHYIO MATPlfflY HAHOqACTHIJ; METAJIJIOB 

CONVERSION OF LOW-ALKANES IN THE PRESENCE OF,NANOSIZED 
METAL PARTICLES DEPOSITED ON A ZEOLITE MATRIX 

BocMepHKOB A.B., EpMaKoB A.E. *, BocMepnKoea JI.H., MLICHK A.A.* u HBauoe r.B. 

Vosmerikov A.V., Yermakov A.Ye.*, Vosmerikova L.N., Mysik A.A.* and Ivanov G.V. 

HHCTHT)'T XHMHH Heq>TH CO PAH, np. AKa,n;eMH"tJeCKHH, 3 ToMcK 634021, PoccIDI 
<l>aKc: (3822) 25 84 57; E-mail: pika@ipc.tsc.ru 

*11HCTHT)'T q>H3HKH MeTaJIJIOB YpO P AH 
yn. C. KoBaneBcKon., 18, fCil-147, EKaTep1rn6ypr 620219, Poccm1 

cl>aKc: (3432) 74 52 44; E-mail: yermakov@imp.uran.ru 

In the last few years experimental data on the properties of nanosized metal particles, 
which offer new promising fields of their application, in particular, to produce efficient and 
selective polyfunctional catalysts, have been obtained. In the present work a mechanism of 
the reactions of conversion of C2-°C4 saturated hydrocarbons in the presence of the pentacyls 
containing nanosized powders of Ni, Zn and Pt produced by gas-phase and electroexplosion 
methods has been studied. The influence of the nature, concentration and size of the metal 
particles deposited onto a zeolite matrix on the composition of the gaseous arid liquid 
products of conversion of C2-C4 alkanes formed is considered. 

B HaCTO.sIID;ee BpeM.sI u;eOJIHTHbie KaTaJIH3aTOpbl THna ZSM-5 npHMeH.sIIOTC.sI B pa3JIHqHhIX 

Heq>TeXHMH"tJeCKHX rrpou;eccax. MexaHH3M rrpoTeKaIOID;HX Ha HHX peaKIJ;HH npeBpam,eHH.sI 

yrneBo,n:opo;::i;oB H3y-qeH ,n:OCTaTOqHo II0JIHO H IIIHpOKO rrpe,n:CTaBJieH B Hay-q:HOH JIHTepaType. 

B TO )Ke BpeM.sI MO.r(Hq>HIJ;HpOBaHHe u;eoJIHTOB rrepexo,n:HhIMH MeTaJIJiaMH H oco6eHHO 

MeTaJIJiaMH, pa3Mep "tJaCTHU KOTOpbIX C0CTaBJIHeT Bcero HeCKOJlhK0 ,n:eCHTKOB HaHOMeTp0B, 

rrpHBO.2l:HT K HeKOTOpbIM H3MeHeHH.sIM B MexaHH3Me npoTeKaHH.sI Ha HHX H3BeCTHhIX peaKIJ;HH. 

KpoMe 3TOro, Ha cero,n:H.sIIIIHHll ;::i;eHb 0TCYTCTByIOT 3KCrrepHMeHTaJibHhle ,n:aHHhie, 

Il03B0Jl.sIIOIIJ,He IT0CTp0HTb HaH6onee peanHCTHqecKyro Mo,n:eJih KaTaJIHTHqecKoro ;::i;eiiCTBH.sI 

HaHO"tJaCTHIJ;, qTo He ,n:aeT BO3MO)l(HOCTH BeCTH u;eneHarrpaBJieHHhIH CHHTe3 

BhIC0KOCeJieKTHBHhIX KaTaJIH3aTopoB. B CB.sI3H C 3THM npoBe;::i;eHHe pa6oT no H3y-qeHHIO 

peaKu;Hii rrpeepameHH.sI yrrreeo,n:opo):(0B Ha u;eoJIHTHhIX KaTanH3aTopax, co,n:ep)l(am,Hx 

aKTHBHbie rrpOMOTHpyrom,He ,n:o6aBKH B q>OpMe HaHonopoIIIK0B MeTaJIJIOB, Il03BOJIHT 

ycTaHOBHTh pOJih 3THX MaJibIX qacTHIJ; B 3JieMeHTapHhIX CTaJ(IDIX npouecca H o6'hHCHHTh HX 

BhIC0K)'IO KaTaJIHTHqecKyro aKTHBH0CTh. 

t);aHHruI pa6oTa IIOCB.sIID;eHa H3Y"tJeHHIO MeXaHH3Ma npoTeKaHH.sI peaKIJ;HH npeBpam,eHH.sI 

HH3illHX aJIKaH0B C2-C4 B npHCYTCTBHH ueoJIHTHhIX KaTaJIH3aTOpOB, co,n:ep)l(am;HX pa3JIHqHoe 

KOJIHqecTBO HaHorropOIIIKOB Ni, Zn H Pt, rrony-qeHHhIX 3JieKTp0B3pbIBHhIM (3B) H 
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ra30Q_)a3HbIM (f<l>) crroco6a.MH H OTJUfllaIOIIlHXC.sI pacrrpe,[(eJieHHeM 11aCTHQ no pa3Mepa.M. 

AKTHBHI,IM HOCHTeJieM B KaTaJIHTH1leCKOH CHCTeMe .sIBJI.sieTC.sl BbICOKOKpeMHe3eMHblH ueoJIHT 

CeMeHCTBa rreHTaCHJia B H-q>opMe C CHJIHKaTHbIM MO,[(yJieM 60. KaTaJIH3aTOpbI roTOBHJIH 

cyxHM MexaHH1leCKHM CMeIIIeHHeM a mapOBOH BH6paUHOHHOH MeJibHHQe rropomKOB 

HCXO,[(Horo ueonnra H Mern.nnoa B Te11eHHe 2 11. KoHUeHTPaUH.sI HaHonopomKOB Ni, Zn H Pt, 

HaHeceHHbIX Ha QeOJIHTHyro MaTpHUY, H3MeH.sIJiaCb OT 0,25 ,[(0 4,0 % Mac. TipeapameHHe 

HaCbIIIJ;eHHbIX yrneao,nop0,[(0B C2-C4 rrpOBO,nHJIH Ha ycTaHOBKe npOT01lHOro THIIa C 

HeIIO,[(BH)I(HbIM CJIOeM KaTaJIH3aTopa (V=5 CM
3
) npH anmcq>epHOM ,naBJieHHH, TeMrrepazype 

peaKUHH 350-600 °C H 061>eMHOH CKOpOCTH 

aHaJIH3HpOBaJIHCb fa30XpOMaTOrpaq>H1leCKHM MeTO,[(OM. 

100-400 -1 
11. Tipo,nYKTbl peaKQHH 

Ha OCHOBaHHH rrpoBe,[(eHHbIX HCCJie,noBaHHH ycTaHOBJieHO, 1lTO MexaHH3M rrpoTeKaHmI 

peaKUHH rrpeBpameHH.sl rrpe,[(eJil>HbIX yrneBo,nopO,[(OB CrC4 cymecTBeHHO 3aBHCHT OT 

rrpHpO,[(bI H crroco6a rronyqeHH.sl HaHOIIOpOIIIKOB MeTaJIJIOB H He3Ha1lHTeJibHO - OT 

pacrrpe,[(eJieHH.sI HX qacTHU no pa3MepaM,: . IloKa3aHO, 1:JTO OCHOBHbIMH rrpo,nyKTaMH 

rrpeBpameHH.sl HH3IIIHX aJIKaHOB C2-C4 Ha· KaTa.JIH3aTopax, . CO,[(ep)I(amnx Zn H Pt, .sIBJI.sIIOTC.sl . 

apoMaTH1leCKHe yrneBo,nopO,[(bI - 6eH30JI, TOJIYOJI H KCHJIOJII,I, a Ha HHKeJibco,nep)I(amnx 

ueoJIHTax - MeTaH. IlpoQecc o6pa30BaHH.sI MeTaHa HaH6onee HHTeHCHBHO H B 6onee M.sirKHX 

ycnoaH.six rrpoTeKaeT Ha ueonHrax, co,nep)I(amHx raJo<paJHbIH HHKem>, a rrpouecc 

apoMaTH3aUHH - Ha o6paJuax, co,nep)I(amnx :meKTpOB3pl>IBHoii UHHK, no cpaBHeHHIO c 

Tpa,[(HIJ;HOHHbIMH KaTaJIH3aTopaMH. PaccMaTpHBaeTC.sI CB.sl3b peaKQHOHHOH crroco6HOCTH 

KaTaJIH3aTopoB C KOHKpeTHOH CTPYKTYPOH, XHMH1leCKHM COCTaBOM, pa3MepoM qacTHQ H 

COCTO.sIHHeM IIOBepXHOCTH HaHOKpHCTaJIJIH1leCKHX MaTepHaJIOB. 

Pa6oTa BblIIOJIH.sIJiaCb rrpH IIOMep)I(Ke AMepHKaHCKOro <l>oH,na r pa)K,[(aHCKHX 

I1ccne,noaamrii H PaJBHTH.sI (CRDF Reference Number REO- 10811-:-:- NREL) . . 
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IlEPEHOC IlPOTOHA - OCHOBHAR CT A,ll;IDI B MEXAHH3ME 

IlPOMOTHPYIOI.QEro ~EHCTBIDI HHTPOKCHJILHLIX PA,ll;HKAJIOB IlPH 
KATAJIHTHqECKOM PA3JIO)KEHHH rJmPOilEPOKCIV(OB 

PROTON TRANSFER IS A BASIC STAGE OF PROMOTE EFFECT OF NITROXYL 
RADICALS DURING CATALYTIC HYDROPEROXIDE DECOMPOSITION 

r arapuua A.Ii. H CMVpOBa JI.A.* 

Gagarina A.B. and Smurova L.A.* 

lfHcnrryr 6HOXHMHqecKoii q>H3HKH P AH, Poccm1 

*11HCTHT)'T XHMiiqecKoii q>H3HKH HM. H.H. CeMeHoBa P AH 
yn. Koch1rnHa, 4, MocKBa 117977, Poccm1 

Fax: (+7-095) 938-21-56; E-mail: kasaikina@chph.ras.ru 

HHTpOKCHJihHhle pa.n;HKaJihl (RNO•) B coqeramrn C coe,nHHeHH51MH rrepeXO,[(HhlX 

MeTaJIJI0B o6ecrreqHBaIOT 3q>q>eKTHBHOe pa3JI0)l(eHHe rn.n;porrepoKCH,[(0B. BhlCOKruI CK0p0CTh 

peaKD;HH, 60JihIIIOe qffCJI0 KaTaJIHTHqecKHX UHKJI0B B pacqeTe Ha 0,[(Hy M0JieKyny 

KaTaJIH3aTopa, 0TCYTCTBHe CTa,[(HH .n;e3aKTHBaUHH KaTaJIH3aTopa rrpH 60JihlllOM K0JIHqecTBe 

IIO,[(Beprmeroc51 pa3JIO)l(eHHIO rH,n:porrepOKCH,[(a 5JBJijJIOTC51 OCHOBHhlMH xapaKTepHCTHKaMH 

KaTaJIHTHqecKoii CHCTeMhl RNO• + Men+ + ROOH. Ilpo51BJieHHeM «Heo6hlqaiiHOCTH» 

3q>q>eKTa rrpoM0THp0BaHH51 51BJI51eTC51 B0306HOBJieHHe pacrra.n:a rn,nporrepoKCH,[(a rrpn 

BBe.n;eHHH RNO• B ocTaHOBHBrneifc51 rrpouecc. O6cy)l(,[(em1e MexaHH3Ma rrpoM0THPYIO:rn:ero 

,n:eHCTBH51 HHrp0KCHJI0B B CHCTeMe Men+ + RNO• 0CH0BaH0 Ha cne.nYIO:W:HX q>aKTaX H 

rrpe,n;cTaBJieHH51X 0 KHHeTHqecKHX 3aK0H0MepH0CT5IX KaTaJIH3Hp0BaHH0ro pa3JI0)l(emrn 

rn,nporrep0KCH,[(0B. 

B v Mn+ ROOH 3aHM0,[(eHCTBHe qacTHU B K0MITJieKcax e . . . rrpe.n;rronaraeT K00p.[(HHaUHIO 

qaCTHU RQQ- C Men+ H rrp0T0Ha C ,[(0H0pHblMH aT0M3MH JII:lraH,[(0B. Ilp051BJieHHe KI:ICJI0THblX 

CBOHCTB rH,n:porrepoKCH,[(0B B K0MIIJieKcax C coe,nHHeHH51MH MeTaJIJI0B (xenaThl, C0JIH 

opramrqecKHX KHCJIOT) ,[(0Ka3aH0 crreKTpOq>OTOMerpHqecKHMH H3MepeHH5IMH no aHaJI0fHH 

3q>q>eKTOB CMe:rn:eHH51 II0JI0Chl rrornorn;eHH.sI xenaT0B MeTaJIJI0B B rrpHCYfCTBHH 

rn,n:porrep0KCH,[(0B H KHCJI0T (6eH30HHruI, COJI51HruI). CocT05IHHe K0MIIJieKca C II0JIHhIM 

rrepeHocoM rrpoTona Ha JIHratt.n: 5IBJI51eTc51 HaH6onee 6narorrpH51THhIM ,nJI51 rrocne.zzyiomero 

pacrra,n:a rH,nporrepoKcH,na. 

B CHCTeMe Me"++ ROOH rrpoHcxo,n:HT ,n:e3aKTHBaUIDI KaTanH3aropa H rronHruI 0CTaH0BKa 

peaKUHH Ha He6oJihlllOH rny6HHe rrpeBpa:ru;eHH.sI ROOH. Ha rrpHMepe xenaroB Me,[(H H 

K06aJihTa ycTaH0BJieH0, qT0 ,n:e3aKTHBaUH51 KaTaJIH3aropa rrp0HCX0,[(HT B pe3yJihTaTe peaKUHH 

JIHran,noB c o6pa3YIQI.UHMHC.sI cBo6o,nHhIMH pa,n:HKaJiaMH (ROO•, RO•). 
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B rrpHcyrcTBHH HHTPOKCHJIOB pOJib . JIHraH,D;OB B nepeHOCe rrpOTOHa . CTaHOBHTcg 

Hec~ecTBeHHOH. 3ry pOJib BbIIIOJimi:IOT HHTPOKCHJibHbie pa)];HKaJibl. IlpOMOTHpyromee 

,n;eHCTBHe HHTpOKCHJIOB o6ycJIOBJieHO HX yqaCTHeM a CTa,zJ;HH rrepeHoca rrpOTOHa, 

cornaCOBaHHOro C rrepeHOCOM 3JieKTPOHa Me)K)];y MeTaJIJIOM H rrepoKCH,D;OM: 

[ROOH ... Cu2+] (KoMrrneKc) + RNO• ➔ R02• + Cul++ RNOH+. 

Ilo 3TOH rrpH1IHHe Ha6nro,n;aeTcg «O)KHBJieHHe» KaTaJIH3aTOpa - B0306HOBJieHHe pacrra,n;a 

rn,n;porrepOKCH,n;a rrpH ,n;o6aBKe HHTPOKCHJIOB a OCTaHOBHBmyrocg peaKUHIO. B 

KaTaJIHTWieCKHX UHKJiax rrpHHHMaIOT yqaCTHe TaK)Ke rrpO,n;yKTbl rrpeBpameHHjl HHTpOKCHJIOB. 
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H3yqEHHEOCO6EHUOCTEHBOCCTAHOBJIEHIDI-PEOKHCJIEHIDI 

IIPOMOTHPOBAHHLIX MAPr AHE~CO,ll:EP)KAUJ:HX KAT ~H3ATOPOB B 
PEAK~HH OKHCJIHTEJILHOH )]:HMEPH3A~HH MET AHA 

THE STUDY OF PECULIARITIES OF REDOX PROCESS OVER PROMOTED 
MANGANESE-CONTAINING CATALYSTS IN REACTION OF OXIDATIVE 

DIMERIZATION OF METHANE 

raJiauoe C.H., CMupuoe M.IO. *, Kypuua JI.H. t , u Cui:.opoea O.H. 

Galanov S.I., Smirnov M.Yu.*, L.N. Kurina* and Sidorova O.L 

I1HCTHT)'T XHMHH Heq>TH CO P AH, rrp. AKa,n:eMHqecKHH, 3, ToMCK 634021, Poccm1 
E-mail: galanov@xf. tsu. tomsk.su 

*ToMCKHH rocy,napcrneHHI>IH yHHBepcHTeT, np. JleHHHa, 3.6, ToMCK 634050, Poccm1 

The influence of promotion of manganese-containing catalysts ~y -LhPO4 on redox 
properties of catalytic systems in reaction of oxidative dimerization of methane (batch 
process) was studied. The increase of content of lithium phosphate in manganese-containing 
systems leads to the formation of phase LiMn2O4 responsible for selective oxidation of 
methane to C2-hydrocarbons. 

TTpoBe,neHHe pea.K[(HH OKHCJIHTeJibHOH ,ll;HMepH3aa;m:I MeTaHa (0,[(M) 3a C"LleT KHCJiopo,na 

KpHcTamrnqecKoii pemeTKH Karnnmarnpa, ocymecrnIDieMoe npH pa3,nen1>Hoii no,na1:Je MeTaHa 

(U:HKJI Hapa6oTKH 3TaHa H 3THJieHa) c nocne,nyromeii no,n;aqeii KHcnopo,na. (pereHepau;m1 

BOCCTaHOBJieHHOfO KaTaJIH3aTopa), Il03BOJI51eT CHH3HTb ,ll;OJIIO npou:eccoB fOMOfeHHOfO, 

IlOJIHOro OKHCJieHHH rrpO,nyKTOB peaK[(HH, rrpoTeKaIOIUHX C yqaCTHeM KHCJIOpo,na fa3OB0H 

<pa3bl. KaTaJill3aTOp J(OJI)I(eH 3<p<peKTHBHO aKTHBHpoBaTb MeTaH, He npen51TCTBOBaTb 

,ll;HMepH3au;HH npoMe)I(YTOqHbIX yrneBo,nopo,n;HblX <pparMeHTOB H 6bITb nerKO 

pereHepHpyeMbIM. 3<p<peKTHBHOCTb rrpou;ecca ( COBOKynHOCTb BbICOKOH K0HBepCHH MeTaHa H 

ceJieKTHBHOCTH no 3THJieHy) npH )TOM 6y,neT 3aBHCeTh OT yqacTH51 IlOBepXH0CTHOfO H 

pemernqHoro KHcnopo,na KaTaJIH3arnpa. 

B pa6oTe H3yqeHO BJIH51HHe KOJIHqecTBa BBO~HMOfO q>oc<paTa JIHTH51 Ha OKHCJIHTeJibHO

BOCCTaHOBHTeJibHhie CBOHCTBa MapraHeu;co,nep)I(am11x CHCTeM. C yBeJIH-cJeHHeM KOJIHqecTBa 

npOMOTHpyromeii ,n;o6aBKH rrpoHCX0,Zl;llT YMeHI>meHHe CKOpOCTeH o6pa30BaHH51 COx H 

yaenHqeHHe CK0pOCTH o6pa3oBaHHH C2-yrneBO,nopo,noB. AHanH3 crreKTPOB 

TepMorrporpaMMHpOBaHHOfO OKHCJieHHH (TTTO) H ,naHHbIX peHTreHO<pa30B0f0 aHaJIH3a 

Il0Ka3hIBaeT, qi'Q BBe,n;eHHe q>OC<paTa JIHTH51 YMeHbmaeT o6pa30BaHHe 

ceepxcTexHoMeTJ)HqecKoro mcnopo,n;a H npH nocne,zzyromeM ero yeenHqeHHH rrpHB0,ll;HT K 

o6pa3oeaHHIO q>a3 LiMn2O4 H LiMnO2. C pocToM co,n;ep)I(aHH51 rrpoMoTopa rrpoHcxo,r,;HT 

CHH)I(CHHe KOJIH-ci:ecrna ceepxcTeXHOMCTPH"LleCK0ro KHCJI0po.na, yqacTByromero B peaKI.J;HH, 

Ha6nro,naeTCj{ pocT J(OJIH npO.zzyKTOB ceneKTHBHOfO OKHCJICHH51. TipH MaJIOM co,nep)KaHHH 

<pocq>aTa JIHTH51 (1 H 6 % MOJI) CHH)KaeTcg CKOpOCTh ,n;Hcpcpy3HH KHCJiopo,n;a, H, 

COOTBeTcTBeHHO, CK0pOCTb peOKHCJieHH51 BOCCTaHOBJieHHOH Il0BepXHOCTH KHCJI0po,nOM o6oeMa 
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KaTaJIH3aTOpa no cprumemuo C . ~H,l(HBH,IzyaJibHbIM 0KCH,l(0M Mapranua. IlpH )'BeJIJiqeHHH 

co,uep)Ka.HIDI rrpoMoTopa, pacTel' ~1<onHqecrno q>a3bI LiMn2O4 H peaKI(IDI O,[(M rrpoTeKaeT, 

Bepmrrno, 3a cqeT KHCrropo,ua 3TOH q>a3bl. IlpH rrpoBe,UeHHH HeH30TepMHqecKoro OKHCJieHHH 

(TITO) rrpe,l(BapHTeJibHO B0CCTaH0BJieHHbIX MeTaH0M o6pa31(0B ~a6mo,uaeTCH fl:0rJI0II(eHHe 

KHCJIOpo,Ua B TeMrreparypHOM HHTepBaJie 200-840 °C, a B HHTepBane 840-900 °C - Bbl,l(eJieHHe 

HeCTeXH0MeTJmqecKoro KHCJI0po,ua. BemiqJIHa IIHKa y,uaneHIDI KHCJI0po,ua 3aBHCHT OT 

co,uep)KaHHH rrpoM0T0pa H o6paTHO rrporropUH0HaJibHa ero K0JIHtJecrny (pHC. ). 

mV 487 C pocTOM co.n;ep)KaHHH 

36%Li3P04/Mn0x 

24%Li3P04'MnOx 
18%Li3Pb4/Mn0x 

6%Li3P04'MnOx 

1%Li3P04'MnOx 

300 500 700 900 T°C 

PHc. CrreKTpbI TIIO Mn - co,uep)KalI(HX 
KaTaJIH3aTOpoB. CKopocTb HarpeBa 20 °CIMHH 

q>ocq>aTa JIHTHH rrp0HCX0)];HT 

ycnm1rneHHe <pOpMbl IIHKa 

rrornom;eHIDI KHCJiopo,ua rrpH 

peOKHCJieHHH KaTaJIH3aTopa H 

C,l(BHf B HH3KOTeMrrepaTypHyro 

06.JiaCTb, qTo M0)KeT HBAATbCH 

cne,UCTBHeM He0,l(H0p0,UH0CTH 

3HepreTJiqecKHX q>OpM KHCnopo.n;a 

rrosepXHOCTH KaramnaropoB. TaKHM 

o6pa30M, rrpo:u;ecc aKTHBal(HH 

Menrna Ha MapraHe:u;co,l(ep)Kam;Hx 

KaTanmaTopax 

M0)KH0 rrpe,UCTaBHTb CJie.n;yrom;HM 

o6pa30M: 

2 LiMn2O4 + 2CH4 ➔ 2 LiMnO2 + Mn2O3 + 2 CH3· +H2O 

MnOx + CH4 ➔ MnO(x-1)" · OH+ CH3 · 

2 MnO(x-1)" · OH ➔ MnOx + MnO<x-1) + H2O 
-

2CH3 · ➔ C2H6 

C~H6 + 2 MnOx ➔ C2H4 + 2 MnO(x-1 r OH 

C2H6 ➔ C2H4 + H2 

0.5C2H4 + 3 MnOx ➔ CO2+~ M~O<x-1) + H2O 

Ha OCHOBaHHH rro~eHHbIX pe3yJibTaTOB MO)KHO 3aKJIIOqHTb, qro BBe,UeHHe <poc<paTa 

JIHTHH He CHH)KaeT K0JIHqecTB0 peaK:a;HOHHO-CIIOC06Horo KHCJI0p0,l(a yqaCTBYIQmero B O)];M. 

CeneKTHBHM aKTHBa:u;WI MeTaHa rrp0HCX0,l(HT 3a cqeT o6pa30BaHHH q>a3bl LiMn2O4. 
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.. HYDRODECHLORINATION OF CHLORBENZENES IN VAPOR-PHASE ON 

Pd-CONTAINING CATALYSTS 

r~PO,ll;EXJIOPHPOBAHHE XJIOPliEH30JIOB B IIAPOBOH <l>A3E 
HA IIAJIJIA)J:HH CO,ll;EPJKAmHx KATAJIH3ATOPAX 

Golubina E.V., Dolgova E.N., Lazareva T.S., Lokteva E.S. and Lunin V.V. 

roJiy6uua E.B., ,ll;oJirosa E.H., Jla1apesa T.C., Jlo1nesa E.C. u Jlyuuu B.B. 

Laboratory of Catalysis and Gas Electrochemistry, Chemistry Department, 
Moscow Lomonosov State University, Leninskie gory, 1/9, Moscow, Russia 

Tel: (095)939-3337; Fax: (095)939-4575; E-mail les@kge.msu.ru, golubina@kge.msu.ru 

Hydrodechlorination (HOC) of 1,4-dichlorobenzene (DCB) in vapor-flow system under 

H2 in the presence of 1 %Pd on TiO2 or ZrO2 at 150-220°C was investigated. The catalysts 

were prepared by impregnation of the support by PdCh followed by reduction with H2. TiO2 

by Engelhart (anatase) or prepared in supercritical water from Ti isopropoxyacetate or ZrO2 

commercial (pure) or prepared in supercritical water from ZrO(NO3)2 were used as a support. 

Reaction was carried out in quartz U-shape reactor. The solution of 1,4-dichlorobenzene 

introduced directly to the hot-zone of the reactor to prevent substrate condensation in the 

entrance zone. Peristaltic pump was used for feeding. 

Table 1. Hydrodechlorination of 1,4-dichlorobenzene in the presence of Pd containing catalysts. 

Catalyst Stationary content of outflow,% mass. 

Benzene 

l%Pd/ZrO2 34.7 3,4 

l%Pd/ZrO2 * 20,2 2,4 

1%Pd/TiO2 29 21 

1 %Pd/TiO2 ** 13,7 4,5 
.. 

* ZrO2 prepared in supercnt1cal water 
** TiO2 prepared in supercritical water 

Chlorobenzene 1,4-Dichlorobenzene 

61,9 

77,4 

50 

81,8 

Main products were benzene and chlorobenzene. In contrast to Pd/C, hydrogenation of 

benzene to cyclohexane didn't proceed. At the beginning of the reaction conversion was 

highest. Then the conversion fall a little and then was stable during the characteristic time, 

which was different for different catalysts. Stationary concentrations of the products and DCB 

depend on the inflow rate. At the optimal conditions stationary concentration of benzene was 

about 40%. In the presence of Pd/TiO2 stationary concentration of chlorobenzene was higher 

(20% ), than in the presence of Pd/ZrO2 ( 5% ), and stationary concentration of benzene was 
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equal i,i both cases. Therefore. the rate of chlorine-to-hydrogen replacement is higher in the 

presence of Pd/Zr02• Such dependence of stationary concentration on the nature of support is 

the same for the supports prepared in supercritical water. However conversion of DCB is 

lower than in the case of Pd on industrial oxides. 

The attempt was made to estimate kinetic constants using the model of the perfect mixing 

reactor. Inflow rates interval characteristic for the kinetic area was determined. 

This work was supported by INT AS (grant 710), Ministry of the Industry and Science 

(State Contract 41.015.1.1.2456). E.V.Golubina acknowledges "Haldor Tops0e" firm for the 

financial support. 
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HYDRODECHLORINATION OF TETRACHLOROMETHANE IN THE PRESENCE 

OF Pd-Fe/C CATALYSTS IN THE V APOR-PH;\SE 

rH,LJ;PO,ll;EXJIOPHPOBAHHE TETP AXJIOPMET AHA B IIPHCYTCTBHH Pd-Fe/C 
KATAJIH3ATOPOB B IIAPOBOH <I>A3E .. 

Golubina E.V., Lokteva E.S., Lunin V.V., Turakulova A.O. and Simagina V.I.* 

rony6uHa E.B., JloKTeea E.C.1 Jlyuuu B.B., TypaKyJioea A.O. H CuMarHHa B.H.* 

Laboratory of Catalysis and Gas Electrochemistry, Chemistry Department, 
Moscow Lomonosov State University, Leninskie gory, 1/9, Moscow, Russia 

Tel: (095) 939-3337; Fax: (095)939-4575; E-mail: les@kge.msu.ru, golubina@kge.msu.ru 
*Boreskov Institute of Catalysis, Novosibirsk, Russia 

E-mail: simagina@catalysis.nsk.su 

Pd or Fe containing catalysts are widely used in hydrodechlorination (HDC) of various 

halogenated organics. Last few years the growing interest was directed on the use of 

bimetallic catalysts that combine the properties of two metallic components. 

In this work HDC of tetrachloromethane was studied in the presence of Pd-Fe/Sibunit 

containing 1,25; 1,7; 2,5; 5 and 10% (Pd Fe) at the ratio Pd:Fe = 2:3, 3:7 H 1 :4. Reaction was 

carried out in the vapor-phase at 150-270°C under H2. CC14 was introduced into quartz tube 

reactor by bubbling of H2 through bubbler with substrate. Products were analyzed by GLC 

and CM-GLC. Catalysts were analyzed by thermogravimetry, TPR, magnetometry and TEM 

before and after reaction. 

The reaction proceeds to form methane and hydrocarbons Cl-C5. C4 content was higher, 

especially at the beginning of the reaction, in comparison with the case of Pd-containing 

catalyst prepared in the same conditions. C4 content raised from 5 to 10% as the Fe content in 

the catalyst increased from 0,75 to 2% (1,25%Pd4oFe6o and 2,5%Pd20Feso catalysts). 

The activity and stability of catalysts were characterized by the amount of CCl4 

transformed on 0, 1 g of catalyst when conversion varied no more than 10%. Fig. I 

demonstrates the dependence of this value from the catalyst content and temperature. 

Physical-chemical investigations of catalysts before and after the reaction demonstrate 

that in fresh catalysts Fe and possibly Pd have non-zero oxidation states. According to TPR 

data Fe has several oxidation states. After the reaction the TPR spectra become simpler and 

shift to low temperature region. Additional reduction of the catalyst before the reaction 

doesn't lead to the catalytic activity growth. Therefore, HDC with olygomerization of the 

products of full GDC of CC14 proceeds on partially oxidized particles of the metal. After the 

S WP the conversion falls abruptly. Such increase of activity may be caused both by the action 
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of HCl produced as by-product during the reaction and carbonization of the active surface. 

The later was shown by TEM. 

Hence introduction of Fe into Pd/Sibunit catalytic system leads to the change m 

selectivity of the HDC ofCCl4. 
······•·-······-···-·····-·· ····--·-··· ·---··· . .. ·······--·------ ··•·"·•·-···•·--•·········--·-··· 
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Fig. I. The amount of CC14 transformed on 0, 1 g of catalyst as a function of the temperature 
and the catalyst content. 
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OKHCJIHTEJihHOEKAPNOHHJIHPOBAHHETEPMHHAJihHhlXAJIKHHOB 

B P ACTBOP AX KOMIIJIEKCOB IlAJIJIA,lJ;IUI B PE)KHME ABTOKOJIEBAHHH 

TERMINAL ALKYNES OXIDATIVE CARBONYLATION IN PALLADIUM . 
COMPLEXES SOLUTIONS IN OSCILLATING REGIME 

ropOJlCKHH C.H., KaJieHOBa E.C., lipyK JI.r. H TeMKHH O.H. 

Gorodskii S.N., Kalenova E.S., Bruk L.G. and Temkin O.N. 

MocKOBCKIDI rocy,uapcTBeHHIDI aKa,neMIDI TOHKOH XHMHqecKOll TeXHOJIOlliH HM. M.B. floMOHOCOBa 

rrp. BepHa,ucKoro, 86, MocKBa 117571, Poccm1 

<l>aKc: (095) 434-87-11; E-maipbruk@cityline.ru 

The reaction of terminal alkynes carbonylation to esters of unsaturated acids in the 

homogeneous catalytic system Pdl2-KI-O2 in a methanol solution was found to exhibit 

oscillations of the redox potential, pH, and rate of gaseous CO - 0 2 mixture consumption. 

This is the first example of oscillating chemical reaction in typical metal-complex catalysis 

where a complex organic molecule is formed from simple reactants in solutions of metal 

complexes. A reaction scheme was proposed, which includes the processes of Pd(II) reduction 

into the active catalysts of carbonylation, Pd(I) complexes, followed by the oxidation of 

palladium(!) complexes by iodine. 

XHMHqecKHe rrpon:eccbl, rrpOHCXO,[(.Slll.(He B pe)KHMe aBTOKOJie6aHHll, 51BJI5IIOTC51 

rrpe,uMeTOM HayqHbIX HCCJie,UOBaHHll co BTOpon IIOJIOBHHbl XIX BeKa [1,2]. Ifayqem1e TaKHX 

peaKUHll Ba)KHO KaK ,umt BblJICHCHH.sI MexaHH3Ma, TaK II ,umI rrpe,UCKa3aHII51 CJIO)KHOro 

IIOBe,ueHII51 XIIMHKO-TeXHOJIOrHqecKIIX rrpoueccoB. 

I1pe,ucrnBJI51eMa51 pa6orn IIOCB5IUJ,eHa HCCJie,UOBaHHIO He,UaBHO OTKpbITOll [3,4] peaKUHH 

OKHCJIHTCJibHOro Kap60HHJIHpOBaHH51 aJIKHHOB B KaTaJIHTIIqecKoii CHCTeMe 

Pdh - KI - CH3OH, npoTeKarorn:eii B KOJie6aTeJibHOM pe)KHMe (1 ). 

(1) 

3KcrrepHMeHTbI rrpOBO,UHJIH B CTaTnqecKOH CIICTeMe rrpH 40° C H aTMOC<pepHOM 

,uaBJierrnH rrpH HHTeHCHBHOM nepeMennrnaHHH ra30BOH H )Kil,UKOll <pa3. CocTaB o6enx <pa3 

KOHTPOJIHpOBaJIH MeTO,UOM f)KX. B xo,ue JKCnepHMeHTOB <pHKCHpOBamI 3HaqeHII51 pa3HOCTell 

IIOTeHUIIaJIOB CTeKJI51HHOro (pH) H rrnaTIIHOBOfO JJieKTpO,UOB (Ept), rrorpy)KeHHbIX B pacrnop, 

ITO OTHOUieHHIO K CTaH,uapTHOMY xnopcepe6p.sIHOMY :meKTpo,uy u o6beM rrornorn:eHHOro ra3a. 

TipH HCCJie,uoBaHHH pa3JIHqHbIX aJIKHHOB (<peHHJian:eTHJieHa(<I>At Menman:eTHJieHa(MA), 

1-HOHI:IHa, nporraprHJIOBoro CTIMpTa, ,UMMeTHJI3THHHJIKap6HHOJia) 6bmo IIOKa3aHo, qTo B11,U 

KOJie6aHIIH BO BCex cnyqa.sIX aHaJIOrHqeH, O,UHaKO HMeIOTC.sI onrnqfi5I B HX xapaKTepHCTHKax 

(aMITJIHTy,uax, rrepHo,uax H xapaKTepe BbIXO,Ua Ha pe)KHM ycrnii:qHBbIX KOJie6aHHH) (pHC. 1). 
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PHC. 1. l13MeHeHHe II0TeHUHa.Jia rrnaTHH0B0ro 3JieKrpo,na (EPt) no BpeMeHH 
B rrpouecce 0KHCJIHTCJibH0ro Kap6oHHJIHpOBaHHSI cJ.>eHHJiaUeTHJieHa (a) H MeTHJiaI(eTHJieHa (6) 

B KOJie6aTeJibHOM pe)I(HMe. 
(a) [KI]o = 0,4 M; [Pdl2]0 = 0,01 M; [<l>A]o =0,1 M; [CO]o : [02]0 = 3:2; 

(6) K0HUeHTpaUHH fa30B: 50% 06. CO, 30% 06. 02 H 20% 06. MA. 

Ha 0CH0BaHHH HMeIOIIJ;HXCSI ,l(aHHbIX 6bIJI rrpoBe,l(eH BbI6op CIIHCKa 3JieMeHTapHbIX 

CTa.l(HH, Korop1>1e Moryr pearrH30BaTbCSI B KaTarrHrn:qecKoii CHCTeMe Pdl2 - KI - CH3OH B 

rrpHcyrcTBHH CO, 0 2 H RC===CH. 113 crrHcKa CTa.l(HH, 06pa3yrom;Hx peaKUH0HHyro ceTb 

rrpouecca, C IIOMOIIJ;blO rrporpaMMbl ChemNet rrpOH3B0.l(HJIOCb Bbipe3aHHe rHIIOTeTHqecKHX 

MexaHH3M0B H3yqaeMOH peaKUHH. Bcero MexaHH3M0B 6blJIO rronyqeHo 350. HeKOTOpbie 

CTa.l(HH IIO.l(BeprarrHCb 3KCrrepHMeHTa.JibHOH rrpoBepKe. EbIJia IIOK33aHa B03MO)I(HOCTb 

OKHCJieHHSI co ,no CO2 B ycJIOBHSIX rrponecca B OTC)'TCTBHe a.JIKHHa. Y CTaHOBJieHO 

rnpMo)I(eHHe rrpouecca ,no6aBKaMH h H H2O2 (oKHcJieHHe Pd(I) H rn:,npH~0B rranna.l(HSI) H 

oueHeHbl BepXHHe rrpe~eJibl K0HUeHTpaUHH Ii B ycn0BHSIX KOJie6aTeJibHOro rrpouecca. 

Orrpe.l(eJieHa o6JiaCTb KOHUeHrpanHH peareHT0B, B KOTOpOH pearrH3yeTCSI KOJie6aTeJibHbIM 

pe)I(HM. O6cy~aeTCSI HaH6onee BepoSITHbIH MexaHH3M rrpouecca. 

Pa6ora rrpoBe,neHa rrpH rro~,nep)I(Ke P<l><l>H(rpaHTbI 00-03-32037, 02-03-06199). 
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[l]"Oscillations and travelyng waves in chemical systems"/ R.J. Field, M.Burger Eds. Wiley: New 
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[2]P. Gray, S.K. Scott ''Chemical oscillations and instabilities. Non - linear chemical kinetics", 
Clarendon press, Oxford, 1994. 

[3]A.V. Malashkevich, L.G. Bruk, O.N. Temkin, J. Phys. Chem. A, 1997, v.101, N2 51, p. 9825. 
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2001, T. 42, N2 2, C. 280-293. . 
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0 MEXAHH3ME KATAJIHTllqECKHX PEAKQlffl APOMATHqECKHX COJIEH 

~HA30HIDI C HEIIPE~EJILHLIMH COE~HHEHIDIMH B IIPHCYTCTBHH 
BHEIDHHX HYKJIEO<l>HJIOB 

MECHANISM OF CATALYTIC REACTONS OF AROMATIC DIAZONIUM SALTS 
WITH UNSATURATED COMPOUNDS IN THE PRESENCE OF EXTERNAL 

NUCLEOPHILES 

rpumyK li.1(., rop6oeoii: 11.M., liapaHOBCimii: B.C. u rauymaK H.H. 

Grishchuk B.D., Gorbovyi P.M., Baranovskyi V.S. and Ganushchak M.I. 

TepHorroJibCKHH rocy.[(apcrneHHbIH rre.narorHqe9KHH yHHBepcHTeT HM. B. fHaTIOKa 
yn.M.KpHBOHoca,2,r. TepHorronb46027, YKpaHHa 

Ten.: (0352)33-30-01; E-mail: baranovsky@tspu.edu.ua 

It was systematically investigated the catalytic reactions of aromatic diazonium salts with 
alkenes, dienes and biunsaturated compounds with isolated double bonds in the presence of 
external nucleophiles. The influence of the different factors on their path is studied. It is 
demonstrated, that this reactions are radical and oscillatory. On the basis of the obtained 
experimental facts the most interquartile mechanism of this reactions is offered. 

CHcTeMaTHqecKH [ 1] myqeHLI KanUIHTHqecKHe peaK.UlfH apoMaTHqecKHX coneii 

,[(Ha30HH.sl C aJIKeHaMH H ,[(HeHaMH B rrpHCYTCTBHH aHHOHHbIX peareHT0B (xnopH,nbI, 6pOMH,[(bI, 

THO- H H30THO[(HaHaTbI, cyJibq>H.[(bI, HHTpHTbI, N,N-,nHaJIKHJI,[(HTHOKap6aMaTbI, 0,0-

,[(HaJIKHJI(,nHapHJI ),nHTHOq>ocq>aTbl, aJIKHJIKCaHTOreHaTbI, COJIH Kap6oHOBbIX KHCJIOT, 

aJIHq>aTHqecKHe H apoMaTHqecKHe CIIHpTbl, BO,[(a. 

-N2 
-MBF4 CH2=CR1-CH=CH2 

Ar-CHr?R'-CH=CH2 

An 

Haii,neHbI ycJIOBH.sI THOnHaHaTOapHJIHpOBaHH.sI 6HHerrpe,neJibHbIX coe,[(HHeHHH c 

H3OJIHpOBaHHbIMH KpaTHbIMH CB.sI3.sIMH, y.nonnernopHTeJibHO rrpoTeKaromero B 

KaTaJIHTHqecKHX ycJIOBmIX C o6pa30BaHHeM MOHO- H 6Ha,[(,[(yKTOB: 
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X= -C(O)()(CH2) 40C(O)-; -C(O)O(CH2) 20(CH2) 20C(O)-; -C(O)O(CH2) 30(CI-Ii)30C(O)-; 

-C(O)NHCH2NHC(O)-; -CH20C8i-; -CHiSCH2-; -C(O)NHCHi- 11 ~-

IloKaJaHo, tfTO H3yqeHHble peaK[(HH .sIBJUIIOTCH pa.r(HKaJibHbIMH, npoTeKaIOIIJ;HMH qepe3 

CTa.r(HIO O,[(H03JieK1J)OHHOfO rrepeHoca OT KaTaJIH3aTopa Ha KaTHOH apHJI,[(Ha.30HH.SI. 

Y CTaHOBJieHO, tfTO peaK[(H.sI aHHOHapHJIHpOBaIIH.sI .sIBJIHeTC.sI KOJie6aTeJibHOH peaK[(HeH c 

ra.30BhI)];eJieHHeM. 

Ha OCHOBaHHH rronyqeHHbIX 3KCrrepHMeHTaJibHblX ,[(aHHbIX npe,[(JIO)KeHa HaH6onee 

aepO.sITHa.sI cxeMa MexaHH3Ma peaK[(HH apoMaT11qecKHX COJieH ,[(Ha.30HH.sI C Herrpe.zi:eJibHbIMH 

coe,[(HHeHH.sIMH B rrpHC)'TCTBHH BHeIIIHHX H)'KJieocl>HJIOB B KaTaJIHTHqecKHX ycJIOBH.sIX. 

[I] fp11II(yK E.,l(., fop6oBoif Il.M., faeylI(aK H.lf., ,l(oM6poBcK11if A.B. // Yen. XMMMH, 63 (3), 269-
. 279 (1994). 
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HOBLIE MOHOJIHTHLIE MEMliPAHHLIE KAT AJlll3ATOPLI 
C MAJILIM CO,ll;EP'>KAHHEM IlAJIJIMIDI 

NEW MONOLITHIC MEMBRANE CATALYSTS 
WITH LOW PALLADIUM CONTENT 

PP-55 

rp.a1uos B.M. t, EpMHJiosa M.M., Opexosa H.B., Mop~osuu B.Il. u lia1uJie A.* 

Gryaznov V.M.t, Ermilova M.M., Or_ekhova N.V. Mordovin V.P. and Basile A.* 

liHCTHT)'T He<l>TeXHMe:qecKoro CHHTe3a HM. A.B. Tonq11eBa P AH 
JleHHHCKHH np., 29, MocKBa 117912, Po~cm1 

Fax: (+7-095) 230 22 24; E-mail: ermilova@ips.ac.ru 
*Research Institute on Membranes and Modelling of Chemical Reactors, IRMERC 

Via. P. Bucci, Cubo 17/C, I-87030 Arcavacata di Rende (CS), Italy 
Fax: +390-984-402103; E-mail: basile@irmerc.cs.cnr.it 

The method of preparation of thin foil Ti-Ni-Pd alloy membranes with 2, 5 and 9 mass% 
of Pd was developed and the phase content and hydrogen permeability of membranes were 
studied. It was found that adding of Pd into Ti-Ni alloy increases the hydrogen permeability 
of foil. Thus the permeability of foil with 9 % of Pd was about one order of magnitude higher 
than that of Ti-Ni foil. Cyclohexane dehydrogenation on Pt-Re/AhO3 commercial catalyst in 
flow reactor with Ti-Ni-Pd membrane shows the higher yields of benzene than those of 
reactor without membrane due to high hydrogen absorption by membrane. 

MeM6paHbl Ha OCH0Be CTCXH0MeTpHqecKoro CIIJiaBa THTaHa c HHKeJieM 0TJIH1IaIOTC5I 

BbICOKOH TepMOCTa6HJibHOCTbIO H XHMH1IeCKOH CTOHKOCTbIO, a TaK>Ke a6coJIIOTHOH 

H36HpaTCJibHOCTblO B 0TH0illemrn B0L(0po,[(a [ 1]' 0L(HaK0 HX B0L(0po.uorrp0HHI.~aeM0CTb HH3Ka 

no cpaBHeHHIO co CITJiaBaMH Ha 0CH0Be rrarma,nJrn. :UeJiblO HaCTO.H:meii: pa60Tbl 6bIJIO 

C03,[(aHHe ycTOH1IHBbIX H BblC0K0 rrpoHHUaCMbIX ,[(Jl5I B0,[(0p0L(a MeM6paH Ha 0CH0Be THTaH

HHKeJieBoro HHTepMeTa.JIJIH,[(a rryreM ero JierHpOBaHHSI IIa.JIJia.L(HeM 3a cqeT HHKeJISI ,[(0 

C0L(Cp)KaHHSI IIa.JIJia,[(H5I 2 , 5 H 9 Mace. %. Ti-Ni-Pd crrnaBbI o6naL(aIOT BbICOKoii 

IIJiaCTHqH0CTblO no cpaBHeHHIO C HHKeJIH,[(0M THTaHa [2], 1IT0 TI03B0JIHJI0 B paMKax ,[(aHHOH 

pa60TbI BnepBbie pa.3pa6oTaTb MCT0,[(HKY HX rrpoKaTa B q>OJibfY TOJIInHHOH 30-40 MKM 

MccJieL(OBaHHe MeT0,[(0M ,[(Hq>paKQHH peHTreH0BCKHX nyqeii q>a30Boro C0CTaBa 

CBe)KeilpHr0TOBJICHHblX c)>onbr TI0Ka3a.JI0, lffO B 0TJIHqHe OT THTa.H-HHKeJieBO:fO CilJiaBa 

,necpopMaQHH Ti-Ni-Pd crmaB0B rrpH npoKaTKe rrpHB0,[(HT K HX aMopc)>H3aQHH TCM ,B 60Jibllle 

CTeneHH, qeM 60JI1>11Ie IIa.JIJla,zl;HSI co,nep)KHTCH B CIIJiaBe. PaHee aMOpc)>H3Hpyrom;ee .n;eiiCTBHe 

K0MITOHeHTa Ha6mo.n;arrOCb T0JlbK0 npH nerHpOBa.HHH CIIJiaBOB 3JieMeHTaMH IV-V rpynn. 

O6Hapy)KeHHbIH 3c)>cpeKT 0't-KpbmaeT rrepcrreKTHBbl nonyqeHHH a;eHHbIX ,[(Jlj{ KaTa.JIH3a 

aMop<i>HhIX MaTepHa.JIOB 60JiblllCH IIJIOID;a,[(H, qeM o6pa3yIOI.UHeCH rrpH H3BCCTHOH paHee 

a.Mopcp113aa;HH 3aKarrKoii pacnnaBa. 
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l-fayqeHHe rrpoHHuaeM0CTH rrorryqeHHblX (pOJibf . Mn ao.n;op~.na I10K83aJI0, ~o BBe)leHHe 

,na)Ke He6orrhmHx K0JrnqecTB rrarrna,nm1 3HaqHTeJlbH0 noBLiillaeT ao.nopo.norrpoHHUaeMocTL 

HHKeJIH)la THTaHa, rrpHqeM HaH6orree rrp0HHUaeMbIM cpe,llH H3yqeHHbIX 0Ka3aJICjJ 

Ti-Ni-Pd-9% crrrraa. Ero ao.n;opo.norrpoHHUaeMocTb rrpH 850 K rroqTH Ha nopg,n;oK Bbune, qeM 

y HerrerHp0BaHHOfO narrrra)lHeM HHTepMeTaJIJIH)la. 

3KcrrepHMeHTbl no .nerH.nporeHH3aQHH UHKJI0reKCaHa Ha llP0MblllJieHH0M Pt-Re/ Al203 

KaTaJIH3aTOpe B npoTOqHoM peaKTope c MeM6paHoii H3 cnJiaB~ Ti-Ni-Pd-9% noKa3aJIH, qTO 

3HaqHTeJibHM qaCTb o6pa30BaBmerocg B0,ll0pO)la H3BJieKaeTcg.MeM6paHOH H3 30Hbl peaKUHH. 

CTeneHb npeapameHHjl um01oreKcaHa B 6eH30JI noBbilllaeTcg no cpaaHeHHIO c 

,n;em,n;poreHH3aUHeii B 0TCYTCTBHe MeM6paHbI ( CM. PHc. l ). 
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PHc. l. TeMrrepa-rypHM 3aBHCllM0CTb K0HBepCllll D;llKJI0reKCaHa 

B rrpHCYTCTBHH Ti-Ni-Pd MeM6paHbI H 6e3 MeM6paHhI 

B 0TJIHqHe OT ,n;ern.nporeHH3aUllH B npHCYTCTBHH MeM6paH I-13 crmaB0B Ha 0CH0Be 

narrJia,lJ;HjJ, 60JibillM qacTb y.n;arreHH0fO I-13 30Hbl .n;em,n;poreHH3aUllll B0,n;opo.n;a He 

,n;ecop6I-IpyeTCjJ B llHepTHbIH I'a3 no ,n;pyryro CTOp0Hbl MeM6paHhl, 0CTaBMCb pacrnopeHHOH a 

MeM6paHe. O6cy)l()laeTcg rrpe,nnonaraeMbiii Mexamf3M rrpottHn;aeMocTH Ti-Ni-Pd MeM6paH 

)l;Jljl B0)l0po,n;a. 

Pa6orn Bhm0JIHeHa rrpH <pHHaHCOBOH noMep)KKe nporpa.MMhI P<l><l>M "Be,n;ymHe 

Hayqtthie llIK0Jihl 11
, rpaHT M~ 00-15-97423. 

[1] OpexoBa H.B., EpMHJioBa, M.M., fpx3HOB B.M., KpuBowauoBa A.H., Mop,noBHH B.Il, 
ApreMbeB B.A. Te3HChI ,noKJia,n;oB PoccHifcKou KoncpepeHUHH «MeM6paHh1-9.~», MocKBa. 1995, c. 186. 

[2]Mitose K. et al, USA Pat. 5,951,793 (1999). . 
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IIOPHCTLIE IIOJIHIIPOIIHJIEHOBLIE ITOJIHMEPHLIK MEMliP AHLI, 

MO,LUl<l>H~HPOBAHHLIE Pd, ,ll;Jlll KATAJIHTHqEcKoro Y,l(AJIEHIDl 
KHCJIOPO,ll;A, PACTBOPEHHOro B BO,ll;E 

PALLADIUM MODIFIED POROUS POLYPROPYLENE POLYJ».~RIC 
MEMBRANES FOR CATALYTIC REMOVAL OXYGEN DISSOLVED IN WATER 

rp.u1u0B B.M.t, Jle6e.r.eea B.H., EJiu1apoea A.B. u Bau ~ep BaapT P.* 

Gryaznov V.M.t, Lebedeva V.I., Elizarova A.V. and Van der Vaart R.* 

HHCTH'fYT Heq>TeXHMHqecKoro CHHTe3a HM. A.B. TorrqHeBa PAH 
fleHHHCKHH rrp-T, 29, MocKBa 119991, 

<l>aKc (095)230 22 24; E-mail: Lebedeva@ips.ac.ru 
*TNO Institute of Environment, Energy and Process Innovation, Apeldorm, The Netherlands, 

E-mail: r.vanderVaart@mep.tno.nl 

The removal of dissolved oxygen (DO) from water is an important step in preparation of 
the boiler-feed water needed to prevent the equipment corrosion, in manufacturing of 
computer chips, and in many other technological processes. It is known that hollow-fiber 
membrane modules with palladium-loaded ion-exchange-resin particles embedded in the inter 
fiber space are used for DO hydrogenation. It was proposed a method of oxygen removal 
from water by palladized hydrofobic polymer membranes. We found a manner of palladium 
catalyst incorporation into outer surface of microporous polymer membrane in such a way as 
to minimize the mass-transfer resistance and the amounts of palladium and hydrogen needed 
for the DO hydrogenation. Hydrogen introduction through these tubes removed DO in water 
efficiently already at ambient temperature. The mass-transfer coefficient was of the order of 
10-4m/s. 

Y nan:eHHe KMcnopo.na, pacrnopeHHoro B Bo,ne, rrpMMem1eMoii B 6oiinepax, a TaK)Ke B 

aTO~HOH H :meKTpOHHOH rrpOMbIIIrneHHOCT.SIX, Ba)KHruI crnnm1 B rro,nroTOBKe BO,ll;bl. l13BeCTHO 

HeCKOnhKO crroco6oB y,naneHH.SI KHCnopo.na H3 BO,ll;bl. <l>H3IP:leCKHe cnoco6bl - 3TO KMII.Siqemie 

BO)J:hl H Y.zJ:ruieHMe KHCnopona CBHII-ra3OM, rpe6yromHe 6onhIIIHX 3Hepr03arpaT. XMMHqecKHe 

cnoco6bI BKJIIoqaroT B ce6.SI HCIIOnh3OBam1e BOCCTaHOBHTeneiI (HarrpMMep, rHnproHH 

nmparn), KOTOpbIH nopor H oqeHh Bpe)J:eH, H rrpHBO,n.SIT K 3arp.SI3HeHHIO OKpy)KaIOmeiI cpenbl. 

B KaTaJIHTHqecKOM MeTone HCIIOJib3yIOT MeM6paHHhIH MonyJih C IIOJibIMH BOnOKHaMH, Me)K)J;y 

KOTOpbIMH IIOMe.rn;eHhl qacTHI.J;bl HOHH0-06MeHHOH CMOJibl C HaHeceHHhIM Pd. ABTOpaMH 

rrpe,l(JIO)KCH MeTO)J: y,nanemrn pacTBopeHHOro KHCJiopo,na (PK) H3 BOJJ:hl, KOTOpbIH 

KOM6HHHpyeT )')Ke H3BeCTHhie MeTOJ.lhl. 

U:eJih ,naHHOH pa60Tbl - rronyqeHHe MeM6paHHhIX KaTanH3aTOpOB H3 IIOJIHIIpOIIHneHOBbIX 

(ITTI) BOJIOKOH c HaHeceHHhIM Pd H HCIIOJib3OBaHHe HX M.SI KaTanHTHqecKoro y,naneHHll PK 

H3 BOJ.lhl. B pa6oTe HCIIOJib3OBanH ,nBa crroco6a HaHeCeHHll Pd Ha Ha rrpenBapHTeJibHO 

oqm~eHHYJO IIOBepXHOCTb nonHMepa: BOCCTaHOBJieHHe aMMHaqHoro KOMIIJieKca Pd rH,npa3HH 
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m,npaT0M H B0CCTaH0BJieHHe 'pdCh cn:upTaMH. Kon:uqecTBO HaHeCeHHpro Pd peryJIHp0BaJI:U 

aapbHp0BaH:UeM BpeMeHH K0HTaKTa, TeMneparypbl ·'H K0HI.(CHTpal.(HH peareHT0B. HaHeceH:ue 

np0B0,[J;HJIH TaKHM ' o6p830M, T.ff06bI He C03,naaaTb conp0THBJieH:ue MacconepeHocy H 

MHHHMH3HpOBaTh K0JIHqecTB0 Pd H H2, Heo6xo,nHMOro ,rtJIH re:.n;pHpOBaHHH pacTBopeHH0ro B 

B0,ne KHCJI0po.n;a. 

PeHTreHO<p830BbIH aHaJIH3 o6p83I.(0B 1111 B0JI0K0H C HaHeCeHHbIM Pd nepBbIM crroco6oM 

IlOK83aJI H3MeHeH:ue p83Mepa KpHCTaJIJIOB rrpH CHH)KeHHH KOHQeHTpal.(HH m,npa.3:UH m,npaTa. 

Pd CJIOH, rroeyqeHHbIH np:u BoccTaH0BJieH:u:u PdCh, HeBH,n;HM B 3JieKTp0HH0M 

MHKp0CK0IIe 0Tpa)KeHHH H CTaH0BHTCH 1 ·BH,Zl;HM T0JlbK0 B 3JieKTp0HH0M MHKp0CK0IIe 

o6paTHOro O'rpa)KeHHH, rrpoHHKHoaeH:ue Pd BHyrpb rron:uMepa oqeHb He3Haq:uTeJibH0. 

Kom~eHTpaQHH Pd, HaHeceHH0fO Ha 1111 B0JI0KHa BT0pbIM crroco6oM, orrpe.n;e]ljfJiaCb MeT0,ZJ;0M 

aTOMHO-a6cop6u:uoHHOH crreKTp0CK0II:UH, H He rrpeBblillaJia 1 Mace%. IIlI BOJIOKHa c Pd 

y ,n;aJieHHe 02 ' H3 B0,[(hl rrp0B0,ZJ;HJIH 

cne;zyrorn;HM o6pa3_0M: BHyrpb 1111 B0JI0K0H, 

co6paHHbIX a rryqoK, c HaHeCeHltbIM Ha 

BHemmmo crnpoiiy Pd, rro,n;aBaJIH H2, a Bo.na 

UHPKYJIHp0BaJia Me)K,[(y B0JI0KHaMH (pHc. l ). 

l13MeHeHHe K0HQeHTpaa;HH KHCJIOpo,n;a, Pttc. 1. 

pacrnopeHHoro B BO,n;e, orrpe,n;emrnH 

0KCHMeTp0M. IlOK83aHO, qTo H2, IIO,n;aBaeMbIM qepe3 CTeHKH TITI B0JIOK0H, 

MO,nm}JHUHpOBaHHbIX Pd, 3q_Jq>CKTHBHO y,n;aJUICT H3 BO,Ubl PK y)Ke rrpH KOMHaTHOM 

T~MrrepaType (pHc.2). Ko3q>q>HQHCHT MaccorrepeHoca rropH,nKa 1 ff4
~/ceK. 

OCHOBbIBaJICb Ha 3THX pe3yJibTaTaX, ycTaH0BJieHO, 1:JTO 3Ta TeXHHKa M0)KeT IIJ>HBeCTH K 

CHH)KeHHIO CT0HM0CTH nponecca rrpHMepHO Ha 40% no cpaaHeHHIO c MeM6paHHOII TeXHHKOH 

,n;era3Hq>HKaUHH a3OTOM rrpH HH3KOM ,n;aaJieHHH. 

-§ 

9,0 

7,5 

6,0 

~ 4,5 

§ . 
3,0 

1,5 

1 

o,o-------------.-----------
0 5 10 15 20 

BpeMR,MHH 

PHc. 2. l13MeHeHiie KOHI.(eHTpaa;HH 

pacTBopeHH0ro B Bo,ne KHCJI0po,n;a BO 

BpeMeHH: 

1. ,lUIH rrrr BOJIOKOH(Accurel) 6e3 

IlOKpbITHH T-295K 

2. ,Zl;AA Illl BOJIOKOH (Accurel), IIOKpbITbIX 

2-M cnoco6oM, T-303K, Pd-1Macc%, · 

3 . .n;IDI ITH BOJIOKOH (Accurel), IlOKpbITI:,IX 

1-M cnoco6oM, T-303K, 

Pd-1.l*lff3r/cM
2 

4. ,Zl;AA rrn BQJI0K0H (Selgard x50), 

Il0KpbITbIX BT0pbIM crroco6oM, T-295K, 

Pd-0.1Macc% 
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BJIIDIHHE MOJIEKY JUIPHOH OPr AHH3AIJ;HH PEAFEHTOB HA KHHETHKY 

AHHOHHOH IlOJIHMEPH3AQHH APOMATH"IJ:ECKHX H3O~HAHATOB 

THE INFLUENCE OF MOLECULAR REAGENT ORGANIZATION ON KINETICS 
OF ANIONIC POLYMERISATION OF AROMATIC ISOCYANATES 

llasJieT6aeBa H.M., lliKoi:.uq B.<I>., ryMepos A.M. u HayMoB A.B. 

Davletbaeba I.M., Sckodich V.F~, Gumerov A.M. and Naumov A.V. 

Ka3aHCKHH rocy,n;apcTBeHHbIH TexHoJiorHqecKHH YHHBepcHTeT 
yJI. K. MapKca, 68, Ka3aHb 420015, Poccm1 

Fax: (8432) 76 95 38; E-mail: dim@cnit.ksu.ras.ru, vskodi@ramqler.ru 

The anionic polymerisation of 2,4-toluylenediisocyanates (TDI), initiated by 
polyoxyethylene glycol potassium with the number of oxyethylene parts equal to nine 
(PEG-9K) is investigated. It is shown that isocyanate groups depending on the molar ratio 
[PEG-9K]: [TDI] can be arranged in polyisocyanate chains or form close cyclic triizoyanide 
cycles. It has been found that the permolecular structure PEG-9K influences greatly the speed 
of anionic polymerisation TDI. The sharp reduction of reaction rate constants is observe4 with 
the increase in the size of permolecular formations arising from coordination binding PEG-9K 
by chlorides of transition metals (their concentration being 0.01-0.05 %). 

HccJie,n;oBaHa aHHOHHa5I IIOJIHMepH3al(H5I apoMaTHqecKHX H30I(HaHaTOB, 

HHHI.J;ImpoBaHHa5I II0JIHOKCH3THJieHrJIHK0lliITOM Kamm C 1IHCJIOM OKCH3TlrneH0BbIX 3BeHbeB, 

paBHbIM ,[(eB5ITH (I13f-9K). B KaqecTBe apoMaTH1IeCKHX H30I(HaHaT0B rrpHMeH5IJIHCb 

MOHO<:pyHKUHOHaJibHhIH cpeHHJIH30 UHaHaT, 2,4-TOJIYHJieH,ZJ;HH30I(HaHaT (T)]JI) H 

IlOJIHH30UHaHaTbI. OcHOBHOH MaCCHB KHHeTHtieCKHX HCCJie,n;oBaHHH npOB0.[(HJIC5I C 

HCIIOJib30BamieM T,[(H. IIoKa3aHo, 1IT0 H30I(HaHaTHbie rpyrrIIbI, B 3aBHCHM0CTH OT M0JibH0ro 

C0OTHOIIIeHH5I [TI3f-9K]:[T,[ll1], Moryr BhICTpaHBaTbC5I B Il0JIHH30I(HaHaTHbie uemi HJIH 

3aMhIKaThC5I B UHKJIHqecKHe TpHH30I(HaHypaTHbie I(HKJihI. IIpH MOJlbHOM COOTHOIIIeHHH 

[II3f-9K]:[T,[ll1] =2+3 cpopMHpy10rcH rpHH30I(HaHypaTHbie crpyKryphI, c II0BhIIIIeHHeM 

MOJihHOH ,ZJ;0JIH T J:(H B 0CH0BH0M o6pa3YIQTC5I II0JIHH30I(HaHaThI. 

Hai1:,n;eHO, qTo KOHCTaHThI CK0pOCTH H3y-qaeMOH peaKI(HH rrpaKTHqecKH He H3MemIIOTCSI 

rrpH YBeJIHqeHHH TeMrrepazypbI B HHTepBaJie 17-30°C. B TeMIIepazypH0M HHTepBaJie 30-45°C 

Ha6JIIO,n;aeTC5I pe3KHH pocT CK0pOCTH pacxo,n;0BaIIH.sI H30UHaHaTHbIX rpyrrrr. IloKa3aHO, tffO B 

IIoIDipHoM pacTBopHTene ( al(eTOH) YBeJIHqeHHe KOHCTaHT cKopocTH peaKI(HH 6oJiee 

3HaqHTeJibHO, qeM B HenoIDipHo:u: cpe,n;e (CC4). 

B CBSI3H C IlOJiy-qeHHbIMH ,ZJ;aHHhIMH oco6brn: HHTepec npe,n;cnmHJIH pe3yJibTaTbl 

HCCJie,n;oBaHHH BJIHSIHH5I XJIOpH,n;OB rrepexo,n;HbIX MeTaJIJI0B, npe,n;BapHTeJibH0 BBO,ZJ;HMbIX B 

MaJibIX ,Z1;03HpOBKax (0,01-0,05%) B II3f-9K, Ha KHHeTHtieCKHe 3aK0H0MepHOCTH ero 
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B3alfMO,neiicTBH.sI c TJ.(11. OKa:1aJioc1:,, trro B yi<a.'.iatiiioM K0HUeHTJ)aUH0HH0M HHTepaa.Tie 

XJI0pH,D;0B rrepeX0));Hl:,IX MeTaJIJI0B rrpoHCX0));HT He 1:0Jll:,1(0 3H~q~r,eJibH0e )'MeHbllleHHe 
. • . .'· ! {..; 

K0HCTaHThI CK0p0CTH IT0JIHMepH3aUHH, HO H II0JIH0e rrpeKpameHHe peaKUHH II0CJie 

));0CTH)KeHIDI 20-40% K0HBepCHH H301.lHaHaTHl:,IX rpynrr. 13HCK03HMeTpHqecKHe H3MepeHH.sI 
- . . ! . .I > • -~ .·..:.. 

pacTBopa Il3f-9K a aueT0He II0Ka3aJIH, lff0 a o6Jiacn~ KOHU:eHTpaUHH XJI0pH,D;0B MeTaJIJI0B 

0,01-0,05% HMeeTC.sI 3KC'fl)eM)'M pocrn ero xapaKTepHCTHqecKOH B.sI3K0CTH. 

TaKHM o6pa30M, ycTaH0BJieHa K0ppeJI.sIUH.sI Me»<,ny " B.sI3K0CTHbIMH xapaKTepHCTHKa.MH 

Il3f-9K H ero peaKUHOHHOH CIIOC(?6HOCTl:,IO rrpe; ' B3alfMO,D;eHCTBHH C apoMaTHqecKHMH 

H301.lHaHaTa.MH. Mo)KHO II0JiaraTb, qTo rro~eHHbie 3aK0H0MepH0CTH CB.sI3aHbI C 
. . 

q>OpMHpOBam1eM MaKpOMOJieKyJia.MH IIOJIHOK¢H3THJieHrnHKOJI.sI accouHaTOB, KOTop1:,1e 

yaeJJHqffBaJOT CB0H pa3Mep1:,1 B pe3yJil:,TaTe o6pa30BaHH.sI H0HaMH rrepeX0)lHl:,IX MeTaJIJI0B 

n;eHTJ)0B K00p,ll;HHaUH0HH0ro CB.sI3bIBaHH.sI, . y,nep)KHBaJOlIJ;HX B0Kpyr ce6SI coce,n;HHe 

MaKpouerrH 3a cqeT .n;eiicTBIDI ,naJihHero rropg,nKa. <l>opMHpYJOru;Hec.sI B pe3yn1:,rnTe 

Ha,nM0JieKyJI.sipHbie o6pa30BaHH.sI 0Ka3bIBaIOT HHrn6Hpyioru;J~ .n;eHCTBHe Ha HHHUHHp0BaHHe 

KOHUeBhIMH KaJIHH-aJIKOrOJI.sITHbIMH rpyrrrraMH aHHOHHOH IIOJIHMepH3al.lHH apoMaTHqecKHX 

H30U:HaHaTOB. 

Pa6orn a1:,1rrorrHeHa rrpH q>HHaHcoBoii: rro.uuep)I(Ke rpaHTa MHHo6pa3oBaHH.sI P<l> 

(IImq>p T 00 -9.2-2106). 
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:U3Y11EHBE MEXAHH3MA rlf,L(PBPOBAHIDI :U ~rH)J;P:UPOBAHIDI 

KOMilJIEKCOB APOMATWIECK:UX Yr JIEB(;>,[(OPO,ll;OB B <l>Y JIJIEPEHA C60 C 
Pt METO,[(OM HK-CilEKtPOCKOilHH 

STUDY OF HYDROGENATION AND DEHYDROGENATION MECHANISM OF 
AROMATIC HYDROCARBONS AND FULLERENE C6o COMPLEXES WITH Pt BY 

IR-SPECTROSCOPY 

,ll;aeLmos B . .SI. 

Davydov V.Ya. 

XHMHqeCKHH ct>aKyJibTeT, MOCKOBCKHH rocy;:i;apcTBeHHbIH )'HHBepCHTeT 
HM. M.B. JloMoHocoBa, MocKBa 119899, PoccIDI, 

E-mail: VY aDavydov@phys.chem.msu.ru 

The mechanism of hydrogenation and dehydrogenation of aromatic compounds and 
fullerene C6o complexes with Pt particles surface was investigated by IR-spectroscopy. The 
hydrogenation of benzene, toluene, p---xylene, mesitylene, naphthalene, anthracene and 
fullerene C6o complexes occur by hydrogen in gas phase even at ambient temperature under 
400--700 Torr pressure and their dehydrogenation by evacuation at the ·same temperatures. 
The complexes of aromatic compounds with Pt are very stable and can be reversibly 
hydrogenated and dehydrogenated many times. For heavier aromatic compounds such as 
naphthalene, anthracene and fullerene C6o the complexes with Pt can be hydrogenated and 
dehydrogenated many times with higher rate at higher temperatures up to 100 °C. The 
formation of aromatic compounds complexes with Pt occurs without breaking of C-C bonds 
of aromatic molecules. 

KaTaJIHTHqecKHe peaKI.l;I:UI fHL(pHponamu1 apoMaTHqecKHX coe,nHHeHHH Ha HaHeceHHbIX 

Ha HOCHTeJib MeTaJIJiax rrpOBOL(.sITC.sI rrpII cpaBHHTCJihHO BhICOKHX TeMrreparypax, rrpH 

KOTOphIX TPY.UHO H3yqaTb CBOHCTBa KOMIIJICKCOB 3THX coe;:i;HHCHHH C IIOBepXHOCThlO 

MeTaJIJIOB. CnmKeHHe TeMrrepaTypbl ;:i;aeT BO3MO)I(HOCTh Ha6JIIOL(aTb o6pa30BaHHe 3THX 

KOMIIJICKCOB H H3yqHTh HX CBOHCTBa B peaK[(H.sIX fHL(pHpOBaHH.sI H ,l.(ern:;:i;pIIpOBamrn MeTOL(OM 

HHcppaKpaCHOH crreKTpOCKOIIHH. 

IlonyqeHhI HH<ppaKpaCHbie crreKTJ)hI KOMIIJieKCOB 6eH3oJia, ToJiyoJia, 

II-KCHJIOJia, MC3HTeJieHa, Hacl>TaJIHHa, aH-rpa[(eHa H q>ynnepeHa C 60 C Pt, HaHeceHHOH Ha 

KpeMHe3eM. IlpH a,ncop6UHH H3yqeHHbIX coe,uirneHHH Ha IIOBepXHOCTH qacrn:u Pt 

o6pa3YJOTC.sl rrpOqJibJe KOMIIJieKCbl, KOTOpbie fH;:J;pHpYJOTC.sI BO,UOpOL(OM H3 fa30BOH <pa3hl 
.... 

L(a)Ke rrpH KOMHaTHOH TeMrreparype C IIO.sIBJieHHeM B crreK-rpe ITOJIOC rrornoiueHIDI rpynn 

>CH2, HO KOTOpbie JierKO i:i;ern;:i;pHpYJOTC.sI rrpH TOH )Ke TeMrreparype C IIOMOIUblO 

3BaK)'HpOBaHH.sI. IlpH i:i;o6aBJieHHH BOL(Opoi:i;a )];O i:i;aBJieHHH 400-700 Torr CHOBa rrpOHCXOL(HT 

rHL(pHpOBaHHe 3THX KOMITJieKCOB H npH 3BaKYffpOBaHH1:f - ;:i;erH;:J;pHpoBaHHe. [(HKJibl 

fH;:J;pHpOBaHH.sI - i:i;ern;:i;pHpoBaHH.sI MO)KHO IIOBTOp.sITI, MHOfO pa3, qTo CBH)];eTeJihC~ByeT 0 
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rrpotJHOCTH KOMnJieKCOB 3THX apoMaTH"lleCKHX coe,z:urneHHH C noaepxHOCTblO -qacTHQ Pt . ,nilll 
6orree nnKeJihlX MorreKyrr Haq>TarrHHa, aHTpaQeHa H q>yrrrrepeHa C 60 K0MnrreKChI c Pt MO)l(H0 

rH.L(pHp0BaTb H ,n:ern,n:pHp0BaTb C 60JibIIIeii CK0p0CTblO npH 6orree BbIC0KHX TeMnepazypax ,n:o 

100 °C. 

O6pa.30BaHHe K0MIIJieKC0B apoMaTH"tJ:eCKHX coe,n:HHeHHH C II0BepXH0CTblO Pt He 

conp0B0)l(,z:t:aeTC}I pa.3pbIB0M C-C CBH3eH B M0JieKyrrax apoMaTH"lleCKHX coe,n:HHeHHH, Ha "tJ:T0 

YKa3bIBaIOT TaK)l(e JIHTepaTypHbie ,n:aHHhie, norry-qeHHhie C II0M0ill;I,IO CKaIIHp)'IOIQeH 

TYffHeJibHOH MHKpOCKOIIHH. 

·,. 
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IlPHMEHEHHE METO)J:A HKC in situ )):JUI HCCJIE,IJ:OBAHIDI MEXAHH3MA 

nor JIO~EHIDI CO2 H3 BJIA)KHhIX r A30BhIX CMECEH KOMII03HTHblMH 
COPliEHTAMH «K2C03 B IIOPHCTOH MATPH:QE» 

STUDY BY FTIR in situ OF MECHANISM OF THE CO2 SORTION FROM WET 
GASES BY «K2C03 IN POROUS MATRICES» 

.llaHHJIOBa H.r., IIayKWTHC E.A., I.IIapoHOB B.E. u 0KYHeB A.r. 

Danilova I.G., Paukshtis E.A., Sharonov V.E. and Okunev A.G. 

11HCTH'fYT KanUIH3a HM. r.K.EopeCKOBa co PAH, 
rrp. JiaapeHTbeaa 5, HoaocH6HpcK, Poccm1 

Fax: 8 3832 34 30 56; E-mail: vera@catalysis.nsk.su. 

Mechanism of CO2 sorption from wet gases at room temperature by potassium carbonate 
confined to various host matrices (alumina, vermiculit and sibunit) is studied by FTIR in situ. 
Crystallization water was shown to control the rate of K2CO3 carbonation. Fast carbon dioxide 
sorption by the sorbents proceeds via intermediates formation, which further slowly react 
forming potassium bicarbonate. The difference in CO2 sorption rate by potassium carbonate 
impregnated in different matrices is explained by dispersion extent of the impregnated salt 
and chemical nature of the host matrix surface. 

O)].HHM m HaH6oJiee rrepcrreKTHBHhIX pereHepHpyeMbIX IIOrJIOTHTeneii )],JUI OlJHCTKH 

BJia)l(HbIX ra30B OT CO2 rrpH TeMrreparypax . 20-100°C 5IBJI5IeTC51 Kap6oHaT KaJIH51, 

HMIIpernHpOBaHHbIH a rropHCTYJO Marpmw [1-2]. bMJIO o6Hapy)KeHO, lJTO rrpHpO)],a Marpm~bl 

OKa3bIBaeT 3Ha1:IHTeJibHOe BJIH51HHe Ha cop6U:HOHHbie CBOHCTBa [2], rrpw1eM HaH60.ITbllla51 

)],HHaMHlJeCKa51 eMK0CTh no CO2 (.[(O 90 Mr/r cop6eHTa) 6brna rronytJeHa )],AA CliCTeMbl 

K2CO3x 1,5H2O/y-AhO3 [2]. 

MeTO.[(OM HK-crreKTpOCKOilHH in situ H3Y1JeH MexaHH3M rrorno:rn;eHH.SI yrneKIICJIOro ra3a 

cop6eHTaMH K2CO3x 1,5H2O, K2CO3x 1,5H2O/y-AhO3, K2CO3x l ,5H2O/aepMHKYJIIIT H 

K2CO3x 1,5H2O/cII6ymn ;1:rrn HCCJie,n;oBamrn BJIII5IHHSI rrpHp0)].bl MarpIIUhI Ha MexaHH3M 

rrorno:rn;eHHH CO2. HK-cneKTphI perncrpHpoBaJIII Ha l1K-<l>yp1>e cneKrpoMerpe FTIR-8300 

qmpMbI Shimadzu B 06nacn1 600-6000 CM-1 c pa3pemeHIIeM 4 cM-1
• Tiepe,n perHcrpan;Heii 

crreKTpOB o6pa3Ubl npeCCOBaJIH B Ta6JieTKH p=20-30 Mr/cM2 C CaF2; co,nep)KaHHe 06pa1ua ~ 

20%. Cop6umo ra1oa (CO2 + H2O) HCCJie)],OBaJIH B CTaJibHoii npoTOtJHoii KIOBeTe c 0KHaMH 

H3 CaF2 (ra1oairn 3a3op Me)K)ly OKHaMH MeHee 1 MM), IIQ3BOAAIO:rn;eii npoao,nHTb 

pereHepan;HIO B T0Ke ra30B rrpH HarpeBaHHH .no 2so0c. 
Cop6um1 yrneKHcnoro ra1a 06pa1uoM K2CO3x 1,5H2O 113 BJia)J(HOH cMecH · Ha1nmaeTc5I c 

o6pa30BaHIUI IIOBepXHOCTHOrO 6H)],eHTaTHOrO Kap6oHaTa H 6HKap6oHaTa KaJIHSI. ,[(an1>Heiimee 

norno:rn;eHHe CO2 + H2O npoTeKaeT 1:1epe3 06pa10BaHHe npoMe)l()'TOt:JHhIX CTPYKTYP, 

Ha6JI10,naeM1>rx no noSIBJieHHIO H pocry B HK crreKrpe rr.rr., xapaKTepH3yrom;Hx HOH_ HCO3-
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(II.II. O(C-OH)=1260, H V

5(CO0-)=1435, Vas(CO0-)=1660-CM-
1
),; HOH H3O+ (1160, 1690 H 3520 

cM-1
) H o6e3BO)l(eHHhIH K2C03 (va\CO0-)=1315 CM-1

) [3]. KoH~e~TPan;m1 IIpoMe)l()'T0tJHhIX 
' : . ... ... ' ~ : . 

CTpyK'ryp 6LICTpO HapacTaeT B Haqa.JII,HhIH IIepH0)l II0rnomemu1 CO2, a 3aTeM HaqHHaeT 

Me)lJleHH0 y61,rnaTb B pe3yJihTaTe HX IIepecrpoiiKH . c o6pa3oB~HHeM KHCO3 (s MK cIIeKrpe 
-~' 

II0.sIBJI.SllOTC.sI II.Il. 830, 990-1000 CM-1
). MexaHH3M cop6:QHH MO)l(JIO .Bblpa3HTb KHHeTHqecKOH 

cxeMoii, r,n:e o6pa3oBaHHe rn,n:poKap6oHaTa Ka.JIH.st cymecrneHH0 • 6onee Me,n:JieHHl>IH IIpo:Qecc, 

qeM IIornomeHHe CO2 c o6pa30BaHHeM HCO3-: 

K2CO3xl.5H2O +CO2 ➔ HCO; + H+ + K2CO3 + 0.5 H2O 

HCO; + H+ + K2CO3 ➔ 2 KHCO3 . 

Ilpe)lJlo)l(eHHblH MexaHH3M 

KpHCTa.JIJIOrH,n:paTHOH BO.Ubl B cop6eHTe Ha ero eMK0CTh: )10-BHµHMOMY, HaH6oJiee 

3<P<peKTHBHOe IIpOTeKaHHe peaK:QHH IIOrJIOII(eHHH yrneKHCJIOfO ra3a KOMII03HTHhIM 

cop6eHTOM cocrnBa K2CO3x 1,5H20 Ha H0CHTeJie BhI3BaH0 «IIpe,n:.nicco:QHan;HoHHhIM» [ 4] 
. . ~ '. :, . 

C0CTO.sIHHeM B0,U:hl B KpHCTa.JIJI0rH,UpaTe TaK0ro C0CTaBa. IlpH 0TC)7TCTBHH )l0CTaTOqHoro 

KOJIHqecrna KpHCTa.JIJIH3an;HOHHOH BO)lhl K IIpHBe,n:eHHOH .. BhIIIIe , ' cxeMe MeXaHH3Ma 

,uo6aBJI.sieTc.st cTa,n:H.st a6cop6:QHH H20 m ra30BOH <Pa3hI: K2CO3 + xH2O ➔ K2CO3 x xH2O, 

K0T0pa.st JIHMHTHpyeT rrpou:ecc B u:enoM. 

O6Hapy)l(eHO, qrn CKopocn, <popMHpOBaHH.sI IIp0Me)KyToqHbIX coe,n:HHeHHll, H, 

C00TBeTCTBeHH0, II0fJI0II(eHH.sI CO2, 3HaqHTeJihH0 yBenHq1rnaeTC.sI rrpH BHecemnI 

K2CO3x 1,5H20 B MaTpHuy. B p.sI,ny Hccne,uoBaHHhIX o6pa3UOB MaKCHMaJihHYIO cKopocTh 

rroKa3a.JI Kap6oHaT KaJIH.sI, BHeceHHhIH B rrop1>1 y-Ah03, qTo, B03M0)KH0, CB.sI3aHo co . 

CTPYKTYPOll II0BepXH0CTH H0CHTeJI.sI, o6ecrreqHBaIOII(eH BbIC0KYJO ,[(HCIIepCH0CTb C0JIH H 

CTa6HJIH3Hpyromei1 rrpoMe)KyToqHhie coe,[(HHeHH.sI. IlOKa3aHo, qTo ; . K0JrnqecTB0 

IIornomeHHOro CO2 IIpH ,[(OCTH)KeHHH MaKCHMaJibHOH KOHU:eHrpaU:HH rrpoMe)KyrOqHhIX 

CTPYKTYP, OIIpe,neJI.sieMoH MeT0,[(0M 11KC, xopomo KoppenHpyeT c ,[(HHaMHqecKoii .eMK0CThIO 

cop6eHTa, H3MepeHHOH B a,ucop6epe IIpoToqHoro THIIa . . 

Pa6orn BhIIl0JIHeHa rrpH q>HHaHCOBOH II0Mep)KKe P<I><t>ll, rpaHT.N2 01-03-32437a. 
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-OCOJiEHHOCTH CAMO,l(H<l><l>Y3HH JKH,l(KOCTH B IIOPHCTOH CPE,ll;E C 

B1,ICOKOPA3BHTOH DOBEPXHOCTl,IO 

THE PECULIARITIES OF LIQUID SELF-DIFFUSION THROUGH POROUS 
MEDIA WITH HIGH-PERFORMANCE SURFACE 

,l(soumKuu H.K. 

Dvoyashkin N.K. 

An1>MeT1>eBCKHH Heq>nrno:u HHCTHT)'T 
yn. neHHHa, 2, AJibMeTbeBcK 423450, Poccm1 

Fax: (8553) 33-14-77; E-mail: Nar_Dvoyashkin@mail.ru 

HccJie,ZlOBaHHe II0BC,ZlCHH.sl M0JieKyJI )KH)];K0CTH B IIOpHCTbIX cpe,ZlaX Boo6me H B cpe,Zlax ,c 

BbICOKOpa3BHTOH IIOBepXH0CTblO B qacTH0CTH aKT)'aJibHO C T0l.JKH 3peHH.sl Heo6xo,nHMOCTH 

C03,ZlaHH.sl H0BhIX, 6onee 3q>q>eKTHBHbIX rropHCTblX HeopraHHt.JeCKHX MaTepHaJI0B -

KaTaJIH3aTOpOB, a,ncop6eHTOB H T.,Zl. BechMa HHq>OpMaTHBHhIM MeTO,ZlOM B HCCJie,Zl0BaHH.slX 

TaKoro po,n;a .srBIDieTc.sr .51MP c HMIIYJihCHhIM rpa,nHeHTOM MarmnHoro rron.sr (HfMil), 

Il03BOJI.sIIOmHH H3 ,uaHHhlX O TpaHCIDIUHOHHhIX rrepeMemeHH.sIX MOJieKyJI )KH,nKOCTH B 

ycJI0BH.slX TepM0,ZlHHaMHqecKoro paBH0BeCH.SI (caMO,ZlHq>q>y3HH (C~)) H3BJieKaTh o6nmpHyro 

HH<pOpMaUHIO 06 oco6eHHOCT.sIX CHCTeM )KH,ZlK0CTh-II0pHCTa.sI cpe,n;a. [(eJih pa60Tbl -

rrocpe,n;cTB0M H3MepeHHH K03q><pHUHeHTOB caMo,n;Hcp<py3HH (KC,[I;) Mern,uoM 5IMP l1fMil 

orrpe,neJIHTb M0JieKyrr.srpHoe C0CT05IHHe )KH,ZlK0CTH B rropHCTOH cpe.ne H CTPYKTypHbie 

oco6eHHOCTH rrocne,nHeH. B Kaqecrne ,n11cpcpy3aHTa HCII0Jih30BaH 0.z:t:I,IH 113 rrpe,neJibHbIX 

yrneBo,nopo,noB - XHMHl.JeCKH q11cThIH TpH,neKaH. B Kaqecrne rropHCTOH cpe,Zlhl -

rropOII1K006pa3Hble 0KCH,Zlbl MarHH5I: rrp0MhllllJieHH0ro H3roT0BJieHH5I ([OCT 4526-75) C 

BeJIHl.JHHOH y.n;eJihHOH II0BepxH0CTH s 1 =8.4 M2/r H BhICOKO.D;HCIIepcHhIH - C s 1 =225M2 /r, 

KOT0phie B ,ZlaJibHeiimeM y.n;o6HO o603Hat.JaTb MgO(8.4) H MgO(225), C00TBCTCTBCHH0. 

O6pa3eU MgO(225) rrorryqeH rn.n;parnu;Hett MgO(8.4) B pacrnope MgSO4 c rrocne.n;yroI.UHM 

rrpoKarrHBaHHeM Mg(OH)i rrpH 774K. BerrHt.JHHY S 1 orrpe,uen.srnH MeTo,noM E3T rro 

a,Zlcop6u1rn B03,nyxa. KOHUCHTPaIJ;HH o6pa3UOB orrpe.n;eJI.sIJIH MaCCOBOH ,ZlOJieH .n;m)>cpy3aHTa 

wl, KOTopa.sr BapbHpOBaJiaCh B mHpOKHX npe.n;enax - OT 1,0 ,Zl0 HCCK0JihKHX rrpoueHT0B. 

113Mep.sreMhIMH rrapaMCTPaMH .slBJI.sIJIHCh cpopMa ,ZlH<pq>y3HOHHhlX 3~ryxaHHH CIIHH0B0f0 3Xa 

A(g2) H 3q>q>eKTHBHhlli K03q>q>HUHCHT CaMO,ZlHq>q>y3HH <D>, KOTOphlli onpe,ueJI.sIJIC.sl no 

TaHreHcy yrna HaKJIOHa K HaqaJibH0MY yqacTKY (g 0) KpHBOH A(g2). Ilocpe,ncTBOM 

H3MepeHHH <D> npH pa3JIHl.JHbIX K0HUCHTpaUH.slX o6pa3QOB H TeMrrepazypax H3MepeHH.sl 

6bIJIO ycTaH0BJICHO, qTo rrpH orrpe.n;eneHHbIX ycJI0BH.slX - qacT;H1IH0M 3aIIOJIHeHHH )KH)];K0CThlO 
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rropoBoro rrpocT_PaHCTBa; ,l(OCT~roqHo BI,ICOKOH TeMrreparype H3MepeHHH; ,l(OCTaTOqHo 

BI,ICOKOH BeJUflIHHe S 1 - B rropOBOM rrpocT_PaHCTBe peanH3yeTCH "ycmieHHaH 11 

CaMO,llmpcpy3IDI, xapaKTepH3YJOIIJ;MCH aHOMaJII,HO BI,ICOKHMH 3HaqeHHHMH H3MepeHHhIX <D>. 

,l.J;eTaJII,HOe HCCJie,l(OBaHHe 3TOfO 3q>q>eKTa IIOKa3aJIO, qTQ "ycHJieHHM" ,nmpcpy3HH 

rrpe,llCTaBJIHeT co6oii COCTOHHHe, o6ycJIOBJICHHOe 6hICT_PbIM MOJieKyJIHpHbIM o6MeHOM MC)K)zy 

)I(H,l(KOCTblO H ee HaCbill(eHHhIM rrapoM, JIOKaJIH3YJOII(HMCH rrpH qacTHqHOM 3aIIOJIHeHHH rrop B 

CB060,l(HOH OT )I(H,l(KOCTH qacTH rropoBOfO rrpocT_PaHCTBa. AHaJIH3 cpopMbI ,l(Hq>cpy3HOHHhIX 

3a'fYXaHHH IIO3BOJIHJI 3aKf.IroqHTI,, lfTO ,l(JIH OKCH,l(OB MarHHH rrpOMbIIIIJieHHOro H3roTOBJieHHH 

xapaKTepHa 6HrropHCTM co6oH COBOKyrrHOCTb 

BHYT_PHKpHCTaJIJIHTHbIX HJIH rrepm1qHI,IX rrop ( rrycTOTbI Me)K)zy rrepBHqHI:,IMH KpHCTaJIJIHKaMH 

KyfiHqecKOH cpopMbl, ofo,e,l(HHeHHhie B ycTOHqHBYJO qacTHI(y cym;ecTBeHHO 60JibillHX 

pa3MepoB - KpHCTaJIJIHT) H Me)KKpHCTaJIJIHTHble HJIH BTOpHqHI,Ie IIOpbl (rrycTOTbl Me)K)zy 

3THMH KpHCTaJIJIHTaMH). qTO KacaeTCH Mg0(225), TO cpopMa 3aBHCHMOCTH A(g2) II03BOJIHJia 

fOBOpHTI, 0 BI,ICOKOH 0,l(HOpO,llHOCTH 3TOro o6pa3u;a, lfTO, 6e3yCJIOBHO, ,l(OJI)KHO 6l>ITI, 

o6ycJIOBJieHO HaJIHqHeM y Mg0(225) rrpHHI(HIIHaJibHO OTJIHqHOH OT Mg0(8,4) MOpq>OJIOfHH, 

B03HHKaromeii rrpH TepMHqecKOH o6pa60TKe rH,[.(pOKCH,l(a MarHHH rrpH YKa3aHHbIX Bblille 

ycJIOBHHX. 3TH pe3yJihTaTbI 6bIJIH rrpoBepeHI,I rrocpe,l(CTBOM 3JICKTpOHHOMHKpOCKOIIHqecKHX 

HCCJIC,l(OBaHHH Ha rropoIIIKax Mg0(8,4) H Mg0(225), KOTOpbie II03BOJIHJIH IIO,[.(TBep,llllTb 

rronyqeHHbie BblBO,[.(bI no oco6eHHOCTHM MHKpOCTPYKTYPbI ll3yqeHHhIX OKCH,l(OB MarHHH. 
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MUTUAL INFLUENCE OF RARE EARTH OXIDES IN METHANE OXIDATIVE 

COUPLING CATALYSIS 

B3AHMHOE BJIIDIHHE OKCH,LJ:OB P33 B KATAJIH3E OKHCJIHTEJihHOH 
,Ll;HMEPH3AD;HH METAHA 

Dedov A.G., Loktev A.S., Kartasheva M.N., Parhomenko K. V., Filimonov I.N. and 
Moiseev I.I. 

llenos A.r., Jloicres A.C., KapTamesa M.H., IlapxoMenKo K.B., <l>nJIHMouos H.H. u 
Moucees H.H. 

Gubkin Oil and Gas University, Leninskii pr., 65, Moscow, Russia 
E-mail: inorchem@gubkin.ru 

Mixture of rare earth oxides were found to exhibit a synergistic effect in catalytic 

methane oxidative coupling. Raman · spectra as well as XRD pattern revealed evidence for 

oxide-oxide interaction in the mixture. 

Catalytic activity of series of individual rare earth oxides (REO) in oxidative coupling of 

methane (OCM) was compared with that of the mixtures of REO. Mixtures of the rare earth 

oxides produced as intermediate products in commercial RE metal preparation were studied in 

the OCM reaction. Light group of REO consisting of lanthana, praseodymia, neodymia and 

ceria, if amount of ceria does not exceed 5.5 % wt, showed efficiency comparable to that of 

the most active individual oxides. The REO mixture with initial ceria content of 55 % 

promoted .. with Li2O shows good efficiency in OCM reaction. Addition of 

10 % wt of ceria to pure lanthana gives rise to the most active catalyst among the studied. 

Raman spectra as well as XRD pattern revealed evidence of oxide-oxide interaction between 

lanthana and ceria in this catalyst. 

Molten magnesia supported mixture of lanthana and ceria with REO content of 1 % wt. 

also exhibited higher rate of C2+ formation as compared to supported individual lanthana. 
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MEXAHH3M (J>OPMHPOBAHIDI CHCTEM ZnO-IIEHT ACHJI -
KATAJIH3ATOPOB APOMATH3Al(HH 3TAHA, IIOJlyqJ:HHLIX · . ... , 

110 PEAKl(HH B TBEP,[(OH (J>A3E 

THE MECHANISM OF THE FORMATION OF ETHANE AROMATIZATlONZnO
PENTASIL CATALYST PREPARED BY SOLID-STATE REACTION 

,[(epra-iee A.A., Mumuu H.B., KocTima B.A., Kp1>moea M.B. uJlammyc A.JI. 

Dergachev A.A., Mishin I.V., Kostina V.A., Krylova M.V. and Lapidus A.L. 

HHCTHT)'T opraH1rqecKoii XHMHH HM. H.Jl 3enHHCKoro PAH 
JleHHHCKHH rrpocrreKT, 4 7, MocKBa 119991, Poccm1 

TenecpaKc: (8-095) 135-53-28; E-mail: SEKRETARY@ioc.ac.ru 
PoccHHCKHH rocy,uapcTBeHHbIH YffHBepcHTeT Heq>TH H ra.3a HM. H.M. fy6KHHa 

JleHHHCKHH rrpocrreKT, 65, MocKaa 119991, Poccm1 

With the use of IR-sp~ytroscopy and X-ray powder diffraction the solid-state interaction 
of ZnO with pentasil type zeolites is investigated and the mechanism of aromatization of 
C2-C4 paraffins is proposed. 

O,l(HHM H3 rrepcrreKTHBHbIX . crroco6oa rrpHroT0BJieHH.SI MeTaJIJICO,n:ep)Kam:Hx n;e0JIHTOB 

.SIBJI.SieTC.SI BBe,l(eHHe 3JieMeHTOB-MO,l(HcpHKaTOpOB ITYTeM TBep,uocpa.3HOro B3aHMO,neHCTBH.SI 

coneii 1rnH oKcH,non MernnnoB c u:eomITHOH MaTpHn:eii [I]. 

B ,l(0KJia,n;e npF.rne,neHbl pe3yJibTaTbl H3)'1IeHH.SI 3aKOHOMepHOCTeH B3aHMO,neHCTBH.SI 

u;eoJIHTOB ceMeHCTBa rreHTaCHJia H ZnO C rrpHMeHeHHeM MeTO,l(0B peHTreHO<pa.30BOro 

aHaJIH3a . H HK-crreKTpOCKOIIHH H C0II0CTaBneHH5I KaTaJIHTIP:IeCKOH aKTHBH0CTH 

Zn;;;rreHTaCHJIOB, rrorryqeHHblX pa.3JifflJHbIMH crroco6aMH, B apoMaTH3aIJ;HH 3TaHa H H306yrnHa. 

IloKa.3aHo, qTo B pe3ynoTaTe rnep,ri;o<pa.3Horo B3aHMo,n;eiicrn:a.sr ZnO c 3JieMeHTaMH 

CTPYKTypbI rreHTaCHJia cpopMHpyroTc.SI KaTaJIHTHqecKHe CHCTeMbl, rrpOHBJI.SIIOIIJ;He BbICOKyro 

aKTHBHOCTb H ceneKTHBHOCTh B apoMaTH3au;1m rrapa<pHHOB C2-C4. Y CTaHOBJieHO, qTo IIO,l( 

B03,l(CHCTBHeM Bo,n;opo.n;a H peaKIJ;HOHHOH cpe,nbI H3MeH5IeTC.SI C0CT05IHHe IJ;HHKa B 

KaTaJIH3aTOpax ZnO+rreHTaCHJI, qTQ Bbipa)KaeTC5I B pa.3pyrneHHH KpHCTaJIJIHqecKOH <pa.3bl 

MaCCHBH0ro OKCH,n:a UHHKa H cpopMHpOBaHHH B KaHanax IlC0JIHTa CHJibHhIX arrp0T0HHbIX 

KHCJI0THbIX n;eHTpOB, co;:i:ep)KaJ.nlfX aTOMbl IlHHKa H OTBeTcTBeHHblX 3a OTJ)bIB rHJJ:PH,l(-HOHOB 

OT : MOJieKyn napacpHHOB - Kmoqeaoii CT8.,l(HH ap0MaTH3aUHH HH3KOMOJieKyJI5IpHbIX · aJIKaH0B. 

. . ' . . + 
IIpe;:i:rronaraeTC5I rrpoMe)K)'T0qffOe o6pa.3bBaHHe rronyrH,n:pHJJ:HbIX cpopM nma [Zri~H] , HX 

-. 
T0OOXHMH1IeCKa5! MHrpaUH5I K MOCTHKOBbIM fH,l(p0KCHJiaM ueoJIHTa C nocne;:i:yromHM 

q>OpMHpOBaHHeM Zn-co;:i:ep)KamHx anpoTOHHbIX KHCJI0THbIX ueHTpOB 3a cqeT 

B3aHMO,l(CHCTBH5I 3THX HHTepMe,l(HaT0B C rrpOT0HHbIMH KHCJIOTHhIMH n;eHTpaMH rreHTaCHJia. 

[l]A.B.KyqepoB, A.A.CmrnKHH, Ycnexu XHMHH, 61 (1992) 1687. 
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MEXAHH3M <l>OPMHPOBAHIDI rETEPOrEHHhIX KAJILnHH-<l>OC<l>ATHhIX · 

KATAJIH3ATOPOB J);JUI PEAKnu:8 PA3JIOJKEHIDI 1,3-,ll;HOKCAHOB U: 
,a;ErH)];PATAnHH TPETH11HhIX CilHPTOB 

HETERO<;ENEOUS CALCIUM PHOSPHATES CATALYST FOR 1,3-DIOXANE 
DESTRUCTION AND TERT-ALCOHOLS DEHYDRATION - MECHANISM OF 

FORMATION 

,ll;LIKMau A.C. 

Dyckman A.S. 

AOOT BHMl1Heq>TeXHM, )l{eJie3Ho,nopmKHLIH rrp.40, CaHKT-TieTep6ypr, PoccIDI 

<l>aKC 3900092; E-mail: office@ehim.spb.su 

1,3-dioxanes and tertiary alcohols cleavage over deficient hydroxylapatite was 
investigated. Investigated the relationship between acidic centers nature and main cleavage 
process direction. Investigated the behavior of the catalyst during operation in industrial 
conditions. 

4,4-)];HMeTHJI-1,3-,nHOKCaII (,[(M,Z:O .sIBIDleTC5I rrpo.nYKTOM 

rrp0MbIIIIJieHH0ro rrpouecca rrp01:I3B0)];CTBa H30IIpeHa H3 H306YTHJieHa H q_>0pMaJib,nerH,na. B 

3Haq1ITeJibHOH CTeIIeHH 3K0HOMIIqHQCTb rrpouecca orrpe,neJI5IeTC5I 3q>q>eKTIIBHOCTblO CTa)];IIll 

reTeporeHH0-KaTaJIIITIIqecKoro pa:mo)I(emrn ,l.(M,[( B II30IIpeH. 

no Bceii Bepo5ITH0CTII, pa3JI0)I(eHHe )];H0KC3H0BOro UHKJia M0)I(eT IIp0IICX0,ll;llTb KaK Ha 

EpeHCTe,UOBCKHX (B) TaK II Ha JlbIOCOBCKHX (L) KIICJI0THbIX ueHTpax reTeporeHH0ro 

KaTaJIH3arnpa. QqeBII.ll;HO, ceneKTHBHoe pa3JI0)I(eHIIe ,[(ML( c o6pa30BaH1IeM H3orrpeHa 

ocyll(eCTBJUieTC5I rrpH pacrra.ne M0JieKyJibI no C-O CB5!35IM. Ilo3TOMY Ha1I6orree 3q>q>eKTIIBHO 

3T0T rrpouecc .ll;OJI)I(eH ocyll(eCTBmITbC5I C yqacTHeM B-neHTpOB, II0CK0JibKY Ha HHX 

rrpeo6na,naeT xeMocop6u;1151 .z:i;HoKcaHa ocH0BHbIMH O-aTOMaMH. Pa3JIO)I(eHIIe ,[(M,l.( MO)I(eT 

rrpo11cxo,nHTb H Ha JlbIOHCOBCKHX (L)-ueHTpax, 0)J;HaK0 Ha L-ueHTpax rrpe.nrroqTHTeJibH0 

pacll(eIIJI5IIOTC5! C-C CB5!3H H Ha HHX rrpouecc Ha"lJHHaeT rrpoTeKaTb HeceJieKTHBH0 - C 

o6pa3oBaHHeM mo6yrHJieHa II Ko Kea. Tio-BH.ll;HMOMY, 3q>q>eKTHBHOCTh rrpouecca pa3JIO)KeHH5I 

,l.(M,[( B H3OIIpeH rrpeHMyll(eCTBeHHO orrpe,neIDieTC5I HaJIH"lJHeM H KOJIH"lJeCTBOM B-ueHTJ)OB, 

rrpe;:i;ocTaBJI5IeMbIX KHCJIOTHbIM KaTaJIH3aTopoM. 

C UCJiblO pa3pa60TKH 3<l><l>eKTHBHbIX KaTaJIH3aTOpOB C peryJIHpyeMbIMH CBOHCTBaMH Ha 

OCHOBe KaJibUHii-<l>oc<l>aTOB rrpoae,neHO H3Y"lJCHHe rrpHMeH.sieMbIX B rrpouecce CHHTe3a 

H3OIIpeHa .ne<l>eKTHblX rn;:i;poKCHJiaIIaTHTOB KaJibl(H5I (,l.(f AK), HMCIOII.(HX He)];OCTaTOK 

(".neq>eKT") no KaJibl(HIO B CTPYKType rn,npoKCHJiarraTIITa. qeM MCHbIIIe CaO/P2Os(MOJI) TeM 
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6om:-,me ",lleq>eKTHOCTL" )];f AK. CmiTe3HpOBa.HHLie KaTaJIH3c:lT0pLI )];fKA ; H3~a.JIHCL 

COBMeCTHLIM npHMeHeHHeM XHMHqecKHX H peHTfeHorpaq>HqecKHX MeTO}lOB amUIH3a, 

pTYfHOH nopoMeTPHH H HK-cneKTpocKonHH. B pe3yJILTaTe 6Lma ycTa.H0BJieHa C'fPYKTYPa 

)];f AK onHCLIBaeMa.sI q>opMynoii: Ca10-xHx(PO4)6-x(OH)2-x, r}le 0<x<2, rrpH 3T0M }lJUI 

coxpaHeHHj{ 6anaHca 3apjl)l0B BMeCT0 0TCYTCTB)'IOII.lero H0Ha KaJibQHj{ B perneTKY 

BKmoqaeTCj{ np0T0H H yxo,llHT rH,llp0KCHJI-aHH0H. 

Y CTaH0BJieHo, ~o rpynnLI HPO/ B cocnme )];f AK npH cyrnKe H npoKanKe 

K0H}leHCHp)'IOTCj{ C o6pa30Ba.HHeM IIOJIHq>Ocq>aTHOHOB. bbIJIO Il0Ka3aH0, qTQ B npHCYTCTBHH 

B0}lj{H0f0 rrapa rrpH II0BLIIIIeHHLIX Te~meparypax H3 rronmpocq>aT-HOHOB o6pa3yeTCj{ 

<f>oc<f>opHa.sI KHCJIOTa, npHqeM KOJIHqecrno KHCJIOTbl B03pacTaeT C IlOBbIIIIeHHeM KOJIHqecrna 

IlOJIHq>Ocq>aTOB, H, C00TBeTCTBeHH0, c yaeJIH.qeHHeM ",lleq>eKTHOCTH" o6pa3u;a KaTaJIH3aTOpa. 

KaTanHTHqecKa.sI aKTHBHOCTL (A) H ceJieKTHBHOCTb (S) KaTaJIH3aTOpa B peaKD;HH 

pacmenJieHHj{ )];M)]; B H30npeH B03pacTaeT CHM6aTHO K0JIHqecrny o6pa3)'IOII.leiicj{ KHCJI0Tbl 

(KOJIHqecrny B-u;eHrpoB ). 

3TH Ha6JIIO}leHHj{ 6LIJIH Il0,llTBep)K,lleHbl rrpH HCCJie}l0BaHHH A H S ,n:r AK a rrpou;ecce 

,[(em,llpaTaD;HH TpeTHqHbIX cnHpT0B - TpHMeTHJIKap6Irnona H ,[(I-IMenrncpeHI-IJIKap6HHOJia. 

Ha 0CH0BaHHH acero BbIIIIeCKa3aHH0ro H Ii3~eHHj{ CBOHCTB ,n:r AK B pa.3JIHqHbIX 

ycJI0BHj{X 6bm1-1 pa.3pa6oTaHbl 0CH0BHbie rrpMHUIUlbl <f>opMHpoBaHM51 KaJibl.(HH-cpoccpaTHbIX 

KaTaJIJBaTOpOB orrpe~eJieHHOH CTPYKTYPbI C perynMpyeMbIMM KI1CJIOTHblM11 CBOHCTBaMH I1 

o6Jia~aromMMH Ha6opoM 0ilTHMaJibHbIX aKTHBHhIX peaKUH0HHbIX ueHTp0B, Ha K0TOpbIX 11 

np0HCX0,[(HT pa3JI0)KeHMe )];M)];, ,[(erH,[(parnu::m1 rpeTl-lqffbJX CITMpT0B HT.~. bbIJIH OTpa6oTaHbI 

MeT0,[(bl CHHTe3a Ha116onee 3q>q>eKTHBHbIX KaTaJIH3aTOp0B, K K0T0pbIM 0TH0CjITCH ,n:r AK 

Ma~CHMaJlbHOH 
11
,[(eq>eKTHOCTH"' 06ecrreq1rnaromMx rrpHCYTCTBHe B ero C0CTaBe MaKCHMaJlbH0 

B03MO)KHOro KOJI11qecrna KHCJlblX cpocq>aT-HOHOB H, CJie,[(OBaTeJibHO, B-ueHTpOB. 

Pa3pa60TaHHaH KOHu;erruHH IT03BOJIHJia C03,[(aTb cepHIO 3q>q>eKTI-IBHblX KaTaJIH3aTOpOB C 

,[(06aBKaMH pa3JIHqHI,IX MO,D;Hq>HKaTopoB, YJI~IIIaiomHx onpe,lleJieHHbie TeXHHqecKHe 

xapaxTepHCTHKH npouecca CHHTe3a H30IIpeHa H }lern,nparnuHH CIIl-lpTOB. 
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~Er~PHPOBAHHE CIIHPTOB B IIPHCYTCTBHU: KATAJIH3ATOPOB HA 

OCHOB~ Yr JIEPO~HLIX HOCU:TEJIEH 

DEHYDROGENATION OF ALCOHOLS IN THE PRESENCE OF CATALYSTS ON 
THE BASE 9F DIFFERENT CARBON SUPPORTS 

Eroposa E.B., P.amenQesa M.A~*, Tpycos A.H., rypeesa A.IO. u AnTOHJOK C.H. 

Egorova E.V., Ryashentseva M.A.*, Trusov A.I., Gureeva A.Yu. and Antonyuk S.N. 

MocKOBCKruI rocy,n:apcTBeHHruI aKa,n:eMH51 TOHKOH XHMH1IeCKOH TeXHOJIOrHH 

HM. M.B. JloMoHocoBa 

TipocrreKT BepHa,n:cKoro 86, MocKBa 117571, Poccm1 
,: <I>aKc: (095) 434-87-11; E-mail: nhsigt@unesco.mitht.rssi.ru 

*HHCTHTYT opraHH1IecKoii XHMHH HM. H.,ll;. 3eJIHHCKoro P AH 
<I>aKc: (095) 135-53-28; E-mail: secretary@ioc.ac.ru 

Process of dehydrogenation of methanol and isopropanol was studied in presence of Cu
and Re- containing catalysts on different carbon supports. It was shown the influence of 

supports and active components of the catalysts on chemistry of the processes of alcohols 
conversion. 

B pa6oTe H3yqanHCh rrpouecchI ,n:ern,upHpOBaHH51 MeTHJIOBOrO H H30IIpOI1HJIOBOfO 

crrnprn B rrpHCYTCTBHH HH3KorrpoueHTHhIX Cu- 11 Re-co,n:ep)l(am;Hx KaTanH3arnpoB Ha ocHoBe 

yrrrepo,n:HhIX HOCHTeJieiL TipoBO,[(HJIOCh HCCJie,n:oBaHHe BJIJUIHH51 aKTHBHOro KOMIIOHeHTa, 

npHpO,n:hI HOCHTeJIH H ycJIOBHH rrpouecca Ha 'HanpaBJICHH51 rrpeBpameHHH MeTaHOJia H 

H30IIporraHOJia (HTIC). J13yqeHHe rrpouecCOB ,n:ern,n:pHpOBaHH51 ,uaHHhIX CIIHpTOB MO)KeT ,n:aTb 

UCHHYIO HHcpOpMaUHIO O BJIH5IHHH pa3JIHqHblX rrapaMeTpOB Ha KaTaJIHTH1IecKy10 peaKIJ;HIO. 

KpoMe Toro, rrpouecc KarnnHTHqecKoro nerH,n:pHpoBaHHH MeTaHorra HBJIHeTcH 

nepcrreKTHBHbIM crroco6oM CHHTe3a MeTHJIOBOro 3cpHpa MypaBhHHOH KHCJIOThl (M<I>), 

KOTOphIH 6Jiaro,n:ap51 CBOeii BhICOKOH peaKIJ;HOHHOH cnoco6HOCTH MO)l(eT CTaTb Ba)l(HhIM 

3BeHOM B rrpoueccax rrorryqemrn pH,na u;eHHbIX XHMH1IeCKHX rrpo,n:yKTOB. 

DOJibIIIOe BJIHJIHHe Ha aKTHBHOCTh H cerreKTHBHOCTb reTeporeHHhIX KaTaml3aTopoB 

OKa3hIBaeT rrpHpo,n:a HOCHTeJIH. B KaqecTBe HOCHTerreii HCIIOJih3OBaJIH aKTHBHpOBaHHhIH 

yroJih MapKH CKT; yrnepo,n:Hhiii KOMII03HUHOHHhiii MaTepHaJI CH6yHHT H 

,ueMeTaJIJIH3HpOBaHHhiii yrnepo,n: BOJIOKOHHO-Tpy6qarnii CTPYKTYPhI (,ll;BY). 

Pe3yJihTaThl rrpoBe,n:eHHbIX HCCJie,UOBaHHH. I1OKa3hIBaIOT, 1ITO .}la yrnepo,n:HOM HOCHTene 

CR6yHHT, B ,nHaIIa30He TeMrreparyp 150-350 °C, rrpeBpameHHe MeTaHOJia rrpaKTHqecKH He 

rrpOHCX0):(HT' a npR ,n:aJibHeiiIIIeM IIOBhIIIIeHHH TeMrreparypbI B npo.n:yKTax Ha6JIIO,n:aeTC51 

rroHBJieHHe He3HaqHTeJihHbIX K0JIHqecTB .Zl:HMeTHJI0Boro 3q_rn:pa (,[(M3), CO, CO2 H H2. 

HaJIHqHe 3q_mpa o6ycrroBneHo npoTeKaHHeM peaKUHH ,n:ern,n:parnu1rn MeTHJI0Boro cmipTa. 

123 



PP-64 
TioHBJieHIIe OKCH,ZJ;OB yrnepo,n:a H BO,n:opo,n:a MO)KeT 6bITb CBH3aHO . C rrpoTeKaHHeM peaKUHM 

pa3JIO)KeHHH H rrapOBOM KOHBepCHH MeTaHOJia. Ha aKTHBHpoaaHHOM yrne MapKH CKT 3a ClJeT 

rrpoTeKaHH.sI peaKUHH ,uem,upHpOBaHHH MeTaHOJia o6pa3yeTC.sI M <l>. B rrpo,n:yKTax co,n:ep)KHTCH 

3HalJHTeJibHOe KOJIHlJeCTBO ,D;M3. TipH TeMrtepaType BbIIIIe 350 °C B pe3yJihTaTe 

B3aHMO,D;CMCTBHH co H pa3JIO)KCHHH M<l> o6pa3yeTCH MeTaH. IIpH rrpoae,ueHHH rrpouecca B 

rrp1:1cyTCTBHH )];BY B o6JiaCTH HH3KHX TeMrrepaTyp B rrpo,n:yKTaX peaKUHH o6Hapy)KeHhl M<l>, 

H20, H2 H CO2. TipH TeMrreparypax BhIIIIe 300 °C B rrpo,uyKTax peaKu;HH co,n:ep)KHTC.sI 

3HalJHTeJibHOe KOJIHtJeCTBO CH4. CTeXHOMeTpHtieCKHM aHaJIH3 IIOKa3aJI, lJTO B ,n:aHHOM crryqae 

B rrpo,n:yKrnx co,nep)KHTCH m6bnoqHoe KOJIH-iiecrno H2, qacn, Kornporo pacxo,uyeTCH Ha 

o6pa30BaHJie CH4. 3i;oT q>aKT MO)KeT 6bITb cmnaH C BbICOKOM a,n:cop61~HOHHOM eMKOCTblO 

)];BY ITO H2. f1o,no6Hbie CBOHCTBa HOCHTeJrn MOryT OKa3aTb 6narOTBOpHOe BJIH.sIHHe Ha 

CTa6HJihHOCTb KaTaJIH3aTopa, rro,n;,n:ep)KHBaH aKTHBHhIH KOMIIOHeHT B BOCCTaHOBJieHHOM 

COCTO.sIHHH. 

J,fayqeHHe rrpouecca pa3JIO)KCHHil MeTaHOJia B rrpHCYTCTBHJf Cu- H Re-co,uep)KaIIJ;HX 

KaTaJIH3aTopoB IIOKa3aJIO, lJTO B 3aBHCHMOCTH OT BBe,neHHOro MCTaJIJia MeHHIOTCH 

HarrpaaneHHH rrpeapameHHH rrpo,nyKTOB peaKI..J;HH. TaK, B rrp11cyTcTBHH Cu-co,uep)Kamero 

KaTaJIH3aTOpa IIpOTeKaeT peaKI..J;HH ,neKap60HHJIHp0B3HHH, B IIpO,n:yKTax CO,[(Cp)KaTCH MCTaHOJI 

H co B COOTHOIIIeHHH, 6JIH3KOM K CTeXHOMeTp11qecKOMY COOTHOIIIeHHIO ,n:aHHbIX aemecTB 

rrpH rrpoTeKaHHH peaKUHH ,n:eKap6oHHJIHpOBaHHH M <l>. TI pH BHeceHHH Re MeTaHOJI 

pa3JiaraeTC.sI C o6pa30BaHHeM co H H2 B CTeXH0MeTpHlJeCK0M COOTHOIIleHHH. 

,lJ;erH,UpHpOBaHHe H30IIp0IIHJIOBOro crrnprn B rrpHCYTCTBmI MOHO- H 6HMeTaJIJIHlJeCKHX 

Cu-Re-KaTanmarnpoa Ha ocHoae CH6yHHTa npHBO,[(HT K o6pa30BaHHIO auernHa. KpoMe 

Toro, rrpoTeKaeT peaKUH.sI ,n:em,n:parnu;HH l1TIC C o6pa30BaHHeM rrpOIIHJieHa H BO,Uhl. 

obmo ycTaHOBJieHo, lJTO Re o6na,naeT 6om,llleil ,uem,up11pyromeii aKTHBHOCThIO, tJeM Cu. 

Bae,n:eHHe Re B Cu-co,n:ep)KamHii KaTanmamp rrpHBO,[(HT K rroBhIIIleHHIO era 

.nem,n:pHpyIOmeil aKTHBHOCTH. TipH II0BbIIIleHHH TeMrreparypbI rrpeo6na,naeT peaKUHH 

,n:em,n:parnuHH HTIC. 

B npeapameHHH H30IIpOIIHJIOB0ro CilHpTa 6bIJIO mytJeHO BJIHHHHe K0HI.(eHTpaUHH Re B 

KaTanmampe. IlpH BBe,ueHHH 0,25 % Re B o6pa3eU 2% Cu/CH6yHHT KOHBepcHH HilC 

B03pacrneT B 1,4 pa3a, ceJieKTHBHOCTh no au;eTOHY IIOBhIIIlaeTC.sI OT 76,6 .no 85,0 %. 

IloBblllleHHe KOHUeHrpau;HH Re rrpHBO.[(HT K IIOBbIIIleHHIO ,n:ern,n:pHpyIOmeil aKTHBHOCTH 

o6pa3ua, HO rrpH 3TOM ycHJIHBaeTC.sI rrpoTeKaHHe peaKUHH ,n:ern,n:paTaUHH. KpoMe TOro, 

,n:o6aBKa peHH.sI crroco6crnyeT IIOBbIIIleHHIO CTa6HJibHOCTH Cu-co,n:ep)Kamero KaTaJIH3aTOpa. 
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KHHETJiqECKOE II KBAHTOBO-XHMJiqECKOEIICCJIE,IJ;OBAHHE 

BJIIDIHIDI IlPHPO,IJ;bl MET AJIJIA H pH CPE,IJ;bl HA ITPOQECC 
KAT AJIHTHqEcKoro OKHCJIEHIDI CY JIL<l>HTA HATPIDI KHCJIOPO,IJ;OM 

KINETIC AND QUANTUM-CHEMICAL EXAMINATION OF INFLUENCE OF THE 
NATURE OF METAL AND pH OF MEDIUM ON THE PROCESS OF CATALYTIC 

OXIDATION OF SODIUM SULPHITE BY OXYGEN 

EMeJILHuosa B.C., IOmi;amesa r.A., )Ky6auos K.A u ma1mesa T.B. 

Emelyanova V.S., Yuldasheva G.A., Zhubanov K.A. and Shakieva T.V. 

Harrno-Hccrre,n;oaaTeJibCKHH HHCTHTYT HOBbIX XHMHqecKHX TeXHOJIOnfH H MaTepHaJIOB, 
Ka.JaxcKHH HaUHOHaJibHbIH yHHBepcHTeT HM. Arr1>-<I>apa6H, Pecrry6JIHKa Ka3aXCTaH 

yrr.Kapacaii-EaTbipa, 94a, ArrMaTbI 480012, Pecrry6rrHKa Ka3axcTaH 
E-mail: bobm@nursat.kz 

Within the framework of a semiempirical method PM3 the mechanism of a catalytic 
oxidizing of sulphite of sodium by oxygen is offered. It is shown, that a limiting stage is the 
formation oxygenated complex. The formation of oxygenated complex goes with heat 
evolution. The greater is the degree of the 0-0 bond attenuation, the more is the energy gain. 
It is shown, that a nature of metal and the pH of medium influence the velocity of a limiting 
stage and 0-0 bond attenuation. Within the framework of a method ZIND0/S the calculation 
of allocation of electronic density in oxygenated complexes is carried out. The quantitative 
characteristic of a delocalization of electronic density along binding 7tu-orbital of a molecule 
of oxygen may be W1tu. It is set, that there is antibate dependence between the length of 0-0 
bond and Wnu. 

Tipone,neHO KHHeniqecKoe H KBaHTOBO-XHMHqecKoe HCCJie,UOBaHHe BJIH5IHH5I npHpO,D;bI 

MeTaJIJia H pH-cpe,n;bI Ha rrpouecc KaTaJIHTHqecKoro OKHCJieHHJI cynb<pHTa HaTpH5I 

KHCJIOpo,noM B rrpHCYTCTBHH aMMHaKaTOB K06aJibTa, HHKeJIJI, MapraHua, :w.:eJie3a. 

B paMKax norry3MITHpHqecKoro Mern,na PM3 rrpe.nrrmKeH MexaHH3M peaKUHH. Ha rrepBOH 

- JIHMHTHpyromeH CTa,D;HH- o6pa3yeTC5I OKCMfeHHpoBaHHblH KOMllJieKC, a KOTOpOM 

Ha6JIIOJJ;aeTC5I ocrra6rreHHe 0-0 CB5I3H. Ha BTOpoiI - aKTHBHpOBaHHbIH KOMITJieKc C 

anpTyarrbHOH qerneprniI S-0 CBJI3bIO. Ha TpeTbeiI cTa.n;HH peaKUHH o,n;HH m aTOMOB 

KHCJIOpo,n;a CTaHOBllTCJI ueHTpOM 3JieKTpO<pHJibHOH arnKM ,lJ;JI5I cyJih<pllT-HOHOB, rrpn 3TOM 

CB5I3b 0-0 pBeTCJI OKOHqaTeJihHO. I1oKa3aHo, qTo o6pa30BaHlle OKCllfeHnpoBaHHOro 

KOMITJieKca H,D;eT c BhIJJ;erreHneM TellJIOTbl. 3HeprHH, BbIJJ;eJieHHOH Ha rrepBOH CTaJJ;HH, 

,D;OCTaToqHo JJ;JIJI o6pa30BaHH5I aKTllBllpOBaHHOro KOMITJieKca. 

Ilpouecc OKCHreHaunn HOCHT o6paTHMbIH xapaKTep, Il03TOMY' qeM 60JibIIIe Bblllrpblill B 

:meprHH (~E), TeM CHJibHee paBHOBeCHe C,D;BHraeTCJI B CTOpOHY CB5!3bIBaHH5I KHCJIOpO.L(a. 

Me:»my KOHCTaHTOH CKOpOCTH peaKUHM ll ~E Ha6rrro,n;aeTC5I CHM6aTHa5I 3aBHCHMOCTb. 
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PactJeTbl II0Ka3aJIH, tJT0 B 0KCHreHHp0BaHHbIX aMMHaKaTax K9.6arrbTa, HHKem1, Maprami:a, 

)KeJie3a OCHOBHOM BhIHrpbllli B :meprHH ,n:0CTHraeTCH 3a CtJeT ocna6neHHH CBH3H 0-0. 

Hccne,n:oBaHHe MeTo,n:oM ZINDO/S xapaKTepa 3arronHeHHH MO CBH,neTenbcrnyeT o TOM, 

qTo B 0KCHreHHp0BaHHhIX K0MIIJieKcax M0)KeT Ha6mo.n:aThCH rrepeKpbIBaHHe 

d-op6HTaJieM MeTarrJia He T0JihKO C pa3pbIXJIHIOID;eH 7tg-op6HTaJibIO, HO H co CBH3YIOIUeM 7tu

op6HTaJibIO MOJieKyJibl KHCJI0po.n:a. 

B paMKax Mem,n;a ZINDO/S pacctJHTaHhI 3HatJeHHH 3JieKTp0HHOM nnoTH0CTH Ha 

pa3phIXJIHIOIUHX 1tg H CBH3YIOIUHX 7tu-op6HTaJIHX, H K03q:>q:>HQHeHTbl BH6epra (W1tu) ,[(JIH CBH3H 

0-0, TOJibKO C y-tieTOM CBH3YIOIUHX 7tu-op6HTaJieH. 

PactJeThl IIOKa3bIBaIOT, tJTO Me)K,n;y 3HaqemreM 3JieKTpOHHOH IIJJ:0THOCTH Ha CB513YIOIUlIX 

7tu-op6HTaJI51X MOJieKyJibl KHCJiopo.n:a H t1E rrpoQecca 0KClifeHaUHH Ha6JIIO,n:aeTCH aHTH6aTHa51 

3aBHCHM0CTh, B TO BpeMH KaK HaH60JibIIIlIH rrepeH0C 3JieKTpOHHOH IIJI0TH0CTH Ha 

pc13pbIXJISIIOIUHe 1tg-op6HTaJIH He Bcer.n:a C00TBeTcrnyeT HaH60JibIIIeMy t1E. 

BepoHTHO, 3T0 CBH3aH0 C TeM, tJT0 3apH.LI:bI Ha aT0Mbl M0JieKyJihl KHCJI0po.n:a rrepeHOCHTCH 

HepaBH0MepH0, H HaJIHtJHe 1tu-op6HTaJilI o6ecrretJHBaeT BbipaBHHBaHHe 3apH,n:a B,n:om, 0-0 

CBH31I. KoJIHtJeCTBeHHOH xapaKTepHCTHKOM ,n:eJI0KaJIH3ar.um 3apH,n:a B.ll:0Jlb CBH3H 0-0 M0)KH0 

CtJHTaTh K03cpqrnu;HeHT BH6epra W1tu. 

l13MeHeHHe W 7tu xopomo KoppenttpyeT C H3MeHeHHeM aKTlIBH0CTlI MeTaJIJJ0B H xopomo 

0Tpa)KaeT • BJIHHHHe JIHraH.[(0B H pH cpe,[(bl Ha KaTaJIHTlitJeCKYIO aKTHBH0CTb K0MilJieKC0B. 

Me)I<,[(Y .ll:JIHHHOH CBH3H 0-0 H W1tu, Ha6n10,n;aeTCH aHrn:6aTHaH 3aBHCHMOCTb. 

PactJeThI rrpone,neHbI c noM0IUhIO naKeTa HyperChem, Release 5.0 for Windows 

(Hypercube Inc., 1996). 

126 



PP-66 
BJIIDIHHE AIJ;ETOHHTPHJIA HA IIPOIJ;ECC OKHCJIEHIDI )J;HOl(CJmA CEPhl 
KHCJIOPO,Il;OM B IlPHCYTCTBHH 3AKPEIIJIEHHhIX HA IIOJIHAKPHJIOBYIO 

KHCJIOTY KOMDJIEKCOB KOliAJlhTA 

INFLUENCE OF ACETONITRILE ON THE PROCESS OF AN OXIDATION OF 
SULFUR DIOXIDE BY OXYGEN AT THE PRESENCE OF COBALT COMPLEXES, 

ANCHORED ON POLY ACRYLIC ACID 

EMeJI1>11nona B.C., IO;mamena r.A., JKy6anoB K.A., KapaMYplHH 6.0. u 
JKaJIHM6eTona Ji.K. 

Emelyanova V.S., Yuldasheva G.A., Zhubanov K.A., Karamyrzin B.O. and 
Zhalimbetoba B.K. 

HayqHo-HCCJie,[(OBaTem,CKHH HHCTHTYT H0BbIX XHMHqecKHX TeXHOJIOfMH H MaTepmmoB, 
KaJaxcKHH Han;H0HaJihHhIH yHHBeprnTeT HM. Ano-<Papa6H, Pecny6nHKa KaJaxcraH. 

yn. Kapacaii-EaTbipa, 94a, ArrMaTbI 480012, Pecny6nHKa KaJaxcraH 
E-mail: bobm@nursat.kz 

Kinetic and quantum-chemical methods were used to study the influence of electronic 
structure of acetonitrile on the process of an oxidation of sulfur dioxide by oxygen. Within the 
framework of a method PM3 the mechanism of reaction is studied. It is shown, that in a 
solution acetonitrile-water the molecule of acetonitrile enters the first solvate shell of the 
molecules of a catalytic complex. Higher in comparison with water catalytic activity of 

acetonitrile is caused by a delocalization of 1t-bond of C-N group in oxygenated complex. 

IIpoBe,[(eHO KHHeTHqecKoe H KBaHT0B0-XHMHqecKoe HCCJie,[(0BaHHe BJIHHHHe 

au;eTOHHrpHJia Ha npou;ecc KaTaJIHTHqecKOro OKHCJieHHH SOJ- ,[(0 SO;- Ha KOMTIJieKcax 

Ko6anbTa, 3aKperrrreHHbIX Ha nonHaKpHJI0BYIO KHCJI0TY (IIAK). 

B paMKax nonyJMTIHpHqecKoro MeTo,n:a PM3 rrpoBe,n:eH pacqeT rrpocrpaHCTBeHHoro H 

3JieKTpOHHOro CTpOeHHH rrpoMe)KyToqHbIX COCTOHHHH peaKU:HH KaTaJIHTHqecKoro OKHCJieHHH 

so;- KHCJIOpO,[(OM ,[(0 so;- . 

IIepBM, Me,[(JICHHM JIHMHTHPYIOIUM CTa,[(HH, - CTa,[(HH o6pa30BaHH5! 0KCHreHHpoBaHH0ro 

K0MTIJICKCa. B 0KCHreHHp0BaHH0M K0MTIJICKCe Ha6JIIO,[(aeTC5! nepeH0C 3JICKTpOHHOH 

rrrroTH0CTH c d-op6HTaneii MeTanrra Ha 7tg-HCMO op6HTaJIH M0JieKyJihI KHcnopo,n:a, 

BCJie,[(CTBHe qero Ha aT0Max KHCJI0p0,[(a Il05IBJI5ICTC5I ,[(0B0JibH0 6oJihlliOH OTpHUaTeJihHhIH 

3apH,[(, a CB5!3h 0-0 ocna6JIHeTC5!. I10Ka3aHO, qTo B pacTBope aueT0HHTpHJI-B0,[(a 0,[(Ha 

M0JieKyrra au;eT0HHTpHJia BX0,[(HT B rrepByIO C0JihBaTHYIO o6orr·otJKy 0KCHreHHp0BaHH0ro 

KOMTIJieKca, rrpH 3TOM eCTb TaKoe IlOJIO)KeHHe MOJieKy Jlhl pacTBOpHTemr B rrpOCYpaHCTBe, 

K0T0poe o6ecrreqHBaeT MaKCHMaJibH0e nepeKpbIBaHHe 7t-CB5!3eH HHTpHJibHOH rpyrrrrhI C 

d-op6HTaJIRMH K06aJibTa H 7t-op6HTaJI}IMH M0JieKyJihl KHCJiopo.na. Pacnpe.neJieHHe 3ap5!,[(0B B 

TaKOM KOMTIJieKce CBH,[(eTeJibCTByeT O CHJihHOH ,[(eJIOKaJIH3aD;HH 7t-IIJIOTHOCTH HHYpHJibHOH 
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rpyTITibl B,lJ;OJlb COOTBeTCTByrom;11x KOOp,z:urnan;HOHHbIX CBH3e:it 3TO o6ycnaBJIHBaeT 

6onbmyro, TIO cpaBHemuo c BO,lJ;OH, KaTaJIHTHl.JeCKYIO aKTHBHOCTb an;eTOHliTpHJia. Brnpasi 

crn,n;:mI - CTa,D;mI o6pa30BamuI aKTHBHpOBaHHOro KOMTIJieKca C l.JeTBepTOM BHPTYaJibHOH S-0 

CB}l3bl0, MO)KeT H,ll;TH HJIH 1Iepe3 KOMIIJieKC C Hap}l)KCHHbIM l.JeTbipeXl.JJieHHbIM UHKJIOM, HJIH 

O,lJ;IIH H3 aTOMOB MOJICKYJibl KHCJIOpo,11;a MO)KeT CTaTb ueHTpOM 3JieKTpO<pHJibHOH aTaKH ,lJ;JIH 

cy Jib<pHT HOHOB, HaXO,wlll(HXC}l B pacrnope. Ha 3TOH CTa,IJ;HH OTpHn;aTeJibHblH 3ap}l,11; Ha 

aTOMax 02 eme YBCJIHl.JHBaeTC}l H CB}l3b 0-0 pBeTC}l OKOHl.JaTeJibHO. HH3KOTeMnepaTypHbIM 

pe)KHM peaKD;HH o6ecrre"CJHBaeTC}l, BepO}ITHO, TeM, l.JTO :meprHH BbI,n;eJieHHOH Ha nepBOH 

CTa,IJ;HH ,lJ;OCTaTO'CJHO ,n:JIH o6pa30BaHH}l aKTHBHpOBaHHOro KOMIIJieKca. 

Ilpon;ecc OKCHreHaD;HH HOCHT o6paTHMbIM xapaKTep, 11O3TOMY l.JeM 60JibIIIe 3HeprH}l 

CTa6HJIH3aD;HH OKCHreHHpOBaHHOro KOMIIJieKca, TeM CHJibHee paBHOBeCHe ,IJ;OJI)KHO 

C,lJ;BHraTbC}l B CTOpOHY ero o6pa30BaHH}l. Me)K,n;y L1E H KOHCTaHTaMH CKOpOCTH k cymecTByeT 

CHM6aTHasI 3aBHCHMOCTb. 

Pacl.JeThI rrpoBe,n:eHoI c rroMomoro rraKeTa HyperChem, Release 5.0 for Windows 

(HyperCube Inc., 1996). 
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ZEOLITES ZSM-5 CONTAINING RARE EARTH-IONS AS CATALYSTS FOR 

ORTHO-P ARA CONVERSION OF H2 AND H2 - D2 EXCllANGE 

D;EOJIHTLI ZSM-5, CO,[t;EP)KAW:HE HOHLI P3M, KAK KATAJIH3ATOPLI 
OPTO-IIAP A KOHBEPCHH H2 H H2 - D2 0:6MEHA 

Zhavoronkova K.N. and Boeva O.A. 

)Kasopommsa K.H. u lioesa O.A. 

Russian Chemical-Technological Mendeleev University, 
Miusskaya sq., 9, Moscow, A-47, 125047, Russia 

Fax: 7 (095) 200-4204, 7 (095) 490-7523; E-mail: lija7@cityline.ru. 

Zeolites ZSM-5 containing RE-ions has been investigated as possible catalysts for ortho
para conversion of H2 at 77 K. It was found that after standard treatment of samples 
o-p conversion on some Ln/ZSM-5 (where Ln is Y, La, Sm, Ce, Pr, Nd) proceeds not by a 
magnetic mechanism, but by a chemical one. H2-D2 exchange investigated on Ln/ZSM-5 also 
proceeds at 77 K and over range 573-77 K, the kinetic being similar to that on pure REM
films. These facts confirm that ions of Ln are reducing to metals during the treatment. 

Introduction. The simplest reactions - ortho-para conversion of H2 and H2-D2 exchang·e are 

used widely as the model ones for investigation and comparing of catalytic properties of 

different types of catalysts. In this work these reactions were used for investigation of zeolite 

ZSM-5 with rare earth ions deposited. 

Experimental. Research was carried out in the glass High vacuum installation. Kinetic 

studies of reactions were made by static method in constant volume reactor at p=0,5 Torr with 

analysis by Pirani gauge. Metal ions in amount of 2% mass have been deposited on zeolite 

taken in NH4 + -form. The samples ( 1-4 mg) in the form of powder were placed as a thin layer 

on the plane bottom of the reactor and exposed to the standard treatment: 1) the sample was 

evacuated at 673 K for 3 hours (NH/ decomposed and H+ form becomes), 2) after this the 

sample was heated at 673 Kin H2 or H 2+D2 (p=l Torr) for 1-3 hours and then again evacuated 

at the same temperature till p= 10-6 Torr. Specific catalytic activities are given by: 

K\p=koN/m, molecule g91c·1, Ksp=koN/Sa = K\pl0-4/8,8 , molecule cm·2 c·1, where ko - the 

first order kinetic constant, m - mass of the sample, g,·N - the number of hydrogen molecules 

in the reaction volume, Sa - the active surface~ calculated from Ssp of ZSM-5 (440m2i 1
) and 

2%mass of metal. 

Results and Discussion. Results of the study of o-p conversion at 77K on samples Ln/ZSM-5 

can be understood only being compared with that found on the rare earth metal films 

evaporated in high vacuum [l]. The results are shown on-fig.I as ·1g· Ksp ·against lg Ma (Ma -

atomic magnetic moment of REM - Bore magnetons ). Line 1 is the result of calculation of 

absolute rate of o-p conversion based on the vibration model of magnetic mechanism of 

conversion [2]. Black points around this line are the experimentaj means of Ksp for metal 

films on which o-p conversion goes by the magnetic mechanism. Line l' demonstrates that 5 
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points fall out from this dependence: on Sc, Y, La, Yb and Lu - films the chemical mechanism 

(Eley) prevails, which depends on chemisorbed H-atoms, because of the very small values of 

magnetic moments of this metals. Results of the present work placed on fig 1 (white-points) 

show that: 1) high magnetic metals - Er, Tb and Dy on ZSM-5 have Ksp which is placed just 

on line 1 demonstrating magnetic mechanism of conversion; 2} values of Ksp not only of La 

and Y, but even Sm, Ce, Nd, Pr on ZSM-5 demonstrate the absence of the dependence on Ma, 

line 2 is quite like line 1 ', but 50-70 times higher. It means that conversion goes by chemical 

mechanism. 

·. lgl<sp lgl<sp 

15 C 0 
2 20 

19 
14 

18 

13 
17 

Yb 
I I I -p I I I f I 

-1 O 1 lgt41 

Fig. I JgK;.11 of REM-fllms ( • ) and samples 
of Ln/ZSM-5 ( o ) against lgM1 • Line 1 is 
the magnetic mechanism. line I' and 2..::. 
the chemical mechanism (Eley). 

\1 • 
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• 
~ g 
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Fig.2.Temperature dependence of Ksp for 
H+/ZSM-5(1). Ce/ZSM-5(2),Pr/ZSM-5(3). 
in reaction of HrD2 exchange. 

t, oc 

These results are very much surprising because the chemical mechanism is impossible on ions 

ofmetals at such low temperature [3]. The chemical mechanism of conversion would be 

confirmed if H2-D2 exchange appears to realize on this objects. Results of the investigation of 

this reaction are shown on fig.2 as LgKsp against 1/T for H+-ZSM-5), Ce/ZSM-5 (2) and 

Pr/ZSM-5 (3). It is seen that Hz-Di exchange goes in wide temperature interval including 77 

K. Activation energy Ea is about 3.2 kJ/mol for Pr and l .5kJ/mol for Ce on ZSM-5. Such 

character of temperature dependence of Ksp is typical for Eley mechanism [ 4]. Evidently that 

both reactions have the same mechanism, and they proceed not on Ln ions but on a reduced 

form which is able to chemisorb hydrogen. Ksp ofl-T/ZSM-5 is markedly lower, than Ksp of 

Pr and Ce, but this catalyst is rather active even at 77 K and the character of the temperature 

dependence of Ksp is the same, (Ei is near 0). This fact can be explained by the assumption 

that H-atoms of zeolite take part in formation of the active complex of Eley-Riedel 

mechanism. Ksp for o-p conversion of La. Y, Sm deposited on ZSM-5 is 50-70 times higher 

than that of La, Y, Sm films. It means that zeolite somehow influences on the catalytic activity 

of metals making chemical mechanism more profitable then magnetic even for Pr and Nd. 

References 

[l] K.N.Zhavoronkova, A.V.Peshkov//Doklady Academii Nauk SSSR, 1979, v246, N6, P.1395. 
[2]D.R.Pearce, P.C.Richardson, R.Rudham// Proc.Roy Soc.,1969, A.310 P.121. 
[3]D.R.Ashmead. D.D.Eley, R.Rudham // J.Catalysis, 1964, 3, P.280. 
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P A3P AliOTKA TEOPETHqE_CKHX QCHOB 3KCTPY3HOHHOro IIOJIYqEHIDI 

a-Fe2O3 KATAJIH3ATOPOB 

DEVELOPMENT OF A THEORETICAL BASIS OF a-Fe2O3 CATALYSTS. 
PRODUCTION BY EXTRUSION 

)Kettca A.B., KQJILn;osa 3.M., IIerponaBJIOBCKHH II.A., Kocno-ieHKo B.B. H <l>nJinnDHH B.A. 

Jensa A.V., KoJtsova E.M., Petropavlovskiy I.A., Kostutchenko V.V. and Filippin V.A. 

PoccHHCKHH XHMHKO-TexHonomtJeCKHH yHHBepcHTeT HM. ,a.H. MeH,n:eneeBa, 
MHyccKaJI rrn., 9. MocKBa 125047, PoccHJI 

Ten.: 978-6589; E-mail: kolts@muctr.edu.ru 

Mathematical model was developed for the stage of catalyst paste preparation, consisting 
of two phases: continuous (polyvinyl alcohol and methyl cellulose) and dispersed (particles of 

a-Fe2O3 powder). The mathematical model allows calculation of solvate films thickness and 
volume content of a dispersed phase at any moment of time. Functional dependencies were 

found, which bound the solvate film thickness and volume content of a dispersed phase with 

plastic strength and viscosity of catalyst pastes. The mathematical model allowed to obtain the 

optimum concentrations of components of continuous and dispersed phases, which have an 

influence on the properties of an a-Fe2O3 catalyst. 

,aaHHaJI pa6ora IIOCBJitneHa pa3pa6oTKe MaTeMaTHtJeCKHX MO,n:eneii CTaL(HH 

rrpHroTOBJieHH5I H 3KCTPY3HOHHOfO cpopMOBaHH5I KaTaJIM3aTOpHbIX rracT, KOTOpoe COCTOHT U3 

HCCKOJihKHX CTa,[(UH: 1) CMernemrn rnep,n:oro HOCHTeJ!5I ( a-F e2O3) C BO,[(HhIMH pacrnopaMH 

rronHMepoB: rronHBHHHJIOBoro crrHpTa (ITBC) H MeTHJIUeJIJIIOJI03hI (MU); 2) BhIJie)KUBaHH5I 

rrpHroTOBJieHHOH rraCThI B TetJeHHe cyrnK; 3) cpopMOBaHH5I KaTarrM3aTOpHOH rraCThI B 

IIOpIIIHeBOM 3KCTpy,n:epe; 4) CYIIIKH 3KCTpy,naTa IIpH TCMIIeparype 110°C; 5) IIpOKaJIKH 

3KCTpy,n:arn rrpH TeMrrepaType 500°C. 

Ha CTaL(HH rrpHfOTOBJiemrn rraCThI B CMec1nene paccMaTpUBaeTC5I MHOfOKOMIIOHeHTHM 

L(ByX<pa3Ha5! CHCTeMa. flepBa5! <pa3a - CIIJIOIIIHaJI, BTOpa5! q_)a3a - TBep,n:aJI (qaCTHIJ;hl OKCHL(a 

)KeJie3a a-Fe2O3). KoMIIOHeHTaMH CIIJIOIIIHOH <pa3hl 5IBJI5IIOTC5! BOL(a H BO,nopaCTBOpHMhie 

rroJIHMephI (ITBC H MU). ITonaraeM, tJTO B npouecce cMerneHHR qacTHUhI oKcH,n:a )KeJie3a 

II0KpbIBaIOTC5! a,ncop6u;HOHHO-COJII,BaTHOH o6oJIOlJKOH, CBOHCTBa KOTOpoii 3aBHC5IT OT 

HCX0.[lH0fO C0CTaBa CIIJIOllIH0H <pa3hl. MaTeMaTHlJCCKaJI MO,UeJib CTa,UHH rrpHroT0BJieHH,SI 

KanmH3aTOpHoii rracThI co,n:ep)KHT cne,nyromHe ypaBHeHHR: - YJlcl;BHeHHe 6anaHca tJHCJia 

'1aCTHIJ; a-Fe2O3, rrpe,UCKa3blBaIOII(ee B JII06oii M0MCHT BpeMeHH CMememrn H BbIJie)KHBaHlUI 

'1HCJI0 '1aCTHIJ;, 96na,n:aIOII(H:X COJihBaTHOH o6oJI0'1KOH H orrpe,n:eJIRIOIUee cpe,nHHH pa3Mep 

COJibBaTHOR o60JIOlJKH; - 3aBHCHM0CTh L(JI5I CK0p0CTH pocra 061,eMa COJibBaTHOH o6oJI0'1KH; 

- H3MeHeHHe MaCChl '1aCTHIJ; rnep,n:oH <pa3hl 3a CtJeT a,n:cop6u;HH BemecTB H3 CIIJIOIDHOH <pa3oI; 
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- ypaBHeHIIe H3MeHeHIUJ: IIJIOTHOCTH CIIJIOIIIHOH q>a3hI; - ypaBHeIUie H3MeHeHH.sI 

KOHUeHrpau1rn CB060,n;HOH, HeCB.sI3aHHOH BJiarn; ypaBHeHH.sI H3MeHeHH.sI KOHUeHTpauHii i-x 

KOMIIOHeHTOB CIIJIOIIIHOH <pa3bI: - COOTHOine~ff,e .E(JI.sI 06'heMHOro co,n;ep)KaHH.sI TBep,[(OH q>a3bl 

IlpH COIIOCTaBJieHHH ,n;aHHbIX, paccqHTaHI-JbIX no MaTeMaTHqecKOH MO,n;emI ( 061:,eMHOe 

co~p)KaHHe TBep,n;oii (pa3bl C yqeTOM HaJIMqH.sr COJibBaTHhIX o6onoqeK, cpe.n;HHe 3HaqeHH.sI 

TOJIIUHH COJibBaTHbIX o6onoqeK) H peonornqecKHX, ,n;e<J?opMa~HOHHbIX IIOKa3aTeJieii rracT, 

rronyqeHHbIX 3KCrrepHMeHTaJibHO, 6bIJIH orrpe,n;eJieHhI <pyHKUHOHaJibHhie 3aBHCHMOCTH: 

- ,IJ;JI.sr IIJiaCTHqecKOH rrpoqHOCTH: 

Pm = 103 exp(-14,792 + 1,77 · 106 h + 8,1 · 1012 h 2 + 

+ 15,207a2 + 61,113a~ -2,547 · 10 7 ha 2), (1) 

4512·10-7 

- ,[(Jl.sI B.sI3KOCTH KaTaJIH3aTOpHOM rraCTbI: 11 = 110 exp(98a 2 - 36,8)( ' 3, 7) ' (2) 
h 

- ,[(llil 3JiaCTHqHOCTH KaTamnaTOpHOH naCTbI: 

A= 4,935 + 3,4Cf6· + 0,236C~6
· - 2,524a 2 -0,369h. (3) 

TaKHM o6pa30M, ,n;JI.sr Bcex ycTaHOBJieHHbIX 3aBHCHMOCTeH rrpocJie)KHBaeTc.sr BJIH.sIHHe 

TOJimHHbI COJlbBaTHOM o6orroqKH, 3HatieHHe KOTOpoii 3aBHCHT OT npHpO,n;hI H KOHUeHTpaUHH 

KOMIIOHeHTOB CIIJIOIIIHOM qla3hl. TaK, yBeJIIJqe,aHe o6'heMHOro co,n;ep)KaHlI.sI rnep,uoii qla3bl 

rrpHBO,Ll;HT K ynenHqeHHIO 3HaqeHHH rrnacniqecKOM rrpoqHOCTH H B.sI3KOCTH; yBeJIHqeHHe 

TOJlll(HHbl COJihBaTHOM o6onoqKH npHBO,Ll;HT K yBeJIHqeHHIO rrnaCTHqecKOM rrpoqHOCTH H 

yMeHbIIIeHHIO B.sI3KOCTH naCTbI. 

HcrrOJib3Y5I ypaBHCHH.sI ,IJ;BH)KeHH.sI rraCTbI, Hepa3pbIBHOCTH IIOTOKa H peonorn:qecKoe 

ypaBHeHHe ,n;JI.sr HeHbIOTOHOBCKOH )KH,lJ;KOCTH, HaMH 6bIJia pa3pa6oTaHa MaTeMaTH"LJeCKa.sr 

MO,[(_~Jlb TeqeHH5I 3KCTpy,n;aTa -qepe~ q)OpMyIOmHii Kanan q)HJibepbI, Ha OCHOBe KOTOpoii 6bIJia 

rro:ny~eHa 3aBHCHMOCTb Me)K,n;y ,n;aBJieHHeM 3KCTPY3HH H cpe,unefi: CKOpOCThIO TeqeHHSI 

3KCTpy,uarn: 

( (
0,129 )J 

( ) 

4 exp{98a 2 - 36,8) - - 0,01 L[ ]n 
( 

n ) S0 . h { )6n + 2 
p = cr O + a vcp. In s + b vcp. 1 - a nD . ( 4) 

.. la6orn rro,u,uep)KHBanacb rpaHTaMH Me)K,n;yHapo,n;noro <poH,ua INTAS NQ 97-30770, 
"Be,uymaSI nay"LIHaSI IIIKona'' NQ 00-15-99009 H P<l><l>H N2 02-03-32215. 
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MEXAHH3M KAPiiOHHJIHPOBAHIDI APHJir AJIOrEHH,ll;OB C · 

HCIIOJlh30BAHHEM KATAJIH3ATOJ>OB HA OCHOBE 
MO,l(H<l>HIJ;I1POBAHHOro KAP60HHJIA KOiiAJibTA 

MECHANISM OF ARYL HALIDES CARBONYLATION OVER THE CATALYSTS 
BASED ON MODIFIED COBALT CARBONYL 

iKecKo T .E., IioupcKuii B.Il., Jlauuua C.A. u Hmrn(}>opoe B.A. 

Zhesko T.E., Boyarsky V.P., Lanina S.A. and Nikiforov V.A. : · 

AOOT BHI1I1Heqnex11M, )I{ene3Ho,uopmKHhIH 40, CaHKT-TieTep6ypr, 193148, iPoccmr 
CaHKT-IleTep6yprcKHH rocy ,uapcrneHHhIH yHHBepc11TeT, OT,ueneHHe XHMHH, 

YHHBepCHTeTCKHH np., 2, 198904, TieTpo,n;Bopeu; 
Tel/Fax: 812-5604534; E-mail: zhesko@mail.spbnit.ru 

Aryl halides carbonylation was studied with new modified cobalt catalysts. Epoxides 
were used to activate the catalyst. Aryl halides were carbonylated via anion-radical 
mechanism. One-electrone acceptors (nitrocompounds, quinones, and some polyhalogenated 
compounds) inhibited this reaction. 

rrrnpoKoro Kpyra apoMaTH11eCKHX KHCJIOT Kap60HHJIHpOBaHHeM 

ap11nranoreHH,UOB B MJirKHX ycJIOBHJIX C HCilOJib3OBaHHeM OTHOCHTeJibHO He,n;oporHx H 

,U0CTYITHhIX KaTaJIH3aTopoB npe,n;CTaBJIJieT 6oJihllIOH rrpaKTH11eCKHH HHTepec, IIOCK0IThKY 3TH 

rrpo,nyKTbI JIBJIJIIOTCJI pacrrpocTpaHeHHbIM CblpbeM B rrpOH3BO,ll;CTBe cpapMau;eBTH11eCKHX 

rrperrapaTOB, KpaCHTeJieH, cpe,ucTB 3am;HTbI pacTeHHH, )Klf,ll;KHX KpHCTaJIJIOB, MOHOMepoB ,UJIJI 

CHHTe3a TepMOITJiaCTOB. 

Kap6oHHJIHpOBaHHe )KHpHoapoMaTHqecKoro ranoreHH,Ua - 6eH3HJIXJIOpH,n;a - C 

o6pa3oBaHMeM 3<pHpa cpeHHJIYKCYCHOH KHCJIOTbl ocym;eCTBJIJieTCJI B MJirKHX ycJI0BHJIX B 

CIIHpTOBo-meno11HOH cpe,ue, npH '.HOM aKTHBaIJ;HJI ranoreHH,Ua npOHCXO,UHT B pe3yJibTaTe 

peaKD;HH HYKJieO<pHJibHOro 3aMem;eHHJI ranoreHa Ha aHH0H Co(CO)4.. O,uHaKO 

apHnranoreHH,Uhl, ,Ua)Ke 0TH0CHTeJibH0 aKTHBHhie - 6poM6eH30JI H a-xnopHa<pTaJIHH - B 3THX 

)Ke ycJI0BHJIX He peaKD;HOHHOCIIOC06Hhl. 3TO rro,urnep)K,UaeT H3BeCTHbIH q>aKT' 11TO 

apHnranoreHH,Uhl rrpaKTHtJeCKH HHepTHbl K peaKD;HJIM HYKJieOq>HJihHOro 3aMem;eHHH. 

AKTHBaD;MJI ap11nranoreHH,lJ;0B B peaKUHJIX Kap60HHJIHpOBaHHJI C HCIIOJih30BaHHeM 

Kap6oHHJia K06aJibTa B03M0)KHa B rrpHCYTCTBHH COKaTaJIH3aTOpC>B, B Ka11ecTBe K0T0pblX 

M0ryT 6bITh HCII0Jih30BaHhl aJIKHJiranorem-1,Uhl, a TaK)Ke ranoreHrM,n:pHHbl H 3II0KCH,Uhl. 

HoBbie KaTaJIMTH11eCKHe CHCTeMhl Ha 0CH0Be MO,UHq>Hu;HpOBaHHOro 3II0KCH,UaMH Kap6oHHJia 

K06aJihTa [ 1] crroco6Hhl aKTHBHp0BaTh B peaKu;H.sIX Kap60HHJIHpOBaHHJI MaJIOaKTHBHhie 

ap1mranoreHH,!(hl B HCKJII011HTem,Ho MJirKHX ycJI0BMJIX rrpH ,uaBJieHHM 0KHCH yrnepo,ua 1 aTM 
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H TeMrrepaType 60° C H IIO3BOIDIIOT IIOJiyt:IHTb C BblCOKHM BbIXO,[(OM 60JiblIIOH cneKTp 

apoMaTHqecKHX Kap6oHOBhIX KHCJIOT: 

ArHal + CO 
R'OH + B 

Coi{C0)8 + A 
ArCOOR' 

r.n:e A - coKaTaJIH3aTOp 

B - OCHOBaHHe 

AmUIH3 CTa,[(HH aKTHBal.lHH apHJirarroreHHJ(a .n:aeT OCHOBaHHe nonaraTb, qTo aKTHBau;m1 

ArHal ocymecrnm1eTC5I no MexaHH3MY apoMaTHqecKoro HyKrreocpHJibHoro 3aMemeHuH. B 

.[(aHHOM crrytrne Mbl HMeeM ,nerro , C o6pa30BaHHeM B peaKQHOHHOH cpe.n:e "in situ" oqeHb 

BhICOKopeaKUHOHHOCnoco6Horo aJIKHJIK06aJibTKap6oHHJibHOro aHHOHa. 

0 HyKneocpHJibHOM xapaKTepe KaTaJIHTHqecKOH qacTHIJ;bl, aKTHBHpy10meii ArHal, 

CBH,[(eTeJibCTByeT ycKopeHHe rrpou;ecca Kap60HHJIHpOBaHH5I 3JieKTpOHOaKuerrTOpHbIMH 

3aMeCTHTeJI5IMH B apHrrrarroreHH.[(e H TOpMO)KeHHe peaKIJ;HH aKu;errTopHhIM 3aMeCTHTeJieM B 

MOJieKyne COKaTaJIH3aTopa , TOf .[(a KaK 3JieKTpOHO.[(OHOpHbIH 3aMeCTHTeJib B COKaTaJIH3aTope 

yBeJIHqHBaeT aKTHBHOCTh KaTaJIHTHqecKOH CHCTeMbl. 

ITonyqeHHbie ,naHHbie no xeMO- H CTepeoceneKTHBHOCTH Kap60HHJIHpoBaHH5I pa3JIHqHhIX 

cy6cTpaTOB n03BOJI5IIOT roBOpHTb O TOM, lffO Kap6oHHJIHpOBaHHe apHnranoreHH,[(OB B 

rrpttcyTCTBHH aJIKHJIK06aJibTOBbIX KOMIIJieKCOB B c1rnpTOBo-menoqHoii cpe.ne rrpoTeKaeT no 

aHHOH-pa,nHKaJihH-oMy MexaHH3MY (S RN 1). 

B nOJib3Y 3TOro BbIBO,Ua CBH,[(eTeJibCTBYIOT H pe3yJibTaTbl, rronyqeHHbie rrpH 

HCnOJib3OBaHHH B cy6CTpaTOB O,UHO3JieKTpOHHbIX aKu;errTOpOB 

rr-6poMHHTpo6eH30Jia H 1-xnopaHTpaXHHOHa. 3nI coe,ri;HHemrn He TOJibKO caMH He BCTynaIOT 

B peaKUHIO, HO H 5IBJI5IIOTC5I HHm6HTOpaMH Kap6oHHJIHpOBaHH5I ,upymx cy6cTpaTOB (HapSI,ny 

C HHTpo6eH30JIOM H aHTpaXHHOHOM). TaKoe )Ke HHm6ttpy10mee B03,[leHCTBHe OKa3bIBaeT H 

OKTaxrropHaq>TaJIHH. 

Hoaoe pa3BHTHe HCCJie,[(OBam-1e TaKHX CHCTeM nonyqHJIO B CB5I3H C TeM, qTo OHH 

OKa3aJIHCh 3q>cpeKTHBHhl npH o6e3Bpe)KHBamm H YTHJIH3an1:m XHMHqecKH HHepTHhIX 

JIHnOq>HJihHhIX 3KOTOKCHKaHTOB - rrom1xrrop6HcpeHHJIOB (TIXE), nrnpoKO HCTTOJib3yeMhIX B 

Kaqecrne ,UH3JieKTpHKOB. 

[I] T.E. )l{ecKO, B.TI. Eo.s1pCKMH, A.r. HMKMTMHa )KOX 68 (1998) N1, 85. 
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KHHETHKA H MEXAHH3M OKHCJIEHIDI KHCJIOPO,ll;OM 

BOCCT AHOBJIEHHbIX Mo-V-<l>OC<l>OPHbIX rETEPOIIOJIHKHCJIOT B 
BO,ll;HLIX P ACTBOP AX 

KINETICS AND MECHANISM OF OXIDATION OF REDUCED SPECIES OF 
Mo-V-P HETEROPOLY ACIDS BY DIOXYGEN IN AQUEOUS SOLUTIONS 

)Km1mua E.r., O.r.HKOB B.<I>. u MaTBeen K.11. 

Zhizhina E.G., Odyakov V.F.and Matveev K.I. 

HHcTHTYT KanmH3a HM. r.K. EopecKoBa CO PAH 

rrpocrr. AK~eMHKa JlaBpeHTheBa, 5, HoBocH6HpcK 630090,Poccm1 
<I>aKc: (3832) 34 30 56; E-mail: zhizh@catalysis.nsk.su 

The rate of oxidation of reduced species of Mo-V -P heteropoly acids by di oxygen in 
aqueous solutions is more than 100 fold decreased when it passes from higher m values to 
lower ones. Simultaneously a sharp increase in its activation energy is observed. This 
indicates a change in the limiting stage of this reaction. 

Bo,nHhie pacrnopbI Mo-V-cpoccpopHbIX reTeponoJIHKHcnoT 12-ro· p5I,n;a cTpyKTYPbI 

X 
KerrnHa H3+xPV xM012-xO4o ( I, 2 :s; x .:; 6) nmpoKo HCIIOJib3YIOTC5I B Kaqecrne 

KaTaJIH3aTOpOB OKHCJieHH5I caMbIX pa3JIHqHI,IX cy6cTpaTOB Su. OKHCJieHHe Su 06b1qHo 

ocymecrnn5IIOT ,nByxcrn,nHiiHo. Ha crn,n;HH ( 1) Su OKHCJI5IIOT pacrnopoM xi B SuO 3a cqeT 

KHCJIOpo.na BO,D;bl. 

mh Su+ m h H20 + H3+xPV xM012-x04o --+ m /2 SuO + H3+x+mPV
1
v m v\_mM012-x04o (1) 

CI) CIIm) 

Ha CTa,D;HH (2) BOCCTaHOBJieHHYIO cpopMy xllm OKHCJHIIOT KHCJIOpo,noM: 

H3+xPV xM012-x040 (2) 
CI) 

lfa-3a 60JibIIIOM CJIO)KHOCTH COCTaBa BO,D;HbIX pacrnopoB xllm peaK.u;m1 (2), 06:rn;M .nmr 

X X 
rrpoueccoB OKHCJieHH5I pa3JIHtJ:HbIX Su, H3yqeHa Mano. B pacrnopax I H IIm, KaK noKa3aHo 

MeTO,naMH 3IIP, 31P H 51V 5IMP, a TaK;Ke noTeH.a;HoMeTPHeii, HMeIOT MecTO CJIO)l(Hbie 

paBHOBeCH5I Me)l(_ny reTepOIIOJIHaHHOHaMH C pa3JIHtJ:HbIMH X H m H KaTHOHaMH VO2
+ H VO/. 

KpoMe Toro, B xo.ne peaK:UHH (2) B03pacTaeT KHCJIOTHOCTb pac.nopa xllm, tJ:TO Be,neT K 

CMemeHHIO Bcex paBHOBeCHM. 

IlpH 343 K CKOpOCTb peaK.a;HH (2) B o6nacTH KOH:UeHTpa.u;Hii 0.05 M :s; [xllm] :s; 

:s; 0.3 M BeJIHKa IIpH X ~ 3 HJIH IIpH X = 2 B IIpHCYTCTBHH KaTHOHa VO2
+ (pHC. 1). 

B HHTepBane mMaKc ~ m ~ mMMH cKopoCTb peaKUHH rra.naeT 6onee qeM B 100 pa3. IIop5I,nOK 
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peaKI(HH no . xllm 6JIH30K K 3; ITO H+-HOHaM OH MemieTC5.l OT -7 (npH [xllm] = 

= 0.05 M) ,uo -0.4 (rrpH [xIIm] = 0.3 M). Ka)Kyma&c& :meprn& aKTHBaQHH CEaicr) peaKI(HH 

T0)Ke Mem1eTc.s1: rrpH m > 1,9 oHa paBHa ~ 10 K,[()K/MoJib, a ripH m < 1,9 B03pacrneT ,uo ~ 200 

KJ()K/MOJlb (pHC. 2). 

I-fa rrony~ieHHbIX pe3yJTuTaTOB cne.uyeT, qrn peaKrurn (2) rrpoTeKaeT qepe3 

rrpoMe)KyToqHbie KOMITJieKChI nma [xIIm] · [VO2
+]y · 02 (III), B KOTOpbIX m + y ~ 3. B xo,n;e 

peaKI.'(lm rrpoHCXO.UHT CMeHa ee JIHMHTHpyromeii CTa,[(Hli. TipH m > 1,9 peaKI(MIO JIMMHTHpyeT 

rrepeHoc :meKTpoHOB BHYTPM KOMIIJieKca III; rrpH 3TOM EaKT Mana. TipH 

m < 1,9 JIMMMTMPYIOil.(MM CTaHOBHTC5.l o6pa30BaHHe KOMITJieKca III. OHO BKJIJ011aeT B ce6& 

3H)];OTepMH11eCKHe crn,z:urn .UHCIIporropl(HOHHpOBamu1 THila (3) H ( 4 ), TeITJI0Ta KOTOpbIX 

,n;o6aBJI.sJeTC5.l K BeJIHqHHe EaKT ~ 10 K,[()K/MOJih npH MaJihlX BeJIHqHHax m. 

lg Wo 
2 

2.0 

-2 .5 

-3.0 ~ 

3.5 

-4.0 

-4.5 -7 
i 

2 

2 

xllm=l 
--), 
-(--

xllm=2 
--), 
-(--

4i1m 

3i1m 
ri. 

211m: vo2+= 

-I j 
5.0 -+l--r----.-, --.1---.-, --r-1 ~- ~--~ 

1.0 1.2 1.4 1.6 1.8 2.0 m 

xllm=2 

xllm=J 

Puc. 1. 3aBHCHMOCTh lg W o2 OT cTeneHu 
BOCCTaHOBJieHHSI m ,[(JISI pa:mHtJHblX 

0 .2 M pacTBopoB xllm . 

+ 

+ 

lgW~ 
-1.0 

X 
I<m=O) (3) 

(4) 

-2.0 ___ : 

... ·--- ..• 

~=f~t =~~-=~:~-~ ;:~~i 

-3 .0 

\ 
\ 

\ 

m= 1.7 

~ m= 1.5 

·----------c m = 1.9 

a 

Cl m=l.8 

-4 .0 --- - --,----r-
I 

2.7 2.8 2.9 3.0 3.1 

P11c. 2. 3aBHCHMOCTh lg W o2 OT o6parnoH 
· a6comoTHOH TeMnepa-rypbl npu OKHCJieHHH 

0.2 M pacTBopoB 4Ilm npu: po2 = 1 aTM. 
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H30MEPH3All;lffl u-rEKCAHA HA BhICOKO)];U:CIIEPCHhIX 

Pt- u Pd- KAT AJIH3A TOP AX, MO)];H<l>HQHPOBAHHblX U:EOJIHTAMH 

ISOMERIZATION OF n-HEXANE ON HIGH-DISPERSED 
Pt-AND Pd-KATALYSTS MODIFIED BY ZEOLITES 

3aKapnua H.A., lliaiiMep,ueuona M.K. u AicynoBa r.B. 

Zakarina N.A., Shaimerdenova M.K. and Akulova G.V. 

I1HCTHT)'T opraHwiecKoro KaTarrma H :meKTpoxHMHH HM. )::(.B. CoKOJibCKoro MOH H PK 
yJI. KyHaeBa, 142, AIIMaThI 480100, Ka:mxcTaH 

Fax: 8-3272-91-57-22; E-mail : orgcat@nursat.kz 

A comparative study of isomerization of n-hexane over bifunctional Pt-, Pd- and 
Pd-Pt-catalysts based on combination of clinoptilolite with different zeolites aQd 
silicaaluminophosphates(Y, ZSM-5, SAPO-5, SAPO-11) has been carried out. It was found that 
isomerization activity depends from metal dispersity and distribution of acid centers is determined 
by temperature programmed desorption of ammonia. The reaction scheme as a function of zeolite 
pore size and the number of acid sites is presented based on products distribution. 

I130MepH3au;mr H-arrKaHOB ocymecrnmreTC5I Ha 6mpyHKUHOHaJihHbIX KaTaJIH3aTopax, 

HMeIOmHx ,nBa nma aKTHBHbIX ueHTpOB - MeTamrnqecKHe H KHCJI0THhie. TipH BapbHp0Bamm 

COOTHOIIIeHHJI MeTarrJIHqecKHX H KHCJibIX ueHTpOB OITpe,neJieHHOH CMJibI MeH5IeTC5! 

HaITpaBJieHMe ITpeBpameHHJI H-aJIKaHOB Ha MeTaJIJIMqecKHx' KaTaJIH3aTOpax [1-3]. U:em, 

HaCTOJimeif pa60ThI COCT05rna B BbffiBJiemrn 3aKOHOMepHOCTeH ITpeBpameHH5! H-reKCaHa Ha 

Pt- H Pd-KaTaJII13aTOpax, MO,nH<pHUHpOBaHHhIX ueoJIHTaMH, ITPM BapbHpoBaHHM 

,nMCITepCHOCTlI MeTaJIJIMqecKHX qacTHU H pacITpe,n;eJiemrn KHCJIOTHhIX ueHTpOB. 

I130Mep1nauMIO H-reKCaHa rrpOBO,nHJIH B ITpornqHOli ycTaHOBKe ITPM 250-450° C H 

aTMOCq>epHOM ,naBneHHH BO,n;opo,n;a, MOJibHOM OTHOIIIeHHH H2 : H-C6H14=3,5 H 061,eMHOH 

CKOpOCTH ITO H-reKcaHy 0,82 q-1
• 

Ha Pt- H Pd- KaTaJIH3aTOpax, HaHeCeHHLIX Ha ITpHpO,nHhlli KJIHHOITTlillOJilIT c ,no6aBKaMH 

ueonHTa NaY B 3aMeIIJ;eHHOH cpopMe, npeBpameHHe H-reKCaHa ocymecTBJIJieTCJI B OCHOBHOM 

ITO lI3OMepmau;HOHHOMY HaITpaBneHmo. BapuipoBaHHe ITpHpO,nhI ITpe,nrnecrneHHHKOB 

aKTHBHhIX MeTaJIJIOB lI MeTO.L(OB HX BBe,neHHJI B KaTaJIH3aTop ITplIBO,nlIT K yBeJIMqeHHIO 

,n;McITepcHOCTM B p51,ny: H 2PtCl6, PdCh (ITporrHTKa) ➔ Pt(NH3)4(NO3)2 (HOHHhIH o6MeH) ➔ 

Pd- H Pd-Pt-3onM (ITpoITHTKa), mMeH5IeT pacITpe,neJieHHe KMCJIOTHhIX ueHTpoB no 

TepMo,n;ecop6u;HH NH3 H IT0BhIIIIaeT H30Mepmy10my10 aKTHBHOCTb E:aTanma'topoB. 

BBe,neHHe BMecrn ueoJIHTa NaY B 3aMemeHHoif cpopMe MoneKyJIJipHbIX cHT SAPO-5 H -

SAPO-11 B Pt-KaTaJIH3aTOpbI C MaTpHu;eir lI3 rrpttpo,nHOro KJIHHOIITHJI0JIHTa ITPHBO.L(HT K : 

yMeHbIIIeHMIO KOHBepClfH H-reKCaHa, O.L(HaKO ceneKTHBHOCTb ITO C6-H30Mep~ pacTeT ·?T 
90,9-91,4% .L(O 96,5-100% ITpH 350-450 °C. )::(nJI Pt-KaTaJIH3aTOpOB, MO.L(Hq>HUHpOBaHHbIX 

SAPO-5 H SAPO-11 xapaKTepHo rro.HBneHHe B cITeKTpax · TepMo,necop6u;HH NH3 cJia6bIX 
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KHCJI0THhIX :ueHTp0B c MaI<CHMYM0M" ,[(ecopoa;mi 85-95~ H yBeJIHqeHHe o6mero qHCJia 

KHCJI0THhIX a;eHTpoB. TaK, npH BBe.n;emm SAPO-5 H SAPO-11 B KarnnmarnphI o6mee qHcno 

KHCJI0THhIX a;eHTp0B yBeJIHqHBaeTCH B 1,3 H 4,2 pa:m no cpaBHeHHIO C KaTam13aTopoM, 

co,nep)l<aIQHM a;e0JIHT Y. OTHOCHTeJihHOe co,nep)l(aHHe KHCJI0THhIX ueHTJ)0B cpe,nHeii CHJihl 

B03pacTaeT C 51,8% .[(JIH KaTaJIH3aTOpa, MO,n:mpHa;HpOBaHHOfO a;e0JIHTOM Y, ,n:o 56,1 H 77,8% 

rrpH Mo,n:mpHa;HpoBaHHH SAPO-5 H _ SAPO-11, coorneTcTBeHH0. TaKoe H3~eHeHHe crreKTpa 

KHCJI0THhIX a;eHTpoB H yMeHhIIIeHHe pa3MepoB rrop B SAPO-5 H SAPO-11 conpoB0)l(.[(aeTcH 

CHH)l(eHHeM KOHBepCHH H-reKcaHa H p0CTOM ceJieKTHBH0CTH c o6pa3oBaHHeM TOJihKO 2-H 

3-MeTHJireKCaHOB. 

KoHBepCHH H-reKcaHa pacTeT rrpH BBe,UeHHH B C0CTaB Pt- H Pd-KaTaJIH3aTOpOB a;e0JIHTa 

ZSM-5. B 3TOM cnyqae B rrpo,uyKrnx peaKUHH ttapH,uy c C6 -H30MepaMH o6ttapy)l(eHhI 

60JlhIIIHe K0JIHqecTBa rrponaHa, H- H H3o6yrntta, H- H H30IIeHTaH0B, qTo M0)l(eT 

CBH,n:eTeJihCTB0BaTh 06 H3MeHeHHH MeXaHH3Ma peaKD;HH H yBeJIHqeHHH ,[(0ITH rrpou;eccoB 

,[(HMepH3a:UHH - KpeKHHra C p0CT0M K0HBepCHH H-reKCaHa. TIOBhIIIIeHHe ,n:HcrrepcH0CTH Pd 

TaK)l(e corrpoBO)l(,[(aeTCH pOCTOM KOHBepCHH H-reKCaHa KaK 3a cqeT IIOBbIIIIeHHH 

H30MepH3y10meii crroco6HocTH, TaK H ycmICHHH rrpou;eccoB KpeKHHra. TaK, B cnyt.Jae 

Pd-KaTaJIH3arnpa, rronyqeHHoro H3 30JIH Pd ( d = 25 A 
0
), K0HBepcHH rrpH 250°C cocTaBJIHeT 

72,6% no cpaBHeHHIO c 34,8% Ha Pd-KaTaJIH3aTOpe H3 PdCh. KaTanmarnphI, rrorryqeHHhie 

m 6HMeTaJIJIHqecKHX Pd-Pt-3oJieii (10-30%Pt), TaK)l(e 6onee aKTHBHhI, t.JeM rronyqeHHhie 

rrporrHTKoii HOCHTeJIH pacrnopaMH H2PtCl6 + PdCh. 

MeTO,[(OM 3JieKTpOHHOM MHKpOCKOIIHH IlOKa3aHO, qTo B Pd-KaTamBaTOpax Ha OCHOBe 

30Jieii Pd 0CH0BHruI Macca qacTHU HMeeT pa3MephI 25A
0

, KOTOphie paBH0MepH0 

pacrrpe,neJieHhl _no IlOBepxHOCTH MaTpHD;hl. CorrocTaBJieHHe H30Mepmy10me0: aKTHBHOCTH 

Pt- H Pd- KaTaJIH3aTOpoB c pacrrpe,nenettHeM KHCJI0THhIX a;eHTp0B no TepMo,necop6a;HH NH3 

TIOKa3aJIH, qTo Ha6n10,uaeTCH K0ppeJIHD;HH H30Mepmy10meii cnoco6HOCTH C K0JIHt.JeCTBOM 

cpe,nHHX H crra6hIX KHCJI0THhIX a;eHTp0B, rn,upoKpeKHpy10meiI aKTHBH0CTH C co,nep)l(aHHeM 

CHJihHhIX KHCJI0THhIX ueHTp0B. 

Ha OCHOBaHHH aHaJIH3a rrpo,nyKTOB rrpeBpamemrn H-reKcaHa Ha pa3JJHqHhIX no COCTaBY, 

,nHcrrepcHoCTH MCTaJIJIHqecI(HX qacTHU H Mern,naM nonyt.JeHHH Pt-, -Pd- H Pd-Pt

KaTaJIH3aTOpax C.[(eJiaHhl BhIB0,[(bl 0 rrpeo6rra,uaHHH M0H0M0ITeKyJIHpH0fO HJIH 

6HMOJieKyrrHpHOfO MexaHH3Ma peaKD;HH H30Mepmau;mI H-reKcana B 3aBHCHM0CTH OT 

nopHCTOH CTPYKTYPhl ,u;eoJIHTOB, ,[(HCIIepcnocTH MeTaJIJI0B H pacrrpe,neJieHHH KHCJI0THhIX 

a;eHTpOB H3yt.JeHHhIX MHOfOKOMilOHeHTHhlX CHCTeM 

.JluTepa-rypa 

[l]F.Alvarez, F.R.Ribeiro. G.Giannetto, F.Chevalier, G.Perot, M.Guisnet, Stud. Surf. Sci. Catal., 
49(1989)1339. 

[2]E.Biomsma, J.A.Martens, P.A.Jacobs, J.Catal. 165(1997)241. _ 
[3]P.Canizares, A.de Lukas, F.Dorado, D.Perez, ~ppl.Catal.A:General 190(2000)233. 
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0 MEXAHH3ME CEJIEKTJIBaoro BOCCTAHOBJIEHIDI NOx ITPOIIAHOM 

'B II31ihITKE KHCJIOPO,ll;A HA.Cu,Zn,AI OKCH,l(HOM KATAJlll3ATOPE 
IIO ,ll;AHHLIM CIIEKTPOKHHETHqECKHX H3MEPEHHH 

THE MECHANISM OF NOx SELECTIVE REDUCTION BY PROPANE IN THE 
PRESENCE OF EXCESS OXYGEN OVER Cu-Zn-Al OXIDE CATALYST BASED 

ON SPECTROKINETIC MEASUREMENTS 

3aKopqesuau IO.II., MaTLimaK B.A.*~ liyp.r.eiiuaH T.H. u TpeTbHKOB B.«I>. 

Zakorchevnaya Yu.P., Matyshak V.A.*, Burdeinaya T.N. and Tretyakov V.F. 

l1HcTHTYT Heqnex0:M0:qecKoro CHHTe3a HM. A.B. Torrq0:eBa PAH 
J1eHHHCKHH rrp., 29, MocKBa 119991, Poccm1 

Fax: + (095) 230 2224; E-mail: tretjakov@ips.ac.ru 

* 11HCTHTYT XHMHqecKoii q>H3HKH HM. H.H. CeMeHoBa P AH 
yn. KochirnHa, 4, MocKBa 117334, Poccm1 

Fax:+ (095) 938 2156; E-mail: matyshak@polymer.chph. ras. ru 

NOx reduction over a commercial Cu-Zn-Al oxide catalyst was studied by spectrokinetic 
measurements (in situ IR Fourier spectroscopy). Surface nitrates · and nitro-organic 
compounds are found to be the intermediates. Obtained information on reaction mechanism 
allows to explain temperature dependence of reaction rate, as well as the synergistic effect 
re,sulting from mechanical mixing of this catalyst with a commercial Fe-Cr oxide catalyst. 

B rrocne,nHHe .necSITHJieTH5I MH0ro BHHMaHH5I y nen5IeTC5I pa3pa60TKe KaTanH3aTopoB nm1 

peaKIJ;lilI ceneKTHBHOro BOCCTaHOBJieHH5I OKCH,l(OB a30Ta yrneBo,n:opo,naMH B H36bITKe 

KHcnopo.na (CKB) [1]. 

O,nHHM ll3 cnoco6oB C03.l(aHH5I 3<p<peKTHBHhIX KaTanHTHqecKHX CHCTeM ,nn5I 3TOro 

rrpou;ecca 5IBJI5IeTc5I Hcrronb30BaHHe 3cp<peKTa CHHeprH3Ma, 3aKmoqaromeroc5I B cBepx

a.n,n:HTHBHOM yBeJIHqeHHH KaTanHTHqecKOH aKTlIBHOCTH Ha MeXaHHqecK0H CMeCH 

KaTanH3aTopoB no cpaBHeHHIO C HH.UHBH,nyanbHblMH KaTanH3aTOpaMH, BXO.l(5Ill(1IMH B MX 

~OCTaB [2]. TaKOH 3cpcpeKT o6Hapy)KeH rrpH ll3yqeHHH ceneKTHBH0ro BOCCTaHOBJieHH5I NO 

rrporraHoM Ha rrpoMhimneHHbIX OKCH.l(HbIX KaTanH3aTopax CTK, Ni-Cr-oKCH.UHOM, HTK-10-1, 

He co,nep)Kall(HX a CBOeM COCTaBe 6naropO.l(HbIX MeTaTJJIOB [3]. 

Ha 0CH0Be KirneTHqecKHX 0: TepMo.n:ecop6a;HOHHblX ll3MepeHHH onpe.neneHI,I 

3KCrrepHMeHTanbHbie ycJIOBHSI, rrpH KOTOpbIX Ha6nro,naeTC5I CHHeprH3M. )];JISI ycTaHOBJieHH5I 

rrpHpO.l(hl CirneprH3Ma rrpoBe,neHO HCCJie,UOBaHHe ,neTaJibHOro MexaHH3Ma rrpou;ecca Ha 

Cu,Zn,Al OKCH.l(HOM KaTaJIH3aTope. 3KcrrepHMeHTanhHhlli rro.nxo.n 3aKJIIO"llanCSI B 

O.l(HOBpeMeHHOM H3MepeHHH crreKTpOB IlOBepXHOCTHblX coe,nHHeHHH C IlOMOIUhIO <l>yphe HK 

crreKTpOCKOTIHH (,nHcpcpy3HOro OTpa)KeHH5I rt rrporrycKaHHSI) H CKOpOCTH peaKUHH. ,[(JI5I 

BbfflCHeHH5I po.rm a.n:cop6a;HOHHbIX cpopM peareHTOB B myqaeM0M rrpou;ecce rrpOBO.l(HJIHCh 
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TepMo,n;ecop6:o;HOHHbie o'rrhIThI Herrocpe,n;crneHHO B MK KIOBeTe C 0.l(HOBpeMeHHhIM 

H3MepemieM crreKTpOB IIOBepXHOCTHhIX COe,l(HHeHHH. 

TioKa3aHO, qTQ OCHOBHOH q>opMOH aK1:HBau;m:1 0KCH,n;a a30Ta HBJUIIOTCH o6pa30BaH,He Ha 

II0BepxHOCTH HHTPHTHhIX H HHTpaTHbIX K0MIIJieKC0B. ll3yqeHa HX TepMOCTa6HJihHOCTh, 

orrpe,n;erreH K03q>q>HUHeHT 3KCTHHKUHH KOJie6aHHH HHTpaTH0ro II0BepxH0CTHOro K0MilJieKca. 

O6Hapy)l(eHa aKTHBHp0BaHHaH a,n;cop6nHH rrporraHa. BoUICHeHa porrh KHcrropona B 3TOM 

rrpou;ecce. ,[(ecop6UHH KHcrropo,n;a rrocrre ero HHJJ:HBH.l(YaJibHOii a;::i:cop6u;m-:1 He Ha6rrro,l(aeTcH. 

B ycrrom-rnx cerreKTHBHOro KaTanHTHqecKoro BOCCTaHOBrremrn OKCH):(OB a3OTa rrporraHOM 

B H36bITKe KHCrropo.l(a Ha II0BepXH0CTH KaTaJIH3aTOpa no ,l(aHHbIM crreKTp0KHHeTHqecKHX 

H3MepeHHH Ha6rrronaIOTCH HHTpaTHbie II0BepXH0CTHbie KOMIIJieKCbl H OKHCJieHHbie 

q>parMeHTbI rrporraHa (HHTpoopraHHqecKHe . KOMIIJieKCbI). flpoBe,l(eHO cpaBHeHHe CK0p0CTH 

rrpeBpamenm1 IiHTpaTHoro K0MrrrreKca H cKopocTH CKB NOx B HHTepBane 200-300°C. 

0Ka3aJ10Ch, qTQ COBrra,neHHe YKa3aHHhIX ~KOpOCTeii Ha6JIIO,l(aeTCH TOJihKO rrpH 200°C, 

~npH IT0BbIIIIeHHH TeMrrepaTypbl CKOpOCTh rrpeBpameHHJI HMTPaTHOro K0MIIJieKca rrpeBbIIIIaeT 

CKOp0CTb peaKIJ;MM. 3TOT 3q>q>eKT o6bHCHHeTC5I B paMKax MexaHM3Ma, B K0TOp0M 

MHTepMe,n;MaTaMM HBJIHIOTCa HMTpaTHbIH M HHTpoopraHMqecKMH II0BepXHOCTHhle K0MIIJieKCbI. 

llHq>OpMaIJ;H5I O MexaHM3Me rrpou;ecca MCII0Jib3yeTCH .l(JIH o6bHCHeHM5I HeBbICOK0H 

aK,MBHOCTH n3y1:.1aeMoro KaTanmaTopa B CKB NOx.: Tipn1:.1nHa 3aKrrro1:.1aeTcH He TOJibK0 B 

3q><peKTHBHOM rrpoTeKaHHH Ha 3T0M KaTanM3aTope peaKIJ;MM rrry6oKoro 0KMCJieHMH rrporrana, 

HO M B TOM, T.J:T0 B rrpncyTCTBHM KMCJI0p0.l(a HMTpoopraHMT.J:eCKMH K0MIIJieKC rrpeBpamaeTCH He 

TOJI~Ko B rrpo,n;yKTbI peaKUMM, HO M B NOx M CO2. 

Ha OCH0Be rrorry1:.1eHHbIX ,n;aHHhIX o6cy)l(.l(aIOTCH rrpnqMHhl CHHeprn3Ma B rrpou;ecc CKB 

npH MexaHMT.J:eCKOM CMeIIlHBaHHH M3yqaeMoro KaTaJIH3aTopa C npOMhIIIlJieHHhIM 

KaTanmampoM CTK. 

Pa6orn BblII0JIHeHa IIpH qmHaHCOBOH P<I><I>ll. 

flpoeKT N2 02-03-33161. 
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MEXAHH3M KATAJIHTH"l{ECKoro HPOQECCA IlPEBP A~EHIUI 

C)KII)KEHHOro HE<l>TBHOro r A3A B JKH)];KHE Yr JIEBO,ll;OPO,ll;LI 

MECHANISM OF CATALYTIC PROCESS OF CONVERSION 
OF LIQUEFIED PETROLEUM GAS TO LIQUID HYDROCARBONS 

3aKyM6aeea r.,zi;., To1na6aeea H.<I>., rop6aqeea JI.B., 
Ky6ameea A.'.JK. u JIHmeHKO A.H. 

Zakumbaeva G.D., Toktabaeva N.Ph., Gorbacheva L.V., 
Kubasheva A.Zh. and Lyashenko A.I. 

HHCTHTYT opraH11qecKoro Karnmna II 3neKTpOXIIMIIII HM. ,[(.B. CoKonI>cKoro MOH PK 
yn. KyHaeBa, 142, AnMaTbI 4-80100, Ka:mxcrnH 
Fax : (3272)915722; E-mail:orgcat@nursat.kz 

Using of heterogeneous catalyst in process of alkylation of pentane by Ci-C4-alkanes has 
been studied. Influence of pressure and temperature on process of interaction of pentane and 
alkanes has been shown. It was established that zeolite containing catalyst in one stage 
conducts dehydrogenetion, isomerization and alky lation. Mechanism of conversion was 
explained. 

TexHOJIOrH.SI rrpOII3BO,UCTBa aJIKIIITaT-6eH3IIHa, KaK KOMIIOHeHTa BbICOKOOKTaHOBbIX 

6eH3HHOB, OCHOBbIBaeTCSI B MIIpOBOH rrpaKTIIKe Ha rrpIIMeHeHHII B KaqecTBe KaTaJIII3aTopoB 

)KII,UKIIX MIIHepanbHbIX KIICITOT. 3Ta TeXHOITOrHSI Tpe6yeT BbICOKIIX y .nenbHbIX pacxo,noB 

KaTaJIH3aTopa, :meKTpO3HeprIIII, SIBJrneTCSI 3KOJIOfHqecKII orraCHOH. C IICIIOJib3OBaHIIeM 

reTeporeHHbIX KaTaJIII3aTOpOB pernaIOTCSI BCe 3TII Tpy,nHOCTII. 

AnKHnaT, rronyqeHHbIH II3 nerKHX aJIKaH0B II oneq>HHOB B rrpou;ecce aJIKIIITHp0BaHIISI C 

rrpttMeHeHHeM TBep,noro KaTaJIH3aTopa, rro Kaqecrny He ycryrraeT anKHnary, rronyqeHHoMy B 

Tpa,nIIIJ;HOHHbIX rrpOMbIIIIneHHbIX rrpou;eccax. 

B KaqecTBe KaTaJIH3aTopoB HCIIOJ1b3OBaJIHCb ueonHTCO,nep)l(amHe CHCTeMbl C 

yc11neHHhIMH KHCJIOTHbIMH CBOHCTBaMH H rrpoMOTHpOBaHHhie pa3nHqHbIMH MeTannaMII. 

HcrrbITaHHSI KaTaJIH3aTopoB rrpOBOJJ:HITHCb B rrpoToqHOH ycTaHOBKe rrpII BapbIIpOBaHIIH 

TeMrrepaTypbl rrpou;ecca (200-400°C), ,naBneHHSI (0,25-1,5 Mila), 061>eMHOH CKOpOCTH 

rro,naq11 CblpbSI (150-300 q·1
). B Kaqecrne CblpbSI HCIIOJib30BaJIH CMeCh rreHTaHa H 

C)l(II)l(eHHoro Heq>rnHoro ra3a ( CHf ), cocTo»mero II3 C2-C4-anKaHOB. 

Haii,neHO, qro B rrpIICYTCTBIIII OIITIIMaJihHOro KaTaJIII3aT9pa rrpII BapbHpOBaHIIH 

,n:aBJieHIISI CMeCII B IIHTepBane 0,25-1,5 MITa H TeMrreparype 200°C rrpH B3aIIMO.[(eHCTBHH 

rreHTaHa c CHf o6pa3yIOTCSI )l(H.[(KHe yrneBO.[(OpO.[(hI, a TaK)l(e oneq>IIHbl 11 BO,nopo,n. B 

ra3oBoii q>a3e o6Hapy)l(eHbI HerrpopeampoBaBrnHe rreHTaH 11 Ci-C4-anKaHbI, oneq>HHhI C3-C4. 

B )l(IIJJ:KOH q>a3e KaTanH3aTa naii,neHhI C5-C8+-yrneBo,nopo,n1,1. KoHBepcII» rreHTaHa c pocTOM 
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,naBnemu1 OT 0,25 ,n;o 1,5 Mlla npoxo,n;HT qepe3 MaKcHMyM npH 0,5 Mlla H cocrnBmieT 55%. 

C noBhIIIIeHHeM TeMneparyphI OT 200 ,n;o 300°C npH ,n;aBneHHH 0,5 Mlla B )I(H,Zl;KOH $rue 

KpOMe HenpopearHpoBaBmero neHTaHa o6Hapy)KeHbI yrneBO,[(OpO,[(bl: H30~ H'H-reKcaHbI, H30-

H H-renTaHbl, H30- H H-OKTaHI,I, Tonyon, 3THn6eH30n, KCHnOnbI. CyMMapHoe co,n;ep)KaHHe 

u;eneBbIX npo,n;yKTOB, SIBmIIOIUHXCSI KOMITOHeHTaMH 6eH3HHa, COCTaBnSieT 70%. 

Prupa6oTaHHbIH KaTanH3aTOp ,Zl;OCTaT01IHO aKTHBeH B MSirKHX ycnoBHSIX pa60TbI. ITpH 

aTMOC<pepHOM ,n;aBneHHH H TeMnepaType 400°C npH MKHnHpOBaHHH neHTaHa C2-C4-

anKaHaMH IIOSIBnSieTCSI CBeTm,rn )KHJJ;KHH npOJJYKT, COCTaB KOToporo npe,n;cTaBneH C6-C9+

yrneBo,n;opo,n;aMH. CyMMapHbIH BbIXO.L( )I(H,[(KHX yrneBo,nopo,noB C6+ COCTaBnSieT 95,4%, B TOM 

1IHcne H30- H H- reKCaHhI ( 1,6% ), H30- H H- rerrTaHbI ( 3,5% ), H3?- H H- OKTaHbI ( 29%) H 

6onee TSI)Kenhle yrneBo,n;opo,n;bI ( 61,3 % ). 

Ilpe,nnaraeMbIH KaTanH3aTOp rronH<pyHKU:HOHaneH H o,ttHOBpeMeHHO B o,n;Hy CTa,n;mo 

rrpoBO,Zl;HT ,n;ern,n;pHpOBaHHe, H3OMepH3au;:mo H MKHnHpOBaHHe H3O-anKaHOB one<pHHaMH, 

o6pruyroIUHMHCSI B rrpou;ecce npeBpameHHSI HCXO,[(HOfO CblpbSI. ITpe,n;naraeTCSI MexaHH3M 

peaKD;HH. IIpoTeKaHHe peaKUHH ,n;ern,n;pHpOBamrn IlO,[(TBep)K,[(aeTCSI HMH1IHeM B rrpo,n;yKTaX 

Bo,n;opo,n;a H oneqmHoB. 
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MEXAHHlM KAT AJIHTH"l{ECKoro IlPEBPA~EHIDI JIErKIIX AJIKAHOB 

B OJIE<I> IIHbl 

MECHANISM OF CATALYTIC CONVERSION OF LIGHT ALKANES 
TOOLEFINES 

3aKYM6aesa r.~., Tmna6aesa H.<I>., Ky6amesa A.)K'., lipo.LJ;CKHH A.P. u RcKeBH''I B.11. 

Zakymbaeva G.D., Toktabaeva N.Ph., Kybasheva A.Zh., Brodsky A.R. and Yaskevich V.I. 

I1HCTHTYT opraHHqecKoro KaTaJIH3a H :rneKTpoxHMHH HM. ,[(.B. CoKorrI>cKoro MOH PK 

yrr.KyHaeBa, 142, ArrMaTbI 480100, Ka3axcrnH 

Fax: (3272) 915722; E-mail:orcat@nursat.kz 

The investigation of catalytic conversion of C2-C4-alkanes in the presence of iron 

containing catalysts has been performed. The optimal conditions of conversion of alkanes to 
olefines have been conditioned. The state of iron in catalyst and mechanism of conversion of 
alkanes to olefines have been determined by Mossbauer spectroscopy "in situ". 

OcHOBHbIM KrraccHqecKHM HCTOqHHKOM CblpMI ,llJIH rrpOH3BO,llCTBa 3THJieHa HBJIHeTCH 

Haqna. Ilpou;ecc rrorryqemrn orrecpHHOB H3 C2-C4 arrKaHOB HBJIHeTCH HOBbIM, Marro 

HCCJie,llOBaHHbIM rrpoueccoM. 

KoHBepcmo C2-C4 arrKaHoB myqarru B · · rrpoTOqHoM KBapueBoM peaKTope co 

crnrJ;'.HoHapHI>IM crroeM KaTarrmarnpa 5% Fe/SiO2 H 10% Fe-Mo/SiO2 rrpH aTMoccpepHoM 

,naBJICHHH. 

IlOKa3aHo, qTQ B rrpHCYTCTBHH 5% Fe/SiO2 KaTarrmarnpa CTerreHb KOHBepcHH 3aBHCHT 

OT TeMrrepaTypoI H 061>eMHOH CKOpOCTH rro,nalJH arrKaHOB. IlpH TeMrrepaType 903 K H 

W= 250 q-l KOHBepCHH aJIKaHOB COCTaBJIHeT 80,3% Mace, B rrpo,nyKTaX peaKUHH o6Hapy)KeHO 

,no 22,6 % 3THJieHa, a cyMMapHI>Iii BI>IXO,n orrecpHHOB C2-C4 cocrnBnHeT 39 %. B rrpo,nyKTax 

peaKUHH TaK)Ke HaH,neHbl 6eH30JI, MeTaH H BO,nopo,n. C IIOBbiilleHHeM TeMrrepazypol peaKUHH 

,no 953 K rrpH Tex )KC CKOpOCTHX IlOTOKa ra3a KOHBepcHH pe3KO B03pacTaeT H ,[(OCTHraeT 

98,9 %, BbIXO,ll 3THJieHa COCTaBJIHeT 45-46 %. CyMMapHbIH BbIXO,ll oneqmHOB ,llOCTHraeT 

52,9-53,2 %. 

IlpoMOTHpOBaHHe )KCJie3HOro KaTaJIH3aTopa MOJm6,neHOM rrpHBO,llHT K IIOBbiilleHHIO 

KOHBepcHH ra3a H BbIXo,na 3THJieHa. B rrpHcyTcTBHH 10 % Fe-Mo/SiO2 rrpH 923 K H 

W=250 q-l KOHBepCHH COCTaBJIHeT 95, 7 %, B rrpo.nyKTax peaKUHH- o6Hapy)KeHo ,no 50,5 % 

3THJieHa, cyMMapHI>IH BI>Ixo,n C2-C4 onecpHHOB paBeH 58,2 %. 

Mecc6ay3poBCKHe crreKTpoI CHCTeMbI Fe-Mo/SiO2 rrocne rrporrHTKH pacrnopaMH coneii 

)KCJie3a H MOJIH6,neHa, CHHTbie rrpH 293 K H TeMrrepazype )KH,llKOro a30Ta, rrpe,ncTaBJIHIOT 

co6oii cyrreprr03HUHIO .llBYX .ny6neTOB, OTBel.!aIOIUHX BbICOKOCITHHOBbIM COCTOHHHHM Fe13
+ H 
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Fei3+ c 6JIH3KHMH 3HaqeHHHMH moMepHbIX c,uBHroB (8E1) H pa3JrnqHblMH 3HaqeHHHMH 

KBa,upyrroJibHbIX pacmerrneHHH (8EQ). MmKHO rronaraTb, qrn cocTOHHHH Fe1
3
+ H Fei3+ 

COOTBeTCTBYIOT pa3JIHqHbIM IlOJIO)l(eHHHM )l(eJie3a Ha IlOBepXHOCTH HOCHTemI, B qacTHOCTH, 

cpopMa c MeHbIDHM EQ B03MO)l(HO orneqaeT 6onee rny6oKo pacrroJio)l(eHHoMy )l(eJie3y. 

IlpoKanKa CHCTeMbl IIpH TeMrreparype 693 K rrpHBO,UHT JIHIIIb K HeKOTOpoMy yBeJinqeHHJO EQ 

,uJIH o6eHx <popM )l(eJie3a. 

CrreKTpbI, IIOJiyqeHHbie rrpH TeMrrepaType )l(H,UKOro a3OTa, IIOKa3bIBaIOT, qTo ,Ua)l(e rrpH 

80 K B CHCTeMe OTCYTCTBYIOT MarHHToynop.H,uoqeHHbie o6pa30BaHH.H. 3ro CBH,UeTeJibCTByeT 

0 TOM, qTo pa3Mep arperaT0B MeTanJia Ha HOCHTeJie He rrpeBbIIIIaeT 5-7 HM. ,[(aHHbie no 

BOCCTaHOBJieHHIO KaTaJIH3aTopa B aTMoccpepe BO,Uopo,ua B HHTepaane TeMrrepaTyp 393-793 K 

- IIOKa3hIBaIOT, 1ITO Ha1IHHaH C 393 K B03HHKaeT BbICOKOCilHHOBOe COCTO.HHHe Fe
2
+ (~5 -%) H 

rrpH 793 K ero OTHOCHTeJibHoe co,uep)l(aHHe IIOBhimaerc.H ,no 80 %. KaK II B cnyqae c 

)l(eJie30M ( 111 ), F e2
+ rrpe,ncrnBneHo ,nByMH cpopMaMH. Mo)l(HO rronaraTh, 1ITO Ka)l(,noi1 cpopMe 

. Fe2+ orne11aeT CBOH rrpe,nIIIecrneHHHK - coorneTcrny10maH cpopMa Fe
3
+. IlpH 793 K 

KaTaJIH3arop co,nep)l(HT ,uo 10 % MeTaJIJIH1IecKoro )l(eJie3a (a-Fe). 

Mecc6ay3poBCKHe crreKTpbI Fe-Mo/SiO2, rrony11eHHbIe rrpH TeMrrepaType )l(H,UKoro 

a3orn; IIOCJie ero rrpoKaJIKH Ha B03,uyxe rrpH 793 K (rrpe,uBapHTeJibHO B0CCTaHOBJieH B 

aTMoccpepe BO,nopo,ua) IIOKa3bIBaIOT, 1ITO IlOCJie UHKJia BOCCTaHOBJieHHe - 0KHCJieHHe 

. CHCTeMa co,uep)l(HT ,n:Be cpopMbl F e3+, 6JIH3Klf e K cpopMaM, rrpHCYTCTBOBaBIIIHM ,no 

. BOCCTaHOBJieHH.H. KpoMe 3T0fO, . crreKTpbI IIOKa3bIBaIOT HaJIH1IHe 0KOJIO 10 % 

MarHHTOyrrop.H,n01IeHHblX o6pa30BaHHH . rrpe,urrono:»rnTeJihHO B BH,Ue Fe2O3 (reMaTHT) HJIH 

Fe3O4 (MarHeTHT). Cne,noBaTeJibHO, IIOCJie UHKJia BOCCTaHOBJieHHe - OKHCJieHI-ie rrpOHCXO)XHT 

HeKOTOpoe yKpyrrHeHHe 1IaCTH )l(eJie3oco,uep)l(aU~HX arperaTOB BITJIOTh ,uo 9-11 HM. 

PaccMorpeH MexaHH3M rrpeBpameHHH C2-C4 arrKaHoB Ha )l(eJie3oco,nep)l(am:eM 

· -Karanmarnpe «in situ». 
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MEXAHII3M CIIHTE3A «l>HillEPA-TPOilillA HA MOHO-

H liHMETAJIJIHqECKHX PYTEHHHCO,L(EP)KAil(IIX KATAJIII3ATOPAX 

THE MECHANISM OF FISCHER-TROPSCH SINTHESIS ON MONO
AND BIMETALLIC Ru-CONTAINING CATALYSTS 

3aKyM6aeea r .,[(., illanoeaJioea JI.Ji. u ra6.upaKunoe A.B. 

Zakumbaeva G.D., Shapovalova L.B. and Gabdrakipov A.V. 

I1HCTHTYT opraHHqecKoro KaTaJIH3a H 3JieKTpoxHMRH HM. ,l(.B.CoKOJibCKoro MOH PK 
KyHaena, 142, AnMaTbI, Ka:mxcrnH 

E-mail: orgcat@nursat.kz 

Study of adsorptive and catalytic properties of supported mono- and polymetallic 
Ru-M-catalysts (M = Fe, Co, Cu, V, Cr, Mn, Ce) for Fischer-Tropsch synthesis has been 
carried out in this work. The mechanism of CO adsorption and CO+H2 interaction over Ru
and Ru-M-catalysts were defined by using experimental and quantum chemical methods. 

B naHHOH pa6oTe npHBeneHbI pe3yJibTaTbI CHCTeMaTHqecKoro HCCJie,n;oBaHH5I 

a,n;cop6r~HOHHbIX H KaTanRTHqecKHX cnoiicrn Ru/ AhO3 H Ru-M(l: 1 )/ AhO3-KaTaJIR3arnpoB 

(rne M = Fe, Co, Cu, V, Cr, Mn, Ce) CHHTe3a <I>mnepa-Tpomna. 

fn,n;pHpOBaHHe co Ha Ru-M-KaTaJIII3aTOpax npHBOJ(HT K o6pa30BaHHIO crreKTpa 

opraHnqecKHX coe,n;HHemra C pa3JIHqHbIM MOJieKymipHbIM BeCOM ( OT C1 no Cm), B TOM qHcJie 

oneqmHOB H napaq>HHOB H- H H3O-CTpoeHH5I, a TaK)Ke KlfCJIOpo.uco,n;ep)KaIIJ;HX coenHHCHHH. 

,l(mI Ka)K,l(Oro KaTaJIH3aTOpa xapaKTepeH orrpe.ueneHHbIH Ha6op rrpo.n;yKTOB, 3aBHC5IIIJ;HH OT 

npHpo,n;bI MeTarrna-,n:o6aBKH. Ha Ru-AhO3 o6pa3yeTC5I npenMym:ecrneHHO MeTaH. 

YcTaHOBJieHO, qrn Ha nonepxHOCTH 6HMeTaJIJIHqecKRX Ru-M-KaTaJIH3aTOpOB pyTeHHH 

HaXOL(HTCJI B BHJ(e Ru0 H Ru0
+. 3HeprmI CB5I3I1 Ru3p312-3JieKTpOHOB H3MemieTC5I B lIIHpOKHX 

rrpe.uenax OT 461,2 no 464,3 3B, T.e. OT Ru0 .uo Ru0+, CHH)KaJICb B pJI,n;y ,n;o6anoK: Cr > Mn > 

Ce > Cu > V > Co > Fe. 3HaqeHH5I :meprnH CBJI3H 2p312-3JieKTpoHOB Mernnnon-.n;o6anoK 

coorneTcTByIOT ttx oKncneHHbIM cocToJIHHJIM. Ilpeo6na.ua10T qacTHI.(bI Ru0 c ds5 A, 

o6oe,n;HHeHHbie B 6onee KpyrrHbie arperaTbI, OKCH.UHbie cTpyKTYPbI M-,n;o6aBKH H peHTreHo

aMopcpHbie o6pa30BaHH5I, H.L(eHTHq>Hl(HpOBaHHbie KaK Ru-M-KnacTepbI. CymecTBOBaHHe 

Ru-M-KnacTepoB rronrnep)K,n;eHO KBaHTOBO-XHMHqecKHMH pacqeTaMH H 3KCrrepHMeHTaJibHO. 

O6pa30BaHHe Ru-M-KnacTepoB cymecTBeHHO CHH)KaeT TCITJIOTY a.ucop6u:im B0,n;opo,n;a. 

qHmax (K)]>KIMOJib) MeHJieTCJI B pJI,n;y: Ru (146,0) > Ru-Mn (106,6) > Ru-Fe (101,8) > Ru-Cr 

(101,0) > Ru-Ce (99,6) > Ru-Cu (77,4). MHKpoKanopHMeTpHqecKHe H KBaHTOB0-XHMHqecKHe 

HCCJie,n;oBaHH5I ITOKa3bIBaIOT, qTo H2 aKTHBHpyeTCJI Ha Ru
0

, BXOnJimeM B COCTaB MOHO- H 

6HMeTaJIJIHqecKHX KJiaCTepoB. 
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MaKCllMaJibHbie TeilJIOTbI COa.u.c Ha Ru-M/AhOJ TaK)Ke HH)Ke, -cieM Ha Ru/AhO3; qcomax 

(K,[()1(/MoJio): Ru (199,0) > Ru-Fe (134,0) > Ru-Mn (118,5) > Ru-Ce (118,3) > Ru-Cr (112,7) 

> Ru-Cu (97,6). YcraHOBJieHo, -ciTo CO Ha Ru/AhO3 xeMocop6HpyeTC51 IIpeHMymecrneHHo B 

MOCTHKOBOH q>opMe c II.II. 1940 CM-I (Ru2 °CO) H 1880, 1820 CM-
I 

(Run °CO). Ha Ru-M/ AbO3 

rrpeo6Jia;:(aeT CO, JIHHeiiHo xeMocop6HpoBaHHhIH Ha M 0 (2000-2070(80) CM-1) H Mn+_ 

ueHrpax (2130-2190 CM-I), qTo cornacyeTC5I c KBaHT0B0-XHMHqecKHMll pac1IeTaMH: C-aTOM 

M0JieKyJibl co npH xeMocop6a;HH Ha Ru
0
-ueHTPaX K00p,UHHHpyeTC51 C TPCM5I Ru-aTOMaMH C 

3aceneHH0CT5IMH CB5!3H N (M-C) 0,588, 0,612 H 0,612, qm cooTBeTcrnyeT RunCO (1970-1860 

CM-
1
). Ha 6HMCTaJIJIHqecKHX UCHTpax Ru-M ,UOKa'.3aH0 rrpeo6na,uaHHe JIHHCHHbIX CllJibHO 

pa3pbIXJICHHbIX q>OpM COa,nc• • 

AHaJill3 pe3y Jib TaT0B TepMo,necop6unoHHbIX, MK-crreKTpOCKOIIHqecKHX H KBaHTOBO

XllMll"llCCKllX HCCJIC,UOBaHHH xeMocop6uHH co H C0IIOCTaBJICHHe HX c ,UaHHbIMH no 

rn,nporeHH3au;mt no3B0JI51CT rrpe,un0JI0)KHTb, qTo OCH0BHa5I qacTb MCTaHa o6pa3yeTC.sI IIpH 

a,ncop6unn co no .UHCCOUHaTHBHOMY MexaHll3MY, IIpenMyII(eCTBCHHO Ha Ru
0
-ueHTpax. 

MoHOMCHUIJillqecKHe Ru0
-ueHTpbI xapaKTepH3YIOTC5I BblCOKOH aKTllBHOCTblO no Bo,nopo.uy. 

Eonee CJIO)I(HbIC rrpouecCbI npOHCX0,U.sIT Ha 6nMeTaJIJIHqecKHX ueHTpax, r,ne HMCCT MCCTO 

accouHaTHBHa51 a,n:cop6un.s1 CO (nnHeHHbie q>opMnI), a HaIIpaBJieHne peaKUHH CO+H2 

3aBHCHT OT rrpHpO,[(hI BTOporo K0MnoHeHTa 6HMeTaJIJIHqecKoro pyTeHHHCO,nep)KaII(ero 

KaTaJill3aTOpa. A,n:cop6un.s1 H B3aHMO,[(CHCTBHe co H BO,n:opo,ua MO)KeT IIp0HCXO)];HTh IIO 

rpaHHUe pa3,nena <pa.3 B KJiaCTepe Ru-M1. 3apO)K,UeHHe uerrn HaqHHaeTC.sI B3aHMO,UCHCTBlleM 

co ll ao,nopo,na Ha·6HMCTaJIJIH"llCCKOM a.KTHBHOM ueHTpe. Pa3BHTHe uerrH npOJICXO,UHT Ha TOM 

)KC caM0M UCHTpe rryTeM BHe,npeHH.sI JIHHCHHO xeMocop6npoBaHHOH MOJieKyJibl co no CB513H 

M-aJIKHJI. B3aHMO,[(CHCTBHe IIpoMe)KyTOqHoro ~UHJICO,nep)Kamero coe,UHHCHH51 C BO,Uopo,noM 

ll nocne,ny10mee 3JIHMHHHp0BaHHe B0,Ubl rrpHBO,UHT K o6pa30BaHHIO aJIKllJibHOH CTPYKTYPhI, 

CB513a.HHOH C aKTHBHbIM ueHTpOM. 3m CTPYKTypa MO)KCT IIpHcoe,n:HH51Tb MOJieKyny co (pocT 

ueIIH), JIH6o 3a ClfCT rrepeHoca BO,nopo,na ,n;aBaTb a-OJICq_)HH (rrepBHqHbIH IIpo,nyKT CHHTe3a) H 

OCB060)K,l1;a.Tb aKTHBHhlH ueHrp. 
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MEXAHH3M ~COPliI.J;HH H2S HA AKTHBHLIX l(EHTP AX CY JJL<llJmHLIX 

KATAJIH3ATOPOB 

THE H2S ADSORPTION MECHANISM ON THE ACTIVE CENTERS OF SULFIDE 
CATALYSIS 

3axapon H.H. u CTap~eB A.H. 

Zakharov I.I. and Startsev A.N. 

11HcTHTYT KaTanHJa HM. r.K. EopecKoBa CO PAH, HoBocH6HpcK 630090, Poccmr 
E-mail: ivan@catalysis.nsk.su 

The H2S adsorption on the bimetallic sulfide catalysts Co/MoS2 (with and without the 
occluded hydrogen) is considered by the DFT quantum chemical calculations. 

OcHOBbIBaslCb Ha KBaHTOBO-XHMH1IeCKHX HCCJie,n:oBaHH.SIX no OKHCJIHTeJibHOMY 

rrpHCOe,n:HHeHHIO BO,n:opo,n;a K cyn1>qm,n:HbIM Ni-Mo-KaTaJIH3aTOpaM [1 ], Mbl rrpHIIIJIH K 

npe,n:cTaBJieHH.SIM, "CJTO amUIOfH1IHbIH rrpouecc cpopMHpOBaHH.SI aKTHBHOro ueHrpa HMeeT 

Mecro H B crry11ae Co/MoS2 KaTaJIH3aropoB [2], KOr.[{a OKKJIIO,n:HpoBaHHhIH BO.[{opo.[{ H
0 

cpopMHpyer OKHCJIHTeJibHoe cocro.SIHHe Co(III) c d6 -3neKTpOHHOH KomlmrypauHeii HOHa H 

KOop,n:HHal(HOHHOH BaKaHCHeH O (pHC. la). B TO)Ke BpeM.SI, 3KCIIepHMeHTaJibHbie ,n:aHHbie 

YKa.3bIBaIOT Ha B03M0)KHOCTb rrpHroTOBJieHH.SI o6pa.3[l0B cyJibq>H,UHbIX KaTaJIH3aTopoB KaK C 

0KKJIIO,n:Hp0BaHHbIM Bo,n:opo,n:OM, TaK H 6e3 Hero [3]. Ha pHC. 16 rrpe,n:cTaBJieHa KBaHTOBO

XHMH1IeCKa.SI MO,n:eJib aKTHBHOrO ueHTpa Co/M0S2 KaTaJIH3aTOpa 6e3 OKKJIIO,n:HpOBaHHOro 

Bo,n:opo,n:a c 0KHCJIHTeJibHbIM COCTO.SIHHeM H0Ha Co(II) H KOOp,n:HHal(HOHHOH BaKaHCHeH -0 

PHc. 1. KnacrepHas1 Mo,n:em> aKTHBHoro ueHTpa Co/MoS2 KaTanHJarnpa c oKKJIIO,n:HpoBaHH-hIM 
Bo,n:opo,n:oM - (Co-H

0
) 2Si{SH2)4 (a) H 6e3 OKKJIIO.[{HpoBaHHoro Bo,n:opo,n:a - Co2Si(SH2) 4 (6). 

He3MrmpH11ecKHH DFT/B3P86 pac-cier 3JieKrpOHHoii H reoMerpH11ecKoii crpyKrypbI 

KJiaCTepHOH MO,n:eJIH aKTHBHOro ueHrpa xopomo COOTBeTCTBY .. eT 3KCIIepHMeHTaJibHbIM 

,n:aHHbIM, 1IT0 H0Hbl K06aJibTa HaXO,n:.SITC.SI B KBa,n:paTHO-IIHpaMH,UaJibHOM 0Kpy)KeHHH H3 

aroMoB cepbI c paccT0.SIHHeM Co-Co=3 .16 A. IlpoBe,n;eHHbie KBaHT0BO-XHMH1IecKa.SI pac11eTbI 

MOJieKyJI.SipHOH (pHC. 2) H ,UHCCOI.(HaTHBH0H (pHC. 3) xeMocop6uHH H2S y1<.a3bl6a10m na 

cyu,ecmBenno 66JlbUlY10 xeMocop6l/UOHHY10 aKmUBHOCmb CYJlbqJUOllblX KamaJlU3amop06 C 

OKKJl100Up06GllllblM 6000pOOOM. TaK, paCC1IHTaHHbie 3HepmH MOJieKyJI.SipHOH 
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(t1EM= -12.7 KKaJIIMon1>) 1-1 ,n;1-1ccou1-1aTHBHOH (t1E0 = -28.7 KKanlMon1>) a,n;cop6um1 H2S Ha 

aKTHBHOM {leHTpe C OKKJIIO.l(HpOBaHHbIM BO,UOpO.l(OM 3HaqHTeJibHO 60JIE>llie :meprnH 

a,n;cop~UHH H2S Ha IlOBepXHOCTHOM U:CHTpe cyn1>qrn:,n;Horo KaTaJIH3aTOpa 6e3 

OKKJIIO.l(HpOBaHHoro Bo,n;opo,n;a (.L\EM= -2.2 KKaJIIMOJib H .L\E0= +2.2 KKaJIIM0111>). DFT 

pacqeTbI nepexo,n;Horo COCTmIHmI ,l(HCCOUHaTHBHOH a,n;cop6UHH H2S TaK)I(C noomeep:J1COa1om 

66JZbUlY10 peaKtJU01t1ty10 cnoco61tocmb noeepx1tocm1tblX tf.e1tmpoe cyJZbqJUOHblX 

KamaJZU3amopo6 C OKKJl100Up06GltltblM BOOopoooM. PaccqHTaHHruI :meprmI aKTHBaUHH 

,UHCCOUMaTHBHOH a,ucop6n1rn H2S Ha aKTHBHOM ueHTpe 6e3 OKKJIIOJJ:HpoBaHHOfO Bo,uopo,ua 

COCTaBmieT Ea =12.5 KKaJIIMOJib, TOr,n;a KaK npH HaJIHqHH Of\KJIIO.l(HpOBaHHOfO BO,Uopo,n;a n 

KaTaJIH3aTope, JJ:HCCOI(HaTHBHruI a,n;cop6I(HH H2S rrpoTeKaeT 6e3 3HeprnH aKTHBaUHH. 

(a) 
(6) 

r( Co-SH2 )=2.3 A r(Co-SH2)=2. 7 A 

I7Y 0 0 

P11c. 2. PacqeT Mo11eKy1rnpHoi1 ap;cop6u,1111 H2S Ha aKTHBHOM ueHTpe Co/M0S2 KaTamnarnpa c . 
OKKJTIO)lHpoBaHHhIM BO)lOpO)lOM Ho (a) 11 6e3 QKKJTIO)lHpOBaHHOfO so.n;opo.n;a (6). 

H 1.34A 

(6) 1 
1-:t 1.35A 

s.,_ _ _.Co 

P11c. 3. PacqeT .n;11ccou1-1aTHBHOM xeMocop6u1-111 H2S (H2S ⇒ SH+ H) Ha aKTHBHOM uempe Co/MoS2 
KaTam13aTOpa C OKKJTIO.LJ;HpOBaHHhlM (a) H 6e3 OKKJTIO~HpOBaHHOro 80.LJ;Opo.n;a (6). 

Pa6oTa BbIIlOJIHeHa rrpH no,n;,n;ep)I(KC PocCHHCKOfO q>OH,l(a q>yH,uaMeHTaJibHbIX 

Hccne,n;oBaHHH (rpaHT NQ O 1-03-32417). 

JluT~parypa 

[l]l.l. Zakharov, A.N. Startsev, G.M. Zhidomirov, V.N.Parmon, J.Mol.Catal. 137 (1999) 101 
[2]1.1. Za!<.harov, A.N. Startsev, J. Phys. Chem. B, 104 (2000) 9025. , 
[3] A.E Shafagina., G .I. Aleshina, A.N. Startsev, React. Kinet. Catal. Lett., 76 (2002) accepted for 

publication. 
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H3YqEHHE MEXAH:U3MA <l>OPMHPOBAHIDI I,: CTPYKTYPLI AKT:UBHLIX 

B IIPEBP AIQEHHH HEHACLIII.(EHHLIX Yr JIEBO,l(OPO,l(OB 
KOMIIJIEKCOB IIAJIJIA,l(IUI B KATAJIHTHqECKHX C:UCTEMAX 

HA OCHOBE Pd(Acac)2 JI BF3OEt2 

STUDYOF THE FORMATION MECHANISM AND STRUCTURE OF PALLADIUM 
COMPLEXES ACTIVE IN UNSATURATED HYDROCARBONS CONVERSION IN 

THE CATALYTIC SYSTEMS BASED ON Pd(Acac)2 AND BF3OEt2 

3eJIHHCKHii C.H., TKa'I B.C., TroKaJIOBa O.B., PaTOBCKHU r.B. u IIIMH.lJ;T <l>.K. 

Zelinskiy S.N., Tkach V.S., Tjukalova O.V., Ratovskiy G.V. and Shmidt F.K. 

HpKyTcKHH rocy,n:apcrneHHbIH yHHBepc1neT, XHM1-rc:1ecKHii <p.aKyJibTeT 
yn. K. MapKca, 1, 11pKyTcK 664003, Poccm1 

E-mail: 358541@mail.ru 

Using IR, UV, NMR, ESR spectroscopy for the study of the interaction between 
Pd(Acac )2 and BF 30Eti with phenylethyne, styrene, hexene-1 added and without them some 
intermediates and the sequence of their mutual transformations during the formation of the 
active complexes of composition [HPdL3fBF4- (L= phenylethyne) .and HPd(L2)F·BF3 
(L= styrene, hexene-1) were identified. 

CHcTeMbI Ha ocHoBe Pd(Acac)i (Acac - auenrnaueToHaTHbIH JIHraH.ri;) H BF3OEt2 

51BJI51IOTC51 aKTHBHbIMH KaTaJIH3aTopaMH B ceJieKTHBHOH ,UHMepH3aum1 CTHpona, 

TeJIOMepmauHH 6yrn,n:HeHa H monpeHa, II03HUHOHHOM H30MepH3aUHH a-aJIKeHOB [1-3]. L(JI51 

no,n:o6HbIX CHCTeM B KalJeCTBe aKTHBHbIX npe):(IlOJiaraIOTC51 KOMTIJieKCbI o6mero COCTaBa 

HPd(L2)BF4. B o6cy)K)];aeMoii pa6oTe npH mytJeHHH B3aHMO):(eiicTBH51 Pd(Acac)i H BF3OEti 

3KCIIepHMeHTaJihHO o60CHOBaH IIOCJie):(OBaTeJibHbIM p51):( HHTepMe,n:HaTOB, B TOM lJHCJie 

(Acac )Pd(L )(O-Acac· BF 3), [(Acac )PdL2f (Acac·BF 3Y, [(Acac)PdF2B(Acac)tF, 

[(Acac)PdF2B(Acac)fBF4-, r,z:i;e L=OEti, npe.rurrecrnyIOII(HX o6pa3oBaHHIO (Acac)PdBF4, KaK 

npo,n:yKrn, 3aBeprnaromero BHeiirneccpepHbIH o6MeH o,n:Horo H3 Acac-JrnraH,n:on Ha F Me)K)];y 

Pd(Acac )2 H BF 3OEt2 Ha 3aKJIIOtJHTeJibHOM 3Tane no ypanHeHHIO: 

~:►~;<j;F; C
O, ,F, .,F 

---► Pd B 
o' 'p 'F 

(I) (II) 

KoMIIJieKC (I) M0)KHO paccMaTpHBaTb KaK M0)];eJib HHTepMe):(HaTa, 3aBeprnaiomero 1-ii 

3Tarr cpopMnponaHH51 aKTHBHbIX K0MIIJieKcon THna HPdL2BF 4 (III). 3ToT BbIBO,n 

no,nrnep)K)];aeTc51 ,naHHbIMH no B3aHMo,n:e0:crnn10 KOMIIOHeHTOB cHcTeMbI Pd(Acac )2 + 2PPh3 

+ 4BF 3OEt2, r,n:e B npo,n:yKrnx B3aHMo,n:eiicTBH51 H.ri;eHTnqrnun.poBaH KOMnneKc Pd KaTHOHHoro 
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TH11a cocrnna [(Acac)Pd(PPh3)2tBF4-. KoM11JieKch1 aHaTJormrnoro cTpoemu1 <popMHpyioTc.s.r 

rrpH B3aHMO,n;eiicTBHH K0M110HeHT0B o6cy)I(.n;aeMOH CHCTeMbI H, ·, B rrpHCYTCTBHH 

yrneno,n;opo,n;on: [(Acac)Pd(L2)tBF/, r,n;e L=<pemrnau;eTHJieH HJIH reKceH-1 11pH 0THoI.IIeHHH 

L /Pd=2/1 . ITpH ynermqeHHH cooTH0I.IIeHH.sI L/Pd (6oJiee 2) Ha6mo,n;aeTc.s.r Tpaiicq>0pMau;H.s.r 

ocTaBI.IIeroc.s.r Acac-JIHraH,n;a rrpH Pd H3 ·6H.n;eHTaTHOM O-<popMLI B M0Ho,n;eHTaTHYIO C-<popMy 

M' 11ocJie,n;yIOmee BHe,n;peHHe M0JieKyJI HeHaChIIu;eHHoro yrneB0)];opo,n;a no CB.sI3H Pd-C. ITpH 

)TOM B 11pHCYTCTBHH <peHHJiau;eTHJieHa <popMHPYIOTC.sI K0Ml1JieKChl 11aJIJia.D;H.sI, co.n;ep)I(amHe 

II0JIHeH0Bhie <pparMeHThl, o6pa30BaHHhie H3 6-8 M0JieKyJI <peHHJiau;eTHJieHa. B 11pHCYTCTBHH 

cnrpoJia HJIH reKceHa-1 BHe,n;peHHe M0JieKyJI cy6crparn 110 CB.sI3H Pd-C 3aBepI.IIaerc.s.r 

nocJie,n;yIOmHM pac11a.n;oM BH0Bh o6pa3oBaHHoii CB.sI3H Pd-C 110 MexaHH3MY ~-rn,n;pH,n;Horo 

c.z:i:nHra H o6pa3oBaHHeM K0M11JieKcoB THrra HPd(L2)F · BF 3: 

+ L 
---+ 

L 
I 

F3B•F-Pd-H 
I 
L 

JI1neparypa 

+ L= reKCeH-1, CTHporr 

[l] lJepHhIIIIeB M.JI., TKall B.C., )];MHTPHeBa T.B., PaTOBCKHH r.B., 31,rnqeHKo C.B., llIMH.[(T <I>.K. // 
K1:,rnernKa H KaTaJIH3.- 1997, T.38, ~Q4, C.575-580 

[2] Keim W., Roper M., Scheren II Mol: Catal.- 1983, 20. P.139-151 
[3]Tkach V.S., MyagmarsurenG., MesyefM., and Shmidt-F.K.//React. Kinet. Catal. Lett.-1999. V.66, 

N2, P.281-287 
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CATALYTIC ACTIVITY, STRUCTURE AND STABILITY OF TRYPSIN IN AOT

STABILISED WATER-IN-DECANE MICROEMULSION 

KAT AJIIITlfllECKMI AKTHBHOCTI,, CTPYKTYP AH CT AliHJThHOCTI, 
TPIDICHHA B MHKPO3MY JThCIDIX BOMJMACJIO HA OCHOBE A3PO3OJIJI OT 

Zuev Yu.F., Zakhartchenko N.L., Stupishina E.A., Faizullin D.A. 
and Vylegzhanina N.N. 

3yee IO.<I>., 3axapqeuKo H.JI., Crynmnuua E.A., <l>aibyJIJmu ,ll;.A. u 
BbIJier,icauuua H.H. 

Kazan Institute of Biochemistry and Biophysics KSC RAS 
P.b. 30, Kazan 420111, Russia 

Fax: (+7 8432) 38 75 77; E-mail: zuev@mail.knc.ru 

The study of temperature effects on the kinetics of hydrolysis of specific substrates with 
different polarity by trypsin in a water-AOT-decane "reverse microemulsion" ( organic 
medium with immersed water droplets, stabilised by surfactant) revealed correlation between 
enzymatic activity and structural properties of enzyme, as obtained by IR spectroscopy, and 
the structural changes in microemulsion environment. 

The purpose of this work was to reveal the relationship between the structure and 

reactivity of trypsin in reverse micelles stabilised by anionic surfactant Aerosol OT (AOT) 

under the influence of temperature changes in microemulsion structure. 

The kinetic data for enzyme hydrolysis of Na-benzoyl-L-arginine ethyl ester (BAEE, a 

specific hydrophilic substrate) and Na-benzoyl-DL-arginine p-nitroanilide hydrochloride 

(BAPNA, a specific hydrophobic substrate) were received in temperature range 10-60°C. The 

structural properties of the enzyme were monitored using a Vector-22 IR Fourier 

spectrophotometer in · temperature-controlled CaF2 cells. Temperature changes in 

microemulsion structure were controlled with the help of 1 H NMR technique with the 

Fourier-transform and pulsed-gradient spin-echo, ESR and conductometry. 

It was shown that trypsin activity in reverse micelles at different temperatures is 

determined complex phenomena connected with changes in enzyme structure, in its 

microenvironment (alteration of sodium counter-ions concentration) and by conversion of all 

microemulsion structure (micelles clustering). 

This work is supported by the Russian Foundation for Basic Research 

(grant no. 02-03-32923). 
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K BOilPOCY O MEXAHH3ME IJ;HKJIOilPOilAHHPOBAHIDI OJIE<l>HHOB H 

AIJ;ETHJIEHOB C IlOMOIJ11ilO AIEt3 IlO):( ):(EHCTBHEM 
MET AJIJIOKOMilJIEKCHbIX KAT AJIH3ATOPOB 

TO A QUESTION ON THE MECHANISM OF CYCLOPROPANATION OF 
OLEFINS AND ACETYLENES WITH AIEt3 UNDER THE ACTION OF METAL 

COMPLEX CATALYSTS 

H6paruMoB A.r., Xac1>u10Ba JI.O., XaJIHJIOB JI.M., Ilapcl>enoBa JI.B., JlyKLBHoBa M.II. 
u !(aceMuJieB Y.M. 

Ibragimov A.G., Khafizova L.O., Khalilov L.M., Parfenova L.V., Lukjanova M.P. and 
Dzhemilev U.M~ 

I1HCTHTYT HeqHeXHMHH H KaTamI3a AH PE H YHI( P AH 

rrpocrr. OKni6pH, 141, Ycpa 450075, Poccm1 _ 

<l>aKc: (+7-3472) 31 27 50. E-mail: ink@anrb.ru 

The new perspective method for a synthesis of di-, tri- and tetrasubstitu~ed cyclopropanes 

by the reaction of a-olefins and acetylenes with A1Et3, and electrophilic reagents (R2SO4, 

CH2Ii, alkyl halogenides) in the presence of Zr- and Ni-containing complex catalysts is 

developed. 

B J(OKJia,n;e rrpe,nCTaB'JieHbl pe3yJII>TaTbl no H3y-Y:eHHIO MexaHH3Ma UHKJIOIIporraHHpoBaHHH 

a-oJie<pHHOB H a:u;eTHJieHOB C IIOMOID;blO TpmllIKtlJI- HJIH aJIKHJiraJioreHaJiaHOB. y CTaHOBJieHO, 

qTo 1,1-,nH3aMell(eHHbie U:HKJIOIIporraHbl (1) H (2) cpopMHpyIOTCH B ycJIOBHHX 

KaTaJIH3HpyeMoti: Cp2ZrCh peaK:UHH :UHKJIOaJIIOMmrnpoBamrn a-onecpHHOB HJIH a:u;eTHJieHOB 

AlEt3 rrpH rrocne.no,BaTeJibHOH o6pa60TKe 06pa3y10rn:HXCH in situ aJIIOMaD;HKJIOIIeHTaHOB H 

aJIIO~faUHKJIOIIeHTeHOB :meKTPO<pHJibHbIMH peareHTaMH. 

R~.[Zr] 

[Ni]! """-Cl 

~ (1) 

RC== CR , [Zr] 

R1,so,l 
(2) ~R 1 

R R R1 

KnroqeBOH CTa)],HeH UHKJIOIIponaHHpoBaHHH · MOHO- H .[(H3aMemeHHbIX aueTHJieHOB C 

noMOIIJ;bIO peareHTa A1Et3-CH2h, npHB0JJ.Hmero K TpH- HJIH TeTpa3aMemeHHbIM 

:UHKJIOIIporraHaM (3), HBllileTCH Kap60aJIIOMHHHpOBaHHe HCXO.[(HOfO auenrneHa C IIOMOIUblO 

reHepHpyeMoro B ycJIOBmlX peaKUHH .[(H3THJI( HO)],MeTHJI )aJIIOMHHlUI. 

Pa6oTa BbIIIOJIHeHa rrpH <pHHaHCOBOH no.n.n;ep)I(Ke PocCHHCKOro cpoH,na 

cpyH,naMeHTaJibHbIX HCCJie,n;oBaHHH (rrpoeKT N2 01-03-32705). 
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3ABHCHMOCTI, MEXAHH3MA IIPOTEKAHHR KAT AJIHTHqEcKoro 
KPEKHHr A MA3YT A M-100 OT YCJIOBHH IIPOBE~EHHR IIPOD;ECCA 

THEDEPEDENCE OFTHE FUEL OIL M-100 CATALYTIC CRACKING PROCESS 
MECHANISM ON THE REACTION CONDUCTING CONDITTIONS 

H6pameea P .X., MaTaeea 3. T. n Cy JienMeuoe M.A. 

Ibrasheva R.Kh., Mataeva Z. T. and Suleimenov M.A. 

Ka1axcKHH ttan;HoHarrhHbIH ymrnepcHTeT HM. Ano~<l>apafoi, 
yn. Kapacaii 6aT01pa, 95A, AnMaTbI 480012, Ka1axcTaH 

<l>aKc: 8-3272-63-56-80; E-mail: bobm@nursat.kz 

The research is concerning the regularities of fuel oil M-100 cracking under conditions of 
its continuos supply to the flowing reactor without catalyst as well as with the addition of fine 
powder of catalyst containing 14 % of natural active zeolite and 86 % of clay into the 
cracking fuel oil. Experiments were made in the inert atmosphere and also with addition of air 
into the reaction zone with the velocity of 0, 15 h-1

• · 

It is revealed that under thermal cracking in the inert atmosphere,. high-molecular 
hydrocarbons, which are components of fuel oil, do not crack, but there is process of their 
isomerization. The addition of air does not change the direction of reactions, while in 
presence of 0,2 % of the catalyst the quantity of gas oil is over 80% mass and reactions of 
cyclisation and aromatization of n-alkanes prevail. The increase of concentration of catalyst 
and fuel oil mixture up to 10 % mass causes the suppression of cracking of hydrocarbons and 
again intensity of the reaction of their isomerization. 

Tipou;ecc TepMHqecKoro H KaTaJIHTHqecKoro KpeKHHra Ma3YTa M-100 npoBO.[J;HJIC5I B 

fiiiepTHOH H OKHCJIHTeJibHOH cpe.n;e no MeTO.[J;HKe, omICaHHOH B pa6orax [1,2]. 

Ta6nnu;a 1. BJIH5IHHe ycnoBHH npou;ecca Ha Bhixo.n npo,nyKTOB KpeKHHra Ma3YTa M-100 npH 
470°C H 061,eMHOH CKOpOCTH no,naqn Ma3YTa B peaKTop 1,0 qac"1 

N2 YcnoBH5I npoBe,neHH5I BbIXO.D: npo.n;yKTOB KpeKHHra, % Mac. 
KpeKHHra 
Kottu;. KaT. tu ra.3 6eH3HH ra:JOHJih ra:JOHJih O6mee T5I)Ke- lfroro 
B Ma3yTe, % BO3)];yX, 185- 340- KOJI-BO JlbIH 
Mac qac·1 340 °C 350 °C ra1oiln51 OCTaTOK 

L . 0 0 0,9 1,2 28>8 10,7 39,5 59,1 100,7 
2 0 0,15 1,1 1,0 30,1 18,5 48,6 50,2 100,9 
3 0,2 0 1,4 0,9 51,6 19,8 71,4 27,1 100,8 
4 0,2 0,15 0;8 1,1 52,5 33,2 85,7 11,9 99,5 
5 10,0 0,15 1,5 1,1 30,7 9,5 40,2 57,5 100,3 

... 
B HCXO)UIOM Ma3yTe, no pe3yJibTaTaM orrpe,nenemISI ero cppaKa;HOHHOro COCTaBa, 

co.nep)KaTc5I ocTaTOqffbJe 0,3 % Mac. 6eH3HHa H 41, 1 % Mac. nerKoro ra:JOHJUI. 1-b 

conoCTaBJieHH5I 3THX ,naHHbIX C pe3yJlbTaTaMH Ta6JIHll;bl 1 BH,UHO, qro npM TepMffqeCKOM 

KpeKHHre B HHepTHOH cpe.ne npOHCXO.n;HT .necrpyKa;H5I oqeHb . He3Ha1IlITeJibHOro · KOJIHqecTBa 

co,nep)Kameroc5I B Ma:JyTe nernoro ra:JoHIDI .no yrneBo,nopo.n;oB 6eH3HHOBoil H ra:JoBoil cppaKa;HH. 
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IlpH OKHCilHTeJII>HOM KpeKHHre OKOJIO 7% Mac. nDKeJII>IX yrneBOL{Opo,noB pacrra,n;aroTCH c 

o6pa30BaIIHeM <ppaI<IU•HJ:, BhIKHilaIOIIJ;eii B HHTepBaJie 340-350°C. B YCJIOBIDIX KaTaJIHTlfCieCKOfO 

KpeKHHra B HHepTHOH cpe,.ue 3TOT npou;ecc cymecTBeHHO ycHJIHBaeTCH C rrpeo6na,n;aimeM B 

o6proyrom;eMcH nernoM rrooiine ,.uonH nernoKHilHIIJ;HX yrneao,nopo,noa. O.n;HoBpeMeHHoe 

,n:eiiCTBHe KaTaJIH3aTOpa H .no6aBKH B03.nyxa ,naeT He60JibIIIOH CHHeprnqecKHii 3<pq>eKT no 

BbIXOJJ:Y nernoro rrooHJIH 3a cqcr 6onee TH)l(eJibIX yrneao,uopo,uoa <ppaKUHH 340-350°C. 

HHTepeCHbIM HBIDieTCH TOT <paKT, qTO npH yBeJmqeHHH KOHD;eHTJ)aD;HH KaTaJIH3aTOpa B CMeCH C 

Ma3YTOM ,no 10% Mac. peaKD;HH KpemHra yrneBo,uopo.noa npeKpamacrcH. 

Pe3yJibTaTb1 xpoMaTOrpaq>HqecKoro aHaJIH3a 6eH3HHOB KpeKHHra rrpe,ucTaBJieHbl B 

rn6nmi:e 2. 

Ta6Jmu;a 2. BJIHHHHe ycJIOBHH npou:ecca Ha yrneBo,nopo,nHbIH COCTaB 6eH3HHOB KpeKHHra 
Ma.3YTa M-100 

YcnoBHH 
rrpoBe,neHHH y rneBo,nopo,uHhIH COCTaB 6eH3HHOB, % 

OKTa 
KpeKHHra 

HOBOe j\fo KoHu:. m H- lfao- ape Haq> OJie U:HKJIO ,nHeHO 
qHCJIO 

KaT. B B03,nyxa, aJIKa aJIKa HbI TeHbl q>HHbl OJie Bhle 
(11.M.) 

Ma.3yTe, qac-1 
Hhl Hbl q>HHhl 

¾Mac 
i 0 0 16,4 45,2 17,8 14,0 3,2 2,4 1,1 69,8 

----
0 0,15 17,4 48,6 18,2 11,3 0 0,2 0,2 71, 1 

-
-, 0,2 0 7,2 55,8 12,7 15,8 6,4 1,1 1,0 76,6 

·l- 0,2 0,15 10,7 32,3 22,5 28,4 4,2 0 1,1 78,2 
- -
-., 10,0 0,15 18,5 42,1 30,2 7,9 0,4 0,6 0,2 76,0 

CpaBHHTeJihHbIM aHaJIH30M pe3yJibTaTOB xpoMaTOrpaq>HqecKoro H 

MK-cneKTpaJibHOro MeTO.D;OB ycTaHOBJieHO, qrn B OTCYTCTBHe KaTanH3aTopa B HHepTHOH 

cpe,ne rrpH 4 70°C rrpoHCXO.l{HT H30MepH3au:mI H-aJIKaHOB, BXOJJ:Hll(HX B COCTaB 6eH3HHOBOH H 

cpe,nHe,nHCTHJIJIHTHOH <ppaKu;Hii npo.nyKTOB KpeKHHra. ,[(o6aBJieHHe B peaKTOp B03,nyxa He 

H3MeHHeT HarrpaBJICHHH peaKU:HH, HO OJieq>HHOBbie yrneBo,nopo,nbI B 6eH3HHe H JiefKOM 

r asoiine He o6Hapy)l(HBaJOTCH. B xo.ne KaTaJIHTHqecKoro KpeKHHra B 1rnepTHOH aTMOC<pepe 

H:30MepH3aD;HH H-aJIKaHOB 3HaqHTeJihHO yc1rnHBaeTCH, B TO BpeMH KaK B OKHCJIHTeJibHOH 

cpe,ne rrpeo6na,na10rri:HMH CTaHOBHTCH peaKU:HH HX UHKJIH3aD;Hll H apoMaTH3aU:HH. B 10%-Hoii 

cycneH3HH KaTaJIH3aTopa H Ma.3YTa OCHOBHbIMH rrpoueccaMH HBJIHIOTCH H30MepH3aUHH H 

apoMaTH3a:µHH yrneao,nopo,noB 6eH3HHOBOH H KepoCHHO-fa.30HJieBoii <ppaKD;HH. 

[ l]R.Kh. Ibrasheva, Z.T. Mataeva, K.A. Zhubanov// Eurasian Chem. Tech. J., V.5, NQ3, 2001, P.P. 97-
106. 

[2]3.T. MaTaesa, P.X. M6pameBa // BecTHHK Ka3HY, ce·p.XHM., N!!S, 2002, c. 37-41. 
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6EH30~A HA CY ~L<l>H)(HLIX KAT A~H3ATOP AX 

KINETIC INVESTIGATION OF THE BENZENE HYDROGENATION ON SULFIDE 
CATALYSTS 

HBauoB E.A., CimHKHH M.B., PemeTHHKOB C.H. u CTapu;eB A.H. 

Ivanov E.A., Sidyakin M.V., Reshetnikov S.I. and Startsev A.N. 

HHCTHTYT Karnmna HM. r .K. EopecKoBa CO P AH 

ITp. AKa,ueMHKa naapeHTheaa, 5, HoaocH6HpcK 630090, Poccm1 
Fax: (+7-3832) 34 30 56; E-mail: eugene@catalysis.nsk.su 

The kinetic model of benzene hydrogenation under catalyst unsteady state on sulfide 

alumina supported (Ni,Mo) catalysts was developed. The kinetic model is based on the one 
type of active sites - atoms Ni in composition of sulfide bimetallic complex. The results of 
mathematical modeling are in good agreement with experimental data. 

fH,npHpOBaHHe apoMaTHqecKHX yrneao.uopo,noB HBJUieTCH O.UHOH H3 HaH6onee Ba)l(HbIX 

3a,uaq He<j:>Tenepepa6oTKll B CBH3ll C BBC.UCHHeM )KeCTKllX orpaHHqeHHH Ha HX co,nep)KaHHe B 

COCTaBe MOTOpHbIX ll peaKTllBHbIX TOTIJIHB [ 1]. PeaKUllH rn,upHpOBaHHH 6eH30Jia H3yqanacb B 

npoToqHOH ycTaHOBKe C HeTIO.I(Bll)l(HbIM CJIOeM KaTaJIH3aTopa B ll30TepMHqecKOM peaKTOpe 

no.u ,uaBJieHHeM 2 MIIa. BHaqane (Ni, Mo)/ AbO3 KaTaJIH3aTOp o6pa6aTbIBaJIH cMeCbIO 

BO,Uopo.ua C 6eH30JIOM H THO<peHOM (6eH3oJIITHocpeH = 9: 1) .uo .UOCTH)KeHHH IIOCTOHHHOH 

KOHBepc1rn 6eH30Jia. IIocne qero Ha KaTanll3aTop no.uaaanach cMech 6eH30JI + ao.uopo,n;. 

KoHIJ;eHTpaUHH 6emona ll UHKJIOfCKCaHa Ha BbIXO,n;e ll3 peaKTOpa onpe.uemmach 

xpoMaTorpaqrnqeCKllM MeTO.I(OM, BbIXO,n. cepoao,uopo.ua - nocpe,n;CTBOM HaKOIIJieHHH ero B 

JIOBYIIIKax. 

Ha OCHOBe paHee IIOJiyqeHHbIX npe,uCTaBJieHHU O npouecce [2,3] 6hIJia pa3pa6oTaHa 

KllHeTHqecKM cxeMa peaKUllll rn,npHpoBaHHH 6eH30Jia (pHC. 1 ), OCHOBaHHM Ha TOM, qTo Ha 

IlOBepXHOCTH KaTaJIH3aTopa HMeeTCH TOJihKO O,UllH Tllil aKTllBHbIX ueHrpOB - aTOMhl HHKeJIH B 

COCTaBe cy Jibq>H.UHOfO 6HMeTaJIJIHqecKoro coe,UHHeHHH, r.ue npoTeKaIOT peaKUllll 

rn.uporeHOJIH3a C-S-CBH3H H rn,npHpOBaHHH 6eH3oJia. BLmeneHHe a,ucop6HpOBaHHOfO 

cepoao,nopo,na B ra3oByIO q>a3y npoHcxo,uHT 3aMemeHHeM ero 6emonoM ( cTa,uHH 1 ). B 

pe3yJihTaTe B3aHMO,neHCTBHH a,ucop6HponaHHOro 6emona C Bo,n;.opo,noM o6pa3yeTCH 

UHKrroreKcaH [C6H 12] (crn,nHH 2), KOTOpbIH BbITecffjJeTCH B ra3ony10 q>a3Y 6eH3onoM (cTa,uHH 

3). IIpH OTCYTCTBHH cepoao.uopo.ua ' B fa30B0H q>a3e IIpOHCXO,ZlllT y,naneHHe aTOMOB cephl H3 

crpyKrypbl ueHTpOB H HX IIepexo.u a HeaKTllBHOe COCTOHHlle [X] ( CT<mHH 4). 
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3H2 
P11c. 1. K1rnern:qecKa.S1 cxeMa peaKQIHf rn,np11posamrn 6eH3ona 

Ha pnc.2 rrpHBe)WHO COIIOCTaBJieHHe pe3yJibTaTOB MaTeMaTnqecKoro MO,D;eJIHpoBaHmI II 

~KcrrepHMeHTaJib;8bIX ,n:aHHbIX no H3MeHeHHIO KOHBepcHH 6eH30Jia BO BpeMeHH. 

40 

.35 

~ 30 
<II 
C: 
g 
:i:: 
Q) 25 IO 
a; 
s u 
a. 
QJ 20 m 
:i:: 
0 
~ 

15 

... 
10 

0 60 120 160 240 300 360 420 

8peMS1,M~H 

PHc. 2. 3Kcnep11MeHTaJihHhie "pact.JeTHhie (ttenpephIBHa.sI KpHsa.s1) 3Hal.JeHH.sl KOHBepc1111 6eH30Jia 

IlpH OTCYTCTBHH cepoBO,D;Opo.na B HCXO,UHOH peaKUHOHHOH CMeCH Ha6JIIO,ll;aJIOCb pe3KOe 

yBeJ1Hirem1e CKOpOCTH rrpeBpameHHH 6eH30Jia B HaqaJihHbIH MOMeHT BpeMeHH. 3aTeM, B 

pe3yJI0TaTe B3aHMO,n:eiicTBmI BO,D;Opo,n:a C aTOMaMH cepbl B COCTaBe CTpyKTYPbl aKTHBHOro 

KOMIIOHeHTa, rrpoHCXO,Zl;HJIO pa3pyrneHHe aKTHBHOro KOMilOHeHTa H KOHBepcmI 6eH30Jia 

':Ia,na.rra. IlpH 3TOM rrpOHCXO,UHJIO Bbl,n:erreHHe cepOBO,D;Opo.na B ra30BYIO q>a3y. 

KHHenrqecKasI MO,ZJ;eJib xoporno OIIHCbIBaeT 3KCIIepHMeHTaJibHbie ,naHHbie no KOHBepc1rn 

6eH30Jia H BhI):(eJieHHe cepOBO,UOpo,n:a rrpH pa3JIHqHbIX BpeMeHax KOHTaKTa. 

Pa6oTa 6bIJIO no,rmep'.tKaHa P<l><l>H (rpaHT 01-03-32790). 

Jhneparypa 

[l] B.H. Cooper, B.B.L. Donnis: Appl. Catal. A: General, 137,203 (1996). 
[2] A.N. Startsev, V.N. Rodin, G.I. Aleshina, D.G. Aksenov: Kinet. Catal., 39, 238 (1998). 
[3]A.N. Startsev, G.l. Aleshina, D.G. Aksenov, V.N. Rodin: Kinet. Catal., 39,391 (1998). 
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THE RESEARCH OF AN n-DODECAN TRANSFORMATION ON THE ZEOLITE 
CONTAINING CATAL"\"S17S 1 

' ' . 

Hpucona K.H., TaJIHCMaH E.JI. u lia6aeBa ~.A. 

Irissova K.N., Talisman E.L. and Babaeva ~-~· 

000 «KoMrraHIDI KATAX:HM», yn. fnm1poBcKoro, ll.31, MocKBa, Poccm1 
<I>aKc: 284-_8.2-59; E-mail: catachem@mtu-net.ru,. 

The paper gives the results of transformation of n-dodecane and its mixtures on the 
zeolite containing catalysts with different content of zeolite an4 ,hydrogenant components in 
the conditions corresponding to technological parameters of mid-distilling fractions 
hydrotreating catalysts operation. 

ITpoBe.n:eHbI nccne,n;oBaHmI rrpeBpamemu1 H-,n;o.n;eKaHa · H ero cMeceii Ha 

ueonnTco,uep)Kamnx KaTaJIH3aTopax c pa3JIH1-IHhIM co.n;ep)KamfeM u:eonHTOB H rH,npnpy10:rn;Hx 

KOMIIOHeHTOB B YCJIOBHSIX, COOTBeTCTByIO:rn;Hx TeXHOJIOfH1IeCKHM nap?MeTpaM 3KCIIJiyaTaUHH 
' · ... 

KaTaJIH3aTopoB rn.npoo6naropa)KHBaHH5I cpe,,1we,n;HCTHJIJISITHbIX cppaKUHH. 

AHaJIH3 rronyqaeMbIX rrpO)zyKTOB rrpOBO)];HJUI MeTO)];OM )KH)];KOCTHO~ xpoMaTOrpaqmH. 
' .. 

ITony11eHHbie ,n;aHHbie IIO3BOJIHJIH: 

- rrpe.[(JIO)KHTb MexaHH3M rrpeBpa:rn;eHH5I yrrteBo,n;opo.n:oB Ha pa3JIH1IHblX 

KaTanH3aTOpax B ycnomrnx rn,n;poo6naropa)KHBaHH5I 

cpe,nHe,[(HC~HJIJISITHhIX cppaKUHH; 

' - BbI6paTb COCTaB KaTaJIH3aTopa ,D;J15I IIOJiyqemrn HH3KO3aCTbIBaIO:rn;Hx ' . .[(H3eJibHhIX 

TOIIJIHB B . _ YCJIOBH5IX .n:eikTByIO:rn;Hx OTe1IeCTBeHHbIX ycTaHOBOK rn.n:poo"tJHCTKH 

cpe.n:He,[(HCTHJIJISITHhIX cppaKUHH. 
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MEXAHH3M r JIYliOKoro OKHCJIEHIDI r AJIOrEHCO,UEP)KAU.-HX 

OPr AHHqEcKHX BE~ECTB HA p ACIIJIABAX r~POKCH,l(OB, 
KAPliOHATOB H XJIOPH)J:OB UlEJIOqHl,IX METAJIJIOB 

THE MECHANISM OF DEEP OXIDATION OF HALOGENATED ORGANIC 
SUBSTANCES IN THE MEL TS OF CHLORIDES, CARBONATES AND 

HYDROXIDES OF ALKALINE METALS 

HcMarHJIOB 3.P.*, qeKpLIWKHH IO.C., PoJ,[(HJIOBCKaH T.A., TeTeuoea O.A., 
<l>e.[(opoe A.A. u Kep,Keuuee M.A.* 

Ismagilov Z.R.*, Chekryshkin Yu.S., Rozdyalovskaya T.A., Tetenova O.A., 
Fyodorov A.A. and Kerzhentsev M.A.* 

llHCTHTYT TeXHHqecKoiI XHMHH YO P AH 
yn. JleHHHa, 13a, IlepMh 6146000, Poccm1. · 

E-mail: cheminst@mpm.ru 
*llHCTHTYT KaTaJIH3a HM. r.K. EopeCKOBa co p AH 

np. AKa,[(eMHKa JlaBpeHTheBa, 5, HoBocH6HpcK 630090, Poccm1 
E-mail: mak@catalysis.nsk.su 

. . . The results of studying the reactions of deep oxidation of CHCh, CCl4 and fluorinated 
liquid M-1 in melts of hydroxide, carbonates and chlorides of alkaline metals with addition of 
V 20 5 are presented. It was found that using as catalyst any studied composition in the 
reactions of deep oxidation of halogenated hydrocarbons results in the formation of the 
mixtures of hydroxides, carbonates, chlorides and vanadates of alkaline metals. The 
composition of mixtures changes with variation partial pressures of halogens, CO2, water 
vapor and oxygen above the melt surface. 

OcHOBHOH rrpo6JieMOH reTeporeHHO-KaTaJIHTHqecKoro rny6oKoro OKHCJieHHH 

ranorettyrneBo,n;opo,n;OB 51BJI51eTC51 B3aHMO~eHCTBHe o6pa3yIOIII;HXCH ranoreHOB C 

KOMII0HeHTaMH, BXOMII(HMH B COCTaB KaTaJIH3aTopa, qTo COIIpOBO)K)];aeTCH o6pa30BaHHeM 

ranoreHH,lJ;OB THiKeJII,IX MeTaJIJIOB, HMeIOII(HX HH3KHe TeMrreparypbI IIJiaBJieHHH, H 

pa3pymeHHeM KaTaJIH3aTopa. IloKa3aHa B03MOiKH0CTb YHHqTO)l(eHHH opram1qecKHX BeII(eCTB 

npH TeMrrepaType 3 50-700°C Ha pacnnaBJieHHbIX KaTaJIH3aTOpax, npe,n;cTaBJUIIOIUHX co6oiI 

CMeCH fHL(pOKCHL(OB HJIH Kap6oHaTOB menoqHI,IX MeTaJIJIOB [1-3]. 3q><peKTHBHOe 

KaTaJIHTHqecKoe ,n;eHCTBHe YKa3aHHbIX CHCTeM o61,HCH51eTCH o6pa30BaHHeM B 

KHCrropo,n;co,n;epiKaII(eH aTMOC<pepe OKCH,ll;OB, rrepoKCH,lJ;0B H cynepOKCH~OB menoqHI,IX 

MeTaJIJI0B. O,n;ttaKO 06pa3yromHeCH rrpH 0KHCJICHHH ranoreHco,n;epiKaII(HX opraHHqecKHX 

BeII(CCTB raJI0H,n;-aHH0Hhl B3aHMO,lJ;CHCTBYIOT C KaTaJIH3aT0p0M C o6pa30BaHHeM ranoreHH,n;OB 

menoqHI,IX MCTaJIJIOB, HMeIOII(HX BhICOKHe TeMrreparyp1,1 rrnaBJICHHH H He rrpOHBJIHIOII(He 

KaTaJIHTHqecKyIO aKTHBHOCTb B peaKnm1x OKHCJieHHH. 
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Ha~rn ycTaH0BJieH cpaKT BbI,D;eJieHHH B ra.3oByro cpa3y ranoreHoB B rrpon;ecce rny6oKoro 

oKHCJieH~ CHCb, CCl4, q>TopHpoBaHHoii )KH,D;K0CTH M~l B cnyime .n;o6aBoK 0KCH.LI;0B Me.u;H 

HJIH oKcH.u;oB BaHa.u;HH B pacrrnaBJieHHbie cHcTeMbI NaOH-KOH (3BT.), Na2CO3-K2CO3 (3BT.), 

LiCl-NaCl-KCl (3BT.) [3]. O6pa3oBaHHe xnopa npH B3aHMo,n;eiicTBHH xnopH.n;oB HaTpHH H 

KaJIHH c rreHTa0KCH,ll;0M BaHa.LI;HH B rrpHCYTCTBHH KHCJiopo.n;a Ha6JIIO,Zl;aJIH B pH,n;e pa6oT [4,5]. 

ABTOpbI [6,7] rrpe,n;nararoT nonytJaTb MeTaBaHa,n;aT HaTpHH (KaJJHH) nyTeM 6ap60THpOBaHHH 

qepe3 pacrrnaB Na(K)Cl-V2Os KHcnopo.n;a, B pe3yJihTaTe qero 06pa3yeTCH Cb H Na(K)VO3. 

BhmeneHHe xnopa H3 B0,n;Horo pacrnopa xnopH.n;a HaTpHH npH ,n;eiicTBHH 030Ha B 

rrpHcyTCTBHH CO2 orrHcaHo B pa6oTe B.B.JlyHHHa H coTp. [8]. 

MeTO,n;aMH ,n;HcpcpepeHn;mun)HO-TepMHtJeCKOro, H P<l>-attanH3a 

ycTaH0BJieHo, qTo B rrpou;ecce 0KHcneHHH ranoreeyrneBo.n;opo,n;oB Ha pacrrnaBJieHHhIX 

KaTanH3aTOpax cocrnBa (NaOH-KOH)m. + 15 Mace.% V2O5, (Na2CO3-K2CO3)m. + 

15 Mace.% V2Os HJIH (LiCI-NaCl-KCl)m. + 15 Mace.% Y20s 06pa3yeTCH paBH0BeCHM cMech, 

co,n;ep)KaIIJ;M rH.n;p0KCH,llbI, Kap6oHaTbl, ranor eHH,UbI H BaHa,n;aTbI meJI0lJHhfX MeTanJI0B, 

COOTHOIIIeHHe KOTOpbIX B CMeCH 3aBHCHT OT napl.(HaJihHOfO ,naBJieHHH ranoreHa, CO2, napoB 

B0,Zl;hl H KHCJI0po.ua. 3TO 06CTOHTeJII>CTBO Il03B0JIHeT C03,D;aTb ycTOHlJHBhIH K ,n;eHCTBHIO 

ranoreH0B KaTanH3aTOp rny6oKoro 0KHCJieHHH ranorettco.n;ep)KamHx oprattHtJecKHX Bemecrn. 

Jlunparypa 

[l]M.A.Kerzhentsev, M.G.Adamson, Z.R.lsmagilov, Yu.S.Chekryshkin, Advances in Molten Salts. 
From Strutural Aspects to Waste Processing, N .-Y., Wallingford (U.K.), ( 1998) 279. 
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CATALYTIC MATERIALS FOR ENVIRONMENT PROTECTION 

KATAJIHTHqECKHE MATEPJIAJILI ,[(JUI 3AmHTLI OKPYiKAIOI.QEll CPE,ll;LI 

Ismagilov Z.R., Yashnik S.A., Podyacheva O.Yu., Shikiria N.V., Khairulin S.R., 
Kustov L.M.1, Antsifirov V.N.2
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and Herguido J. 7 
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Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
1 Zelinsky Institute of Organic Chemistry RAS, Moscow, Russia 

2Republican Engineering Center "Powder Metallurgy", Perm, Russia 
30msk Department of Boreskov Institute of Catalysis SB RAS, Omsk, Russia 

4Steel-Rolling Plant, St. Petersburg, Russia· 
5European Materials Research Society ( E-MRS), Strasbourg, France 

6University of Oulu, Oulu, Finland 
7University of Zaragoza, Zaragoza, Spain 

Efficiency of catalytic reactions for environmental protection and hence their economic 

performance primarily depends on the properties of catalytic materials: BET and external 

surface area, morphology, diffusion, capability for heat transfer, thermal stability, and 

mechanical -strength. The main idea of this INT AS Network project #1044 is to develop new 

catalytic materials in the different geometric forms such as foil, metal and ceramic fibers, · 

metaf' :or ceramic · foams, and honeycomb monoliths: At the Steel-Rolling Pl::µ1t 

(St. Petersburg) special alloys with an optimal chemical composition were developed for 

application as a high temperature catalyst carrier. At the Republican Engineering Center 

"Powder Metallurgy" (Perm) new materials for the preparation of highly porous reticulated 

ceramic foam monoliths were developed. Pilot batch of mullite and corundum-containing 

cordierite monoliths was manufactured and tested . in catalytic combustion of methane. At the 

Zelinsky Institute of Organic Chemistry (Moscow) the work was focused on the preparation 

and investigation of new catalysts supported o:n metallic carriers for the process of catalytic 

combustion [2]. In this part of the work two types of metallic carriers were used: 1) stainless 

steel gauze and 2) thermally stable Fe-Cr-Al fol For the deposition of a washcoating layer 

and an active component on the surface of the metallic carriers the method of electrophoretic 

deposition was applied. The catalytic activity of Pt- and Pd-containing catalysts, supported on 

the stainless steel gauze washcoated with alumina, was studied in the reaction of deep 

oxidation of methane and butane. At the Boreskov Institute of Catalysis (BIC, Novosibirsk) 

the ceramic monolithic supports with a washcoat containing Zr02 and Y 20 3 were used for the 
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preparation oJ impregnated catalysts. The catalysts were tested in the reaction of ·methane 

catalytic combustion, and also were shown to be promising for the treatment of the industrial 

exhaust gases containing VOCs. The methane combustion catalysts of perovskite structure 

were synthesized ori the Ni-Cr foams preliminary manufactured on the wall of metal heat 

exchanging tub.e of the catalytic heat exchanging reactors and washcoated by means of plasma 

spraying of alumina. At the Omsk branch of BIC (Omsk) the new catalytic materials for fuel 

combustion were developed. Different types of supported oxide and noble metal catalysts 

were tested in the reaction of methane and butane combustion. The catalysts were 

characterized by BET surface area measurements, TPR, SEM, ESDR, diffuse reflectance IR 

spectra of adsorbed molecules: NO and CH4. At BIC these catalysts were tested in the 

catalytic combustion of CH4 [4], steam reforming of CHi [3], DENOx [5], oxidation of 

1, 1-dimethylhydrazine, and H2S oxidation and decomposition. At the University of Zaragosa 

the bulk iron oxide, prepared by the precipitation and by citrates method, has been studied as 

an alternative catalyst for methane combustion. The samples of catalysts developed at BIC 

and in other Russian laboratories will be tested in methane combustion at the University of 

Zaragosa, in DENOx with propane and specific VOC's oxidation at the University of Oulu 

(Oulu, Finland). 

Acknowledgement: Authors are grateful to INT AS grant 00-413 for financial support, 
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PREPARATION AND CHARACTERIZATION OF NANOSTRUCTURED 

CATALYSTS FOR ULTRA-DEEP CLEANING OF MOTOR FUELS 

CHHTE3 H HCCJIE~OBAHHE HAHOCTPYKTYPHl>IX KAT AJIH3ATOPOB 
rJIYliOKOH oqHCTKH MOTOPHl>IX TOIIJIHB 

Ismagilov Z.R., Yashnik S.A., Shikina N.V., Andrievskaya I.P., Kuznetsov V.V., 
Khairulin S.R., Startsev A.N., Tzybulya S.V., Rogov V.A., Moulijn J.A.* 

and Babich I.V.* 

HcMaruJioB 3.P ., .SlmuuK C.A., illmrnua H.B., Au.z.puescKaH H.II., Ky1uenoe B.B., 
XaiipyJiuu C.P., CTapnes A.H., :QL16yJIH C.B., Poroe B.A., Moulijn J.A.*u Babich I.V.* 

Boreskov Institute of Catalysis, SB RAS 
Prosp. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 

Tel.: +7 3832 341219; Fax: +7 3832 397352; E-mail: zri@catalysis.nsk.su 
Delft University of Technology, 136 Julianalaan 2628 BL Delft, The Netherlands 

Tel.: 31 15 2785008; Fax: 31 15 2785006; E-mail: J.A.Moulijn@tnw.tudelft.nl 

Introduction 
The development of novel advanced catalysts for ultra-deep 

hydrodesulphurisation/dearomatisation of crude oil fractions is one of the most challenging 

tasks for the European refining industry. 

While alumina appears to be the most common support for HDS catalysts due to its 

chemical, textural and mechanical properties, numerous efforts are being made in order to 

improve its characteristics applicable for HDS catalysts by introducing carbon, silica, titania, 

zirconia, binary oxides, zeolites, clays, natural minerals [l]. ASA (amorphous silica-alumina) 

with supported Pt and Pd-Pt whose HDS activity was recently discovered are considered now 

as promising alternatives to the conventional NiMo/ AbO3 and Co W / AbO3 sulphide catalysts 

especially for the second-stage ultra-deep hydrodesulphurisation and presently are the subject 

of the intense studies [2, 3]. 

Results 

The general procedures for preparation of two types of monolith support on the base of 

H-ZSM-5 zeolite and alumina were developed. The influence of type of binder, ratio of binder 

and main oxide components for each type of monolith support was studied during the 

preparation of masses suitable for extrusion. The monolith supports with high surface area 

and acceptable mechanical strength based on zeolites and alumina were prepared and studied 

by adsorption technique, XRD, HREM, FTIR spectroscopy of chemisorbed CO. 

It has been found that modulus of the zeolite used ( atomic ratio Si/ Al are 18, 34 and 73) 

influences on the rheological properties of extrusion masses, containing these zeolites, and 
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physico-chemical characteristic (SaET, mechanical strength) of the final monolith support. The 

extrusion mass prepared with zeolite H-ZSM-5 (Si/Al=34) has optimal rheological properties. 

Using of zeolite with Si/Al=34 results in high mechanical strength (~19 kg/cm2
) and absence 

of defects during drying and calcination of moncliths. 

The Ca-forms of montmorillonite demonstrates better performance as binder and 

provides optimal rheological properties of extrusion masses based on zeolites. The optimal 

contents of Ca-montmorillonite in extrusion masses was 35 wt.% related to calcined zeolite

containing monolith support. 

Study of pore structure of the zeolite-containing monolith support by N2-adsorption 

technique (methods of Broechoff & de Boer) show that the monolith supports prepared from 

H-ZSM-5 zeolite (Si/ Al = 18, 34, 73) with Ca-montmorillonite (binder) have mesopores with 

average diameter equal to 45A. Data obtained by means of mercury porosimetry method 

shows that in addition to these supports have carrier pores (Def~ 11 OOA). 

The general procedures for preparation of mesoporous alumina washcoated monolith 

were worked out. It has been found that introduction of 20-wt.% pseudoboehmite as binder 

does not lead to the substantial changing of porous structure of initial mesoporous materials. 

Both type of monolith supports on the b~.se of zeolite and of alumina were used for 

preparation of Pt (1 wt.) or/and Pd (1 wt.%) supported monolith catalysts. The catalysts have 

been tested in thiophene hydrodesylfurization (HDS) reaction. 

Obtained data show that the Pt-supported catalysts on the zeolite-containing monolith 

supports have higher activity in thiophene HDS reaction than the commercially available 

Ni-Mo/AhO3 (Ni~3 wt.%, Mo~lO wt.%) catalyst upon the same reaction conditions. The 

Pt-catalyst, prepared on zeolite-containing monolith supports with Si/ Al equal to 18, has 

higher activity in thiophene HDS (k = 520-540 mole C4H4S/mole Pt*hr at 300°C) m 

comparison with one for catalyst based on monolith supports with Si/ Al = 34 and 73. 

The Pt, Pd and Pt-Pd catalysts have been examined by adsorption technique, XRD, 

HREM, FTIR spectroscopy of chemisorbed CO and TPR. 

Acknowledgement. This work is supported by INT AS grant 00-413 
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. . FORMS OF OXYGEN AND CATALYTIC PROPE~TIES OF OXIDES WITH 

PEROVSKITE-LIKE STRUCTURE IN COMBUSTION. 
La1-xCaxFe03 (x=0-1) SYSTEM 

<l>OPMbI KHCJIOPO,l(A H KATAJIIITII11ECKMI AKTIIBHOCTb B PEAKIJ;IDIX 
rJIYliOKOro OKIICJIEHllll OKCJmOB co CTPYKTYPOHHEPOBCKHTA . . 

CHCTEMA La1-x~axFe03 (x=0-1) 

Hcynona JI.A., BKoBJiena lI.C. u Ca,a;hIKOB B.A. 

Isupova L.A., Yakovleva I.S. and Sadykov V.A. 

11HCTH'fYT KaTarrma HM. r.K. EopecKoBa CO PAH 

rrp. flaBpeHTheBa, 5, HoBocHfo:1pcK 630090, Poccm1 

E-mail: isupova@catal ysi s.nsk. su 

This work aims at clarifying the relative role of the surface and mobile lattice forms of 

oxygen for· the catalytic properties of La1-xCaxFeO3 perovskites in CO and methane 
combustion. Steady-state catalytic activity data determined in a broad temperature range (up 

to 900° C) were compared with the reactivity and amount of different oxygen forms estimated 

from H 2 TPR peaks, while the nature of surface sites was studied by FTIRS of adsorbed NO 

test molecules. In all temperature range studied, mobile lattice oxygen forms appear to be of 

no importance for steady-state catalysis. 

QeJiblO pa60ThI smm1eTCSI myqeHHe pomI IIOBepxH0CTHOfO H pemernqHoro KHCrropo.n:a 

rrepOBCKHTOB pSI,na La1-xCaxFeO3 B KaTaJIH3e peaKUHH OKHCJieHHSI co H MeTaHa. )J;rrSI :noro 

,n:aHHhie ITO aKTHBHOCTH o6pa.3UOB 6hIJIH C0ITOCTaBJieHhI c KOJIHqecTBO¥ H OTHOCHTeJihHOH 

peaKUHOHHOH crroco6HOCThlO pa.3HhIX cpopM KHCrropo.n:a~ COOTBeTCTBYIOIUHX IlHKaM H2 TITB, 

H M~Tp,n:oM HKC . MorreKyrr-TecrnB (NO) 61,ma H3yqeHa rrpHpo.n:a .n:ecpeKTHhIX ueHTpoB 

rro~epXHOCTH, crroco6HbIX y.n:ep)KHBaTh cna6ocBSI3aHHhie cpopMhl KHCJIOpo.n:a. 

I10Ka.3aHo, qrn aKTHBHOCTh o6pa.3UOB B peaKUHH OKHCJiemrn co H MeTaHa B IIIHpOKOH 

o6nacni TeMrrepaTyp (200-900 °C) HCIIhITaHHH KopperrHpyeT c K0JIHqecTBOM 

cna6ocBSI3aHHOro ( CHHMaeMoro .n:o 350 °C) KHCJiopo.n:a. IloKa.3aHO, qTQ IIOSIBJieHHe TaKOH 

cpopMbI KHCJIOpo.n:a ,n:IDI o6pa.3UOB cepHH La1-xCaxF eO3 MO)KeT 6hITh CBSI3aHO C HaJIHqHeM B 

06pf13uax Me)K6JioqHbIX rpaHHU. B MeCTaX BhIXO,n:a TaKHX rpaHHU Ha IIOBepXH0CTh 

cpopMHPYIOTCSI KO0p,n:HHaUHOHHO-HeHaChIIUeHHhie BOCCTaHOBJieHHbie ueHTphl, 

a.n:cop6HpyIOII(He KHCJiopo.n: C HH3KOH :mepmeii CBSl3H, B TOM qHcJie, B MOJieJynSipHOH cpopl\,fe. 

MeTO,n:oM HKC a.n:cop6HpoBaHHhIX MorreKyn-iecTOB rroKa.3aHo, qTo TaKHMH ueHTpaMH 

SIBJISIIOTCSI KOOp,n:HHaUHOHHO-HeHaChII.IJ;eHHhie KaTHOHhl Fe +J H KJiaCTepbl BOCCTaHOBJieHHhIX 

KaTH0H0B Fe+2. 

B TO )Ke BpeMSI, KoppeJISIUHH :fyle)K,n:y K0JIHqecrnoM CHHMaeMoro rrpI-J TITB 

rrpoqHOCBSI3aIIHOr0 (pemeTOqHoro) KHCJIOpoi(a H aK'tHBHOCThlO o6pa3UOB La1-xCaxFeO3 B . 
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peaKIJ;HH IIOJIHOfO OKHCJie1urn: MeTa~a -rrpH BbICOKHX TeMnepaTypax (450-900 °C) HaMH He 

06Hapy)KeHO, XOnI B JIHTepazype . TaKOe COIIOCTaBJieHHe -Y:aCTO IIpHBO,nHTC.H. Tiorry-Y:eHHbie 

,naHHbie CBH,neTeJibCTBYIOT O pOJIH ,neq>eKTHbIX aKTHBHbIX u:eHTpOB (B . TOM qJfcJie 

BOCCTaHOBJieHHbIX KJiaCTepHpOBaHHbIX KaTlfOHOB ), H 06 OTCYTCTBHH BJIH.sIHH.H Ha 

CTaUHOHapHyIO aKTHBHOCTb IIO,l:(BH)KHOCTH KHCJiopo,na perneTKH B H3y-Y:eHHbIX OKCH,nax He 

TOJibKO ,nJI.H HH3KOTeMrrepaTypHbIX, HO H ,nmI BplCOKOTeMrreparypHblX rrpoueccoB rny6oKoro 

OKHCJieHH.H. 
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MEXAHH3M PEAKQBH rll,ll;PHPOBABIDI OKCHM Yr JIEPO,[(A 

HA Co-Ir/Ah03 KATAJIH3ATOPAX 

MECHANISM OF CARBON OXIDE HYDROGENATION OVER Co- Ir/Ah03 
CATALYSTS 

HTK}'JIOBa III.C. u 3aK}'M6aeBa r.~. 
Itkulova Sh.S. and Zakumbaeva G.D. 

I1HCTHTYT opraHWieCKOro KaTaJIH3a H 3JieKrpOXHMHH HM. ,U:.B. CoKOJihCKOro; 

yrr. KyHaeaa 142, r. ArrMaThI, Pecrry6rrHKa Ka.3axcrnH 
Fax: (007) 3272 915722; E-mail: orgcat@nursat.kz 

It is suggested the mechanism of carbon oxide hydrogenation over 
Co-Ir/AhO3 catalysts. It have been established that dissociation of carbon monoxide with 
formation of carbon is occurred over these catalysts. This carbon actively participates in the 
following polymerization with formation of high hydrocarbons. 

B pa6oTe myqeHa peaKUJUI rn,npHpoBaHH}I OKCH,na yrnepo,na Ha 10% 

Co-Ir/AhO3 KaTanmarnpax. Co,nep)KaHHe HpH,nHH B KaTarrH3arnpe aapbHpoaarrocb OT 0.5 ,no 

50 Mace. % OT cyMMhl MeTaJIJI0B. ,U:JIH BhIHCHeHH}I MeXaHH3Ma rrpouecca ITO 0K0HqaHHH 

peaKUHH rrpoB0.[(HJIH TepMorrporpaMMHp0BaHH0e BOCCTaHOBJieHHe KaTaJIH3aTopa B0,nopo,noM. 

CocTaB rrpo,nyKTOB peaKUHH OITpe,neJIHJIH xpoMaTorpaqmqecKHM MeT0,[(0M, C0CT0HHHe 

a,ncop6HpOBaHHbIX M0JieKyrr myqanH MeTO,[(0M I1K-cITeKTJ)OCKOITHH. CoCTaB H crpyKTYPY 

IT0BepXH0CTH KaTaJIH3aTopa HCCJie,[(OBaJIH MeTO,naMH 3JieKTpOHHOH MHKpOCK0IIHH, P<l>3C, 

TITB H TepMo-rpaaHMeTpHH. 

y CTaHOBJieHO,' qTo rH,npHp0BaHHe 0KCH,[(a yrnepo.na C0ITp0BO)K,l(aeTCH ero ,UHCCOUHa[(HeH 

,no aKTHBHbIX cpopM yrnepo,na. IloaepXHOCTHI,{H yrnepo.n rH,npHpHpyeTCjJ C o6pa.30BaHHeM 

CHx ads rpyITrr, npeBpa:m;eHHe K0TOpbIX H,UeT ITO .l(BYM HanpaBJieHHHM: rn,npHp0BaHHe ,no 

MeTaHa H HX IT0JIHMepH3a[(HH C o6pa.30BaHHeM BbICIIIHX yrneBo,nopo,noB. Ilpe,nrronaraeTCH, 

qTQ .[(HCC0UHaIJ;HjJ OKCH,[(a yrnepo,na H rn.n;pHp0BaHHe yrnepo,na .[(0 CHx rpyrrrr H MeTaHa 

ITp0HCX0.[(HT Ha B0CCTaH0BJieHHbIX, a peaKUHH IT0JIHMepma[(HH H o6pa.30BaHHjJ BbICIIIHX 

yrneao,nopo,noa - Ha OKHcrreHHbIX ueHTpax KaTanmarnpa. 
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HEKOTOPhIE KHHETINECKHE OCOBEHHOCTH rll)];POJIH3A 

BHHHJIAQETATA 

SOME KINETIC PECULIARITIES OF VINYL ACETATE HYDROLYSIS 

KapaMHH J{.P ., Cepreesa C.H., Epu~HH B.K., BocKaHHH 11.C. u lieuJiepHH H.M. 

Karamyan D.R., Sergeeva S.N., Yeritsyan V.K., Voskanyan P.S. and Beylerian N.M. 

EpeBaHCKHH HHH "IInacTDOJIHMep"'H EpenaHCKHH rocy,napcTBeHHLIH yHHBepcHTeT 
np. ApmaK)'mru, EpeBaH-7, -127375007, ApMemu1 

Fax:(374-1 )48-80-90; E-mail:"proa359@stalker-tc.am 

It is well known that the mutual solubilities of vinyl acetate ·(VA) and water are very low. 
For this reason the initial mixtures are heterogeneous: VA layer, containing water and water 
layer, containing VA. 

First of all the optimal stirring rate has been determined which allowed to realize kinetic 
studies in the kinetic region. 

Kinetic data obtained at 303 K show that kinetic curves differ from classic cases. The 
hydrolysis begins without essential induction period, but the process proceeds with low rate, 
then there is some rate downfall, after which begins autoacceleration. 

It is assumed that the reaction medium is composed of two descrete zones, which differ 
by their extent of influence on the reactivity of both reagents. This point of view account for 
the fact why there is no linear relationship between W0 and C0

8 A · C0mo. 

fH,npOJIH3 BHHHJiaueTaTa (BA) rrpe,nCTaBJUieT 3Ha-cnneJibHhIH I1paKTHqecKHH HHTepec B 

CBH3H C HeraTHBHhIM B03,l(eHCTBHeM rrpo,nyKTOB rn,npOJIH3a (yKCYCHOH KHCJIOThl If 

aueTaJib,nerH,na) Ha npouecc IIOJIHMepH3aUirn: BA. C TQqKH 3peHHH cpyH,naMeHTaJibHOH HayKH 

,naHHhIH npouecc HHTepeceH TeM, qTQ HMeeT caMOYCKOpHIOIUHHCH xapaKTep B pe3yJibTaTe 

aBTOKaTaJIH3a. 

I(eJib KHHeTHqecKHX HCCJie,UOBaHHH - H3yqemre MexaHH3Ma m,npOJIH3a BA B pearrbHbIX 

cpe,nax CHHTe3a BhICOKOMOJieKyJIHpHoro IIBA, qTQ ,no CHX nop Marro HCCJie,noBaHO. 

IIpe,naapHTeJII,HbJe OllhIThl rrpOBO,l(HJIHCb B BO,UHO-BHHHJiaueTaTHhIX CMeCSIX. B CBH3H C 

oqeHb HH3KOii B3,aHMHOH pacrnopHMOCThlO o6eHX )KH,LlKOCTeii CHCTeMa reTeporeHHa H 

COCTOHT H3 .l(BYX q>a3: BO,l(HOH, co,nep)Kameii BA, H BHHHnaueTaTHOH, co,nep)I(ameii BO.[(y. 

Ilpouecc ocymecTBJIHJIH npH cKopocTH rrepeMenrnBamrn, 06ecne11:HBaromeii rrpoBe,neHHe 

peaKUHH B KHHeTHqecKOH o6naCTH. MomrpHyIO ,UOJIIO BA (NsA) H3MeHSIJIH B HHTepBane 

0,0437 0,5 ,a BO.Ubl (NH20}- OT 0~957 ,no 0,50. 

I1011y11:eHHhie IIpH 303 K KHHeTHqecKHe KpHBbie OTJIH11:aIOTCH OT KJiaccHqecKoro cnyqasr. 

fH.n;ponH3 npoTeKaeT 6e3 3aMeTHoro HH.[(YKUHOHHOro nepHo,na H cprumHTeJibHO Me,nneHHO, 

11ocne HeKornporo · 3aMe,n;neHHSI peaKUHH HacryrraeT caMoycKopeHHe. 

167 



PP-88 ' 
MHTepeCHO' 0TMeTHTh; qTo B CMec.six C MaJihIM co,n;ep)KaHJ-IeM . B0,l(hl, . ri1,n;pOJIH3 

HaqirnaeTc.si 6McTpee, HO Haqarro caMoycKopemrn 3HaqHTerrhHO 3arnrHBaeTc.si. H Hao6opoT, B 

CMec.six, o6orameHHhIX BO,l(OH, rH,n;pomn HaqHHaeTC.sJ. Me,nrreHHee, HO pa3BHBaeTCSI 6bICTpee. 

IIpe,nrrorraraeTCSI,~ qTo peaKUHOHHa.sI CHCTeMa COCTOHT H3 ,n;ayx ,l(HCKpeTHhIX THUOB 

peaKUHOHHhIX 30H, pe3KO OTJIHqaJOII(HXCSI CBOHM BJIIUIHHeM Ha peaKUHOHHYIO CIIOC06HOCTb 

o60HX peareHTOB. 

C o,nHoiI crnpoHhI, 30Ha, o6orameHHa.si BA, o6rra,n;aeT MeHhrnei1: · :,l(H3.ireKTJJHqecKoi1: 

rrpoHHuaeMOCThIO (B Heit: rrpeo6rra,naIOT rn,n;p0<po6Hble B3aHMO,l(eMCTBHSI) H Bepo.sITHOCTb 

rrpoHHKHOBeHHSI OTHOCHTeJibHO Marroro KOJIHqecTBa MOJieKyrr B0):(bl K rrorr.sipHOH 

Kap60KCHJibHOH rpyrrrre BA OKa3hIBaeTCSI 60JibIIIe. I103TOMY peaKUHSI Haq1maeTCSI 6h1cTpee, 

0,l(HaKO, 06pa30BaBIIIa.sICSI Y:i<CYCHa.sI KHCJIOTa (YK) B ,n;aHHOH cpe,n;e ,l(HCCOUHHpyeT B 

MeHbIIIeii CTerremr, IIO3TOMY CaMoycKopeHHe 3arnrHBaeTCSI. 

B 30He )Ke, o6orameHHOH BO,l(OH, rrpeBarrHpyromne Me)KMOJieKyrr.sipHbie H-CBSI3H 

rrpHBO,l(SIT K CHH)KeHHIO peaKUHOHHOH crroco6HOCTH B0,l(bl. O.IJ;HaKO, o6pa30BaBIIIa.sICSI YK 

nyqrne ,l(HCCOUHHpy,eT H caMoycKopeHHe CTaHOBHTCSI Harrr.si,n;Hee. 

OTCYTCTB:Eie JIHHeHHOH 3aBHCHMOCTH HaqarrhHOH CKOpOCTH rn,n;porrH3a (W o) OT 

I1pOH3Be,n;eHHSI C0
sA · C0

H20 (C 0-o6ma.si MOJISipHa.sI KOH[(eHTpa[(HSI) CBH,D;eTeJibCTByeT B IIOJib3Y 

n pe,ncTaBJieHHSI 0 HaJJHqHH ,n;Byx pa3JIHqHJ,IX peaKUHOHHhIX 30H. 

Bo-nepBhIX , Ha rpaqrnKe B Koop,n;HHaTax Wo-:- C0
8A· c0

H20 Ha6rrro.naeTc.si MaKCHMYM, 

Kor,n;a CMeCh 6oraqe BA H rrpH OTHOCHTeJihHO MaJIOM 3HaqeHHH YKa3aHHOro rrpOH3Be,neHHSI. 

Bo-BTOpbIX, HMeeTCSI BTOpOH MaKCHMYM, HH)Ke rrepBoro, COOTBeTCTBYIOII(HH 

NsA/ NH20 = 0,23: 0,77 H HeMaKCHMaJihHOMY 3HaqeHHIO rrpOH3Be,n;eHHSI C0
aA ·C0

H2o. 

TaKHM o6pa30M, ,l(JISI HCCJie,n;oBaHHhIX CHCTeM HaMH ycTaHOBJieHO OTCYTCTBHe 

a,n;,n;HTHBHOCTH ,neHCTBHSI o6oHX peareHTOB, qTo YKa3bIBaeT Ha rrpHHUHIIHa,JlbHYIO 

HerrpHMeHHMOCTb KrraccnqecKoro ypaBHeHHSI aBTOKaTarrH3a, KOTOpoe xoporno rrpHMeHSieTCSI 

B fOMOreHHbIX CHCTeMax. 

IIorryqeHHbie KHHenrqecKHe ,naHHbie II03B0JISIIOT o6cy)K,naTh pe3yJihTaTbl C yqeTOM 

CBoeo6pa3HH H3yqeH~0H CHCTeMhl. 

Pa6orn BhmorrHeHa no rrpoeKry MHTQ #A-359. 
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KAT AJIHTlfqEcKHH p ACilM rimPOIIEPOKCH,[(OB B OliP A~EHHLIX 

MH:QEJIJIAX,[(O,[(EQHJICYJIL<I>ATAHATPIDI' - · 

HYDROPEROXIDE CATALYTIC DECOMPOSITION IN REVERSE MICELLES 
FORMED BY SODIUM DODECYL SULFATE 

Kacamrnua O.T., KapTameea 3.C., KamKaii A.M. H MaKCHMOBa T.B. 

Kasaikina O.T., Kartasheva Z.S., Kashkay A.M. and Maximova T.V. 

HHCTHT)'T XHMHqecKOH <pH3HKH HM. H.H. CeMeHoBa P AH 
yrr.KocbirHHa, 4, MocKBa 11977, Poccmr 

<l>aKc: (095)9382156; E-mail kasaikina@chph.ras.ru 

Hccrre,L(OBaHH.sr rrocrre,n;Hero ,n;ec.srTHJieTH.sr IIOKa3bIBaIOT, qTo IlOBepXHOCTHO-aKTHBHbie 

Bemecrna (IIAB) MoryT OKa3bIBaTb cymecrneHHOe Bmrnmie Ha CKOpOCTb H MexaHH3M 

)KH,L(KO<pa3HOro OKIICJieHH.sr yrneBo,n;opo,n;oB, xapaKTep KOTOporo 3aBHCHT OT npHpO,!(bI IIAB. 

KaTHOHH1>1e IIAB, KaK npaBHJIO, KaTaJIII3Hpy10T pacna,n; m,nporrepoKcH,n:oB (ROOH) Ha 

CB06o,n;Hhie pa,nHKaJibI H yBeJIHqHBaIOT CKOpOCTb OKHCJiemrn. Ha npHMepe nr,n;ponepOKCH,L(OB 

,n:o,n;eKaHa 61,mo o6Hapy)KeHo, qrn B npHcyTCTBIIH aHHOHHOro IIAB ,L(O,neuHrrcyrrb<parn 

HaTpH.sr (MC) He TOJibKO yBeJIIIqHBaeTC.H CKOpOCTb pacrra,n;a, HO H II3MeH.HeTC.H COCTaB 

rrpo.zzyKTOB: o6pa3yIOTC.H orre<pHHbI KaK B IIHepTHOli aTMOC<pepe, TaK tt npH OKHCJieHIIH 

,n:o,neKaHa KIICrropo,n;oM B03JzyXa npII 140°C C BbIXO,[(OM OKOJIO 20%. 3TO II03BOJI.sreT 

paccMaTpHBaTb MC KaK KaTaJimarnp OKIICJIHTerrhHoro ,n;em,n;pttpoBaHH.sr aJIKaHa. MC 

KaTaJIHTHqecKH ycKop.sreT reTepomITHqecKoe pa3JIO)KeHIIe rH,nporrepOKCH,na 3TIIJI6eI{30Jia Ha 

<peHOJI H aueTaJib,!(em.n, a m,n;ponepoKCH,[(a KYMOJia - Ha a-MeTIIJICTHporr H <peHOJI. 

KaTaJIHTHqecKasI aKTHBHOCTh MC CHJihHO 3aBHCHT OT co,n:ep)KaHH.sr BO,L(I,I B cHcTeMe: B 

a6COJIIOTHO o6e3B0)KCHHbIX cpe,nax H npII 60JibillOM co,nep)KaHHH BO,L(bl (KaK OT,[(eJihHOH 

<paJhI) KaTaJIH3 He Ha6rr10,n:aeTc.sr. MC rrrroxo pacrnop.sreTc.sr B yrneBo,z:i;opo,n:ax H B 

xrrop6eH30Jie. O,nHaKO B rrpHCYTCTBHH rn~ponepoKCII,[(0B H MHKpOKOJIHqecTB BO,[(bl 

o6pa3yIOTC51 COBMeCTHbie MHKpoarperaTbl TIIITa o6pameHHbIX MHI(CJIJI, B KOTOpbIX 

rrpoHcxo,nHT KarnrrHTHqecKoe pa3JIO)KeHIIe ROOH. KaTaJIII3aTOp ,n:rrHTeJihHOe BpeM.sr 

coxpaH.sreT aKTHBHOCTb, H HOBbie nop[(IIII rtt,n:ponepOKCII,!(a, ,n;o6aBJieHHbie B CHCTeMy, 

pacxo,nyIOTC.sr C BbICOKOH CKOpOCTblO. 

Mo)KHO npe,n:norrO)KHTb, qrn Bo BHyTpeHHIIX norrocrnx o6pameHHbIX MHuerrrr MC, 

+ 
o6pa30BaHHhIX aTOMaMII KHCJIOpo,n:a cyrrb<porpynn, HOHaMH Na H MOITeKJITaMH BO,!(bl, 

,n:eHCTBYIOT 3JieKTpOCTaTHqecKHe non.sr BbICOKOH Hanp.sr)KeHHOCTH, KOTOpbie CTa6HJIH3HPYIOT 

COCTO5IHH51 MOJieKyJI H pearHpyIOIUHX KOMITJieKCOB C pa3,n;erreHHeM 3ap.sr,n:OB. MexaHH3M 
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r eTepOJIHTHl.JeCKOro pa3JIO)l(eHmI rH,l(porrepOKCH)lOB 3THJI6eH30Jia H KYMOJia, OCHOBHOH 

IJ;BH~meii CHJIOH KOToporo rrpe,llIIOJiaraeTCH CTa6HJIH3aQHH KaTHOHa Pho+ H 

COOTBeTCTBYIOID;HX Kap6KaTHOHOB OTpHUaTeJIE,HO 3apg)l(eHHbIMH IIOJIHpHbIMH roJIOBKaMH 

IlAB, MO)l(HO rrpe,llCTaBHTb cJie)lyIOID;HM o6pa3oM: 

0 
I II e 

......_....,,._C-O-S-O 

I b 
0 

Nf ~ ' 
~---~~ PhOH + CfuCHO · 
,- CH-CHj, 

I II e ......_....,,._c-o-s-o 
: I ~ 

®'-,_o ___ : 

I b 

0 
I II e --------c-o-s-o 
I II 

0 

0 
I II e --------c-o-s-o 
I II 

0 

Na --\-----···· 
eOH 

© Ph 
Na IG, 

HJC-C-CHJ 
+ 
0 
~ 

OH 
OHcf -2Ph(CH3)C=CH2+2H20+02 

Nf + 
IIJC-C-CHJ 0, 

Ph 

KaTaJIHTHt.JecKoe pa3JIO)l(eHHe rH,nponepoKcH,noa B MHKpoarperarnx MC HBJIHeTcH 

. ":JHMepoM MHUeJIJIHpHoro KaTaJIH3a, KOr,na a o6pameHHblX MHQeJIJiax He TOJibKO 

·geJIHl.JHBaeTCH CKOpOCTb rrpon;ecca, HO MeHHeTCH HarrpaBJieHHe peaKQHH. IIpe,ncTaBJIHeTCH 

_: OHCTPYKTHBHbIM COIIOCTaBJieHHe KaTaJIHTl1"9:CCKHX MHKpopeaKTOpOB - MHKpOIIOJIOCTeH 

a6pam;eHHbIX MHUeJIJI IIAB H MHKporronocTeii reTeporeHHbIX ueoJIHTHbIX (HarrpHMep, MeY, 

M eZSM.;.5, MeX, Hmordenite) KaTaJIH3arnpoa. 

Pa6om t.JaCTHt.JHO rro,u,n;ep)l(aHa rpaHTaMH P<l><l>H 01-03-32222 H 00-15-97404. 
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[2+2] ~~HKJIOt(HMEPH3~IDI METHJIBllHHJIKETOHA. MEXAHH3M H 

OCOliEHHOCTH rOMOrEHHoro H rETEPOrEHHOro KATAJIH3A 

[2+2] - CYCLODIMERIZATION OF METHYL VINYL KETONE. MECHANISM 
AND PECULIARITIES OF HOMOGENEOUS AND HETEROGENEOUS 

CATALYSIS 

KaQMau E.A., BeTpoBa O.li.,.t(MHTpHeB t(.B., EBcTurueeBa E.M. u <l>mm B.P. 

Katsman E.A., Vetrova O.B.,. Dmitriev D.V., Evstigneeva E.M. and Flid V.R. 

MocKOBCKruI rocy.l(apcmeHHrur aKa,n.eMIDI ToHKoiI XHMHtiecKoii TeXHorionrn HM. M.B. lloMoHocoaa 
npocrreKT BepHa,ncKoro 86, MocKBa 117571, Pocc:a.si 

Ten.434-8711: E-mail: vflid@cityline.ru 

Diacetyl cyclobutane was synthesized by dimerizatiori reaction of methyl vinyl ketone in 
the presence of heterogeneous or homogeneous Ni-based catalyst at mild conditions. The 
product contains 4 isomers: 1,2- and 1,3-substituted ones in cis- and trans-conformations, 
where cis-isomers dominate. The 1,2-product structure allows chirality. The study was 
fulfilled of the product composition dependence on reaction conditions and catalyst type. The 
similarities and the differences between mechanisms of heterogeneous and homogenous 
catalysis are discussed. 

J,fayqeHa peaKIJ;H.sI [2+ 2]-u;HKJIO,llHMepH3au;irn MeTHJIBHHHJIKeTOHa, KaTaJIH3HpyeMa.si 

roMoreHHbIMH H reTeporeHHbIMH HHKeJI:oco,uep)KaIIJ;HMH KaTaJIH3aTOpaMH [1,2]. 

,[{Hau;eTHJIIJ;HKJio6yTaH CHHTe3HpOBa.JIH ,l(HMepH3au;:aeiI MeTHJIBHHHJIKeTOHa B 

npHCYTCTBHH reTeporeHHOro H roMoreHHOro HHKeJieBoro KaTa.JIH3aTopa. reTeporeHHblli 

npou;ecc (KaTaJIH3aTOp - HHKeJib Ha OKCH,lle aJIIOMHHH.sI) npOBO,l(HJIH npH 90 °C a arrnapaTe 

CoKCJieTa. KaTa.JIH3aTOp nonyqrurn rrpoKaJIIrnaHHeM B TOKe a3OTa rpaiiyJI rn,upOKCH,l(a 

aJIIOMHHH.sI, Ha KOTOpbie npe,l(BapHTeJibHO HaHOCHJIH XJIOpH.l( HHKeJUI H napaq>HH (CwC1s). 8 

npou;ecce rrpOKaJIHBaHH.sI MeTaJIJI BOCCTaHaBJIHBaeTC.sI C BbI.neJieHHeM XJIOpHCTOro BO,Uopo,ua. 

B Ka"IeCTBe roMoreHHOro KaTaJIH3aTOpa HCilOJib30BaJIH 6HC(fl3-aJIJIHJI)HHKeJib. 

ITpo.l(yKT co,nep)KHT 4 H30Mepa: 1,2- H 1,3- 3aMemeHHbie B IJ;HC- H TpaHc

KOHq>OpMaIJ;H.sIX, rrpHqeM .l(OMHHHPYIOT IJ;HC-H30Mepb1. CTpoeHHe 1,2-npo,nyKTa ,nonyc~~eT 

XHpaJibHOCTb. JtbyqeHa 3aBHCHMOCTh H3OMepHoro COCTaBa OT ycJIOBHH npo~e,neHH.sI peaia;(Hli 

H a:a,na KaTa.rrH3aTopa. B o6oHx cnyqrurx ,UJUI ocymecTBJieHH.sI peaKu;HH Tpe6yeTc.si ,no6~BKa 

,uHeHoaoro yrneao,nopo,na (HarrpHMep, Hop6opHa,nHeHa). 

Pa6ora BhIITOJIHeHa npH no.rmep)KKe P<l><l>H (rpaHT M.? 02-03-32361). 

[l]Be-rposa O.E., KauMaH E.A., )I(asopoHKOB Ii.TI., KapaceB I0.3., ,D;onrne 11.E. )I(_ opr. XHMHH, 
1991, 27, 2624. 

[2]<l>mm B.P., Ky3Hel{OB B.E., fpurop1>eB A.A., EenoB A.TI. KuHeTHKa u KaTaJIH3, 2000, 41,666. 
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POJII, OCHOBAHIDI B KATAJIH3E KOMIIJIEKCAMH IIAJIJIA)];IDI PEAKQHH 

APHJIHPOBAHIDIKAP6AHHOHOB 

ROLE OF BASE IN PALLADIUM CATALYSED REACTIONS OF CARBANION 
ARYLATION 

Kamuu A.H., MuTuu A.B. u 6eJieQKaH II.II. 

Kashin A.N~, Mitin A.V. and-Beletskaya I.P. 

XJIMHqecKHii q>ru<yJibTeT MoCKOBCKOfO rocynapcTBeHHOfO YHHBepCHTeTa HM. M.B. floMOHOCOBa 
nemrncme ropo1, n. 1, ci:p. 3, fCTI-2, MocKBa 119992, PocCHH 

Fax: (+7-095) 939 36 18; E-mail: ankashin@org.chem.msu.ru 

The arylation of the carbanions related to CH2(Y)(SO2R) (Y = Ph, C6F 5, CO2Et, SO2Ph, 
CO Ph, NO2; R = Ph, CF 3) with ArX in the presence of NaH and Pd2dba3/PPh3 as the catalyst 
is studied. A novel mechanism of the carbanion arylation is proposed. The main feature of 
this mechanism is the acceleration of the reduced elimination due to the deprotonation of the 
intennediate ArPd[CH(Y)(SO2R) ]L2. 

KaTaJIH3 KOMIIJieKCaMH rraJIJia,l(HH HrpaeT BbIJJ:aIOnzyIOCH ponb B peaKUIUIX Kpocc

·: ;'4:eTaHHH apHJiraJioreHH)lOB ArX C MeTaJIJioopramiqecKHMH coenirneHHHMH RM H 

''';}rnOMmHx K o6pa30BaHHIO HOBOH CBH3H yrnepo,u-yrnepo,u. 3HaqHTeJibHO Tpy.n:nee, qeM 

'},KUHH ArX c RM, ocymecTBAAIOTCH peaKIJ;HH c yqaCTHeM CTa6HJibHbIX Kap6aHHOHOB 

CH(Y)(Z), rne Y H Z - 3JieKTpoHoaKu;erITopHhie rpyrrrr1>1. 

HaMH ycrreumo ocymecrnneHa peaKUHH cepim TaKHX Kap6aHHOHOB, rronyqeHHhIX H3 

'th(Y)(SO2.R) (Y = :Ph, C6F5, CO2Et, SO2Ph, COPh, NO2; R = Ph, CF3) rrpH HCIIOJih30BaHHH 

_ +(aqecrne ocHoBaHHH NaH_ H KaTaJIH3aTOpa Pd2dba3/PPh3. 

Tipe,uJIO)l(eH HOBbIH MeXaHH3M peaKUHH apHIIHpOBaHHH Kap6aHHOHOB. fnaBHOH 

0co6eHHOCTbIO 3Toro MexaHH3Ma HBJIHeTCH ycKopeHHe BOCCTaHOBHTeJibHOrO 

3JIHMHHHpoBaHHH 3a cqeT ,uerrpOTOHHpOBaHHH BO3HHKaIOmero HHTepMe,UHaTa 

ArPd[CH(Y)(SO2R)]L2. Ee3 rnKoro nerrpoTOmrpoBaHHH, KaK HaMH 6bmo rroKa3aHo, peaKUHH 

He rrpOHCXO):(HT. 

Pa6orn BblIIOJIHeHa rrpH q>HHaHCOBOR rro,z:mep)l(Ke P<l><l>l1 (rrpoeKTbl 00-03-32766, 

02-03-06175). 
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COBMECTHOE IIPHMEHEHHE METO~OB CTM H P<1>3C ,IJ;IDI H3y.JEHIDI 

MO,n:EJILHLlX HOCHTEJIEH H HAHECEHHLIX KATAJIH3ATOPOB 

COMBINED STM AND XPS STUDY OF MODEL SUPPORTS AND 
SUPPORTED CATALYSTS 

Ksou p .H., HapTOBa A.B. * H THXOMHpOB E.Il. * 
Kvon R.I., Nartova A.V.* and Tikhomirov E.P.* 

HHcTHT)'T KanmH3a HM. r.K. EopecKoBa CO PAH 
rrpocn. JlaBpeHTbeBa, 5, HoBocH6HpcK 630090, Poccm1 

<l>aKc: (+7 3832) 343056, E-mail: kvon@catalysis.nsk.su 
*HoBocH6HpcKHH rocy,napcrneHHhIH yHHBepcHTeT, 

yn. TIHporoBa, 2, HoBocH6HpcK 630090, Poccmr 

The .original .procedure to prepare the model alumina support suitable for STM and XPS 
investigations has been developed. Fe-Cr-Al foil was oxidized at 870 K to produce 0.5-2 nm . 

thick A}2O3 film due to aluminum segregation at the sample surface. -Both ARXPS 
measurements and the screening of Fe and Cr signals prove this alumina film to locate o.ver 
the matrix lattice while the Al2s electron losses spectra indicate it to be continuous. Silver 
was vaGuum deposited a,t the prepared film, both the source temperature and the depo~ition 
duration being varied. The particle size and surface distribution for Ag/alumina system were 
studied by STM. 

Pa3BHTHe CKaHHpy10meii TYHHeJibHOR MHKpOCKOITHH (CTM) OTKpbrnaeT HOBbie 

B03MO)KHOCTH HCCJie,[(OBaHHR B o6rracTH KaTaJIH3a, CBH3aHHbIC C BH3YaJIH3aUHCll 

MopcporrorH'lJCCKHX H CTPYKTYPHbIX H3MeHeHHR, rrpOHCXO,LVIIUHX Ha rronepXHOCTH 

KaTaJIH3aTopoB n rrpouecce HX rrpHroTOBJICHH}l HJIH B xo,n;e rrpoBe,neHH}l peaKQHH. O,n;HaKo, 
' 

MCTO,[(H'lJCCKH rrpHMeHeHHe CTM orpaHH'lJeH0 H3y'lJeHHeM TOJlbKO rrpOBO,[(}IIUHX o6neKTOB. 

B pa6oTe OilHCaHa rrpoue,n;ypa rrpHroTOBrremrn MO,[(eJihHOro HOCHTeJl}l KaTaJIH3aTOpOB B 

BH,[(e ITJieHKH OKCH,[(a aJIIOMHHH}l Ha rrpOB0,[(Hll(eR ITO,[(JIO)I(Ke, rrpHrO,[(Horo ,[(JI}! H3y'tleHHH 

HaHeceHHbIX KaTaJIHTH'lJeCKHX CHCTeM MeTo,naMH CTM H P<1>3C. CyTb MeTO,n;HKH 

3aKmoqaeTC}l B OKHCJIHTeJibHOR o6pa6oTKe q>OJihrH )Kaporrpo-qHoro CITJiaBa C HH3KHM 

CO,l(ep)KaHHeM aJIIOMHmUI. no ,l(aHHbIM P<1>3C, Ha rronepXH0CTH o6pa3:ua rrp0HCXO,l(HT 

cerperaQH}l aJIIOMHHH}l B OKCH,[(H0M C0CTOHHJ!H B BHL(e CBepxTOHKOR CITJIOIIIHOH rrneHKH. 

CTM rroKa3brnaer, '9:T0 rrp11 3TOM rronepxHOCTh CTaH0BHTCH 3Ha'lJHTeJibH0 6onee poBHOR H 

rna,n;KOR. TOJIIUHHa IlJICHKH 3aBHCHT OT rrpo,n;OJI)KHTCJihH0CTH, a ee,ynopH.ZJ;O'lJCHH0CTb OT 

TeMneparypbI 0KHCJIHTeJibHOH o6pa60TKH. 

TTpe,ncTaBJieHbI CTM 11306pa)KeHHH Mo,neJlbHoro HaHeceHHoro KaTaJIH3aTopa Ag/ AhO3, 

IlOJiy'lJeHH'oro HaITbillCHHeM '9:aCTHU MeTarr.irn B BaKyyMe npH pa3JIH'lJHbIX TeMrreparypax 

HCTO'tJHHKa cepe6pa. 
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HCCJIE,LJ:OBAHHE ,n:Hfl>fl>Y3HH H CErPEr ~HH PA3JllfllHLIX COCTORHHH 

Yr JIEPO,LJ:A HA IlOBEPXHOQTH MOHOKPHCTAJIJIA Pt(lll) METO,LJ:OM Ptl>3C 

XPS STUDY OF CARBON :QIF,FUSION AND SEGREGATION AT Pt(lll) SINGLE 
CRYSTAL 

Ksou P.H., TnxoMnpoB ,E.Il. *, HapToBa A.B. * u CTa.zi;uuqenKo A.H.* 

Kvon R.I., Tikhomirov E.P.*, Nartova A.V.* and Stadnichenko A.I.* 

I1Hcrn-ryT Kanuuf3a HM. f .K. :SopecKoBa CO PAH 
npocn. JlaBpeHTbeBa, 5, HoBocH6HpcK630090, Poccmr 

(l)aKc: (+7 3832) 343056; E-mail: kvon@catalysis.nsk.su 
*HoBOCH6HpCKHH rocy,n;apcTBeHHblli YHHBepCHTeT 
yn. IlHporoBa, 2, HoBoc116HpcK 630090, Poccm1 

The processes of carbon diffusion to the bulk and segregation at the surface of Pt( 111) 
single crystal were studied by XPS, TPR and kinetics measurements. The important 
contribution of pre-dissolved and then segregated carbon to graphite layer formation was 
proved. The stability of various prepared graphite-like deposits towards vacuum annealing 
and oxygen treatment was investigated. 

Hccne,n;omiHJUI MexaHH3MOB o6pa30BaHH.sI yrnepo,n;HbIX TIJieHOK npH pa3JIO)l(eHHH 

yrneBo,n;opO.[(OB Ha TIOBepXHOCTH MeTaJIJIOB rrnaTHHOBOH rpyrrm,I .sIBJI.sIIOTC.sI Ba)l(HOH H 

HHTepeCHOH rrpo6JieMOH, HMeromeii KaK cpyH,n;aMeHTaJlbHOe, TaK H npHKJia,n;Hoe 3HaqeHHe. 

O,n;HHM H3 HaHMeHee H3yqeHHbIX acneKTOB '.HOH rrpo6rreMbI OCTaeTC.sI BbUICHeHHe porrH 

,n;Hcpcpy3HOHHO-cerperan;HOHHbIX rrpon:eccoB Ha 3apo)l(,2l;eHHe H pocT yrnepo.n;HbIX CJIOeB Ha 
-, 

IIOBepXHOCTH TIJiaTHHbI. Mbl HCilOJlb30BaJIH MeTO.n; peHTreHOBCKOH <pOT03JieKTpOHHOH 

crreKTpOCKOIIHH (P<l>3C) )];JUI H3yqeHml KHHeTHKH .n;Hcpq>y3HOHHOro pacrnopemrn 

yrnepo,n;HbIX a,n;cop6n;HOHHbIX CJI0eB yrnepo.n;a pa3JIHqffOH rrpHpO,n;hI, 06pa3y10mHxc.sr rrpH 

pa3JIO)l(eHHH 3THJieHa, B o6neM MOH0KpHCTaJIJia Pt( 111) H ero cerperan;HH Ha IIOBepXHOCTb B 

3aBHCHMOCTH OT TeMrrepa-rypbI o6pa3n;a. 

(l)opMa cneKTpa Cls l10Ka3bIBaeT, qTQ rrpH 570 K o6pa6oTKa 3THJICHOM rrpH 3KCil03HU:HH 

1 OOL rrpHBO.lJ;HT K o6pa30BaHHIO CMeIIlaHHOro yrnepon-yrneBo,n;opo,n;Horo a.n;cop6n;HOHHOro 

crro.sr, COCTOsrmero H3 rrponyKT0B II0JIHOro H qacTHqHoro pa3JIO)l(eHHSI 3THJieHa. IlpH 

rrpoBe,n;eHHH TOH )Ke o6pa60TKH in situ, TO CCTb rrpH IIOCTOSIHHOM rrporrycKaHHH 3THJieHa Ha,[( 

o6pa3U:OM IIJiaTHHbl, ,n;aeT HHOH pe3yJibTaT - IIOKpbITHe yrnepo,n;OM B03pacTaeT, a caM IIHK 

C 1 s CTaHOBHTCSI 3aMeTHO y)l(e. 3TO CBH,n;eTeJibCTByeT O TOM, qTQ y)l(e rrpH 570 K rrpon:ecc 

IIOJIHOro pa3JIO)l(eHHSI yrneBo.n;opop;HbIX q>parMeHTOB H,n;eT Ha rpaHH ( 111) IIJiaTHHbI c 

3aMeTHOH CKQpOCTblO, H - B npHCYTCTBHH : JTHJieHa B ra30BOH cpa3e - BO3MO)l(HO 
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cpopMupoBaHue a,ucop6unoHHoro cnmr, cocTo.srmero 6om,meii qacThIO H3 :meMeHTapHoro 

~. '· , 

yrnepo,n;a. 

0 npupo,n;e yrnepo,n;HbIX OTJIO)KeHHH MO)l(HO cy,n;HT~ no xaprucrepy ,n;Hcpcpy3HOHHOro 

pacTBopeHR.R o6pa30BaHHbIX CJIOeB npu n0BbIIIIeHHH TeMneparypbl KpHCTaJIJia. OKa3bIBaeTC.R, 

qTQ He3aBHCHMO OT cnoco6a cpopMHpOBaHH.R (3KCn03H:QHeH JIH6o B noTOKe 3THJieHa), 

o6pa30BaBIIIHHC.R yrrrepo,UHblH CJIOH npaKrn:qecKH n0JIH0CTbIO ,UH<pcpyH,n;HpyeT B 061,eM. 3TO 

03HaqaeT, qTO B npouecce ,n;ucco:u;HaTHBHOH a,ucop6:a;HH 3THJieHa yrrrepo,n; oTnaraeTc.sr B 

aMopcpHOM ;1mae. IlpH OXJia)K,Zl;eHHH KpHCTaJIJia nnaTHHbl B o6oux cnyqa.srx Ha6n10,n;aeTC.R pOCT 

CHrHaJia C 1 s, np11qeM - KaK H cneaoaano O)KHl(aTb - OXJia)K,Zl;eHHe o6pa3:u;a B npHCYTCTBHH 

3THJieHa npHBOl(HT K 3aMeTHO 60JibIIIeMy noKpbITHIO yrrrepoaoM. 

QqeHb Ba)lmo 0TMeTHTb, qTO yrrrepo.n;Hhie cno11, 06pa3oaaam11ec.sr a pe3ynhTaTe 

cerpera:a;HH paCTBOpeHHOro a o6'beMe yrrrepo,ua, CHJibHO 0TJIHqaroTC.R no HX TepMuqecK0H 

CTa6HJibHOCTH H peaK:QHOHHOH cnoco6HOCTH B 3aBHCHM0CTH OT Toro, KaK npOBOl(HJIOCh 

OXJia)K,Zl;eHHe o6pa3u;a - B IlOT0Ke '.)THJieHa HJIH a BaKyyMe. B nepBOM cnyqae 

o6pa3oBaBrna.src.sr yrrrepo,n;Ha.sr nneHKa coxpam1eT ycToiiqHBOCTb npH nporpeBe B BaKyyMe rrpF 

T=1300 K, H JIHIIIb npH 1450 K CKOp0CTb ee pacTBopeHH.R CTaH0BHTC.R 3aMeTHOH 

K11cnopo,n;Ha.sr o6pa6oTKa (P(02)=5xl0-7 M6ap) npu 870 K TaIOKe He npuaoanT K el 

pa3pymeHHIO. ITpu cerperaumi yrrrepoaa B ycnoau.srx aaKyyMa cpopMupyeTC}J 

aacop6uuoHHbIH cnoii, nerKo pacTBop.srrom11iic.sr · y)Ke npu 1300 K. ITporpeB npu 870 K B 

KHCJIOpoae npHBO,UHT K CHH)l(eHHIO HHTeHCHBHOCTH nuKa Cls, 3aMeTHOMY C,Zl;BHry ero 

noJI0)l(eHH.R H yMeHbIIIeHHIO IIIHpHHI,I. MO)KHO nonaraTb, qTo B nocne,uHeM cnyqae 

npoHCXOl(HT o6pa30BaHHe CMeIIIaHHOro yrrrepo,ri;Horo cno.sr, C0CTo.srmero H3 He60JihlIIHX 

0CTpOBKOB' rpacpHTa H aMOpqJHOro yrrrepo,ua. 

TaKHM o6pa30M, pe3yJibTaTbl 3KCnepuMeHTOB ,U0Ka3bIBaIOT, qTQ npoueccbl pacTBopemrn 

yrnepoaa B o6oeM KpHcTanna nnaTHHhI u ero cerperauuu cymecrneHH0 BJIH..RIOT Ha cKopocTh 

H xapaKTep q>opMupoBaHH.R rpacpHTHbIX OTJIO)l(eHHH npu pa3JIO)l(eHHH 3THJieHa Ha 

rroBepxHOCTH rpattu Pt(l 11 ). 

Hccne,n;0Bamu1 no.zu:tep)l(aHbI rpaHT0M NQ 186 no pe3ynhTaTOM Illecrnro KOHKypca-

3KcnepTH3bI HayqHblX npoeKTOB MOJIO,UbIX yqeHbIX p AH TIO cpyH,n;aMeHTaJibHbIM H 

npHKJla,Zl;HbIM uccne,n;oBaHH.RM. 
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rOMOrEHHO .. KATAJIIITIJIIECKOE PA)];IIKAJILHO-QEIIHOE 

IIOJIII<l>TOPAJIKIIJIIIPOBAHHE THO<l>EHOJIOB II <l>EHOJIOB <l>PEOHAMH 
CFC114B2 II CFC113 

HOMOGENEOUS-CATALYTIC RADICAL-CHAIN 
POLYFLUOROALKYLATION OF THIOPHENOLS AND PHENOLS WITH 

CFC113 AND CFC114B2 FREONS 

Kunpuauoea JI.A., <l>HJ1eJieeea JI.H., KaJiuuuua JI.II. u U:auos K.r. 

Kiprianova L.A., Fileleeva L.I., Kalinina L.I. and Tsanov K.G. 

HHcnnyr cpmWiecKoii: XHMHH HM. n.B. IlHcap)KeBcKoro Hau;imHa.TihHOH Al<a,neMIDI Hayi< YKpa.IDlb1 
rrpocn. HayKH, 31, KHeB 03039, YKpaHHa 

Fax (+38044) 265-62-16; E-mail: instphch@ukrtel.com 

Homogeneous-catalytic process of p-XC6H4ZH thiophenols and phenols (where 
X = CH3O, CH3, H, CH3COONH, Cl, NO2, CF3SO2; Z = S,O) polyfluoroalkylation with 
CFCl 13 and CFC114B2 freons in the presence of sulfur dioxide resulted in thioethers 
formation in the first case and polyfluoroalkylation into phenols ring in the second one 
respectively has been developed. The conditions have been reported under which the 
transformation of carbanionic mechanism as characteristic for interaction of phenolates and 
thiophenolates with above freons to radical mechanism is occurred. 

Ocymecrnnena aKTHBaum1 cppeottoB CFC 113 H CFC 114B2 H BOBneqeHHe HX B npoI(ecc 

~onH<pTopanKHJIHpoBaHmI THocpenonon H cpeHOJIOB n-XC6H4ZH ( X = CH3O, CH3, H, Cl, 

N02, CH3COONH, CF3SO2; Z = S,O ) npH KaTa.JIH3e npou;ecca ,n;HoKcH,n;oM cepbI B 

npHCYTCTBHH ,n;o6aBOK 3JieKTpOHO,lJ;0HOpOB (reTepOUHKJmqecKHX a30THCTbIX OCHOBaHHH). B 

3THX ycnomrn:x xapaKTepHblli ,n;m1 p.s1,n;a HYKJieO<pHJIOB Kap6aHHOHHblH MexaHH3M [1-3] 

3aMeH.sieTC.sI pa,n;HKaJibHO-u;eIIHbIM npouecCOM SRN 1 B3aHMO,n:eHCTBH.sI THocpeaonoB C 

BhlmeyKa3aHHhIMH cppeoHa.MH c o6pa3oBaHHeM TH03<pHpoB rr-XC6H4 SCF2CF2Br H 

n-XC6H4SCFClCF2Cl (cxeMa 1). <I>eHOJihI B 3TOM cnyqae 06pa.3y10T qnopanKHJIHponaHHbie B 

KOJibI(O rrpo,n:yKTbl. 

1) Phs- + SO2 --------> PhS· + sO2-· 

2) SO£· + CF2ClCFCh --------> SO2 + CF2ClCFCh-·, -------> CF2ClCFc1· + er 
3) PhS- + CF2CICFCI" --------> PhSCFClCF2Cl -. (1) 

4) PhSCF CICF2cr· + CF2ClCFCh --------> PhSCFClCF2Cl + CF2ClCFCh-. 

5) sO2-· + CF2CICFCI" --------> SO2 + C:F2=CFCI + er 

L(n.s1 <ppeoHa CFC 114 B2 cxeMa pa,nHKa.JihHo-uennoro npenpaII(eHH.sI Bh1n1.si,nHT 

attanon,iqno. 
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Pa,n;HKaJibHo-uerrHOH M.eXaIIH3M 110,nrnep)K)];eH HHrH6Hpy10meMy BJIH.SIHHIO PMHKaJibHbIX 

JI0BYilleK H a.KUe11TOp0B pa,n;HKaJI0B Ha . HCCJie,uyeMblH 11po~ecc. TIOKa3aHO, 1IT0 HaX0)l(;:J;eHHe 

cpe,nH 11po.nyKTpB 11peBpame,HH.SI oneq>HHOB, 11pHB0,UHMP~ paHee B .Ka11ecrne ,rt;0Ka3aTeJibCTBa 

11poTeKamu1 rrpouecC0B 110 Kap6aHHOHHOMY : uynr, He M0)l(eT CJIY)l(HTb KpHTepMeM 

MeXaHH3Ma; B ,naHH0M cny11ae OHO o6'b5ICH5IeTCH ,l(aJibHCHilIHM B0CCTaH0BJieHHeM 

rrpoMe)l(yT01IH0 06pa3y10mHXC.SI pa,nHKaJI~B 110 cxeMe 1 ( CTa,UH.SI 5). 

Y CTaH0BJieHbl 3JieKTPOXHMH1ICCKHe xapaKTepHCTHKH roMoreHH0fO KaTaJIH3aTOpa -

,UH0KCH,na cepbl B 0TCYTCTBHe H . B rrpHCYTCTBHH q>peOHOB, 110Ka3aH0 HaJIH'llie KaTa.JIHTH1ICCK0fO 

T0Ka, CBH,neTenbcrnyromero o ponH SO2 Ka.I< Men::r,rnmpa 11epeHoca :meKTP0Ha Ha q>peoH [4,5] . 

Hec11oco6HOCTb q>eHOJIOB B ycJI0BH.SIX, c11oco6crny10mHx S-aJIKmrnpoBaHHIO 

THOq>eHOJIOB, rrpHC0e,UHH.SITb 110JIHq>ToparrKliJlbHbie 0CTa'TKH ITO aToMy KHCJiopo,na, 060.SICHeHa 

cna6oH c11oco6HOCTbIO <peHOJI5ITOB aK~eITTHp0BaTb 110JIH<pTopanKHJlbHbie pa,nHKa.Jibl ( CTa.[{H51 

2 CXCMbl I), B CB513H .. C qeM o6pa3yIOmHeC.SI B CTaJJ:H.SIX 1-2 pa,n;HKaJibl ll3 <ppeOHOB 

rrpHcoe,nHH.SIIOTC.SI He K aT0MY KHCJiopo,na, a K ~(OJibUY. 

BbIXO.[{bl rrpo,nyKTOB pa,UHKaJibH0ro 110JIHq>TOpanKHJIHpOBaHH.SI ' THOq>eHOJIOB rrptt 

KaTaJIH3e .[{H0KCH,[(0M cepbl 3Ha1IHTCJibH0 BhIIIIe, 1ICM npH Kap6aHHOHHOM n yTJir 

B3aHMo,nei1:crn1u1 THo<peHoJI.SITa KaJIH.SI c <ppeoHoM CFCl 14B2, ,uocTHra.SI 88%. (BMecTo 25%) . 

TipH 3T0M B KaTaJIHTH1ICCK0M npouecce He 06pa3yeTC.SI no601IHblX rn.npnpoBaHHhD.. 

TH03<pHpoB rr-XC6H4SCF2CF2H H rr-C6H4SCF2CFCh. 

JluTeparypa 

(1]I.Rico and C.Wakselman, J.Fluor.Chem., 20 (1982) 759. 
[2]C.Wakselman and M.Tordeux, J.Org.Chem., 50 (1985) 4047. 
[3]X.-Y. Li, X.-FI . .Jiang, H.-X.Pan, J.-Sh. Hu, W.-M. Fu, Pure and Appl.Chem., 59 (1987) 1015. 
[4]V.G.Koshechko, L.A.Kiprianova, L.I.Fileleeva, Z.Z.Rozhkova, J.Fluor.Chem., 70 (1995) 277. 
[5]V.G.Koshechko, L.A.Kiprianova, L.I.Fileleeva, K.G.Tsanov, J.Fluor.Chem., 96 (1999) 163. 
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HCilOJIL30BAHHE KBAHTOB0-XHMHqECKHX P ACqETOB}l;llil H3Y'IEHIDI 

CTPOEHIDI AKTHBHLIX IJ;EHTPOB KATAJIH3ATOPOB H MEXAHH3MA 
rHJ(PHPOBAHIDI 

USE OF QUANTUM-CHEMICAL CALCULATIONS FOR STUDYING THE 
STRUCTURE OF ACTIVE CENTERS OF CATALYSTS AND MECHANISM OF 

HYDROGENATION 

Kmoes M.B., BoJIKosa T .r ., Jlypa Ii.Ji. *, ,ll;aBLI,ll;OBa A.A., 
)KuBoT11ruua C.H. u A6,ll;y JIJiaes M.r. 

Klyuev M.V., Volkova T.G., Loura B.B. *, Davidova A.A., 
Zhivotiagina S.N. and Abdullaev M.G. 

11BaHOBCKHH rocy,n;apcTBeHHhIH YHHBepCHTeT 
Yn. EpMaKa, 39, l1BattoBo 153025, Poccm1 

<l>aKc (+7-0932) 32-66-00; E-mail: Duraushe@yandex.ru 
*YHHBepcHTeT r. HrayH,n;epe, Pecrry6nHKa KaMepyH 

With the use of quantum-chemical calculations the structure of metallocenters in 
palladium containing anionites was studied. Mechanism of hydrogen activation on palladium 
containing polymers, mechanism of hydrogenation of various unsaturated compounds on 
them as well as influence of solvent onto the reaction rate are under discussion. 

IlpoBe,n;eHhl . KBaHTOBO-XHMHqecKHe pacqeTbl MO,n;eneH MeTaJIJIOI.(eHTpOB B 

IlaJIJia,[(HHCO~ep)l(ail(HX IIOJIHMepax. IloKa3aHO, qTo rrpH aKTHBal.(HH BO,n;opo,n;a aTOMaMH 

rranna,n;m1, paCIIOJIO)l(eHHbIMH Ha rpam1x MOHOKpRCTaJIJia o6pa30BaHHe CB.Sl3H Me)l(,ZJ;y 

IlaJIJia,[(HeM H BO,[(opo,n;oM MO)l(eT rrpOHCXO,ZJ;HTb HeCKOJihKHMH rryntMH. B pe3yJihTaTe B 

MOJieKyne BO,n;opo.n;a rrpoHCXO,ZJ;HT pa3pbIB CB»3H H xeMocop6HpOBaHHhie aTOMbl BO,n;opo,n;a 

HecyT qacTHqHI,IH ITOJIO)l(HTeJibHblH 3ap»,n;. 

IlonyqeHHbie pe3yJibTaTbl HCIIOJib30BaHbl ,[(JUI rrpe,n;CKa3aHH» MeXaHH3Ma peaKUHH 

rn,n;pHpoBaHH» Ha IIaJIJia,[(HHCO,[(ep)l(aIIUfX IIOJIHMepax pa3H006pa3HbIX HeHaChllI(eHHbIX 

coe,n;HHeHHH ( HHTJ)OCOe,n;HHeHH», oneq>HHbl, I.(HKJIOOJieqmHbI, Kap60HHJibHbie coe,n;HHeHH», 

a30MeTHHI:,I H ,n;p.). MoJieKYJia cy6cTJ)aTa KOOp,[(HHHpyerc» Ha aKTHBHOM ueHTJ)e. 3TOT rrpouecc 

MO)l(eT 6b1Th CB»3aH C rrepeCTJ)OHKOH CO.JihBaTHbIX o6onoqeK H cy6cTJ)aTa H aKTHBHOro I.(eH1pa. 

Bo3MO)KHO, rrpH rrepeCTJ)OHKe COJibBaTHblX o6onoqeK B cnyqae HeKOTOpbIX cy6cTJ)aTOB 

rrpoHCXO,n;HT rrpeo6pa30BaHHe HeHTJ)aJihHOH MOJieKYJibI B aHHOH-pa.z:(HKaJI. PacqeTbl IIOKa3bIBaIOT, 

qro aHHOH-pa,[(HKaJihl H rrpo,rzyKThI HX ,n;aJII>HeHmero BOCCTaHOBJieHH» HMelOT H36bITOK 

:meicrpOHHOH IIJIOTHOCTH, q'fO IIO3BOJUieT HM ,[(OCTaTOqttO rrpOqttO y,n;ep)l(HBaTbC.sI KaTa.JIH3aTOpOM. 

Bepo.sirno, II03TOMY rrpoMe)l(JTOqflble coe,n;HHeHH» He o6Hapy)l(HBaJOTC.sI B pacmope. 

C rrpHMeHeHHeM KBaHTOBO-XHMHqecKHX HH,ZJ;eKCOB peaKI.(HOHHOH crroco6HOCTH (IIPC) 

rronyqeHbl KoppeJI.sII.(HOHHhie 3aBHCHMOCTH KHHeTHqecKHX rrapaMeTpOB peaKI.(HH 

rn,n;pHpoBaHHR pa3JIHqHbIX cy6crpaTOB OT HeKOTOpbIX IIPC H BbIBe,n;eH p.si,n; ypaaHeHHH ,ZJ;JI.sI 
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oriHcaHml HaH,n;eHHbIX 3',lBHCHMOCTeH HJIH TeH.n;eHIJ;HH (Ta6n.). 3KcnepHMeHTaJibHasI npoBepKa 

no.n;TBep,n;HJia B03MO)KHOCTb HX HCilOJib30BaHHSI .]];JISI rrpe,n;CKa3aHHSI CKOpOCTH rn.n;pHpoBaHHSI. 

Pacxo)K)];eHHe MC)l(,[(y paCC1iHTaHHbIMH H npe.n;CKa3aHHbIMH BeJIH1iHHaMH CKOpOCTH ( KOHCTaHT 

CKOpOCTH) 6bIJIH B npe.n;enax 3-15%. 

Ta6Jmu;a. 3aBHCHMOCTb KOHCTaHTbI CKOpOCTH rn.n;pHpOBaHHSI HeHacb:nneHHbIX coe,n;HHeHHH Ha 
naJina.n;Hiico.n;ep)KameM aHHOHHTe AB-17-8 OT HPC MoneKyn cy6cTpaToB 

Cy6cTpaTbI KonH- KoppeJISIIJ;HOHHOe ypaBHeHHe p 
qecTBO 

o-HHTpo6eH30JibI 9 lg K3ip= (-47,13±8,89)qN02 + (5.15±1.15) 0.882 
lg KJcp = (-5 l .67±0.04)qN02 + 0.897 

(0.0057±0.04)V + (5.7±0.04) 
CJIO)KHble 3qrnpb1 7 lg K3cp= 0.54 + 0,13Esv - 3.13q3aMeCT. 0,970 

M-HHTpo6eH30HHOH lg K3<v = -2.93 + 0,20Es0 
- 28.70qN02. 0,981 

KHCJIOTbl 

CnmKHble 3qrnpb1 n- 6 lg K'.3q)= 0.79 + 0,19Esv + 4,07q3aMeCT. 0,976. ·., 
HHTpo6eH30HHOH lg K3it>= -2.99 + 0,18Es0 

- 28.12qN02 0,950 
KHCJIOThl 

HeHaCbirn;eHHbie 8 lg K3cp= (-9.7±0.9)q+ (0.10±0.18) 0.971 
coe.n;HHeHHH lg K3it>= (- 10.54±0.07)q+ 0.940 

(-0.24±0.07)Es * + (0.20±0.07) 

qN02 - cyMMapHblH 3cpcpeKTHBHbIH OTpm.1;aTeJibHbIH 3apSI.U Ha HHTpOrpyrrne cy6cTpaTa 

q3aMeCT - cyMMapHbIH 3cpcpeKTHBHblli OTp1-m:aTeJibHblH 3ap.H.U Ha 3aMeCTHTeJie cy6cTpaTa 
( CJIO)KH03cpHpHOH rpyrrne) 

q - cyMMapHhIH 3cpcpeKTHBHbIH OTpHu;aTeJibHbIH 3apH.U Ha KpaTHOH CBH3H cy6cTparn 
Es O - CTepH1ieCKasI KOHCTaHTa 3aMeCTHTemI 

* u 

Es - CTepH1ieCKHH napaMeTp MOJieKyJibl. 

Ha npHMepe 3TaHOJia H H30IIporraHOJia paccMOTpeHO BJIHHHHe pacrnopHTeJIH Ha 

KBaHTOBO-XHMH1ieCKHe xapaKTepHCTHKH MOJieKyJI cy6cTpaTOB. PacqeT a.u.n;yKTOB cy6cTpaT

paCTBOpHTeJib Il0Ka3aJI, 1iTO npH .n;o6aBJieHHH O.]];HOH MOJieKyJibl 3TaHOJia HJIH 2-rrporraHOJia K 

MOJieKyne cy6crpaTa 3ap.H,n; Ha ee peaKIJ;HOHHOM u;eHTpe (KpaTHOH CBH3H) yMeHbIIIaeTCSI. 

YBeJIH1ieHHe KOJIH1ieCTBa MOJieKyJI pacrnopHTeJISI B COJibBaTHOH o6oJI01iKe cy6cTpara 

ycHJIHBaJIO 3TY TeH,n;eHIJ;HIO. B u;eJIOM CKOpOCTb rn.n;pHpOBaHHSI yBeJIH1iHBaeTC51 C pOCTOM 

BeJIH1iHHbl 3cpcpeKTHBHOfO OTpHQaTeJibHOfO 3apSI,na Ha KpaTHOH CB513H MOJieKy Jlbl cy6cTpaTa. 
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KATAJIA3HMI AKTHBHOCTb SAT-KOMilJIEKCA 
MnCh C MOHO<l>EHHJIOKTAMETHJIIlOP<l>HHOM 

CAT ALAZA ACTIVITY OF SAT-COMPLEX 
OF MnCh WITH MONOPHENYLOCTAMETHYLPORPHYRIN 

KmoeB M.B., KmoeBa M.E.*, KuceJieBa 'E.H., TuMot},eeBa;O.B. u JloMoea T.H.* 

Klyuev M.V., Klueva M.E. *, Kiseleva E.N., Timofeeva O.V. and Lomova T.N.* 

HBaHOBCKHH rocy ,uapcTBeHHblli YHHBepCHTeT 

yn. EpMaKa, 39, HaaHoBo 153025, Poccm1 

<l>aKc (+7-0932) 32-66-00; E-mail: Duraushe@yandex.ru 

*HHCTHTYT XHMHH pacrnopoB P AH 
yrr. AKa,ueMH"llecKrui, 1, llBaHoBo 153045, Poccm1 

SAT complex of MnCh with mezo-monophenyloctamethylporphyrin is synthesized and 

characterized. its activity in reaction of decomposition of hydrogen peroxide in mixed 

solvents is compared with that of covalent manganeseporphyrins. Possible mechanism of the 

reaction is discussed. 

CHHTeTHqecKHe nopqmpHHbl npe,UCTaBmIIOT 3HaqHTeJlbHbIH HHTepec B KaqecTBe 

MO,Uene:ii 6HonorHqecKHX KaT~H3aTopoB. B HaCTO.SIII(eH pa6oTe peaKI(HeH K00p,UHHa[(HH 

xnopH,ua MapraHI.'(a C MOHO<peHHJIOKTaMeTHJIITOp<pHHOM B ):lM<l>A norry'CJeHbl H 

oxapaKTepH3OBaHbI COOTBeTCTBYIOII(He KOBaJieHTHbIH H SAT-KOMITJieKCbI. H H3yqeHa HX 

KaTaJia3HruI aKTHBH0CTb. 

PeaKI(HSI pa3JI0)KeHHSI H 2O2 (19,9 ± 0,2 MOrrb/rr) Hccne,noaanacb B cHcTeMe )J;M<l>A-H2O 

npH 343 K H aTMOC<pepHOM ,uaarreHHH. KoHueHTpaQHSI nopqrnpHHa C0CTaBJISIJia 

10-4 - 10-6 MOJib/JI. )J;nSI cpaBHeHHSI B C0TI0CTaBHMbIX ycrr0BHSIX myqeHa KaTaJia3HruI 

aKTHBH0CTb corre:ii Mapranu;a H CB060,[(HOro nopq>HpHHa. 

B YKa3aHHbIX ycn0BHSIX nep0KCH,[( B0,Uopo,ua caMonp0H3B0JibH0 pa3rraraeTCSI. CKopoCTb 

3TOH peaKUHH cyll(eCTBeHH0 B03pacTaeT npH ,uo6aaneHHH YKa3aHHbIX C0e,[(HHeHHH. 

y BeJIHqeHHe CK0p0CTH B 2,5 pa3a B npHCYTCTBHH CB06o,uHoro nopqmpHHa M0)KeT 6bITb 

061>SICHeHO CMelI(eHHeM paBH0BeCHSI Me)K,ny IlOJIHMepHbIMH H M0H0MepHbIMH <popMaMH 

nep0KCH,[(a a pacrnope. B uenoM aKTHBH0CTb nopq>HpHHOB MapraHa;a a 2-3 pa3a Bblllle, qeM y 

auernrn HnH xrropH,na MapraH:u;a. 

O6cy)K,naeTCSI BJIHSIHHe H3MeHeHHSI CTpoeHHSI nopq>HpHHOBOro KOMITJieKca Ha ero 

KaTaJia3HYIO aKTHBHOCTb H BepOSITHbIH MeXaHH3M peaKUHH. 

Pa6ora BbmorrHeHa npH qacrHqHo:ii no,u,uep)KKe KoMnrreKCHOH nporpaMMbI P AH 

« HoBbie rrpHHUHilbl H MeTO,[(bl CO3,UaHHSI H HanpaaneHHbIH CHHTe3 Bell(eCTB C 3a,[(aHHbIMH 

CBOHCTBaMH», npoeKT « HanpaBJieHHblli CHHTe3 l(HKJIHl:leCKHX H JIHHeHHbIX TIOJIHITHppoJIOB -

KarnmnaTOpOB, nonynpOBO,[(HHKOB H <pOTOIIpeo6pa3oBaTerre:ii». 
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·conoJIHMEPH3A~IDI 3THJIEHA H IIPOITHJIEHA C.HCilOJib3OBAHHEM 

rETEPOrEHHbIX H rOMOrEHHLIX KATAJIHTHqECKHX CHCTEM 
. . . . 

-PROPYLENE-ETHYLENE COPOLYMERIZATION WITH HETEROGENEOUS 
AND HOMOGENEOUS CATALYTIC SYSTEMS 

., 
KJJHMKHHa A.H.*, AJJa,1J;L1mes A.M., He;:i;ope1osa 11.M. u D;seTKOBa B.H. 

Klyaml<lnacA.N., Aladyshev A.M., Nedorezova P.M: ~nd Tsvetkova V.I. 

l1HCTHTYT XHMH1IeCKOH q>H3HKH HM. H.H. CeMeHoBa P AH 
yrr. Koc1>1rnHa, MocKBa 4119991, Poccm1 

Fax:' (095) 137 82 84; E-mail: klyamkina@chph.ras.ru 

The kinetic behavior of ethylene-propylene copolymerization with using .different 
catalytic systems both heterogeneous and homogeneous was studied; the relationship between 
catalyst nature and its polymerization activity as well as microstructure and molecular-weight 
characteristics of copolymers synthesized was discussed. On the base of the data obtained the 
constants of ethylene and propylene reactivity ratios were determined. 

CoIIOJIHMCpH3a:UmI 3THJieHa H nporrnJieHa HCCJIC,l(OBarracb B cpe,ne )I(H,l(KOfO npOilHJieHa 

npH IlOCTOgHHOM ,l::(aBJiemrn 3THJieHa C HCTIOJih3OBaHHeM KaK COBpeMeHHbIX reTeporeHHbIX 

THTaH-MafHHeBbIX KaTaJIH3aTopoB (TMK), TaK H fOMOreHHbIX MeTaJIJIOI.~eHOBbIX 

KaTaJIHTH1IeCKHX CHCTeM Ha OCHOBe aHca-1(HpKOHOUCH0B C2--CHMMeTpHH, o6Jia,naIOmHx 

BhICOKOH aKTHBH0CTbIO B roMonoJIHMepH3aUHH nponHJieHa: pa4- Et(Ind)2ZrCh/MAO, 

palJ-Me2Silnd2ZrCh H Me2Si( 4-Ph-2-Et-Ind)2ZrCh (palJ: Me3o=l :2). nbIJIH CHHTe3HpoBaHbI 

COllOJIHMepbI C co,nep)I(aHHeM 3THJieHa OT 1.8 L(O 18% MOJI. 

DbIJIO ycTaHOBJieHO, 1ITO .nmr Bcex HCCJieL(OBaHHbIX CHCTeM npouecc COIIOJIHMepH3a1(Hl'.I 

HOCHT gpKO Bbipa)I(eHHbIH HCCTaUHOHapHbIH xapaKTep. TioBbIIIICHHe TeMrreparypbI 

COl1OJIHMepH3aUHH (oT 30 ,L(0 70°C) rrpHBO,L(HT K pocTy aKTHBHOCTH KaTaJIHTH1IeCKHX CHCTCM 

H CHH)I(eHHIO co.nep)I(aHHg 3THJieHa B COTIOJIHMepe. 

,[(aHHbIC, IlOJIY1IeHHbIC IIpH HCIIOJib3OBaHHH CHCTeMbI rMK/Et3Al, IlOKa3bIBaIOT, 'CJTO 

BBe,L(eHHe B peaKQHOHHblH o6oeM ,L(a)I(e ·. Marroro KOJIU"CJCCTBa 3THJieHa rrpHBO,L(HT K 

3Ha1IHTeJibHOMY yBeJIH"CJCHHIO CKOpOCTH COIIOJIHMepH3aQHH (npHMepHO B 3 pa3a rrpH 

KOHQeHTpa1.urn 3THJieHa 0.59 MOJiblJI) H rrpaKTH"CJeCKH He BJIHjJeT Ha BeJIH1IHHY Mw. 

TipH Hccne,noBaHHH co11onnMepH3aUHH c . HCITOJib30BaHH~~ pa4-Et(Ind)2ZrCh H 

paZJ-Me2S ilnd2ZrCh, aKTHBHpoBaHHbIX MAO, 61>rnH BbfflBJieHbI cne.ny10mHe 

3aKOHOMepHOCTH: BBe,L(eHHe 3THJieHa B peaKQHOHHbIH o6neM rrpHBO,L(HT K yBeJIH1IeHHIO 

CKOpOCTH npouecca, H , O,L(HOBpeMeHHO crroco6crnyeT BO3pacTaHHIO MM COllOJIHMepa H 

co.nep)I(aHHjJ 3THJI.eHa B COIIOJIHMepe. 3To MO)I(eT 6bITb CBH3aHO C TeM, 1ITO KanUIH3aTOpbl Ha 

OCHOBe MeTaJIJIOUCHOB C HC3aMemeHHbIMH HH,L(CHHJibHbIMH JIHraH,L(aMH xapaKTCpH3yIOTCjJ 
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HH3KOH perHOCeJieKTHBHOCTbIO, qTo rrpHBO,[.(HT K aHOMaJibHbIM rrpHCOe,[.(HHeHmIM 

MOHOMepHbIX 3BeHI,eB B IIOJIHMepltOH uerrH no THIIY 2-1 H 1-3. lhBeCTHO, qTo IIOCJie TaKOfO 

iipHCOe,[.(HHemrn BHe,[.(peHHe CJie,[(yIOIUero MOHOMe~HOfO 3BeHa rrpOHCXO,[.(HT C ropa3,[.(0 6onee 

HH3KOH CKOpOCTbIO, qro crroco6cTByeT rrmrnneHHIO B KaTaJIHTHqecKOH CHCTeMe BpeMCHHO 

,[.(e3aKTHBHpOBaHHblX aKTHBHbIX ueHrp0B. Ilo-BH,[.(HMOMY, 3THJieH aKTHBHpyeT aKTHBHble 

ueHTJ)bI KaTaJIH3aTOpa, 3a6JIOKHpOBaHHbie IIOCJie aHOMaJibHOfO rrpHCOe,[.(HHeHH.SI. 3To 

rrpHBO,[.(HT K yBeJIHqeHHIO CK0pOCTH COITOJIHMepH3aUHH H, COOTBeTCTBeHH0, MM 

COIIOJIHMepa. 

IlpH 3aMeHe B MeTaJIJI0UeHe 3THJI0B0fO M0CTHKa (-CH2-CH2-) Ha l.J;HMenmCHJIHJICHOBblli 

(CH3)2Si( o6pa3yIOTCH C0IIOJIHMepbI, xapaKTepmyIOIUHeCH 6onee BbIC0KHM CO,[.(ep)KaHHeM 

3THJieHa H 6onee BhICOKOH MM. OTMeTHM, qTo rrpH rrpoBe,[.(eIIHH corroJIHMepH3arurn B 

rrp11eyTCTBHH CHCTeMbI Me2Siind2ZrCb - MAO M0JieKynHpHaH Macca H MMP corronHMepoB 

He 3aBHCHT OT C0,[.(ep)KaHHH 3THJieHa B IIOJIHMepHOH u;errH. 

IlpH corroJIHMepH3aUHH Ha CHCTeMe Me2Si(4-Ph-2-Etlnd)2ZrCh (paq:Me30=1 :2) - MAO, 

OTmrqruomeiicH BhICOKOH perHOCeJieKTHBH0CThIO H o6ecrreqHBaIOIUeH rronyqemre 

BbIC0KOM0JieKyJIHpH0fO nommponHJieHa, BBe,n;eHHe 3Tirneaa B peaKUH0HHYIO cpe,[.(y He 

rrpHBO,[.(HT K yaenHqeHHIO aKTHBH0CTH CHCTCMbl H MOJieKyJIHpHOH MaCCbI C0II0JIHMepa. 

IlpoBe,[.(eHHbie HCCJie,[.(0BaHHSI Bb!HBHJIH CHJihH0e BJIHHHHC TeMrreparyphI IIOJIHMepH3al(HH 

Ha M0JICKYJIHPHYIO Macey MeTaJIJI0ll;CH0BbIX C0IT0JIHMepoB, B 0TJIHqHe OT C0ITOJIHMepoB, 

CHHTe3HpOBaHHbIX Ha TMK. 3To M0)KCT 6bITb CBH3aHO C 6oJibIIIeH IT0,[.(BH)KH0CTbIO mifaHJ.J;0B 

H H3MCHCHHeM xapaKTepa CBH3bIBaHHSI mifaH,ua H MeTaJIJia, qTo rrpHB0J.J;HT K 3HaqHTeJibH0MY 

yaenHqeHHIO CK0p0CTH peaKUHH P-3JIHMHHHpOBaHHH B0,[.(0po,n;a rrpH 6onee BhIC0KHX 

TeMneparypax. 

Amunn l1K-crreKTJ)OB C0IIOJIHMepoB ll0Ka3aJI, qTo B cnyqae HCII0Jib30BaHHH 

MCTaJIJIOUCHOBblX KaTaJIH3aTopoB B OCHOBHOH ITOJIHMepHOH QCIIH HMeIOTCH rnaBHbIM 

o6pa30M H30JIHpOBaHHble 3THJICH0Bbie 3BeHhH, T0r,n;a KaK B C0II0JIHMepax, CHHTe3Hp0BaHHI,IX 

C HCIIOJlh30BaHHeM TMK rrpH CO,[.(ep)KaHHH 3THJieHa 6onee 3 % MOJih xapaKTepH0 

o6pa30BaHHe KOp0TKHX 3THJieHOBhIX 6JIOKOB, rrpH 3TOM l.J;OJIH H30JIHpOBaHHblX 3THJICH0BhIX 

3BeHhCB Mana. 

,[(JIH oueHKH napaMeTpOB COIIOJIHMepH~au;HH HCIIOJih3OBaJIH MO,[.(eJih CTaTHCTHKH 

MapKOBa nepBoro rropSl,[.(Ka. ,l];nH HCCJie,[.(OBaHHhIX KaTaJIHTHqecKHX CHCTeM 6bIJIH 

orrpe,neneHhI KOHCTaHTbI COIIOJIHMepH3aUmi 3THJieHa H rrpOIIHJICHa. IlonyqeHHhIC ,[.(aHHbie 

IIO,[.(TBep)K,[.(aIOT' qTo MeTaJIJIOUeHOBhie KaTaJIH3aT0phI HMeIOT TeH,[.(eHUHIO K o6pa30BaHHIO 

COilOJIHMepoB co CTaTHCTH'tJCCKHM pacrrpe.n;eneHHeM COMOHOMepHhIX 3BCHheB 

(r1 ·r2 = 0.6+0.9), T0r,n;a KaK ,[.(JISI C0llOJIHMepoB, nonyqeHHhIX Ha TMK, xapaKTepHO HaJIHl.JHe 

,[.(JIHHHbIX KpHCTaJIJIH3YIOmHXCSI llOCJIC,[.(OBaTeJIJ;,HOCTeH 3THJieHa (r1 ·r1 = 1.87). 
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PP-98 
STATISTICAL LATTICE MODELING OF ADSORPTION AND REACTION 

PERFORMANCE ON THE S{JPPORTED NANOPARTICLES 

CTATHCTlfqEcKOE PEIIIETOqHoE MO~JillPOBAHHE IIPOQECCOB 
MCOPlil(llll ll PEAKI(Hll HA HAHECEHHLIX HAHOqACTHQAX 

Kovalyov E.V., Resnyanskii E.D., Elokhin V.I., Bal'zhinimaev B.S. and A.V. Myshlyavtsev 

KosaJieB E.B., PecnHHCKHH E.~., EJioxuu B.H., liaJILXCHHHMaes li.C. u MLIIDJIHB._eB A.B. 

Boreskov Institute of Catalysis SB RAS 
Prosp. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 

Fax: (+7-3832) 34 30 56; E-mail: elokhin@catalysis.nsk.su 

The aim of the study is to reveal the mutual influence of the shape and of the surface 

morphology of the supported catalytic particle of nanometer size and the kinetics of the 

performed reaction. The analysis has been provided by means of the statistical lattice model, 

imitating the physico-chemical processes over the supported catalytic particles. To model the 

active metal particle the Kossel crystal located on the inert support has been chosen. The 

morphology of the particle's surface is determined by the heights of the metal atom columns. 

The change of morphology can be caused by the diffusion of the surface atoms (the metal 

atoms attract each other and the atoms of support with some interaction energies). To model 

the diffusion of the metal atoms over the metal and support surfaces the standard algorithm of 

Metropolis has been used. As a result the equilibrium shapes of the particle has been observed 

depending on the temperature and the relative ratio of the interaction energies "metal-metal" 

and "metal-support". At temperatures~ 700-900 K the initial cubic shape of the metal crystal 

move to hemisphere. Increasing the temperature up to 1100 K result in dispersed shape of the 

particle, if such particles are located close enough, the coalescence of particles is possible. 

The model reaction A+B1 has been studied (monomolecular adsorption of A, dissociative 

adsorption of B1 and reaction between Aatts and Bads) taking into account the roughening of the 

active particle surface and the spillover phenomena of the adsorbed Aatts species over the 

support surface. The influence of the adsorption and the reaction processes on the equilibrium 

shape of the nm-sized particles was also investigated. The following propositions had been 

made to model the reaction proceeding on the supported catalyst particle: 1) the reaction starts 

on equilibrium shape of the particle at each temperature; 2) B2 molecule can adsorb with 

subsequent dissociation only on the two neighboring active sit~s . of the catalyst particle 

situated at the same level; 3) A molecule can adsorb and diffuse both on the metal and support 

surface; 4) the reaction between Aatts and Batts proceed immediately when they are brought due 

to adsorption or diffusion into the two neighboring active sites of the catalyst particle situated 

at the same level; 5) Aatts and Batts can interact with each other and with neighboring metal 
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atoms with corresponding energies; 6) -the probabilities of the ·diffusion and the desorption of 

adsorbed species are govem~d by the 'M~t~opolis algorithm. After each ~ttempt to adsorb A or 

B 1 molecule_ several attempts pf diffusion of metal .atoms and A ads species were performed to 
:·... ' 

equilibrate both the surface of the catalyst particle and the adsorbed layer. · 

The kinetic dependencjes of .A ads and_ Bads coverages normal~zed on the number of the 

active sites of the catalyst particle versus molar ratio YA = P A/(P A +P8 i) (Pi are the partial 

pressures of the reagents in the gas phase) obtained at different variants of the model reaction 

performance (with or without Aads species and/or metal atoms diffusion, various ratios of 

interaction energies, etc.) has been compared with ones of the well-known Ziff-Gulari

Barshad model. In our case ZGB-model correspond to the performance of the reaction only on 

the in~tial flat surface of the . catalyst particle without any -diffusion of adsorbates and metal 

atoms. The introducing into the model the Aads molecules diffusion over the whole surface 

leads to the disappearance of the unit Bads coverage region observed in ZGB-model and to the 

shift of the unit Aads coverage region to-the smaller values of YA (in contrast to the behavior of 

ZGB-model with Aaas diffusion). This effect is connected with additional source of Aaas 

molecules due to the spillover over the support. When the reaction proceed on the non-regular 

roughened surfaces all the regions with sharp changing of adsorbate coverages disappear (in 

this case the number of active sites convenient for B2 adsorption is restricted). If the 

interaction .energies "adsorbate-metal" become comparable with "metal-metal" one than the 

adsorbate-induced reshaping and dispersal of the nm-sized catalyst particle happens. Thus the 

kinetics ·on the nanometer-size particle can be remarkably different from those corresponding 

to the infinite surface. 

· · 1'he influence of monomolecular and dissociative adsorption on the equilibrium shape 
' . 

and surface morphology has· been studied. It ha~ been shown that at increasing of interaction 

energies "adsorbate-metal" the reshaping of the initial hemispheric particle into cone-shaped 

one- occurs induced by adsorptiori. In the case of bimolecular dissociative adsorption the 

surface regions of the supported metal particle become the pronounced "chessboard" structure 

( alternate vacancies and point defects). The adsorption isotherms simulated · with taking into 

account the interaction (attraction) between atoms of metal and adsorbate differ noticeably 

from the ideal Langmuir isotherm. After the removing of the adsorbed layer the particle shape 

returns to the initial equilibrium characteristic for the given temperature. 

The presentation will be complemented by the computer movies illustrating the processes 

of equilibration of the particle shape under the influence of temperature and adsorption 
•. 

processes. 
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NANOPARTICLES OF SULFATED ZIRCONIA WITH REGULATED SIZE AND 

THEIR CATALYTIC PROPERTIES 

HAHOqACTHnhlCYJlh~ATHfOBAHHOrO~HOKC~AnHPKOHIDI 
KOHTPOJIHPYEMOro PA3MEPA H HX KATAJIHTHqECKHE CBOHCTBA 

Kochubey D.I., Shmachkova V.P., Kotsarenko N.S., Kryukova G.N., Novgorodov B.N.', 
Kanazhevskii V.V.*, Vedrine J.** and Quartararo J.** 

Ko'ly6eii: ~.H., IIIMa'IKOBa B.11., KoQapeHKo H.C., KproKoea r.H., HoeropoAoB li.H., 
KaHa*eBcKnii: B.B. *, BeApHH JK. * * u KyapTapapo ~-* * 

Boreskov Institute of Catalysis SB RAS, Novosibirsk 630090, Russia 
Tel.: +7 3832 344 769; Fax: - +7 3832 343 056; E-mail: kochubey@catalysis.nsk.su 
*Department of Physics, Novosibirsk State University, Novosibirsk 630090, Russia 

E-mail: gugon@land 7 .nsu.ru 
* *Leverhulme Centre for Innovative Catalysis, The University of Liverpool, 

Oxford Street, Liverpool L69 72D, UK. 
Tel.: +44/(0)151 794 2297; Fax: - 3589; E-mail: vedrine@liv.ac.uk 

C:H:HTe3HpOBaH pH)]; HaHeceHHbIX KaTaJIH3aTOpOB CKeJieTHOH H30Mepina:u;1m aJIKaHOB Ha 

OCHOBe cyJioq>aTHpOBaHHOro )];HOKCH)];a QHpKOHH.SI. B KaqeCTBe HOCHTeJIH HCITOJlb3OBaJICH 

,n;HOKCH,n THTaHa MapKH Hombikat-100. Bap1,11py.SI rrpHpo,ey 11cxo,nHMX coe,nHHem-1if 
:u;HpKOHHH H MeT0)];bl CHHTe3a, rrpHroT0BJieHbl o6pa3IJ;bl C H30JIHpOBaHHbIMH HaHOKJiacTepaMH 
,LlHOKCH,na UHpKOHH.SI C pa3MepaMH OT 20 )];0 100 A. CTpyKTypa H MOpq>OJIOrH.SI KaTaJIH3aTOp0B 
oxapaKTepH30BaHbI MeTo,naMH rrpocBeqttBaiomeif :meKrpoHHOH MHKpocKOITHH H EXAFS. 
:V.fayqeHa HX aKTHBHOCTb B peaKUHH CKeJieTHOli H30MepH3aUHH 6yrnHa. B pa6oTe 
o6cy)K,l(aeTC.SI CB.SI3b KaTaJIHTHqecKOH aKTHBH0CTH H crpyKTypbI H MOpq>OJIOrHH HaHeceHHbIX 
cyJib(paTHpOBaHHbIX OKCH,L(OB :u;HpKOHHH. 

Pa6orn rro,n)];ep)KaHa rpaHTaMH INT AS rrpoeKT No. 00-00863 H CRDF REG 008 

The set of the supported skeletal isomerization of alkanes catalysts on the base of 

sulfated zirconia were prepared from zirconium oxychloride or zirconium butylate. Titati_a 

:riombikat-100 was used as support. Obtained set of catalysts contain isolated nanoparticles of 

zirconia with sizes from 20 to 100 A. The structure and morfology of that catalysts were 

characterized by TEM and EXAFS. Catalysts were tested in the sceletal izomerization of 

n-butane and have catalytic properties differ from that for the massive sulfated zirconia 

catalysts. 

185 



PP-100 
KAT AJIHTlfllECK0E )KH)];K0<I> A3H OE O KHCJIEHHE ll-3AMEUJ;EHHhIX 

TOJIYOJIOB. MEXAHH3M II HHTEPME,IJ;HATLI 

CATALYTIC LIQUID-PHASE OXIDATION OF P-SUBSTITUTED TOLUENES. 
MECHANISM AND INTERMEDIATES 

KpacuuKoe C.B., Jia3ypuu A.A., 06yxoea T.A., lieTuee A.<I>. u ,IJ;aum1oea A.C. 

Krasnikov S.V., Bazurin A.A., Obukhova T.A., Betnev A.F. and Danilova A.S. 

JlpoCJiaBCKHH racy .L{apcrneHHbIH TeXHHqecKHH YHHBepCHTeT .. 
MocKOBCKHH rrp-KT, 88, JlpocnaBm,, Poccm1 

Ten.: (0852) 44-05-29; E-mail: betnev@mail.ru 

The kinetics of . oxidation of compounds of the general formula p-R-ArCH3, · where 
R = OCH3, CH(CH3)2, H, Cl, COOCH3, NO2 is studied. A solvent - acetic acid, catalyst -
Co(OAc)2·4H2O, Mn(OAc)2·4H2O, NaBr. It is established, that the first stage - formation of 
cation-radicals - is determined by electronic structure of substrates and depends on a level of 
HOMO. The second stage - forma!ion of free radicals - is the acid-base reaction with the 
ejection of a proton. It is supposed, that at this stage primary radicals stabilisation by a solvent 
and no ~teric hindrances for the escape of a proton take place. Apparently, these causes also 
lead to oxidates on methyl group. 

B HaCT0.SIID;ee BpeM.sI Bbl.sICHeH0, qTQ . rrpH )KH,l{KO<:pa3HOM 0KHCJieHHH npOIBBO,l{HblX 

6eH3p.h:a C HCII0Jlb30BaHHeM KaTa.JIH3aTOp0B Ha 0CH0Be coe,l{HHeHHH MeTaJIJI0B nepeMeHHOH 

Ba.JieHTHOCTH (MITB), HHH[(HaTOpa, B YKCYCHOM KHCJI0Te rrpeHMymecTBeHHO Ha6JIIO,l{aeTC.sI [1]: 

1. rrpeBpameHml no a-B0.L{0p0.L{C0,nep)KamHM 3aMeCTHTemIM B 6eH30JlhHOM K0Jlb[(e; 

2. HHBepcmr TPMH[(HOHHOH ,z:i:mr peaKI.J;HM C yqacTHeM CB06o,ri:HblX pa,ri:HKaJI0B 

peaK[(HOHHoii crroco6HocTH a-C-H-cm13eii 3aMeCTHTeneit. 

ITo,z:i:o6Hble peaKu;HH c TaKHMH KaTaJIHTHqecKHMH CHCTeMaMH rrpoX0MT 

rrpe.n:rroqTHTeJibH0 qepe3 CTMHIO rrepeHoca :meKTp0Ha C M0JieKyJibl cy6cTpaTa Ha 

0KHCJieHHYIO BaJieHTHYIO cpopMy MITB c • o6pa3oBaHHeM KaTH0H-pa,ri:HKaJibHbIX 

HHTepMe,nHaTOB [1 ]. 

B ,noKrra,ne o6cy)K,l(aeTc.sI peaKI(H0HHa.sI cepm1 n-3aMemeHHhIX rnnyorr~:rn o6meit 

cpopMyrr1,1 n-R-ArCH3, r,ne R = OCH3, CH(CH3)2, H, Cl, COOCH3, NO2 (cHcTeMa 

Karnrrmarnpa Co(OAc)2·4H2O - Mn(OAc)2·4H2_0 - NaBr ), CTMH.SI H0HH3a[(mf cy6cTparn c 

HCI10Jlb30BaHlleM ,naHHbIX pacqern AM 1 ( 1 ), KaK KOHTporr.0py10ma.sI rrocpe,ri:cTBOM :meprnH 

B3MO CKOpOCTb Bcero rrpouecca, 11 CTa.[(H}I BbI6poca npoT0Ha KaTH0H-pMHKaJIOM (2, ,z:i:rrg 

R= CH(CH3)2), KaK onpe,z:i:err.siroma.sI YKa3aHHYIO BbIIIIe HHBepcHIO: 

186 



n-R-ArCH3 + Co3+ 

PP-100 
(1) 

(2) 

KpoMe Toro, paCCMOTpeHhl B03MO)l(Hble rrplPIHHbI TaKOro ITOBeii;emuI a-C-H-cmI3eH 

3aMecnneneif, cpe,n:i1: KOTOpblX 6onee BbICOKruI IillCJIOTHOCTh MeTRJibHOH rpyrrrrbl B KaTROH

pa,nnKane 1:1 Ha1:16onhmrui crn61:1n1:13au;m:1 pacrnopnTeneM 3a cqfa IIOHR)KeHRSI :mepr1:11:1 

penaKcaum1 nepBnqHoro paii;nKanbHoro ueH'rpa [2], a TaK)Ke oTcyTcrnne cTepnqecKRX 

3aTpy,a;HeHRH .[(JISI BblXO));a IIpOTOHa y MeTRJihHOfO 3aMeCTRTeJISI [3]. 

JluTepaTypa 

[1]06yxosa T.A., Eacaesa H.H., Mupottos r.c., Ky3tteQoB M.M., Eottti;apeHKo A.B.// 
HecprexMMM51, 1978, T. 28, N2 4, c. 573-578. 

[2] CMMKMH E.Jl., Wei:ixer I1.H. KsaHTOBOXMMWiecKa51 M crarucr11qecKa11 TeopH51 pacTBopos. M.: 
XMMM11, 1989, 252 C. 

[3] 06yxosa T.A., PycaKoB A.H., Komenh c.r., MHpottos r.C.// )KQpX, 1992, T. 28, Bhm. 4, c. 756-
759. 
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PP-101 
CHHEPrH3M AKTHBHOCTH KATAJIH3ATOPOB HA OCHOBE CeO2 H 

OKCH,ll;OB Fe, Co, Cu, Mn HJIH Cr B OKHCJIEHHH CO 

ACTIVITY SYNERGISM OF CATALYSTS BASED ON CeO2 AND OXIDES OF Fe, 
Co, Cu, Mn, OR Cr IN OXIDATiON OF CO 

KpLJJIOBa A.B. H Mu:xan:JiuqeuKo A.H. 
' .. . 

Krylova A.V. and Mikhailichenko A.I. 

PocCHHCKHH XHMHKO-TeXHOJIOrHqecKHH ymmepCHTeT HM. ,D,.11. MeH,neneeaa 

MHyccKrui nn., 9, MocKaa 125190, Poccm1 

<l>aKc: (095) 9788600; E-mail: mikhayl@muctr.edu.ru 

Co-precipitated and alumina-supported oxide catalysts (Fe-Ce, Co-Ce, Mn-Ce, and 
Cu.;.Ce ), as well as supported Cr-Ce catalysts, reveal the activity synergism in oxidation of CO 

at some component ratios. The activity synergism is accompanied by that in specific area 
values for co-precipitated catalysts, in CO chemisorption, and in a decrease in the oxidation 

activation energy. According to XRD data, samples revealing the synergism are characterized 

by strong dispersion of both oxides (weak interaction of oxides), whereas the formation of 
solid solutions in samples, which do not display the synergism, occurs (strong interaction of 

oxides). The mechanism of the synergism is discussed. 

CeO2-co,n;ep)KamHe KaTaJIH3aTOpbI Haqa.i'lH npHBJieKaTb npHCTaJibHOe BHHMamie 

Hccne,n;oaaTeneii nocne BHe,n;peHH51 B npoMbimneHHOCTb KaTamnHqecKoro npouecca 

HeiiTparrH3a[(Irn BbIXJIOnHbIX ra30B aBTOM06H.aeii Ha Tpexq>yHKIJ;HOHaJibHOM KaTaJIH3aTope 

(TWC), 3<p<peKTHBHOCTb KOTOporo pa3HTeJibHbIM o6pa30M nOBhICHJIO BBe,[(eHHe B ero COCTaB 

CeO2 [1]. CeO2 umpoKO HCCJie.nyeTC51 H npHMeH51eTC51 B npOMhllIIJieHHOCTH B peaKU:H51X 

pa3JIHqHoro THna _KaK co6CTBeHHO aKTHBHruI q>a3a, a COCTaBe CJIO)KHbIX MeTaJIJIHqecKHX H 

OKCH)];HhIX KaTaJIH3aTopoB, KaK HOCHTeJih H KOMnOHeHT CJIO)KHbIX HOCHTeJieM [2-5]. 

E)Kero,nHoe qffCJIO CTaTeM H naTeHTOB no CeO2-co,n;ep)KamHM KaTaJIH3aTOpaM B03pOCJIO OT 

HeCKOJibKHX ,neC5ITKOB a 80-x ro,n;ax .no rroqTH 1000 a 1997 r. [1], qTQ CBH,neTeJihCTByeT o 

«u;epHHOKCH)];HOM 6yMe» a KaTaJIH3e. 

CeO2 xapaKTepmyeTC51 KOMIIJieKCOM Heo6h1qHhIX CBOHCTB H crroco6HOCTblO B COCTaBe 

CJIO)KHbIX KaTaJIH3aTopoB K rrpO5IBJieHHIO 3Q_)<peKTOB c1rneprH3Ma aKTHBHOCTH, MeXaHH3M 

KOTOphIX, HeCMOTp51 Ha orpOMHOe tIHCJIO HCCJie.r(OBaHHH C npHMeHeHIIeM 1IIHpoqaJ1mero Kpyra 

COBpeMeHHbIX MeTOJJ;OB H3yqeHH51 noaepxHOCTH H o6beMa, OCTaeTC51 fHIIOTeTHqHhIM [6]. 

B HaCT051IUeii pa6oTe o6cy)K,[(aeTC51 Q_)aKrn:qecKHH MaTepHarr H CKJia.r(hIBalOIUHeC51 

rrpe,ncTaBJieHH51 0 rrpHpo,ne CHHeprn3Ma aKTHDHOCTH B 0KHCJieHHH co [4, 7-9] OKCH,UHhIX 

CeO2-co.n;ep)KamHx KaTaJIH3aTOpOB, HHOr ,n:a npeB0CXO.r(.sIIUHX no aKTHBHOCTH, 51)];0- H 

TepMoycToiiqHBOCTH Tpa.n;HU:HOHHhie KaTaJIH3aTOphI Ha 0CH0Be Pt HJIH Pd [ 4, 7-8]. TaKHe 
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KaTa.JIH3aTopbI MoryT CTaTb a.JibTepHaTHBOH TpaL(HIJ;H0HHbIM Ha 0CH0Be 6naropO,[(HbIX 

MeTa.JIJIOB. 

Cooca)K,[(eHHbie H HaHeceHHbie Ha AhO3 6miapHbie (H TpottHbie) cMecn CeO2 H 0KCH,[(0B 

Fe, Co, Ni, Cu, Mn HJIH Cr o6Hapy)l(HBaIOT cHHeprn:3M aKTHBH0CTH B 0KHCJieHHH CO rrpH 

orrpe,neneHHhIX cocrnBax cMecerr, co,z:i:ep)l(aII(HX m6b1TOK CeO2 ,nmr Ce-Cu H, Hao6opoT, 

H36hITOK 0KCH,na 3d-MeTa.JIJia ,nmr Fe-Ce, Co-Ce H Mn-Ce, He3aBHCHM0 OT rrpncyTcTBHJI 

H0CHTeJI5I. 3To YKa3bIBaeT Ha orrpe,neJJJIIOIUYIO p0Jib B CHHeprH3Me B3aHMO,[(eHCTBH5I 

aKTHBHbIX OKCH.l(OB. l13MepeHHe aKTHBHOCTH rrpoBOL(HJIOCb HMIIYJibCHbIM H rrpoTOlIHbIM 

MeT0,[(aMH B HHTepBa.Jie TeMrrepaTyp 20-600°C rrpH o6beMHbIX CK0p0CTJIX )];0 60000 q-
1
. 

,[{aHHbie peHTreHOBCK0H ,nmppaKIJ;HH ,[(JJJI o6pa3UOB, 06Hapy)l(HBaIOIUHX CHHeprH3M, 

CBH,[(eTeJibCTB0BaJIH 0 BbIC0K0,[(HCIIepcH0M C0CT0JIHHH o60HX 0KCH,[(0B, 'H0 He II0Ka3bIBa.JIH 

o6pa30BaHH5I H0BbIX <pa.3 ( cna6oe B3aHMO,[(eHCTlme 0KCH)];0B ). TI pH cna6oM B3aHMO,neiicTBHH 

M0)l(eT Ha6JIIO,[(aTbC5I CHM6aTHaJI 3aBHCHM0CTb aKTHBH0CTH H BeJIHqHH y,nerrhHOH 

IIOBepXHOCTH (Sy )l) OT COCTaBa COOCa)K,[(eHHbIX OKCH,[(0B ( CHHeprn:3M Sy)l.), CHHeprn:3M B 

xeMocop6UHH CO H rroHH)l(eHHe :meprm1 aKnrnan;HH 0KHcneHHJI CO. B Cr-Ce-cHcTeMax, r,ne 

HMeeT MeCTO o6pa30BaHHe rnep,n;bIX pacrnopoB ( CHJibH0e B3aHMO,ZJ;eHCTBHe 0KCH,[(0B ), 

CHHeprH3M He o6Hapy)l(HBaeTC5I. Ocna6rreHHe B33HMO,neHCTBH5I 0KCH,[(0B Cr H Ce rryTeM 

HaHeceHHJI CHCTeM Ha AhO3 rrpHB0,nHT K rroJIBJieHHIO c1rneprH3Ma. B TpottHbIX cHcTeMax 

(Mn-Cu-Ce, Cr-Cu-Ce) cnHepm3M orrpe,nem1eTcJI cna6bIM B3aHMo,neilcrnHeM CeO2 c 0L(HHM 

H3 OKCH,[(0B. 

Ha 0CH0BaHHH rronyqeHHbIX H JIHTepaTypHbIX ,n;aHHbIX o6cy)l(,[(aeTC5I rrpupo.ri:a cna6oro 

B3aHMO,[(eHCTBH5I OKCH,[(OB H MexaHH3M c1rnepnnMa aKTHBHOCTH. 
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PP-102 
CTPYKTYPA If CBOHCTBA IIAJIJIMHEBhIX KATAJIH3ATOPOB HA 

Yr JIEPO,Il;HhIX IIO,Il;JIO)KKAX HOBoro THIIA H3 MO,Il;Il<l>HIJ;HPOBAHHOrO 
IIPHPO,Il;HOro rPA<l>HTA 

STRUCTURE AND PROPERTIES OF PALLADIUM CATALYSTS ON NEW TYPE 
CARBON SUPPORTS OBTAINED FROM MODIFIED NATURAL GRAPHITE 

Ky1uenos Ji.H., qecuoKoB H.B., Mmrnsa H.M., IIJ;nnKo M.JI., CasocbKHH M.B. *, · 
Jlro6qnK C.Ji. *, Illeu.r.pnK T.r. * u .sipomenKo A.M. * 

Kuznetsov B.N., Chesnokov N.V., Mikova N.M., Shchipko M.L., Savos'kin M.V.*, 
Lyubchik S.V.*, Shendrik T.G.*, Yaroshenko A.M.* 

l1HCTHT)'T XHMHH H XHMHlJeCKOH TeXHOJIOrMH co p AH 
K.MapKca,42,KpacttoHpcK,660049,PoccHH 

<l>aKc: (3912)439342; E-mail: bnk@krsk.infotel.ru 
*HHCTHTYT q>H3HKo-opraHH11ecKoH XHMHH H yrnexHMHH HAHY 

P. J1IOKCeM6ypr, 70, ,l(oHeu;K, 83114, YKpaHHa 

Some data are presented concerning the synthesis and properties of Pd-catalysts on new 
type of carbon supports obtained by intercalation and following exfoliation of natural 
graphite. Unique carbon support obtained have very low density (up to 0.005 g/cm3

) and high 
sorption ability to non-polar compounds. Strategy of synthesis of graphitic sorbents was 
optimized keeping in mind their application for adsorption of different palladium compounds. 
Various methods of palladium · supporting on graphitic sorbents were applied and the 
dispersion and state of palladium were studied. The correlation between structure of 
Pd-catalysts on new carbon supports and their catalytic properties in liquid-phase 
hydrogenation reactions was established. 

ITa.rrna,nHeBbie KaTaJIH3aTOpbI Ha yrrrepO,[(HhIX HOCHTemIX npHMeH5IIOTC5I B npOMbIIIIJieHHO 

Ba)KHbIX npoueccax )I(H,[(KOq>a3HOro m,npHpoBaHH5I opraHHlJeCKHX coe,[(HHeHHH. Bb16op 

yrnepO,[(HbIX HOCHTeJieH ,[(JI5I KaTaJIH3aTopoB JTHX npoueccoB orpaHHlJeH H3-3a HX HH3KOH 

MexaHHlJeCKOH np01:IHOCTH. 3THM He,[(OCTaTKOM o6na,naIOT MHOrHe ,[(erneBbie yrnepO,[(Hbie 

IlO,[(JIO)I(KH, rrorry1:1eHHble m TaKOfO rrpHpO,nHoro Cblpb5I, KaK .zi;peBeCHHa, 6ypbIH yrom,, rnpcp. 

B pa6oTe rrpHBe,[(eHbl H o6cy)K,[(eHbl ,naHHbie no H3y1:IeHHIO CTPYKT)'pbl H CBOHCTB HOBbIX 

THIIOB yrnepO,[(HbIX MaTepHaJIOB, rrony1:1aeMbIX Ha OCHOBe rrpHpO,[(HOI'O rpaqmTa. 

ITpe,nBapHTeJibHO o6e330JieHHbIH KpyrrH01:1ernyif1:1aThIH rrpHpO,[(HbIH rpaq>HT o6pa6aThrnaeTC5I 

OKHCJIHTeJI5IMH H KHCJIOTaMH no crreIJ;HaJibHO pa3pa6oTaHHbIM MeTO,[(HKaM c rrony1:1eHHeM 

HHTepKarrHpoBaHHoro MaTepHa.rra. ITorry1:1eHHhIH HHTepKa.rrHpoBaHbIH rpaq>HT o6na,naeT 

cnoco6HOCTbIO K 3Ha1:IHTeJibHOMY pacrnHpeHHIO (BcIIeHHBaHHIO) rrpH .CKOpOCTHOM HarpeBe .[(0 

TeMrrepaTyp 600-900°C. ITpH 3TOM o6pa3yeTC5I YHHKaJibHbIH yrnepO,[(HblH MaTepHarr c 

IIJIOTHOCTbIO ,[(O 0,01-0,005 CM3 /r, cnoco6Hhlli a,ncop6HpOBaTh ,[(0 HeCKOJlbKHX ,n:eCHTKOB 

rpaMM HeIIOJI5IpHbIX coe,[(HHeHHH Ha rpaMM cop6eHTa. l13 0,[(HOro rpaMMa 
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HHTepKan:HpoBaHHOrO MaTepHan:a o6pmyeTCH no 100 CM

3 
BCIIeHeHHOro rpa<l>HTa. TiyTeM 

BapHaIJ;HH rrpO.UOJI)l(HTeJibHOCTH H .TeMIIepaTyphI o6pa60TKH, a TaK)l(e rrpHpO,Ubl XHMHqecKHX 

peareHTOB, HCIIOJib3yeMbIX Ha crn,r:um HHTepKrurnpoBaHHH, MO)l(HO perynHpOBaTb nopHCTYIO 

CTpyKTypy MaTepHan:a~ IIOBepXHOCTh H ee peaKIJ;HOHHYIO crroco6HOCTb B rrpo:u;eccax 

a,ucop6:u;1m. TionyqaeMhIH YHHKa.JihHhIH_ MaTepHaJI HCIIOJih3OBaJICH B KaqecTBe HOCHTemI ,UJIH 

npHroTOBJieHirn HaHeCeHHbIX KaTa.JIH3aTOpOB )l(H.UKO<}>a3HbIX KaTa.JIHTHqeCKHX peaKIJ;HH 

rn,upHpOBaHHSI. 

CrpaTerHSI CHHTe3a rropHCThIX rpa<}>HTH3HpoBaHHhIX MaTepHaJIOB 6hma OIITHMH3HpOBaHa 

C yqeTOM HX ,UaJibHeiirnero HCIIOJib3OBaHHH B KaqecTBe IIO,UJIO)l(KH ,UJISI HaHeCeHHSI IIaJIJia,UHSI. 

TipH HCCJie,n:oBaHHH a,ucop6u;HH coe,l(HHeHHH IlaJIJia.[(HSI Ha 3THX IIO.UJIO)l(Kax npecne.n:oBanacb 

u;eJib BhISIBJiemrn: rrpeo6na,ua10mero MeXaHH3Ma CBS:13bIBaHHSI HOHOB nanna.n:Hsi: a,[(cop6uHH Ha 

6a3aJihHhIX rpaHSIX C o6pa30BaHHeM 1t-KOMIIJieKCOB C IlOJIHCOilpSI)l(eHHhIMH yqacTKaMH 

yrnepo,UHOH MaTpHQhl, HJIH XHMH'tJeCKOro CB$l3bIBaHHSI C KHCJIOpo.n:co,uep)l(amHMH 

4>YH.~:U~OHaJihHbIMH rpyrrnaMH yrnepo,UHOH IlOBepxHOCTH. 

'CBe,uemrn O TeKczypHbIX xapaKTepHCTHKax o6pa3[(0B rronyqeHhl H3 aHaJIH3a H3OTepM 

a,ucop6:u;1m a3OTa H aproHa, a TaK)l(e MeTO,lJ,OM CKaHHpy10meii 3JieKTpOHHOH MHKpOCKOIIHH. 

I1Hq>OpMa1(mI O pa3Mepe qacTHU HaHeceHHOro IlaJIJia,l(HSI H HX pacrrpe.n:eJieHHH B 

BOCCTaHOBJieHHbIX KaTaJIH3aTopax nonyqeHa MeTO.UOM 3JieKTpOHHOH MHKpOCKOIIHH BhICOKOro 

pa3perneHHSI. 0 COCTaBe rroaepXHOCTHhIX KHcnopo.n:co,n;ep)l(al[(HX q>yHKIJ;HOHaJibHhIX rpyrrrr 

cy.n:HnH no HK-cneKTpaM .UH<}><}>y3Horo orpa)l(emrn: (DRIFT) . 
. , 

B pa6oTe rrpHBe,UeHbl pe3yJibTaTbl <}>H3HKO-XHMHqecKoro HCCJie,UOBaHHH CTpyKTYPHhIX 

xapaKTepHCTHK H COCTOSIHHSI HaHeCeHHbIX IlaJIJia,n:HeBbIX KaTaJIH3aTOpOB Ha pa3JIHqHblX 

CTa,UHSIX MX rrpHroTOBJieHHSI. KaTaJIHTHqeCKHe CBOHCTBa H3yqanHCb B peaKIJ;HHX 

)l(H,lJ;Kocl>aJHoro rn.n:pHpoaaHHSI :u;HKJioreKceHa M cpypq>ypona. B pa6oTe o6cy)l(.n:aeTcsi 

B3aHMOCBH3b Me)l(.lJ:y CTpyKrypoii KaTaJIH3aTopoB H HX CBOHCTBaMH B YKa3aHHbIX peaKIJ;HHX 

ABTOpbI Bbipa)l(aJOT 6naro,n;apHOCTb 3a q>HHaHCOBYIO no,rmep)KKY BbIITOJIHSieMblX 

Hccne,n;oaaHHH B paMKax nporpaMMbI HHT AC (rpaHT HHT AC 00-750). 
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MEXAHH3M OKHCJIEHIDI KCAHTOrEHAT A )];0 )];HKCAHTOrEHH)];A B 

YCJIOBIDIX IIOJIHOro TOPMOJKEHIDI KATA.J~JITffqEcKoro IlPOr(ECCA 
IIPO)];YKTOM PEAKQHH B IIPHCYTCTBHH ME)];h(II)-CO)];EPJKA~Ero 

IIOJIHAKPHJIAMH)J;HOrorH)];POrEIDI 

MECHANISM OF THE OXIDATION OF XANTHOGENATE TO DIXANTOGENIDE 
UNDER TOTAL INHIBITION OF THE CATALYTIC PROCESS WITH THE 

REACTION PRODUCT IN THE PRESENSE OF COPPER-CONTAINING 
POLYACRYLAMYDE HYDROGEL 

KyJHe1wea H.H., lKuJieHKO M.Il. *, PyJJ;eHKO A.II.* u Bur.u:epray3 B.E. 

Kuznetsova I.N., Zhilenko M.P.*, Rudenko A.P.* and Vigdergauz V.E. * 

I1HCTHTYT rrpo6neM KOMIIJieKCHOfO OCBOeHH.sI He,D;p P AH, 
KproKOBCKHH Tyrr., ,LJ;.4, MocKBa 111020, PoccH.sI 

<l>aKc: 360 89 60; E-mail: iren-kuznetsova@mail.ru 
*MocKoBCKHH rocy,napcTBeHHI>IH YHHBepcHTeT MM. M.B. floMoHocoBa, 

fleHMHCKMe ropbI, ,LJ;. l, cTp.3, MocKBa 119992, PoccH.sI 
<DaKc: 07(095) 932 88 46; E-mail: Zhilenko@petrol.chem.msu.ru 

It has been shown two processes took place in the oxidation of xanthogenate to 
dixantogenide under inhibition of this reaction by its product within catalyst solid phase. On 
the one hand it was catalytic oxidation of xanthogenate with oxygen resulting in 
tetraelectronic mechanism and on the other hand it was the disproportionation process of 
Cu(II)-xanthogenate complex to Cu(I)-xanthogenate and dixantogenide. It has been observed 
that catalytic centers are only Cu(II)-xanthogenate dimers, and Cu(I)-xanthogenate have no 
catalytic activity. Based on obtained data the general reaction mechanism is suggested. 

B pa6oTe MCCJie,noBaH rrpon;ecc OKMCJiemrn KCaHTOreHaTa (O-6yTMJI,LJ;HTMOKap6oHaT 

KaJIH.sI) (Kc) B ,nMKCaHTOreHM,LJ; (.D:c) ,LJ;MKMCJIOp0,D;OM 

s s s 
II II II 

RO-C- s- + ~ + 2H20 = 2ROC- S-S- COR + 40lf, (1) 

B TBep,D;Oq>a3HbIX ycnoBH5IX, Kor,na Bee MOJieKyJII>I pearnpyromero Bemecrna - Kc CB.sI3aFibI c 

KaTaJIH3aTOpOM Cu(II)/TIAAI' (KOMIIJieKCOM Cu(II) C KCaHTOreHaTOM C IIOJIHaKpHJiaMH,LJ;HbIM 

rn,uporeJieM) H BCe MOJieKyJihI rrpO,LJ;yKTa ,[(c OCTaIOTC5I Ha KaTaJIH3aTOpe H TOpM03.sIT rrpouecc (1). 

B 3THX ycJIOBM.sIX BO3MO)KeH CTeXHOMeTpHqecKMH yqeT Bcex semecTB IIpH 

ocymecTBJieHHH o,nHoro KaTaJIHTHqecKOfO aKTa M OIIHCaHHe MO~eKyn.sipHoro MeXaHH3Ma. 

I1oKa3aHO, qTo Ha rrepBOH CTa,LJ;lrn OKHCJieHH.sI Kc B ,Uc rrpOHCXO.D;HT 6blcTpoe o6pa.30BaHHe 

KOMIIJieKca ,nByXBaJieHTHOH Me,[(H C KCaHTOreHaTOM (CuKc2/I1AAr), rrpH 3TOM o6pa.3yIOTC.sI 

TaK)Ke ,nHMepbl 3TOfO KOMIIJieKca, .sIBJI.sIIOII.J;MeC.sI n;eHTpaMH KaTaJIH3a (QK) rrpouecca (1 ). 

Ilpouecc (1) ocymecTBJI.sieTc.sI Me,n;neHHo ( 1 aKTIQK . B MHH) rrpH o6pa.3oBaHHH 
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HepaBHoBecHoro K0MrrJieKca [ ( Cu(Il)Kc )2 • { 4 Kc • 02 • 4 H2O}] c -CliHxpoHHhIM 4-x 

:meKTp0HHhIM rrepeHOC0M C cynhcptH,npHJihHoIX aT0M0B cepbl Ha 02. 

s 
'C-OR 

- s~ 

He3aBHCHMO OT rrpouecca (1 ), no.u cnoeM a,ncop6HpoaaHHoro Ha KaTaJIH3aTOpe ,[(c, 

oqeHh Me,uneHH0 (0,7 aKTa/[(K B cyTKH) rrpoHcxo,n;HT rrpouecc ,n;Mcrrporropu:HoHHpoBamrn: 

u:eHTpa Karnnma {Cu(II)Kc2}2 

s s 
11 II 

RO-C-S-cuII-S-:-C-0R 

RO-C-S-cull-s-C-0R 
II 11 
s s 

s 
II 

R0-C-S-cu1 

R0-C-S-cu1 
II 
s 

s 
II 

+ rC-OR 
s-C-0R 

II 
s 

(2) 

Bo3MO)l(HOCTh 3aMbIKamrn KaTaJIMTHqecKoro l.(MKJia rrpouecca ( 1) .U0Ka3aHa 

B0CCTaH0BJieHMeM KaTaJIHTifqecKOM aKTMBH0CTH A2 rrocne y.uaneHUSI ,[(c 3KCTpaKI.(Meii 

reKCaH0M, rrpHqeM aKTHBH0CTb C Ka)l(,[(hIM pa30M Tep»eTC.SI B 8 pa3 3a cqeT Toro, qTo 

K0MTIJieKC KCaHTOreH,aT Cu(I) HeaKTRBeH. 
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MECHANISM OF SELECTIVE CATALYTIC NO REDUCTION WITH PROPENE 

OVER Pt, Cu AND Pt+Cu PROMOTED ZIRCONIA PILLARED CLAYS ,.~. ' 

MEXAHU3M CEJIEKTHBHoro BOCCTAHOBJIEHHR OKCu,rt;A A3OTA 
IlPOilHJIEHOM HA HAHOqACTHQAX ZrO2 B COCTABE 

IlHJIJIAPHPOBAHHhIX rJIHH, IlPOMOTIIPOBAHHhIX Pt, Cu u Pt+Cu 

Kuznetsova T.G., Sadykov V.A., Paukshtis E.A., Matyshak V.A., Konin G.A. *, 
Rogov V.F., Doronio V.P., Sorokina T.P. and Ross J.R. H. ** 

Ky1ueu:oea T.r., Cai:.LIKOB B.A., IlayKmTuc E.A., MaTLimaK B.A.*, Kouuu r.A. *, 
Poroe B.A., ,L(opounu B.II., CopoKnHa T.Il. u Pocc ,Lt:.** 

Boreskov Institute of Catalysis SB RAS, Pr. Lavrentieva, 5, Novosibirsk 630090, Russia 
Fax: 8 (383) 34 30 56; E-mail: Tania.Kuznetsova@catalysis.nsk.su 

*Semenov Institute of Chemical Physics RAS, Moscow, Russia 
* *The Limerick University, Limerick, Ireland 

Pt-and Pt+Cu supported zirconia-pillared clays possess rather good activity in the 
reaction of NOx selective reduction by propene in the excess of oxygen at 150-400 °C .Up to 
300 ° C the surface coverage of those catalysts by strongly bound C,N-containing 
intermediates is rather high due to relatively low rate of those species transformation under 
action of gas-phase components. Pt clusters (0.2 wt.%) juxtaposed at pillars strongly interact 
with CuOx clusters (1-2 wt.%), that is reflected in the non-additive increase of the amount of 
reactive oxygen species and surface coverage by nitrate complexes. The rate of hydrocarbons 
activation in the presence of NO and oxygen in the feed is also increased as compared with 
that for both pure active components. Acrolein was found as a product of the initial propene 
activation. The fast interaction of acrolein with the ad-NOx species appears to produce organic 
nitrocompounds, which can be further transformed into the molecular nitrogen and deep 
oxidation products through the sequence of parallel and consecutive steps. 

Zirconia pillared clays promoted by noble metals and/or transition metal oxides are 

promising low-temperature catalysts for SCR NOx by hydrocarbons (propene, propane, and 

decane) in the oxygen excess, which possess a good hydrothermal and sulfur poisoning 

stability as well [1-2]. 

In this work the effects of interaction between Pt clusters and copper cations fixed at 

zirconia nanoparticles propping the alumosilicate layers in zirconia-pillared clays were 

elucidated as related to their catalytic properties and reactivity of adsorbed species by using 

such methods as pulse titration of adspecies, in situ FTIRS DRIFT studies and TPR-H2 • The 

surface features were characterized by FTIRS of adsorbed CO and TPD of NOx. 

Pt-and Pt+Cu supported zirconia-pillared clays possess rather good activity m the 

reaction of NOx selective reduction by propene in the excess of oxygen at 150-400 °C with 

NOx conversion up to 60 % and low nitrous oxide selectivity. The interaction between 
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supported Pt and copper oxidic species helps to enhance the low-temperature performance of 

supported Pt in this reaction. Detectable amount of N2O (selectivity 20-30% in dry feed) for 

Pt-containing catalysts was detected only in a narrow (275-300 °C) temperature range. At 

temperatures below 300 °C, initial activities are higher than the steady-state ones due to a 

partial surface blocking by strongly adsorbed C, N-containing intermediates. For 

Pt-containing samples, generation of molecular nitrogen was found to proceed along two 

routes - one including interaction of relatively strongly bound ad-NOx nitrite-nitrate species 

with propene or products of its activation ( dominates at lower temperatures) and the other one 

proceeding through interaction of NO with the reduced Pt surface precovered by propene and 

products of its transformation (operates at temperatures ~300 °C). For supported Cu sample, 

the first route appears to be dominating in all the temperature range studied. Interaction 

between supported Pt and CuOx species helps to increase performance through decreasing the 

bonding strength of ad-NOx species and increasing Pt oxidation degree (amount of adsorbed 

weakly bound oxygen species). The first factor helps to increase the reactivity of ad-NOx 

species, while the latter prevents surface blocking by polymerized products of propylene 

transformation. 
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MEXAHH3M MO~H<l>HIUIPOBAHIDI AJIIOMOilJIATHHOBblX 

KAJIH3ATOPOB IlPEBPAlllEHIDI H-rEKCAHA 

MECHANISM OF TREATMENT OF PLATINUM-ALUMINA CATALYSTS FOR 
N-HEXANE CONVERSION 

Ky1LMHHa P.H., ~ora)l;nHa H. B., KapHKHH B.A. u CeeocTLHHOB B.11. 

Kuzmina R.I., Dogadina N.V., Karyakin V.A. and Sevostyanov V.P. 

CapaTOBCKHii rocy .napcrneHHhIB yHHBepcHTeT 
AcTpaxaHCKIDI, 83, CaparnB 410026, Poccm1 

E-mail: kuzminaraisa@mail.ru 

Influence of rare earth elements on properties of platinum-alumina catalyst of n-hexane 
conversion is investigated. For the first time, high-active catalyst containing gadolinium 
deposited from complex compound (gadolinium metanilate) is developed. The catalyst 
demonstrates high activity and selectivity in aromatization reaction during n-paraffins 
conversion. 

A.moMOilJianrnoBbJe H aJIIOMOpo.nueBbie KaTaJIH3aTOphI, ,[(OJirHe f'O,[(hl 51BllillOIIJ;HeC51 

OCHOBHhIMH KaTaJIH3aTOpaMH apoMaTmau;1m yrneBO,[(OpO).lOB, yczynaroT MeCTO 

KaTaJIHTHqecKHM CHCTeMaM C MaJibIM co,nep)KaHHeM nJiaTHHbI, B KOTOpbie ,[(JIH 

Mo,nml;mu:npoBaHHH HX CBOHCTB BBO,/J;HT coe,nuHeHHH ,npyrnx MeTaJIJIOB (6u- H 

IlOJIHMeTaJIJIH'lJeCKHe KaTaJIH3aTOphI) [1,2]. 

BBe,neHHe MO,[(Hq>HU:Hpyromnx ,no6aBOK B COCTaB IlJiaTHHOBhIX H peHHeBhIX 

KaTaJIH3aTopoB MO)KeT OKa3bIBaTh BJIHHHHe KaK Ha CBOHCTBa caMoro aKTHBHOro MeTarrna, TaK 

H Ha CBOHCTBa HOCfITeJI51. 

C u:enhIO H3y1leHHH BJIHHHHH P33 Ha CBOHCTBa aJIIOMOilJiaTHHOBOro KaTaJIH3aTopa H 

pa.3pa60TKH BbICOKOaKTHBHOro KOHTaKTa C MaJihIM co,nep)KaHHeM nnaTHHhl HCCJie,[(OBaHa 

cepmI KaTarrH3aTopoB c co.n;ep)l<aHHeM IIJiaTHHhl 0,25 Mac. %, BKJIJOqaroru;HX caMapHii, 

eBpOIIHH, ra,[(OJIHHHH, HTiep6HH HJIH HTTpHH B KOJIH'lJeCTBe 0, 1-.0,4 Mac. %. AKTHBHOCTh 

HJyqeHHhIX KaTaJIH3aTopoB oueHHBaJIH no peaKUH51M apoMaTH3aU:HH H rH,[(pOKpeKHHra. 

l10 Cs-.nern.n;pon;HKJIH3YIOIIJ;eii aKTHBHOCTH MO)];Hq>HU:Hpyromne 3JieMeHThl 

pacrronaraIOTCH B pH.Zl Yb>Eu>Sm> Y>Gd. HaH6onee aKTHBHhie B peaKU:HH apoMaTH3aU:HH 

KaTaJIH3aTOpbI OTJIH'lJaIOTCH H 60JihIIIeH ceJieKTHBHOCThIO. 

Pa.3JIH1lHe B KaTaJIHTJ:lqecKQM BJIHHHHH M0,1J;Hq>Hu;Hpy10mero KOMIIOHeHTa CKa3bIBaeTCH Ha 

CBOHCTBax HOCHTeJIH. Mo.uH<pHU:HpOBaHHe aJIIOMOIIJiaTHHOBOro KaTaJIH3aTOpa P33 rrpHBO,[(HT 

K IIO,[(aBJieHHIO KHCJIOTHOH q>yHKU:HH HOCHTeJIH, 'lJTO corrpOBO)K)];aeTCH CHH)KeHHeM ero pOJIH B 

peaKU:HHX rH,npoKpeKHHra · H Cs-.uern.z::i;pon:HKJIH3aU:HH H rrpHBO)];HT K rrepepacnpe.ueneHHIO 

HarrpaBJieHHH . apoMaTH3aUHH H-reKCaHa B IlOJih3Y o6pa30BaHH51 6eH30Jia B pe3yJihTaTe 

IIOCJie,[(OBaTeJibHOro .n;erH,npHpoBaHHH. ,[.(aHHhIH q>aKT IIO,[(TBep)K,[(aeTCH pe3yJihTaTaMH 

HK-crreKTpOCKOIIH'lJeCKHX HCCJie,[(OBaHHH 6peHCTe)];OBCKHX. H JihIOHCOBCKHX KHCJIOTHhIX 

u:em'})OB OKCH,[(a aJIIOMHHH51, MO,[(l:lq>HU:HpOBaHHOro OKCH,[(aMH P33. 

199 



PP-105 
HeCMOTpll Ha TO, qTo amoMOIIJianrnora,n;OJIHHHeBbie KaTarrH3aTOpbI o6na,n;aIOT n 

IIOBbIIIleHHOH rn,n;poKpeKHpyIOrn;eii aKTHBHOCTbIO; OTHOIIleHHe KO~UeiJT}5~I.J;IIH 6eH30Jia K 

cyMMapHOH KOHI(eHTJ)aI.J;HH yrneBo,n;opo,n;oB C 1-C5 Ha aJII9MOIIJI;aTHHora,n;oJIHHHeBbIX 

KaTaJIH3aTopax Bbillle, qeM Ha aJIIOMOIIJiaTHHOBOM KaTaJIH3aTope, qTo CBH.l(eTeJibCTByeT O 

6onee BbICOKOH ceneKTHBHOCTH B peaKI.J;HH apoMannaa:nH Pt, Gd/ AbO3-KaTaJIH3arnpoB. 

HaH60JibllIYIO aKTHBHOCTb H ceneKTHBHOCTb B peaKI.J;HH apOMclTH3al(HH rrpOllBHJI 

KaTanH3aTOp, co,nep)Kall(HH 0,25 Mac. % Pt H 0,25 Mac. % Gd. Bhlxo,n; u;eneBoro rrpo,nyKTa Ha 

,n;aHHOM KaTaJIH3aTOpe IIpH 540°C H BpeMeHH KOHTaKTa 0,6 C .l(OCTHraeT 72,5 Mac. %. 

CeJieKTHBHOCTb ITO peaKI.J;HH apoMaTH3aI.J;HH IIpH T=500-540°C COCTaBJilleT 3,2. 

C yBennqeHHeM cooTHOllleHHH Pt:Gd ,n;o 1: 1 pacTeT BbIXo,n; 6eH3ona rrpH He3HaqnTeJibHOM 

B03pacTaHHH rrpo,nyKTOB C1-C5. OrrTHMaJibHbIM H3 BCeX HCCJie,n;oBaHHbIX KaTaJIH3aTOpOB 

llBJISieTCH o6pa3el(, co,n;ep~arnHH 0, 25 Mac.% Pt H 0,25 Mac.% Gd~ 

O6pa60TKa 3KCrrepHMeHTaJlbHbIX ,n;aHHbIX rrpOBO.l(HJiaCb no ypaBHeHHIO Baccern-Xa6ry ,n;a 

.l(JIH reTeporeHHO-KaTaJIHTHqecKHX peaKI.J;HH I rropll,n;Ka, rrpoTeKaIOII.J;HX B HMIIYJibCHOM 

pe)KHMe B OTCYTCTBHH TOpMO)KeHHH rrpo,nyKTaMH peaKUHH. 

I 1 1 
Tio appeHHYCOBCKOH 3aBHCHMOCTH BemiqHHbI gm ln 1-x paccqHTaHa BeJIHq1ma EHa6n 

apoMannaa:HH H-reKcaHa. ApoMaTH3aUHll H-reKcaHa Ha rrpOMbillIJieHHOM anroMorrJiarn:HoBoM 

KaTaJIH3aTope rrpoTeKaeT B OCHOBHOM qepe3 Cs-,[(f[( C IIOCJ1e,ny10rn;eii 

,n;ern,npOH30MepH3au;HeH MeTHJII.J;HKJIOIIeHTaHa. BenHqHHa Ha6nro,n;aeMoiI 3Heprnrr 

apoMaTH3aUHH H-reKcaHa COCTaBJilleT rrpH 3TOM 134 K,[()K/MOJib. Ha "3arn;erroqeHHOM 11 

rrp0MbIIIlJieHHOM aJIIOMOIIJiaTHHOBOM KaTaJIH3aTope, KOr,n;a no,n;aBmieTCH 

,n;erH,np0H30MepH3aI.J;HH MeTHJIUHKJI0IIeHTaHa, BCJie,LI;CTBHe 6JIOKHpOBKH KHCJI0THbIX u;eHTpOB 

apoMaTH3aUHll H-reKcaHa npoTeKaeT qepe3 C 6-,[(f[(. Ha6rrro,n;aeMaR 3Heprng apoManI3au;HH 

H-reKCaHa B 3T0M cnyqae paBHa 164 K,[()K/MOJib. 

BerrnqnHa Ha6rr10,n;aeMoii 3Hepmrr apoMaTH3au;HH H-reKcatta Ha 

aJIIOM0IIJiaTHH0ra,n;0JIHHHeB0M KaTaJIH3aTope C0CTaBJilleT 163 K,[()K/MOJib, T.e. C0BIIa,naeT C 

BeJIHqHHOH EHa6n apoMaTH3aUHH H-reKcaHa Ha "merroqHoM" aJIIOM0IIJiaTHHOBOM 

KaTaJIH3aTope. Cne,n;oBaTeJibHO, MO,nm}rna:HpOBaHHe 0KCH,LI;a aJIIOMHHHll coe,nHHeHHllMH 

ra,n0JIHHHH conpoB0)K.l(aeTCH , 6JIOKHpOBKOH aKTHBliblX u;eHTp0B, 0TBeTCTBeHHbIX 3a 

H30MepH3al(HIO Ha CTa,nHH ,nerH,np0H30MepH3aUHH MeTHJII.J;HKJI0IIeHTaHa, qTo H rrpHB0,D;HT K 

IIp0TeKaHHIO apoMaTH3a:IJ;HH qepe3 C6- ,[(f[(. 

JluTeparypa 

[ 1] EeJibIX A'. . , C ., JlyroBCKHH A. H. Hosh1e KaTaJIH3aTOpbI pmpopMHHra/ / XHMHqecKruI 
npoMhIIIIJieHH0CTh. - 1996. -NQ3. -C.179. 
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.[(JIH npou.eccos ' rn.n;poo6naropIDKTBaH~ , 6eH3H,HOB H KaTaJIJffHlleCK0f0 pH:<pOpMHHra// 
Heq>Tenepepa6oTKa 11 tteq>TeXHMHH: HTHC. - M.: UHHHT3Heq>TeXHM, 1992, -NQ 1, - C.7-12. 
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PP-106 
MEXAHH3M <l>OPMHPOBAHIDI KATAJIH3ATOPA DO,[( B03,l(EHCTBHEM 

3JIEKTPOrH)];P ABJIHqEcKoro Y,l(AP A 

MECHANISM·OF CATALYST FORMATION IN THE CONDITIONS · 

~ ,,··; 
. OF ELECTROHYDRAULIC TREATMENT 

Ky11>MHHa P .II., ,l(ora11:una H.B., CeeocTLHiioe B.Il. u KapHKHH B.A. 

Kuzmina R.I., Dogadina N.V., Sevostyanov V.P. and Karyakin V.A. 

CapaTOBCKHH rocy ,n:apcrneHHbIH yliHBepcHTeT, 
AcTpaxaHCKruI, 83, CapaTOB 410026, Poccm1 

E-mail:kuzminaraisa@mail.ru 

For the first time, influence of electrohydraulic blow on properties of platinum-alumina 
catalyst for n-hexane aromatization is studied. It is found that under electrohydraulic 

treatment 'platinum hydrochloric acid reduces and forms surface centers active in n-hexane 
dehydrocyclization. The above effect significantly increases aromatic hydrocarbon yield. 

C l(eJiblO IIOBbIIIIeHJUI KaTaJUITHqecKOH aKTHBHOCTH B rrpol(ecce rrpHroTOBJieHH51 

KanunnaTopa HCIIOJib3YlOT pa3JilfqHbie MeTO,Ubl H3MeHeHH51 CTPYKTYPhI IIOBepXHOCTH H ee 

COCTaBa. HaMH ycrnHOBJieHO B03,UeHCTBHe :meKTporH,r:i;paBJIHqecKoro 3cpcpeKTa, OTKpbITOro 

lOTKHHbIM [1 ], HJIH, KaK ero Ha3bIBaIOT B rrpHKJia,[l;H0M rrnaHe, 3JieKrp0rH,n:paBJIHqecKoro 

y,r:i;apa (3fY) Ha cpopMHpOBa.HHe Me,UhC0,Uep)Ka{UHX reTeporeHHhIX KaTaJIHTHqecKHX CHCTeM, 

0TJIHqaiomHXC51 BbICOKOH aKTHBHOCTblO B rrpouecce pHq>OpMHHra H-reKCaHa [2]. 

CyTb 3cpcpeKTa 3aKJIJOqaeTC51 B B03,UeHCTBHH B 3aMKHYTOM 061,eMe Ha MaTepHaJibI 

K0p0TK0HMIIYJibCHbIM (B TeqeHHe 1-2 MC) BbIC0K0B0JibTHbIM (,r:i;o 30 KB) crreUHaJibH0 

ccpopMHpOBaHHhIM 3JieKTpHqecKHM HMIIYJihCOM. 

BJIH5IHHe rH,r:i;paBJIHqecKoro 3cpcpeKTa Ha aKTHBHOCTb aJIIOMOIIJiaTHHOMe,UHOro 

KaTanmarnpa (2,5 % Cu +0, 1 % Pt/ AhO3) Hccne,uoBaHo rrpH HaHecemu1 rrnaTHHbI Mern,zi;oM 

rrp0IIHTKH H3 paCTB0pa IIJiaTHHOXJIOpHCTOBO,l1;0pO,UHOH KHCJI0TbI. 3neKrporn:,up·aBJIHqecKOMY 

y,n:apy II0,[l;Bepranach reTeporeHHruI CHCTeMa, BKJIIOqaiomrui 2,5 % Cu/ A}iO3 H BO,IJ;HbIH 

pacrnop H2PtCl6 Ha ycraH0BKe. 

O6pa6oTKa CHCTeMbI ocymecTBJI51JiaCb rrpH BapbHp0BaHHH Me)K3JieKTp0.UHbIX 

rrpoMe)KyTK0B OT I )1,0 30 MM rrpH pa6oqeM HaIIp5I)KeHHH 25-30 KB. 3cpcpeKTHBHOe BpeM51 

B03)leHCTBH51 - 1-2 MC. KaK 6bIJIO CKa3aH0 l~hIIIIe, B rrpoue~ce o6pa60TKH pacrnop 

IIO)].Bepranc51 KOMIIJieKCHOMY B03)1,eHCTBHIO l(enoro pSI)la cpaKTOpOB, corrpc:rno)K)].aIOII(HX 

rH.n.poy.uap: YJibTpa3ByKa, KaBHTal(HOHHbIX H y,n:apHbIX BOJIH, MarHHTHOMY H 3JieKrpHqecKOMY 

B03)1,CHCTBHIO. 
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PP-106 
te3ym,ran,1 rrpeBpameHmI H-reKcaHa B rrpHcyTCTBHH Cu,Pt/AhO3 (3fY) rrpe,n;cTaBJieHbI 

B ra6JI. 1 y CTaH0BJieH0, qTo rrpe,n;BapHTeJibHIDI o6pa60TKa HCXO,[(HOH KaTaJIHTHqecK0H 

cHcTeMbI 3fY Ha cTa,n;HH rrporrHTKH Cu/ AhO3 rrnaTHHoxnopHcToBo,n;opo,n;HoiI KHCJIOTOH 

rrpHB0}],HT, B onmqHe OT 2,5 % Cu 0, 1 % Pt/ AhO3 - KaranH3aTOpa (Kt), rronyqeHHoro 

Tpa,n;HUH0HHbIM MCTO,ll0M rrporrHTKH, K B03paCTaHHIO BbIX0,lla u;ene~oro rrpo,n;yKra - 6eH30Jia C 

30,8 ll0 64, 1 Mac. % rrpH T=550°C. 

T, 

oc 

450 

500 

550 

Ta6nm~a 1. Pe3yJibTaTbI rrpeBpameHH.si: H-reKcaHa Ha 2,5 % Cu 0, I % Pt/ AhO3 
KaTaJIH3aTOpe (qHCJIHT.) H o6pa6oTaHHOM 3fY (3HaMeH.) 

Vo6., CocTaB rrpo,llyKTOB rrpeBpaII-leHH.sI, Mac.% 

q-1 IC1-C2 IC1-Cs i-C1 Cs-,[(f[( C6H6 C6H14 

2.1 1.4/0.1 6.8 I 0.2 9.9 I - 23.9 I 0.3 22.4 I 36.3 35.6 I 63.l 

2.4 3.3 I 0.2 10.7 I 0.4 9.5 I - 22.8 I 0.5 23.9 / 50.1 29.8 I 48.8 

2.2 6.0 I l.2 18.1 / 4.0 4.7 I - 13.4 / 0,9 30.8 / 64.1 27.0 I 29.8 

Cne,llyeT OT~eTHTb H3MeHeHHe MexaHH3Ma o6pa30BaHH.sI 6eH3oJia H3 H-feKcaHa B 

rrpHCYTCTBIIH aJIIOMOITJiaTHHOMe}],HOfO KaTaJIH3aTOpa, rronyqeHHOfO Il0,ll }],eHCTBHeM 3fY. B 

KaTanH3aTe rrpaKTHqecKH 0TCYTCTBYIOT rrpo,llyKThl Cs-.uern,llpO[(HKJIH3aUHH (Cs-,[(f[(), B TO 

BpeM.sI KaK Ha Kt Tpa,llHUHOHH0ro H3roTOBJICHll.sI B aHanornqHbIX ycJI0BH.sIX (T=550°C) HX 

BbIX0}], COCTaBIDieT 20 Mac. % H BbIUie. 3TOT cpaKT YKa3bIBaeT Ha o6pa30Bamfe 

apoMaTHqecKHX yrneBO,ll0p0,llOB H3 H-rrapaq>HHOB B rrpHCYTCTBHH pa3pa60TaHHOfO Kt rryTeM 

rrp.si:Moil C6-,n;ern,llpoa;HKJIH3au1m, MHHy.si: rrpoMe)KyrnqHbie CTa,llHH Cs-.D:f[( H H30MepH3aum:1. 

Oco6eHHOCTbIO rronyqeHHOro KaTaJIH3aTopa .sIBJI.sieTC.sI CHH)KeHJ-f e peaKUHH 

rH,n;poKpeKHHra, qTo TaK)Ke yaenHqHBaeT ceneKTHBH0CTb rrpouecca pmpopMHHra H-reKcaHa 

no peaKJ-lHH apoMaTH3aUHM. 

TaKHM o6pa30M, ITO}], B03}],eHCTBHeM YJibTpa3ByKa, KaBHTaIJ;HOHHbIX H y,n;apHbIX BOJIH, a 

TaK)Ke )KeCTK0f0 Y<l>-H3JiyqeHH.sI, corrpoB0)K)laIOmHx 3JieKTpOfH}],paBJIHl:feCKHH y,llap, 

rrpoHCX0}],HT B0CCTaHOBJieHHe H2PtCl6 }],0 rrrraTHHbl y)Ke Ha CTa,llHH rrporrHTKH H0CHTCJI.sI 

KaTaJIH3aTopa H cpopMHpOBaHHe a;eHTp0B I_I0BepXHOCTH KaTaJIH3aTOpa, aKTHBHbIX B 

rrpoBe,n;eHHH peaKUHH ,llefH,[(p0UHKJIH3aIJ;HH H-reKCaHa, qTQ H rrpHB0,[(HT K 3HaqHTeJII,HOMY 

BbIX0,n;y apoMaTH1ICCK0f0 yrrreBo,n;opo,n;a. 

JluTeparypa 

[l]CeBOCTMIHOB B.Il., Paumrn C.A. 3KcTpeMa.rrbHbie cp11311qecK11e B03)J.eHCTBM» B TexHonornH 
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Ony6n. 12.03.2000. -E10nn. H3o6peT. 2000. -NQ6. -C.141. 
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HCCJIE,ll;OBAHHE MEXAHH3MA OKHCJIHTEJILHO-

BOCCT AHOBHTEJILHOro IIPEBP AW:EHIDI OKCll,ll;OB A3OTA II Yr JIEPO,ll;A 

STUDY OF MECHANISM OF CARBON AND NITROGEN 
OXIDES REDOX CONVERSION 

· • Ky1LMHHa P .II., IIBaHoBa IO.B., CesocTLBHOB B.11. u MyxnHa JI.II. 

· Kuzmina R.I., Ivanova U.W., Sevostyanov W.P. and Mukhina L.P. 

CapaToBCKHM rocy.n:apcrneHHh:rn yHHBepcHTeT, 
AcTpaxaHCKWI, 83, CapaToB 410026, Poccm1 

E-mail: kuzminaraisa@mail.ru 

Pure metallic composition formed on the smooth metallic substrate with active structure 
prepared by four-stage treatment of porous material FNS-5 is investigated as a catalyst of CO 

and NOx removal from exhaust gases: x.:.ray analysis of catalyst samples reveals presence of 
intermetallic compounds FeNi, AlNi, AIFe, CuAl on the catalyst surface. 

B Kaqecrne IIO):(JIO)KKH KaTaJIH3aTopa KOMIIJICKCHOM oqHCTKH ra.30BhIX BhI6pocoB 

rrpo:o;eccoB ropemrn HCII0Jih30BaHa HCp)KaBeIOrn;WI KpyrrHonopHCTWI CTaJih <I>HC-5, 

OTJIHqaIOrn;ruicsr BhICOKOM ra.JonpOHHI(aeMOCTbIO. 

,[(Hq>q>y3HOHHOe HaHeCCHHe aJIIOMHHHSI Ha IlO):(JIO)KKY IIpH TeMnepaType 800-900°C 

q>opMHpyeT Ha IIOBepxHOCTH MeTaJIJia rrpoqm,Iii crrnaBHOH cnoii aJIIOMHHHsr, a 

BOCCTaHOBHTeJibHhIM OT)l(Hr B TO Ke BO,n:opo,na rrpH TeMrrepaType 3 50°C crroco6crnyeT 

3aKpenJieHHIO aKTHBHOro HHKemI Ha IIOBepXHOCTH MeTaJIJia-OCHOBhI. 

· IlonyqeHHhIM KaTaJIH3aTop o6na,n:aeT y,nenhHoii rroBepxHoCTbIO (SyJ - 2,2 M2/r, 

TeIIJIOIIp0B0):(H0CTbIO - 2,4 BTIM·K, rropHCTOCTbIO - 32-37 %. CTeIICHb rrpeBparn;eHHSI 

0KCH):(0B a.30Ta H yrnepo.n:a (II) yBeJI11q11aaeTC51 C poCT0M TeMrrepaTypbI H ):(OCTHraeT 90 % 

rrpH T=550°C. KaTaJIH3aTOpbI Cu, Ni/<I>HC-5 rrp0SIBJISIIOT aKTHBH0CTh a rrpol(ecce 

KOMIIJICKCHOM oqHCTKH ra.30B OT CQ H NOx, 

y CTaH0BJICH0, qTo o6pa60TKa KOHTaKTOB B OKHCJIHTeJibHOM cpe.n:e rrpH T=600 °C 

rrpHBO):(RT K pe3KOMY yBeJIHqeHHIO HX aKTHBHOCTH. CTerreHb rrpeBparn;eHRSI co H NOx 

B03pacraeT Ha 50 H 30 % C0OTBCTCTBCHH0. IlonyqeHHbIM .n:ocTaToqHo BbICOKHM 

IIOJIO)KHTeJibHbIM 3q>q>eKT 0KHCJIHTCJibH0ro OT)KHra Cml3aH C o6pa.30BaHHeM Ha II0BepxH0CTH 

KaTanmarnpa coe,n:HHeHHH mrrHHCJibHOM CTPYKTYPbI (NiAIOx, CuAIOx, FeAIOx) aKTHBHhIX B 

0KHCJIHTCJihH0-B0CCTaHOBHTCJihH0M rrpeBparn;eHHH CO+NOx, 

TaKHM o6pa.30M, qHcT0MCTaJIJIHqecKHe HHKC.llb- H Me,n:bco.n:ep)Karn;He KaTaJIH3aT0pbI, 

OTJIHqaIOrn;Hec:si BbICOKOM aKTHBHOCTblO B rrpol(ecce KOMIIJICKCHOH oqHcTKH ra.30BbIX 

BbI6pocoB OT 0KCH):(0B a.30Ta, yrJiepo,[(a H MCTaHa, M0ryT 6bITb HCIIOJib30BaHbl B KaqecTBe 

KOHCTpyKI(HOHHOro MaTepHaJia H HaCa,[(KH HeiiTpanmarnpoB OTXO,n:SIID;HX ra.30B ):(BHraTeJieii 

BHyTpeHHero cropaHHSI. 
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PP-108 
HCCJIE,L(OBAHHE Cu,Ni/ Afi03 (3rY)-KATAJIH3ATOPOB METO,L(OM 

TEMITEP ATYPHO-IIPOrP AMMHPOBAHHOH ,L(ECOPii~HH 

STUDY OF ELECTROHYDRAULICALL Y TREATED Cu,Ni/Al203-CAT AL YSTS BY 
TEMPERATURE-PROGRAMMED.DESORPTION METHOD 

Ky1LMHHa P.H., Hsaeosa IO.B., CeeocTLBHOB B.Il.,UanHHa T.r. H PaKHTHH C.A. 

Kuzmina R.I., lvanova U.W., Sevostyanov W.P., Panina T.G. and Rakitin S.A. 

CapaTOBCKHH rocy .n;apcTBeHHbIM yHHBepcHTeT, 
AcTpaxaHCKM, 83, CapaTOB 410026, Poccm1 

E-mail: kuzminaraisa@mail.ru 

High-performance catalyst (5 % Cu, 5 % Ni/AbO3 content), providing 100 % conversion 
of CO and NO in exhaust gas at 200 °C, is deve_lqped. Influence ·of electrohydraulic blow 
{EHB) on the process of Cu,Ni/ AbO3-catalyst formapion is investigated. Energy estimation of 
the electrohydraulically treated Cu,Ni/ AbO3-catalyst1surface under adsorption of nitrogen and 
carbon oxides is carried out by method of temperature-programmed desorption (TPD). 
Character of reagents adsorption (CO, NO, CO+NO) on the catalyst surface is determined. It 
is caused by multi-phase composition of the catalyst and diversity of the structures on its 
surface. 

BbICOK03<p<peKTHBHbIMH KaTa.JIHTHqecKHMH CHCTeMaMH KOMimeKCHOH oqHCTKH fa30B OT 

OKCH,noB a30Ta, yrrrepo,na H yrrreBo,nopo,n;oB 5IBIDIIOTC5I KaTa.rrH3aTOpbI Cu, Ni/ AhO3. 

l13BeCTHO, B03,neMCTBHe MexaHHqecKOH o6pa60TKH H <pH3HqecKHX <paKTOpOB, II0BbllllalOIIIJfX 

aKTHBHOCTb IIOJIHMeTa.rrJrnqecKHX KaTa.JIH3aTopoB. 

HaMH H3yqeHO BJili.SIHHe HMIIYJibCHOro BbICOKOBOJibTHOro pa3p5I,n;a Ha MeXaHH3M 

cpopMHpOBamrn a.JIIOMOHHKeJibMe,n;Horo KaTaJIH3aTOpa KOMIIJieKCHOH oqHCTKH fa30BbIX 

BbI6pocoB. B rrpon;ecce o6pa6oTKH 3JieKTpom,npaBJIH"l!eCKHM y ,napoM CHCTeMbl 

110,LJ;BepraIOTC.sI KOMIIJieKCHOMY B03,LJ;eHCTBHIO uenoro p5I,na q>aKTopoB, corrpOBO)K)];aIOru;Hx 

3JieKTporn,npaBJIH"l!eCKHH y,nap (3fY) - YJibTpa3ByKa, KaBHTaUHOHHbIX H y,napHbIX BOJIH H 

3,TJeKTp0HH0fO y,napa. C QeJiblO li3yqeHH5I pOJIH 3fY rrpH cpopMHpoBaHHH KaTa.JIH3aTOpa H 

BJIH5IHH5I COCT05IHH5I IIOBepXHOCTH CHCTeMbl Ha rrpoQecc OKHCJIH:TeJibHO-BOCCTaHOBHTeJibHOro 

o6e3Bpe)l<HBamrn 0KCH,nOB a.30Ta H yrrrepo.n;a rrroBe,neHbl q>H3HKO-XHMH"l!eCKHe HCCJie,n;oBaHH5I 

KaTaJIH3aTOpoB H a.n;cop6HpoBaHHbIX Ha ero rroBepxHOCTH MOJieKyJI CO, NOx H NOx+CO. 

MeTO)];OM TepMorrporpaMMHpOBaHHOH .n;ecop6QHH peareHTOB H rrpo,nyKTOB HX 

B3aHMo,neiicTBH5I c rroBepxHOCTH o6pa3ua Cu,Ni/AhO3 (3fY) B i;rnTepBa.rre T=l5-550°C 

ycTaH0BJieHO, qTo cpopMHpoBaHHe KaTa.JIH3aTOpa 110.n; B03,LJ;eHCT~~eM 3fY rrpHBOJJ;HT K 

o6pa30BaHHIO aKTHBHbIX QeHTp0B cna60CB5I3aHHOH a,ncop61.l~n: ; ·.· 'MOJieKy JI co' NO. 

Q6pµ.30BaHHe cna6o a,ncop6HpOBaHHhIX cpopM TOKCHqHbIX K0MIIOHeHJ0B oqmu;aeMoro ra3a, 
-. .... ., 1.~ 

,necop6HpyIOII(efOC5I IIpR T<l00°C, IIpHBO.D;HT K IIOBhIIIIeHHIO aKTHBHOCTH KaTa.JIH3aTOpa B 

o6JiaCTH HH3KHX TeMrrepazyp (100 - 200°C). 
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CHHTE3 H CTPOEHHE 

1t-KOMilJIEKCOB n-liEH3OXHHOHA C Pd(0)- HHTEPME,l(HATOB B 
OKHCJIHTEJILHOM KAPliOHHJIHPOBAHHH AJIKH}JOB 

SYNTHESIS AND STRUCTURE OF THE P-BENZOQUINONE n-COMPLEXES WITH . 
Pd(0)- INTERMEDIATES IN THE OXIDATIVE CARBONYLATION OF ALKYNES 

KyJiuK A.B., lipyK JI.r., TeMKHH O.H., Xa6u6yJmuB.P., 
B.K. lieJILCKuii* u B.E. 3aBo,.-uuK* 

Kulik A.V., Bruk L.G., Temkin O.N., Khabibulin V.R., 
Belsky V~K. * and ZavodnikV.E. * 

MocKoBcKrui rocy,uapcrneHHrui a.Ka,L(eMIDI TOHKOH XHMWiecKoii reXHonornH HM. M.B. noMoHocoBa, 
np. Bepm1,n;cKoro 86, MocKBa, 11757, Pocc:m1 

E-mail: lbruk@cityline.ru 
*f~ «<l>H3HKO-XHMHqecKHii HHcnnyr HM. fl.51. KaprroBa>>, MocKBa, 103064, PoccIDI 

The complexes [Pd(1,2-Q)(PPh3)2hH2Q, Pd2(µ-ri 2,1,2-Q)2(PPh3)2 and [Pd(ri2-Q) (PPh3)2] 
(H2Q)2 (where Q and H2Q are p-benzoquinone and hydroquinone, respectively) were synthesised 
and structurally characterised. The catalytic activity of these complexes in the oxidative 
carbonylation of phenylacetylene to methyl phenylpropiolate was examined. 

IlpH myqeHHH MeXaHH3Ma OKHCJIHTe.Jll>HOfO Kap6omurnpoBaH:IDI aJIKHHOB no C-H CB.SI3H 

(peaKnH.SI 1) B cHcTeMe Pd(OAc )i-PPh3-Q-MeOH 

RC=CH +CO+ MeOH + Q ... RC=CCOOMe + H2Q 
[Pd] 

(1) 

paccMaTJ)HBaJIH PAA rnnoTe3 [1 ], O)Uia H3 K0TOpbIX rrpe,n;nonaraeT o6pa30BaJIHe aKTHBH0fO B 

rrpou;ec~e K~p6oHHJIHpoBaHH.SI K0MIIJleKca Pd(0) c Q. 

Ha.MM CHHTe3HpoBaHbI H oxapa.KTepH30Ba.HhI PCA H0Bbie KOMIIJleKChI Pd(0) c 

n- 6eH30XHHOHOM H ,pmpeHHJI(pOCQ:>HHOM B Kaqecrne JIHfa.H)l0B (PHc.1-3 ), paccMaTJ)HBalOII(HeC.SI 

KaK Il0TeHI."(HaJil,Hbie HHTepMe,nHaThI 

peaKnHH 1. 

flpH B3aHMO)l;eHCTBHH 

n-rn,npoXHHoHa H Pd(PPh3)4 B MeOH B 

a'fMOCcpepe B03.nyxa 

coe,nHHeHHe I 

rronyqeHo 

COCTaBa 

[Pd(PPh3)2Q]zH2Q*CH3OH (PHc. l ). PHC. 1. 

B KOMrrneKc I BXO)];.SIT ,nBe rpyrrrrhI Pd(PPh3)2Q, CB.SI3aHHhie Bo,uopo,nHhIMH CB.SI3.SIMH c 

MOJieKyJIOH rn.npoXHHOHa. KoMIIJieKC I C0JlbBaTHpOBaH MOJieKynoii MeTaH0Jia, coe,nHHeHHOH 
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BO,D;OpO,ZJJIOH CB.Sl3bl0 C 0,D;HHM H3 XHH0H0B. KoMrmeKC I, co.uep)I(all.'(lfH: rn,n:p0XHH0H B BHL{e 

M0CTHKa Me)KL{y .UBYMjl MOJieKJJiaM·H XHH0Ha, gaJrneTC.SI rrepBbIM coe.z:i;HHeHHeM TaK0ro THIIa. 

Ilocne pacrnopeHH.SI K0MrrneKca I B aueToHe o6pa3yeTcg coe,uHHeHHe II cocrnaa 

[Pd(f Ph3)Q]2*1.5CH3OH, (PHc.2), rrpe.ucrna1rnromee co6oii .UHMep, co,n;ep)I(allUfii .n;aa 

q,parMeHTa Pd(PPh3), coe.n;HHeHHbie .UBYM.SI 

M0CTHKaMH B BHL{e M0JieKyn Q. PacCTOjIHHe 

Me)I(,ll;y aT0MaMH nanna,uHg 2,975 A. 
IlpH B3aHMo.n;eiicTBHH Pd(PPh3)2Ch co 

cnHpTOBbIM pacTBopoM NaOH a rnnyone a 

rrpHCJTCTBHH H36bITKa n-6eH30XHHOHa 6bIJI 

nonyqeH K0MnneKc [Pd(PPh3)2Q](H2Q)2 .· III 

(PHc.3). 

03 

06 

PHc.3. 

C22 

PHc.2. 

CTpyKrypa ill rrpe.ucrnan.sreT H3 ce6.sr 

rpyrrny Pd(PPh3)2 KOOp,n:HHHpoBaHH)'IO 

no ,D;BOHHOH CBjI3H n--6eH30XHHOHa, 

aKJIIOqeHHoro B cyrrpaMoneKJJI.SIPHYIO 

uerrb H2Q -Q - H2Q - Q - H2Q npH 

II0M0IIJ;H ao.n:opo,uHhIX cml3eH. 

CpaaHeHHe 

aKTHBH0CTH K0MIIJieKC0B IlaJIJia.[(H.SI, 

06pa3yrom;Hxcg m situ H3 Pd(OAc )2 H Pd(PPh3)4 B peaKUHH 0KHCJIHTeJibHoro 

Kap60HHJI.HpoBaHH.SI <peH.HnaueTHJieHa (1 ), C aKTHBH0CThIO rrorryqeHHbIX K0MIIJieKC0B 

Il0Ka3aJI0, qTo ace HCII0Jlh30BaHHhie coe.n;HHeHHSI Pd(0) o6na.n:aroT COH3MepHMOH 

KaTaJIHTHqecK0H aKTHBH0CTbIO. IlonyqeHHbie pe3yJihTaThi cornacyroTcg C rnnoTe30H 06 

aKTHBH0CTH K0MIIJieKC0B Pd(0) C Q B peaKI.(HH (1 ). 

ABTOpbl Bbipa)I(aIOT rny6oKyro 6naro.uapHOCTb P<l><l>l1 3a Il0Mep)I(KY, rpaHTbI:. 

98-03-32108, 02-03-06199, 01-03-32883 H 00-0.3-32578. 

[l]L.G. Bruk and O.N. Temkin, Inorg. Chim. Acta, 1998, 280,202. 
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MEXAHH3MhI «l>OPMHPOBAHIDI KOJIEiiAHHH CKOPOCTH 

KAT AJIHTHqEcKoro OKHCJIEHIDI co 

MECHANISMS FOR OSCILLATIONS IN THE RATE OF CATALYTIC CO 
OXIDATION 

Kyp1rnua E.C. u CeMenm1esa H.JI. 

Kurkina E.S. and Semendyaeva N.L. 

MocKOBCKHH rocy,napcrneHHhIH YHHBepcHTeT HM. M.B. JloMoHocoBa, <paKyJihTeT BMHK, 

MocKBa, Poccm1 

E-mail: NatalyS@cs.msu.su 

TipoBe,n;eHO TeopeTIIl.JeCKOe HCCJie,noBaHHe KOJie6aTeJibHOH ,[(HHaMHKH peaKQHH C0+02, 
rrpoTeKaroII.(eH Ha MeTaJIJiax ITJiaTHHOBOH rpyrrrrbI no MexaHH3MY OKHCJieHH.SI H 

BOCCTaHOBJieHH.SI KaTaJIHTHl.JeCKOH IlOBepXHOCTH (MexaHH3M TSM [1 ]). Ha OCHOBe e.n;1rnoii 

KHHeTHl.JeCKOH cxeMbl pa3pa6oTaHbl cornacoBaHHbie MaTeMaTHl.JeCKHe MO,neJIH peaKQHH 

OKHCJieHH.SI co MHKpo- H MaKpoypoBH.SI, rrpe,nCTaBJI.SIIOII.(He co6oii, COOTBCTCTBCHHO, 

,[(HHaMHl.JCCKHH MeTO,n MoHTe-Kapno H CHCTeMy o6bIKHOBeHHbIX µmp<pepeHQHaJibHbIX 

ypaBHeHHH, IlOJIYl.!eHHYIO B npH6JimKeHHH H,[(eaJihHOro a,[(cop6UHOHHOro CJIO.SI. 

MeTO,[(OM MoHTe-Kapno l.JHCJieHHO peaJIH30BaHbl TPH pa3JIHl.JHhIX MeXaHH3Ma KOJie6aHHH 

CKOpOCTH peaKUHH OKHCJieHH.SI co. Hx TeopeTH1IeCKOe HCCJie,[(OBaHHe H KJiaccmpHKaQHjf 

npoBe,neHbl C HCilOJih30BaHHeM MeT0,[(0B Ka1IeCTBCHHOro aHaJIH3a pemeHHH CHCTeM O)];Y, 

npHMeHeHHhIX K ,neTepMHHHCTHl.JeCKOH MO,nemI MaKpoypoBH.SI. 

::T 1,0 
~ 
~0,5 

u 
0 0,0 ,..___.....,_~___.,.,1--+-_-+-__ -+--_+--< __ --+-___ ---i 

1 0 O 
::r ' 
~0,5 

0 

20000 j 40000 
! 

60000 80000 100000 

CD 0,0~=s==~F==J==t..:==;:::==i=:=F!-.!::;:::::::i==::;===F=i:::=:;==s=~~~~ 

::T 1,0 O 
~ 
~0,5 
~ 

60000 80000 100000 

0 o.o~=i==i~=='-:.:..::::;:==i==~~=r:=::;==~i:::=:;==r===1----+-~~ 
0 20000 40000 60000 80000 100000 

time [sec] 

PHC. 1. 3aBHCHMOCTb KOHQeHrpaQHH co, noaepxHOCTHOfO H no,nnoBepXHOCTHOro KHCJIOpo,na 

OT BpeMeHH, pe3yJihTaThl MO,[(eJIHpOBaHH.SI MeTO,[(OM MoHTe-Kapno 

B Heno06U:JICHOM HJIH Ma.JlOn006U:JICHOM aocop6i,uoHHOM CJlOe B mHpOKOM ,l(HamnoHe 

.H3MeHeHH}l napuHaJibHOro ,naBJieH.H}l co Ha MHKpoypoB~e Ha6n10,naIOTC.SI Heperyn.SipHbie 

Kone6aHH.SI CKOpOCTH peaKQHH C0+02 H KOHQeHTpaUHH HeB3aHMO,neiiCTByIOII.(HX l.JaCTHU 

a,ncop6aTOB (pHC. 1 ). B MaKpOMO,neJIH rrpH aHaJIOfHl.JHhIX . 3Ha1:1emrnx napaMerpoB 

cymecrnyeT o6naCTh 6HCTa6HJibHOCTH. 3BOJIIOUH.SI peaKQHOHHOH CHCTeMhl Ha MHKpoypoBHe 

npe,ncTaBJI.SieT co6oii cny-qaiiHhie rrepexo,n1>1 H3 0,l(HOro ycTOHlIHBOro CTaUHOHapHOfO 

COCTO.SIHH.SI MaKp~MO,[(eJIH B ,npyroe ycTOH1IHBOe COCTO.SIHHe. 
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PHc. 2. Pe3yJibTaTbI Mo,nenHpoBaHHH MeTo,noM MoHTe-Kapno 

B no06U:>ICHOM aocop611uo111-10M CJlOe KOJie6aHml CKOpOCTH HCCJie,nyeMOH peaKUHH Ha 

MHKpOypOBHe Ha6mo,naJOTCH B Tex o6nacrnx rrapaMeTpHtJeCKOro rrpOCTPaHCTBa, B KOTOpbIX 

MaKpOMO,neJib HMeeT e,nHHCTBeHHOe ycTOHtJHBOe COCTOHHHe paBHOBeCH.SI (pHC. 2). 

Heo6xo,nHMbIMH YCJIOBHHMH 4>opMHpOBaHHH KOJie6aTeJibHOH ,l(HHaMHKH Ha MHKpoypoBHe B 

,uaHHOM cnyqae HBIDIIOTCH 4>JIYKTYa:UHH KOHUeHTPailHH a,n;cop6HpOBaHHbIX tJaCTHU, 

CBOHCTBeHHbie CTOXaCTHtJeCKHM Mo,nellilM CHCTeM MaJioro o6'heMa, H oco6oe pacnoJIO)KeHHe 

TPaeKTOpHH Ha q>a30BOH IIJIOCKOCTH, orrpe,neJI»IOmee qyBCTBHTeJibHOCTb K MaJiblM 

B03MymeHHHM, HJIH B036y,uHMOCTb cpe,nbl. 

HaKOHen:, KOJie6aHHH CKOpoCTH peaiaum C0+02 B 6blC01<.0n006U:>ICHOM aocop611uo1-1HOM 

CJlOe Ha MHKJ)OypoBHe rrpe,ncTaBIDIJOT co6o:u 'IpaeKTOpHH, pacrrOJIO)KeHHbie B6JIH3H rrpe,neJlbHOro 

UHKJia Ha COOTBeTCTByromeM q>a.30BOM IIOJYfpeTe MaKpOMO,[leJIH. BbICOKaH IIO,nBH)KHOCTh 

a,ucop6HpOBaHHbIX tJacTHU o6ecrretJHBaeT CHHXpoHH3aruno KOJie6aHHH Ha OT,neJibHbIX 

rro,no6JiaCT.SIX IIOBepXHOCTH, BbIC1)'IlaJOIUHX B poJIH JIOKaJibHbIX OC[(HJIIDITOpoB (pHC. 3). 

?1,0 . 

~0,5 
(.) 

© 0,0 'F'-◄-"-t--+---.+---'+-+--+--f-"------+-'-~-+-----i 
1,0 0 50 100 150 200 250 300 

~::~ 
::r 1,0 0 . 50 100 150 200 250 300 

j:·~ 
' 0 50 100 150 200 250 300 

time [sec] 

PHc. 3. Pe3yn:6taThI MO,uenHpoBaHHH MeTo,noM MoHTe-Kapno 

Pa6oTa BhIITOJIHeHa · npH 4>m1irnc0Boii rroMep)l(Ke PoccHHCKoro q>oH,ua 

4>YH.ZlaMeHTa.JibHblX HCCJie)lOBaHHH (rrpoeKT N2 00-01-000587). 

[l]J. E. Turner, B. C. Sales, M. B. Maple// Surf. Sci., 103, 54 (1981); 109,591 (1981). 
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SAXS AND SEM STUDIES OF STRUCTURE IN SALT SUPPORTED CATALYSTS 

Kypmrn~cKaH H.H., rJia1yuoea E.,L(., TeMKHH O.H.,* Xoaur K.li.,* IlJiaeuuK r.M.** u 
O6oJIOHKoea E.C. *** 

Kurlyandskaya I.I., Glazunova E.D., Temkin O.N.,* Hoang K.B.,* Plavnik G.M.** and 
Obolonkova E.S. *** 

<De,nepaJibHOe focy,z:i;apcrneHHoe ymuapHoe rrpe.nrrpmirn:e . 
HayqHo-Hccne,z:i;oBaTeJibCKHH HHCTHTYT "CHHTe3" c KE 

yn. YrpemcKIDI, 2, a/a 56, MocKBa, 109088, Poccm1 
Fax: (+7-095) 279-4684; E-mail: aglazunov@mtu-net.ru 

*MocKOBCKIDI rocy,z:i;apcTBeHHIDI aKa,IJ;eMIDI TOHKOH XHMHqeCKOH TeXH0JI0IBH HM. M.B. noMOHOCOBa 
IlpocrreKT BepHa,ncKoro, 86, Moci<Ba, 117851, Poccm1 

* *HHCTHTYT qm3HqecKoii XHMHH P AH 
neHHHCKHiirrpocrreKT,31,MocKBa, 117312,Pocctt.si 

***HHCTHTYT CHHTeTHqecKHX rroJIHMepHbIX MaTepttanoB HM. H.C. Em1Korrorr0Ba PAH 
yrr. Ilpoq>coI03Ha.si, 70, MocKBa, 117393, Poccffg 

SAXS and SEM methods provide unique potentials for the determination of the formerly 
unknown peculiariJies of distribution, dispersion and crystal structure of salt component (SC) 
in salt supported catalysts. By application of the above mentioned methods it is shown that the 
nanostructure of SC includes both salt clusters within the wide size range and highly 
dispersed formations located in micropores (molecular dispersion). Immobilization of SC on 
the surface of the support results in appearance of different disordered and nonstoichiometric 
states of SC. Prevalence of one of these forms against the other depends on the catalysts 
formation conditions. 

Ilpe~cTaBJieHH.sI 0 CTpyKType II0BepxH0CTH C0JieBoro HaHeceHH0fO KaTaJIH3aTopa Hee 

H3MeHeHHJI B peaKI.J;JIJI .sIBJUIIOTC.sI OCHOBOITOJiaraIOIUJIMJI rrpH C03~aHHH KaTaJIH3aTopa C 

xopomo ,ll;JICrreprHp0BaHHbIM JIMM06HJIH30BaHHbIM Ha Il0BepXH0CTJI H0CHTeJI.sI C0JieBbIM 

K0MII0HeHT0M (CK). 

MeTO~bI ManoyrnoBoro pacce.sIHJl.sI peHTreHoBcKoro H3JiyqeHH.sI (MYPP) JI 

CKaHHpy10meii 3JieKTpOHHOH MJIKp0CK0ITJIJI C peHTreH0BCKJIM MHKpoaHaJIJl3aTOp0M (C3M) 

II03B0JIJIJIH rrorryqJITb B3aHM0CB.sI3aHHbie H ,U0II0JIHgIOIUHe ~pyr .npyra ~aHHbie 06 

oco6eHHOCT.sIX pacnpe,z:i;eJieHJl.sI, ~HcrrepCH0CTJI J1 KpHCTaJIJIHqecKOH CTpyKrypbl CK 

KaTaJIJl3aTOpoB Zn(CH3COO)2/aKTHBHbIH yrorrh (cHHTe3 BHHHJiau;ernTa H3 C2H2 H 

CH3COOH) H HgCh/aKTHBHbIH yrorrb (cHHTe3 BHHJ1rrxrroptt,na H3 C2H2 JI HCI). 

KaTaJIH3aTOpbl norryqeHbl B pa3JIHqHbIX ycJIOBH.sIX q>OpMHpOBaHJl.sI - IIp.s!MblM KOHTaKTOM CK 

H H0CHTerr.si B 0TcyTcTBJ1e pacrnopHTerr.si [ 1] JI c UHPKYJUIUHeii pacrnopa CK qepe3 

rrceB,nOO)KH)KeHHbIH CJIOH H0CHTen.si [2] 
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TioKa3aHO, qTQ HMM06HllH3au;mr CK ,Ha 110BepXHOCTH aKTHBHhlX yrne:ii 11pHBO,UHT K 

110.SIBJieHHJO Heyrrop.sI,r:,;oqeHHbIX HecTeXHOMeTpH'leCKHX COCTOHHHH CK H K BHe,r:,;peHHIO qacTH 

CK ~ Me)KCJIOeBoe 11pocrpaHCTBO reKcarOHaJihHOH rpaqmTOl10.[(06HOH perneTKH aKTHBHhIX 

yrne:ii [3]. HaHoCTPYKTypa CK BKmoqaeT KaK coneBbie KJiacTepbI c rnHpOKHM 

pacrrpe,ueJieHHeM no pa3MepaM (2-10 HM ,[(JIH au;eTaTa UHHKa H 0,5-2 HM ,UJIH XJIOpH,ua PTYTli), 

TaK H JIOKaJIH30BaHHhie B MHKpo11opax BbICOKO,UHCIIepcHbie o6pa30BaHHH (MOJieKyJI}lpHoe 

,[(HCIIeprnpoBaHHe ). Tipeo6na,r:,;aHHe Toro HJIH HHOro H3 YKa3aHHhIX COCTOHHHH CK, a TaK)Ke 

O,[(HOpO,UHOCTb HX pac11pe,r:,;eJieHHH H CTe11eHb ,[(HCIIepCHOCTH CK 3aBHC.sIT OT ycJIOBHH 

<pOpMHpOBaHHH KaTaJIHTHqecKOH CHCTeMbl. PaBHOMepHaH HaqaJihHaH JIOKaJIH3aD;H.sI CK 

MO)KeT MeHHTbC.sI B pe3yJihTaTe nepepac11pe,neneHHH CK 11pH TepMoo6pa6oTKe. B OTCYTCTBHe 

pacrnopHTemr 110,r:,;06Hoe nepepacnpe,ueneHHe He Ha6mo,r:,;aeTc.sr, H coxpaHHeTCH o,uttopo,r:,;Hoe 

MHKpo- H MaKpopacnpe,r:,;eJieHHe CK 11pH ero BbICOKOH ,[(HCnepcHOCTH. 

B ycJIOBHHX peaKD;HH COJieBbie KJiacTepbl CTaHOBHTCH M06HJihHbIMH, qTo rrpOHBJIHeTC.sI B 

H3MeHeHHH pac11pe,ueneHHH 061>eMoB KJiacTepoB no pa3MepaM, rrp11qeM Ha6mo,uaeTc.sr 

yKpynHeHHe KJiaCTepoB B 1,5-2 pa3a. PocT COJieBhIX KnacTepoB, 110 amUIOrHH C 

MeTaJIJIOKJiaCTepaMH, MO)KeT npoHCXO,UHTb 11yTeM 3aXBaTa KJiaCTepaMH O.D;HHOqHhIX MOJieKyJI, 

MHrpHpyIOIUHX 110 110BepXHOCTH, H KOaJiecu;eHUHH KJiacTepoB MaJibIX pa3MepoB [4]. B 

KaTaJIH3aTopax, xapaKTepH3yJOIUHXC.sI 11peIIMyruecTBeHHbIM co.n;ep)KaHHeM MOJieKyn.srpHo 

,[(HCIIep~HpOBaHHOH <pa3hl B o6oeMe MHKpo11op, paCllpe,r:,;eJieHHe 061>eMOB COJieBbIX KJiaCTepoB 

110 pa3MepaM MeH.sreTC.sI HecymecTBeHHO. 

TionyqeHHbie pe3yJihTaTbl 1103BOJI}IIOT 3<p<peKTHBHO BJIH.sITb Ha <pOpMHpOBaHHe 

OIITHMaJibHOH ~TPYKTYPhl KaTaJIHTHqecKHX CHCTeM CHHTe3a BHHIUIXJIOpH.n;a H BHHHJiau;eTaTa. 
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PP-112 
IIPE,ll;CTABJIEHIDI O MEXAHH3ME AJIKHJIHPOBAHIDI H3O1iYTAHA 

liYTEHAMH HA IUIPKOHIIHCYJih<l>ATHhIX KATAJIH3ATOPAX 

ALKYLATION OF ISOBUTANE WITH BUTENES OVER SULFATED ZIRCONIA 
CATALYSTS: MECHANISTIC APPROACH 

Jlaspeuon A.B. *, IlayKmTHC E.A., ,ll;ynJIBKHH B.K. * u IiaJIMKHHHMaes li.C. 

Lavrenov A.V.*, Paukshtis E.A., Duplyakin V.K.* and Bal'zhinimaev B.S. 

l1HcTHT)'T KaTaJIH3a HM. r .K. EopecKoBa CO P AH 

Ilp. AKa,u. JlaBpeHTbeBa, 5, HoBocH6lipcK 630090, Pocc1u1 -
*OMcKHR <l_)mman l1HCTHT)'Ta KaTanH3a HM. r.K. EopecKoBa CO P AH 

Yn. He<l_)Te3aIJo,ucKrur, 54, 644040, Poccm1 --

Ten. 7(3812)66~114; E-mail: lavr@incat.,okno.ru : 

In-the present paperwe
1
report on thdmechanism ofisobutane alkylatidn using three types 

~f well defined cataly~ts. The fi_rst typ~ cat;,tlysts are corpposed,heteropolyacids supported on 
a carbon support. The second type catalysts are represented by sulfated zirconia supported on 

silica. The third type catalysts were prepared with molecular design using alkyl zirconium 
c~mplexes. Three seria of prepared catalysts differ by the nature and strength ,of acid sites. 
Zirconium cations in coordinatively unsaturated state are shown to be responsible for 
alkylation. Reaction mechanism is suggested, involving carbenium ions and zirconium 
\hydrides generation from isobutane. 

06ru;enpIIH5ITbIH B HaCTOHtnee BpeMH MeXaHif3M aJIKIIJIHpOBaHIUI, 1bo6yTaHa 6yTeHaMII 

nnepBI>Ie 6bm npe,uJIO)l(eH lllMepmrnroM B 1944 ro,uy H pacrrpocTpamrncH Ha peaKU:IIIO, 

rrpoTeKa10ru;y10 B rrpHcyTcTBHH cepHOH HJIH <l_)rnpHCTOBo,uopo,uHoH KHCJIOT. CornacHo 

fiIMepJIHHry aJIKHITHpOBaHIIe . npe,UCTaBJJHeT co6oH u;enHyIO peaKUHJO,:' HaqHHaromy10cH C 

hpHcoe,uH~emrn npoTOHa no ,UBOHHOR CBH3H Mone1<ynhI oneq_)HHa, 1<n10qeBbIM 3JieMeHTOM 

:kdropoii 5!Bm1eTc5I no'cT05IHIIOe 'n0306H0Brremie Tpet-6yTHiihHOro KaTHOHa 3a cqeT rrepeHoca 

rniipH,U-IIOHa OT MOJieKy'Jihl 1fao6yraHa'. .' ;''"; 

:. - - Ponb l<aTanH3aTopa,; b6nai:ta10mero 6peIICTe,n0BCKOH KHCJJOTHOCTblO, B paMKaX ,UaHHOro 

MexaHH3Ma' BITOJIHe IIOH5ITHa Ha CTa.r(HH rrpOTOHHpOBaHHH 6yTeHOB, HO OCTaeTC5I COBepmeHHO 

He 5ICHOH ,UJlll CTa,llHR rn,upH,n;Horo rrepeHOCa. TeM He MeHee, aBTOpbl 6orrbIIIHHCTBa pa6oT, 

IIOCB5IIU;eHHbIX HCCJie,n;OBaHHIO aJIKHJIHpOBaHH5I, rrpH,uep)l(HBaIOTC5I MHeHH5I O KJIIoqeBOH pOJIH 

6peHcTe,uoacKHX KHCJIOTHbIX u;eHTpoB (EKU) B rrpoTeKaHHH 3TOR peaKU:HH. Xorn B cnyqae 

TBep,UblX KHCJJOTHblX CHCTeM BIIOITHe ecTtCTBeHHO rrpe,urroJia{'.aTb, qTo npoTeKaHHe 

rH,n;pH,n;Horo nepeHoca MO)l(eT onpe,uerr5!ThC5I rrpHCYTCTBHeM JlblOHCOBCKHX KHCJJOTHbIX 

u;eHTpon (flKll), KaK 3JieKTpOHHbIX aKnerrTOpoB. 

)J;ng npoBepKH Toro, qrn orrpe,ueJI5IIOII(eR CTa,D;HeH peaKIJ;HH aJIKHJIHpOBaHH5I Ha rnep,UhIX 

KaTaJIH3aTopax MO)l(eT 5IBJlllTbC5! B3aHMO,UeRCTBHe H3o6yTaHa C JlhlOHCOBCKHMH KHCJIOTHbIMH 
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uempaMH, 6hIJIH * CHHTC3Hp0BaHhI TJ)H cepm~ ' Mo,n:eJibHhIX·;' 'KaTa,JIHTHqecKHX CHCTeM: 

f /, 'f ; \ \ ,.· : ', 

HaHeceHHhie· Ha ' 
1 

cH6yHHT reTeporroJIHKHCJI0ThI (fTTK) H3PW12O40, H3PTiWllO39, 

OOJia,naromlie TOJihK0 CHJibHOH 6peHCTe,n:OBCKOH KHCJIOTHOCTblO ,(B 'illKaJie 3HaqeHiIH cpo,n:cTBa 
.. 

K rrpoT0HY PA - 1120 K)J;)K/MoJih ); HaHeceHHbiil UHpKOHHH~YJib(paTHhIH K0MIIJieKc 

ZrSO4/SiO2 . H o6pa3:UhI HaHeceHHoro Ha CHJIHKarem, -. · cynb<pan1poBaHHoro .LlH0KCH,n:a 

:UHpKOHmr(SZ/SiO2}c pa3JIHl.JHbIM C00TH0IIIeHHeM KaK 6peHci'e,n:OBCKOH, TaK H JiblOMCOBCKOH 

KHCJIOTHOCTH. '' ~ ,. '. , 

TTpeBpameHHe H306yTaH-6yTeHOBOfO Cblpb.SI B rrpHCYTCTBHH HaHeCeHHhIX o6pa3:UOB fTTK 
~ : :_~ l _;_ i... _. . ·-; _t., " ,.- • • 

corrp0B0)K)laJI0Cb HCKJIIOl.JHTeJibH0 OJIHroMepH3an;HeH 6yTeHOB. ,[(mi aKTHBHbIX B 

aJIKHJIHp0BaHHH SZ/SiO2 CHCTeM 6bIJia rrorryqeHa Koppem1:um1 KaTaJIHTHT.JeCKHX CBOHCTB C 

CHJIOH nK:q_.1; _TI pH '.HOM Ha6JI10,n:aeMbIH MaKCHMYM)l:KTHBH0CTH rrpHIIIeJICSI Ha o6pa3eu; Ha 

II0BepXH0CTW K0Toporo 6bIJIH o6Hapy)KeHbI Ha1160.nee CHJlhiibie flKQ, xapaKTepH3y10m11ecSI 
J : -- , _1 ' / !_ ; : 1 

rronocoif rrornomeHHSI a,n:cqp6upo13_~mtt,:pro CO B paif oHe 2200 c:rf : : ... 
_ ... ___ , . . ',.'-•; •. · ,1 - ·.' .\ : _, ... },,, •. 

. . CrreKTpammoe H3yT.JeHHe: a:n;cop6nHH mo6yrntta Ha Mo,n:en:6Iio'H .. cHcTeMe ZrSO4/SiO2 

IIOKa3aJIO, -ci:TO . y)Ke .. . rrpH KOMHaTHOH TeMrrepazype rrpOHCXOJJ;HT B3aHMO,n:eHCTBHe 
?.l . I 

morrapaqmHa c Koop,n:HHa:UH0HHo-HeHacb1ru;eHHbIM JIKU Zr
4
+ c cpopM11ponaHHeM 

II0Bep~rnpc_THbJ~{HµpHJJ;HbIX K0MIIJieKC0B Zr-H, xapaKTepH3yIOl[(HXCSI HK rrornomeHHeM rrpM 
~ .. t ., ~- '. . . ( {_ j . -· . 

1580 CM-1. . 
-- ~~- );! ~~ --i l ,)', ·, _{ I~ •• 

Hct O.CH0Bamu~ ~poBe,n:eIIH,~f){ Hcc,ne,n:oBaHHH cneJiaH BbIB0JJ;, qTQ 3q>q>eKTHBHhie TBep,n:bie 

KaTaJIH3aTopbI aJIKHJIHpc;rnaHHSI ,n;0JJ)KHhI xapaK-:repH30BaTbCSI Ha,i;JWIHe~ JIKU orrpe,n:eneHHOH 
. 1 / ' ' i; ' : ' . ' ! . ::: . . ' . ' . . : ~ . _, ·• . .' ..... ( i . ·1 • \ • ·. ' • • • • • 

CHJibI. ,[(JISI UHpKOHHHCYJibq>aTHb,)( KaTaJJH3~TOp0B . II0K~aH0, _l.JTO K.!1IOl.JCBOH CTa,z:I;HeH 

peaK:UHH aJIKHJIHp0Bamrn H3o6yraHa 6yTeHaMH .[\eHCTBHTeflbH0 M0)KeT SIBJISITbCSI 

,n:HCC0:UHa:UHSI mo6yrnHa Ha JlblOHC0BCKHX ueHTpax Zr 
4
+ C o6pa30BaHHeM rn,n:pH,na UHPK0HHH. 

CHJia J1KI(, orrpe,neJISIIOIIJ;HX MaKCHMaJibHY~ aKTHBHOCTb KaTaJIH3aTopa, xapaKTepmyeTCSI 

IIOJIOCOH rrornomeHHSI a,ncop6HpOBaHHOro co 2200 CM-
1
• 3TO naeT 0CH0BaHHSI LJ:JISI 6onee 

• ~ :. I • 

rrp~9~0H MeXaHHCTHT.Je~KOH TpaKT0BKH rrpoTeKaHHSI neJieBOH peaKUHH aJIKHJIHp0BaHHSI: rrpR 
. ,·· "\ 

B03M0)KH0(;{~ IIP.sJ¥q~! reHepa:UHH rpeT-6yTHJib,HOfO KaTH0Ha H3 M0JieKyJibI H3o6yraHa 

:qppp;~_c9 BQ.J,3Ce He .ll,O.JI?~eH H0CHTb :ue.IIHOH xapaKTep, a C0CT0SITb H3 Tpex II0CJIC)J;0BaTeJibHbIX 
I • "f_ ,• :.. , •.·;. ,. ' .. J , '•. t . • . 

9J~,PHH - ; qrphIB rn,upH,z;i:-HoHa OT H3o_6yrnHa 8:a -!]~U:, B3aHMoneifc113.~W TP~!~6yTHJibHOro 

kaTH0Ha. ~ Mpll,~KYJIOH 6yTeHa l'.I o6pa30BaHHeM H~QQ~.;fHJlbHQf0 KaTH9ffa,. JlQ3BP,aT rn,n:pH,n-
./ . : : : . . ~ .. l:.AJt .) .. !.· . .:' : ·• .: ! i .. ' . \ .. ·' - \ • l _,, 

H0Ha c JIKU c rrpeBpameHHeM H300KTHJibH0ro KaTH0H~--~ l.1?.0if~paq>HHrCs. : _:;. 

:-•1'"!,.::' 

:'! · :.--·:-_ . 
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PP-113 
TEKCTYP A IIPOMhIIIIJIEHHhIX HH,l(HBH,l(Y AJII,HI,IX 

rll,l(POKCH,l(OB AJIIOMHHIDI 

THE TEXTURE OF INDIVIDUAL INDUSTRIAL ALUMINIUM HYDROXIDES 

JlaM6epos A.A., JlesuH O.B.*, Eroposa C.P., Tpm)>oHOB C.B. u ruJILMaHOB X.X. 

Lamberov A.A., Levin O.V.*, Egorova S.R., Trifonov S.V. and Gil'manov H.H. 

Ka3aHCKHH rocy.napcrneHHhIH TeXHOJiomqecKHii ymrnepCHTeT 
yJI. K. MapKca, 68, Ka1aHh, 4200015, Poccm1 

E-mail: Segorova@rambler.ru 
* 000 (( HoBoKyii6bllIIeBCKHH 3aBO,[( KaTaJIH3aTOpOB» 
CaMapcKasi: o6JI., H0B0Kyii6h1rneBcK 446207, Poccm1 

E-mail: nzk@satcomtel.ru 

Methods of low-temperature nitrogen adsorption and X-ray analysis were used to 
investigate structural characteristics of aluminium hydroxide synthesized in industrial 
conditions. The texture of low-temperature aluminium hydroxide is caused by pores 25, 36 
and 42-60 A, they are formed by not coherent coordination of gelatinous pseudoboehmite 

➔ 

microcrystallines along crystallographic axis b . The texture of high-temperature aluminium 
hydroxide is caused by not directed coordination of lamellar particles of microcrystalline 
pseudoboehmite. The mechanism of formation of aluminium hydroxide porous structure is 
suggested. 

AKTHBHhIH OKCH.[I; aJIIOMHHH.sI (AOA) HaXO.[l;HT IIIHpOKOe rrpHMeHeHHe B rrpOH3BO.[l;CTBe 

a,D;cop6eHTOB, HOCHTeJieii H KaTaJIH3aTopoB H .srBJI.sieTC.sI MHOfOTOHHa)KHhIM rrpo.nyKTOM 

rrpOMbIIIIJieHHOH XHMHH. 

3KCIIJiyaTaUHOHHbie xapaKTepHCTHKH A0A B 3HaqHTeJibHOH CTerreHH orrpe,n:eIDIIOTC.sI ero 

TeKCTYPHbIMH CBOHCTBaMH, KOTOpbie <popMHpyeTC5I B npouecce CHHTe3a rrpe,n:rneCTBeHHHKa -

rH,n:poKCH,n:a aJIIOMHHH.sI (f0A). 113BeCTHO, l.J:TO Ka)l(,UOMY KOHKpeTHOMY THIIY Cblpb5I ,n:omKeH 

COOTBCTCTBOBaTb OIITHMaJibHhIH pa3Mep rrop KaTaJIH3aTopa. 

HecMOTp.sr Ha TO, qro B HaCTo.srmee BpeM.sr HaKOIIJieHbl ,[(OCTaTOl.J:HO o6rnHpHbie cae,n:eHH5I 

no BJIH.sIHHIO MeTO.LlOB CHHTe3a Ha CTpoeHHe H reHe3HC rH,npoKCH,[(OB H OKCH,[(OB aJIIOMHHH5I 

pa3JIHqHoH MOp<pononm, ,naHHbie no BJIH.sIHHIO rrpOMblllIJieHHbIX TCXHOJIOrHqecKHX rrpHeMOB 

Ha TCKCTYPY OKCH,D;a aJIIOMHHH.sI, . IIOJiyl.J:eHHOro no TeXHOJIOfHH rrepeoca)l(,UeHH.sI, O"tJeHb 

orpaHHqeHbI. 

B CBSl3H C 3THM ycTaHOBJieHHe MexaHH3M2. cpopMHpOBaHH.sI TeKcrypbI AOA B rrpouecce 

rrpOMblllIJICHHOro CllHTe3a SIBlliieTCSI aKTYaJibHOH 3a,D;aqeii. HaMH rrpoae.neHO llCCJIC,[l;OBaHHe 

BJIH.sIHll.sI rpa,D;HUHOHHhIX TCXHOJIOfH"tJeCKHX rrpHeMOB CHHTe3a Ha rropHCTYIO crpyKzypy II 

MopcponorHIO rrpOMhIIIIJieHHbIX m,npOKCH)lOB aJIIOMHHll.sI. 
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TeKCTypHbie xapaKTepHCTHKH orrpe.ue~:UIJIH Ha YHHBepcanbHOM aHanH3aTOpe rrnoma,n;eii 

rroBepxH0CTH H rropHCT0CTH ASAP 20 l 0 Micromeritics. l13MepeHHH H30TepM a.ucop6QHH 

a30T<;1 rrpOBO.l(HJIH rrpH 77 K, .uera3anmo rrpH 773 K .no 0CTaT~~Horo BaKyyMa 30 MM pT.CT. 

PeHTreHorpaqrnqecKoe nccne.noBaHHe rrpoBO.UHJIOCb Ha .umppaKTOMeTpe ,IJ;POH-2. 

I1crrOJib30BanOCb .l(JIHHH0BOJIHOB0e H3JIYl.lCHHe FeKa C p-q>HJibTf)OM. ,lJ;HaIIa30H yrnoB 3aIIHCH 

2 0 OT 0 .l(O 100 rpa.n. 

IlpOMblllIJICHHbie rH.l(pOKCH.l(bI XOJIO.l(HOfO OCa)I(.l(eHHH (T oc ~ 50 °C) rrpe.l(CTaBJIHIOT 

co6oii reneo6pa3Hbie IICCB.l(06eMHTbI, xapaKTepmyIOTCH HH3KHM nopoMeTpHqecKHM 

061>eMOM (.n;o 0.4 cM
3 
/r), o6ycnoBJieHHbIM nopaMH .unaMeTJ)OM 25 H 36 A. Hx nopHcTa}l 

CTPYKTypa o6ycnOBJieHa q>H6pHJIJIOilO.l(06HbIMH q>parMeHTaMH IlCCBJ(06eMHTa, 

co.n;ep)I(amHMH nopbI rrpenMymecrneHHo B o6nacTH .nmlMeTpOB 36-37 A. Cra6HJIH3aQHH 

ffl,.l(p0KCH.l(OB XOJI0.l(HOfO 0Ca)I(.l(CHHH rrpHBO.l(HT K q>opMHpoBaHHIO 6yTbIJIKOo6pa3HbIX nop B 

pe3yJibTaTe rH.n;poTepManbH0fO CHHTC3a BHYTPH q>H6pHJIJIOil0.l(06HbIX crpyKTYP C 

rroHBJieHHeM MaKCHMYMOB pacrrpe.n;eneHHH B o6nacTH 40-60 A. BenHt.JHHa y,n;eJibHOH 

ITOBepXH0CTH H rropoMeTpHt.JCCKOfO 061>eMa npH crn6HJIH3al(HH rrpaKTHl.{eCKH He H3MCHHCTCH. 

f H,UpOKCH,UbI rop51qero oca)I(,[(eHHH (T0c>50°C) npe,n;CTaBJIHIOT co6oii 

MCJIKOKpHCTaJIJIHl.JCCKHH rrceB,no6eMHT c meneo6pa3HbIMH rropaMH, OTKpbITbIMH co Bcex 

CTOpOH. TiopHCTaH CTPYKTypa o6ycnoBJieHa HeHanpaBJieHHOH B3aHMHOH KOOp.UHHal(HCH 

rrJiacTHHl.JaThIX t.JaCTHU c o6pa3oBaHHCM KpHCTaJIJIH'CJCCKHX KOHTaKTOB MC)I(.l(y HHMH. 

fH.UpOKCH,UhI HMeIOT BhICOKOe 3Hat.JeHHe nopoMeTpHt.JeCKOro 061,eMa (> 0.6 CM
3/r) 6e3 t.JeTKO 

Bbipa)I(eHHOfO MaKCHMyMa pacrrpe.ueneHH.sI nop. 

Y CJIOBHOe .neneHHe rn.n;poKCH.l(OB Ha MHKpOKpHCTaJIJIHl.JeCKHH H reneo6pa3HbIH 

➔ 

rrpe,UJI0)I(CHO rrpoBO.l(HTb no BeJIHl.JHHe 3JieMeHTapHOH gqeiiKH nceB,no6eMHTa B,U0Jih OCH b . 

)],AA reneo6pa3Horo nceB,no6eMHTa pa3Mep 3JieMeHTapHott gqeifKH 2::: 12.5 A, a ,nnH 

MHKpoKpHcTannnqecKoro rrceB,no6eMHT ~ 12. 5 A. 

Mopq>OJIOfHH rn,npOKCH.l(OB orrpe,n;enHeTCH ycnoBHHMH BX CHHTC3a H TeMneparypoii 

CTa6HJIH3aUHH. YBeJIHl.JeHHe TeMnepaTypbI OCa)I(.l(eHHH H CTa6HJIH3aUHH H yMeHblllCHHe pH 

CTa6HJIH3aUHH cnoco6cTByeT o6pa30BaHHIO' roA nceB,no6eMHTHOH MOpq>onorHH. 

TpHrn,npOKCH,UbI (6aiiepHT H rn66CHT) He npHHHMaIOT yqacTHSI ~ q>OpMHpOBaHHH TCKCTypbI 

oca,nKa. 

Ha OCHOBaHJrn nonyqeHHbIX pe3yJibTaTOB npe,nJIO)I(eHa MO,!(eJib q>OpMHpOBaHHH 

TCKCTypbI roA, HCXO,[VI H3 KOTopoii, pacc~HTaHbl 3Ha1IeHHH ~aKCHMYMOB pacnpe,ueneHHH 

nop. Pact.JeTHbie H peanbHbie MaKCHMYMOB pacrrpe.neneHHH HMeIOT 6JIH3KHe 3HaqeHHH. 
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HCCJIE,ll;OBAHHE CTPYKTYPl>I, AKTH,BHOCTH H npuqua ~E3AKTHBAnHH 

KAT AJIH3ATOPOB r~PHPOBAHIDI ,ll;HEHOBLIX Yr JIEBO,ll;OPO,ll;OB B 
<l>PAKnHH Cs-C9 

THE INVESTIGATION OF STRUCTURE, ACTIVITY AND REASONS OF 
DEACTIVATION FOR CATALYSTS OF HYDROGENATION OF DIENE 

HYDROCARBONS IN FRACTION C5-C9 

JlaM6epoe A.A., PoManoea P.r., CuTnnKoea E.IO., Eropoea C.P. u ruJILManoe X.X.* 

Lamberov A.A., Romanova R.G., Sitnikova E.Yu. and Gil'manov Kb.Kb.* 

K83aHCKHH rocy,napcTBeHHbIH TeXHOJIOr:HlJeCKHH YHHBepCHTeT 

K. MapKca, K83aHI:> 68420015, Poccm1 

E-mail: rrg@kstu.ru 

* 000 « Hm1rneKaMCKHeq)TeXHM», K83aHh, Poccm1 

The results of investigation of composition, structural characteristics and catalytic activity 

for a number of industrial and experimental standards of catalysts of hydrogenation of diene 

compounds in fraction C5-C9 are demonstrated. The systematic investigations of changes of 

composition, structure and catalytic activity of catalyst in the process of deactivation are 
carried out. 

B HaCTO.Sim;ee BpeM.SI HaH6orree 3<pcpeKTHBHbIMH KaTarrH3aTOpaMH ):(JI.SI rrpou:ecca 

cerreKTHBHOro fHJI.pHpOBaHH.SI rrpHMeceii ,nHeHOBbIX yrrreBo,nopo,noB B Heq>Terrpo,nyKTaX 

.HBJI.SIIOTC.H HaHeceHHbie rrarrrra,nHeBbie KaTaJIH3aTOpbI. 8 CHJIY Toro, lJTO 3TH KaTaJilI3aTOpbI 

HMCIOT p.H,n He)lOCTaTKOB: HeBhICOKYIO cerreKTHBHOCTb H rrpoTeKaHHe rro601IHbIX rrpo:u;eccoB 

CMOJI006p830BaHH.SI, p83pa60TKa HayqHblX OCHOB rrorryqeHH.SI 3<p<peKTHBHblX KaTarrlI3aTopoB 

rH,npHpOBaHH.H .L(HeHOBbIX coe,nHHeHHH OCTaeTC.H BeCbMa aK.TYaJihHOH 3a,uaqe:H. B paMKax 

HaCTO.Hm;ero HCCJie,noBaHH.H C HCIIOJib3OBaHHCM KOMIIJICKCa q>H3HKO-XHMH1JeCKHX MeTOL(OB, 

TaKHX KaK TepMo.n:ecop6u;H.H 83OTa, L(H<ppaKTOMeTpH.H, peHTreHo<prryopec:u;eHTHhlli aHaJIH3, 

IIJiaMeHHa.H, aTOMHo-a6cop6:u;HOHHa.H <pOTOMeTpH.SI, rrpoBe,neHO HCCJie,noBaHHe COCTaBa, 

IIOBepxHOCTHbIX H CTPYKTYPHhIX xapaKTepHCTHK p.SI,na rrpOMbIIIIJieHHhIX H OIIblTHbIX o6p83D;OB 

KaTarrH3aTOpOB ceJieKTHBHOfO m,npHpOBaHmI ,nHeHOBbIX yrrreBo,nopo,noB B <ppaKUHH C5-C9. 

IlorryqeHHbie pe3yrr1>TaTbl IlOK83aJIH, lJTO B3.SITbIH ):(JI.SI HCCJie,noBaHH.H PM KaTarrH3aTopoB 

o6na,n:aeT IIIHpOKHM crreKrpoM aapHau;HH no pacrrpe.n:enemuo H KOJIH11ecTBy rrarrrra,n:H.H, 

<pa30BOMY COCTaBY H rropHCTOH crpyKrype aJIIOMOOKCHL(HOro · HOCHTeJI.SI. Ilpoae,neHHbie 

HCilbITaHH.H KaTaJIHTHqecKOH aKTHBHOCTH rrpOMbllllJieHHhIX H OIIbITHblX o6p83UOB 

KaTaJIH3aTopoB H aHaJIH3 CTPYKTYPHhIX xapaKTepHCTHK IIOK83aJIH, lffO rrpo:u;ecc 

rH,npHpoBaHH.H ,nHeHOBhIX yrneao,nopo,noB nyqme acero rrpoTeKaeT Ha KaTarrmarnpax, 
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HMeIOinHx KOpoqKOBOe pacrrpe,n;eneHHe aKTHBHOfO KOMIIOHeHTa Ha HOCHTene - - y-Al203 

TeTparoHanoHOH CHMMeTpHH. 

C n;eJiblO H3yqeHHH rrpHqHH ,Ue3aKTHBaUHH KaTanH3aTOpa B rrpouecce pa60Tbl, 6omH 

rrpoBe,n;eHbl CHCTeMaTHqecKHe HCCJie,n;oBaHH5I H3MeHeHHH COCTaBa, CTPYKTYPhl H 

KaTanHTHqecKOH aKTHBHOCTH rranna,n;HeBoro KaTaJIH3aTopa, rrpopa6oTaBIIIero pa3JIHqHbie 

cpOKH H B pa3HbIX CJI05IX peaKTOpa. Y CTaHOBJieHO, qTo no xo,uy peaKTOpa CBepxy BHH3, a 

TaK)l(e C B03pacTamieM cpoKa CJiy)l(6bI KaTaJIH3aTopa rrpoHCXO,ZJ;HT cymecrneHHOe H3MeHeHHe 

ero rropHCTOH CTPYKTYPhl H KaTaJIHTHqecKOH aKTHBHOCTH, rrpoHCXO.U5Imee, Bepo5ITHO, 

BCJie,UCTBHe rrpoTeKamrn no6oqHbIX peaKUHH IlOJIHMepH3aUHH. 
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, KAPliOHHJIHPOBAHIIE a-r AJIOrEHKETOHOB 

CARBONYLATION OF a-HALOKETONES 

Jlanu.a:yc A.JI., EJiuceen O.JI., Cu1au O.E. H JieJienKaH H.Il. * 
Lapidus A.L., Eliseev O.L., Sizan O.E., and Beletskaya I.P. * 

PP-115; i 

l1HCTHJYT opraHHqecKoir XHMHH HM. H.,z:i:. 3eJIHHCKoro P AH, MocKBa, Poccm1 
E-mail: albert@ioc.ac.ru 

*MocKOBCKHH rocy.n.apCTBCHHbIH YHHBepCHTeT HM. M.l1. JlOMOHOCOBa, 
XHMHqecKHH q>aKyJibTeT, MocKBa, Poccm1 

Carbonylation of a-haloketones have been systematically studied in the presence of Pd 

catalysts. Chlorides was found to form P-ketoesters selectively. On the contrary, considerable 
amount of acetophenone was formed in bromoacetophenone carbonylation. 

MbI CHCTeManiqecKH HCCJie,n;oBaJIH peaKUHIO Kap60HHJIHpOBaHHSI a-ranoreHKeTOHOB B 

npHcyTcTBHH Pd KarnmnaTOpoB H ocHoBamrn:, npttBo,n;srruy10 K o6pa3oBaHHIO P-KeT03qmpoB: 

0 

~x 
R 

+ CO + R'OH 
[Pd] 

base 

1 

X = Cl, Br; R = Ph, Ar; R' = Me, Et, n-Bu 

.. 0 

R~COOR' 

2 

+ base-HX 

l13y"LieHO BJIHSIHHe rrpHpO)].bI KaTaJIH3aTopa, CilHpTa-HyKrreoq>Hrra, OCHOBaHHSI, a TaK)Ke 

TeMnepaTypnI H .n.aBJieHHSI Ha BbIX0)]. rrpo,n;yKTa. TioKa3aHO, "LJTO xrropH)].bI pearnpyIOT 

cerreKTHBHO C o6pa30BamieM I(eJieBbIX P-KeTo3q>HpoB. HarrpoTHB, peaKI(HSI 

6poMaI(eToq>eHOHa OCJIO)KHSIJiaCb 3Ha"LJHTCJibHbIM o6pa30BaHHeM aueTOq>eHOHa BCJie)].CTBHe 

qacTH"LJH0ro BOCCTaHOBJieHHSI cy6cTparn ( BhIXO.D; KeT03q>Hpa H KeTOHa C0CTaBHJI 5 3 H 3 3 %, 

cooTBeTcTBeHHO ). IloKchaHo, "LIT0 BoccrnHaBJIHBaIOI.UHM areHTOM MoryT SIBJISITbCSI CO, cnHpT 

HJIH TpeTH"LJHbIH aMHH, ecrrH OH HCilOJib3OBaH B KaqecTBe OCHOBaHHSI. 

,ll;rrsr ' Kap6oHHJIHpOBaHHSI 6eH3HJiraJioreHH)].0B TaK)Ke Ha6JIIO)].aJIOCb qacTH"LJHOe 

BOCCTaHOBJieHHe cy6cfpaTa [1, 2]. HaMH npe)].JIO)KCH MeXaHH3M, OTJIHqHbIH OT BbICKa3aHHOro 

aBTOpaMH 3THX pa6oT. 

JluTepa117pa 

[l]L. Cassar, M. Foa, A. Gardano, J. Organomet. Chem. 1976, 121, C55. 
[2]H. Alper, K. Hashem, J. Reveling, Organometallics 1982, 1, 775. 
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TEPMO,l(HHAMHqECKH P ABHOBECHLIE KOHBEPCHH IIPH 

OKHCJIHTEJILHOM,IJ;ErU,l(PHPOBAHHH 3TAHA H IIPOilAHA B 
IIPHCYTCTBHH ,l(HOKCH,ll;A Yr JIEPO,ll;A 

THERMODYNAMIC EQUILIBRIUM CONVERSIONS AT OXIDATIVE 
DEHYDROGENATION OF ETHANE AND PROPANE IN PRESENCE 

OF CARBON DIOXIDE 

Jlanu~c A.JI., CoJIOMOHHK H.r. H roroJIL O.B. 

Lapidus A.L., Solomonik I.G. and Gogol O.V. 

I1HCTHTYT oprairnqecKoH XHMHH HM. H.,n:. 3enHHCKoro, MocKBa, Pocc.011 
Fax: (8-095) 1355328; E-mail: albert@ioc.ac.ru 

Equilibrium constants for oxidative dehydrogenization of ethane· and propane in presence 
of CO2 were calculated from thermodynamic data (for 300-1000 K) and compared with the 
catalysis. .· . . 

:._,. _! _. 

Bo3MO)I(HOCTh HCI1OJ1h3OBaHH11 yrneKHCJIOrO ra3a B npoueccax .n;ern.n;pHpOBaHH11 HaqaJIH 

HCCJie,[lOBaTb ;OTHOCHTeJihHO He,[laBHO. IlpHMeHeHHe ,ll;HOKCH,na yrnepo,na o6ycrroBJieHo KaK 

He,[lOCTaToqHo BbICOKOH cerreKTHBHOCTblO OKHCJIHTeJihHOro ,nerH,npHpoBaHH11 KHCJJOpo,noM, 

TaK H npo6JieMaMH TeTIJIOBbI,neJ1eHH11 H B3pbIBOOTiaCHOCTH npH ero ynoTpe6neHHH. 

3KOHOMHt.JecKa51 ueJiecoo6pa3HOCTh npouecca ,nocrnroqHo oqeBH,[lHa. 

)];JI11 peaKUHH C2H6 ~ C2H4 + H2 

C2H6 +02 ~ C2H4 + H20 

C2H6 +CO2 ~ C2H4 + CO+H20 

(1) 

(2) 

(3) 

C3Hs +CO2~ C3H6 + CO+H20 (4) 

2C3Hs +CO2 ~ C3H6 + C2H4 +CH4+CO+H20 (5) 

paCCl.JHTaH,l>I H3 TepMO,[lHHaMHt.JeCKHX ,[laHHhIX (.UJI51 300-1000 K) KOHCTaHTbl pa.BHOBeCH51 C 

HCTIOJih3OBaHHeM naKera MaTeMarHqecKHX nporpaMM Maple V. Ilonyt.JeHhI panHonecH1>1e 

CTeIIeHH np~!3pameHH51 )lJ[11 p51,ua COOTHOIIIeHHH peaKTaHTOB, B npHCYTCTBHH HJIH OTCYTCTBHH 

HHepra. 3To IlO3BOJIHJIO BhI6paTh TeMneparypHbIH ,[lHalla3OH npone,ueHH11 peaKl_(HH C 

MHHHMH3HpoBaHHbIM BKJia,[lOM tJHCTO TepMHtJeCKOro HeKaTaJIHTHtJeCKOro rrpou;ecca H 

ouemrnaTb KaTaJIHTHqecKHe CBOHCTBa o6pa3UOB HCXO,[l11 H3 MaKCHMaJlhHO B03MO)I(HOH 

( repMO,[lHHaMHt.JeCKH paBHOBeCHOH) KOHBepcim npH 3a,n;aHHOM COCTaBe ra3a. 

218 



PP-116 
Ta6mn.1;a 1. KOHBepc~m :naHa B 3THJieH 'npH TepMO,lJ;HHaMHqecKOM paBHOBeCHli 

CoOTHOIIIeHHe peaKTaHTOB 

PeaKUHH 1 2 3 
C2H6:He C2H6:O2 C2H6:CO2:He 

t,°C 1 :0 1:9 2:1 1: 1 :0 1:2:0 1:1,1:7,9 1 :5,4:3,6 
27 0 0 100 0 0 0 0 

227 0,01 0,03 100 0 0,08 0 0 
327 0,2 0,6 100 0,7 0,9 2 1 
427 1,5 4,5 100 3,5 5,1 6,5 10 
527 6,7 19,3 100 12,3 17,5 20 34 
627 21,9 50,9 100 29,7 41,8 44,5 71,2 
727 50,6 81,9 100 52,4 70,7 69,4 93,9 

Ta6mn.1;a 2. KoHBepcim rrporraHa rrpH TepMOL(HHaMHqecKOM paBH0BeCHH 

CoOTHOIIIeHJie peaKTaHTOB 

PeaKUHH 4 5 

C3Hs:CO2:He 

t,°C 1 :1:0 1:2:0 1: 1 :8 1:2:7 1: 1 :0 1: 1: 1 1 :1:3 1 :1 :8 1:2:0 1:2:7 

27 0,0 0,0 0,0 .0,0 0,0 0,0 0,0 0,0 0,0 0,0 

227 0,2 0,3 0,4 0,6 2,3 2,6 3,0 3,8 3,0 4,4 

327 1,9 2,8 3,4 5,2 16,0 17,6 20,2 24,7 20,5 28,6 

427 9,2 13,2 15,5 25,7 51,5 52,6 59,0 65,5 63,1 73,9 

527 26,8 37,9 41,5 86,9 83,2 98,7 86,3 86,2 93,0 93,2 

627 52,5 70,8 66,8 100,0 94,8 100,0 86,6 88,2 98,9 100,0 

727 74,5 92,0 84,5 98,2 91,8 84,5 99,8 

HaMH TaK)Ke H3yqeHo ,nerH.1J;pHpoBaHHe :naHa B rrpHcyTCTBHH CO2 (rrpoToqHhIH 

Tpy6qaThIH peaKTOp ). B 3aBHCHMOCTH OT COOTHoineHHH C2H6:CO2 OHO rrpoTeKaeT JIH:60 KaK 

0KHCJIHTeJibH0e, mr6o KaK o6hJqHOe ,nerH,npHp0Bamie. KoHBepCHH 3TaHa B 3THJieH OCTaIOTCH 

HH)Ke TepMO,nIIHaMHqecKH B03MO)KHblX H cyII.J;eCTBeHHO 3aBHCHT OT 061>eMHOH CKOp0CTH 

fa30BOH CMeCH. O,nHaKo, B OTJIHqHe OT pacqeTHhIX paBHOBeCHhIX BeJIHqHH, Ha HHX 

rrpaKTH't!eCKH He BJIHHeT H3MeHeHHe CO0TH0IIIeHH51 C2H6:CO2. Tio-BH,lJ;HMOMY, 3TOT 3<pq>eKT 

o6ycJIOBJieH CHJihHhlM B03):(eHCTBHeM Ha MHMUHHpOBaHHe HeKaTaJIHTHqecKoro 

,nerH,npHpOBaHHH rrpHMeCHOfO KHCJiopo,na, K0JIHqecrno KOTOporo 6hIJIO IIOCTOHHHhIM ,1J;Jl51 

HCIIOJih3OBaHHhIX B 3KCIIepHMCHTe COCTaBOB fa30B. 
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MECHANISM OF CATALYTIC SYNTHESIS OF PROPIONITRILE AND 

ACRYLONITRILE FROM ACETONITRILE AND METHANOL 

MEXAHH3M KATAJIHTlflIECKOro CHHTE3A IlPOilHOHHTPHJIA H 
AKPHJIOHHTPHJIA H3 AQETOHHTPHJIA H METAHOJIA 

Lapidus A.L., Solomonik I.G., Tsapkina M.V. and Kravtsova Ye.A. 

Jlanu,zzyc A.JI., CoJIOMOHHK H.r ., QanKHHa M.B. u KpaBU:OBa E.A. 

Zelinsky Institute of Organic Chemistry, RAS 
Leninsky prospect, 4 7, Moscow J 1 7913, Russia 
Fax: (8-095) 1355328; E-mail: albert@ioc.ac.ru 

The interaction of acetonitrile with methanol or formaldehyde over oxide catalysts 

originates propionitrile and acrylonitrile. The catalytic system comprises metal oxides 

supported on a support with basic sites. In our work, the formation of acrylonitrile and 

propionitrile as well as catalyst surface properties have been studied using the catalysts (the 

numbers in designations indicate the content of a component, wt.%) MgO, I0K/MgO, 

5Cr/MgO, 1K5Cr/MgO at temperatures 400-500°C, atmospheric pressure, space velocity of 

0.5 hr-1
, CH3CN/CH3OH molar ratio of 1 :2. Adsorption of methanol pulses and desorption of 

products were investigated in thermodesorption unit of chromatograph type. 

Decomposition of surface formiates (mostky into CO2 . and H2O) formed over basic sites 

of original or modified MgO as well as disintegration of surface formiate of potassium with 

hydrogen evolution• are reflected in TPD peaks in temperature range 400-600°C. On 

chromium-containing catalysts and the systems without chromium, hydrogen is generated 

also under reoxidation of methanol-reduced low-valency chromium ions by oxygen

containing ligands and due to methanol dehydrogenation, respectively. The curves of 

acrylonitrile formation are similar to those of gas evolution under decomposition of surface 

formiates. The maximum of TPD peak had shifted only slightly from the temperature 

corresponding to the highest yield of acrylonitrile in the conditions of the test. 

It is known that acetonitrile is adsorbed over Lewis acidic sites (LAS). Probably, the poor 

yield of acrylonitrile on MgO and 1 0K/MgO results from low content of LAS. From the data 

obtained, we can suppose that acrylonitrile is formed under interaction between ac~t.9nitrile 
. . : . ·- .,_ \ _.-~ 

adsorbed and formiate complex. The yield of C2H3CN increases over the range from 400 to 

450-470°C, i.e. up to the temperature corresponding to the maximum of TPD peak, and then 

declines at 500°C in connection with decrease in amount of the formiate existing over the 

surface. The yield of propionitrile rises with temperature, but the curve at a temperature of 
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about 450°C has inflection · point that indicates distinctions in -the process of C2H5CN 

formation. At the same time, the plot of propionitrile yield for 1 K5Cr/MgO sample has a 

sharp maximum at the same temperature ,at which the maximum hydrogen evolution occurs 

under decomposition of potassium surface formiate. Thus, as the amount of hydrogen being 

generated by potassium, formiate increases or declines, the yield of propionitrile rises or 

decreases, correspondingly. The larger amount of hydrogen evolved by 1K5Cr/MgO system 

as compared to the other ones corresponds to the lower ratio of acrylonitrile to propionitrile at 

a temperature of 400-450°C. At 500°C, these ratios for the catalysts studied are very close. 

Probably, this arises from the close amount of hydrogen available for hydrogenation. 

We think that acrylonitrile is selectively formed from surface formiate structures and then 

hydrogenated into propionitrile. 
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MEXAHH3M KATAJIHTH'IECKOro XJIOPHPOBAHIDI HEIIPE));EJII,HI,IX 

. COE));HHEHHH 

THE MECHANISM OF CATALYTIC CHLORINATION OF UNSATURATED 
COMPOUNDS 

Jleeauoea C.B., CTJ)H)Ka.Koea IO.A., Aceee E.B. H Jlanu.zzyc A.JI. 

Levanova S.V., Strizhakova J.A., Aseev E.V. and Lapidus A.L. 

CaMapcKHH rocy napcrneHHbIH TexHHqecKHH yHHBepcHTeT, 
oq>.10, yn. Kyii6bIIIIeBa 153, CaMapa 443010, Pocc1ur 

Ten./<l>aKc: (8462) 33-52-55; E-mail: kinterm@sstu.edu.ru 
PoccHHCKHH rocy,n:apcrneHHbIH yHirnepcHTeT Heq:>TH H ra:m HM. H.M. fy6KHHa 

fleHHHCKHH npocneKT 65, MocKBa 117991, Poccmr 
Ten./<l>aKc: 135-88-56; 135-53-03 

The liquid phase chlorination reactions of unsaturated compounds was investigated at 
low temperature in the presence of ionic catalysts. The possibility of increasing of addition 
products formation in consequence of intensification of ionic chlorination was shown. 

B COOTBeTCTBHH C COBpeMeHHblMH KOH:uen:umrMH MexaHH3M XJIOpHpOBaHIUI orreq:>HHOB B 

KOHneHCHpOBaHHOH q:>a3e BKmoqaeT TPH BO3MO)I(Hble rryTH rrpeBpameHHH: MOJieKyJIRpHoe, 

CB060,n:Hopa,n:HKaJibHOe H HOHHOe HarrpaBJieHHR. TI03TOMY COCTaB rronyqaIOIUHXCR rrponyKTOB 

rrpaKTHqecKH HeB03MO)KH0 rrpencKa3aTb. B pe3y JlbTaTe peaK:UHH o6proyeTCR CJIO)KHM CMeCb 

rrpo,n:yKTOB rrpHcoe,n:HHeHHR (TIIlp) H rrpo.n:yKTOB 3aMemeHHR (II3). 

Bae,n:eHHeM KaTaJIH3aTopoB H H3MeHeHaeM ycJIOBHH xrropHpOBaHHR orreq:>HHOB H HX 

3aMemeHHblX HOpMaJibHOfO H H30CTpOeHHR rrpH HH3KHX TeMrrepaTypax, MO)KHO 

perymIpoBaTb COOTHOIIIeHHe 3THX HarrpaBJJeHIIH, a, cnenoBaTeJibHO, H MeXaHH3M peaK:UHH. 

HaMH H3yqeHbl peaKIJ;HH xnopHpOBaHHR 2-xnoprrporreHa, MeTHJIMCTaKpIrnaTa H 

2,3-,n:HXJIOprrponeHa- l rrpH TeMnepazype 10°C. CoOTHOIIIeHHe TI3/I1Tip COCTaBHJIO 

cooTBeTcTBeHHO 4.3, 1.2 H 0.06. BBeneHHe B CHCTeMy xnopHpoBaHHR KaTaJIH3arnpoB: AlCb, 

F eCb B KOJIH1.J:ecTBe 1 % Mace. Ha cy6cTpaT rrpHBeno K yBerrHqeHHIO cyMMapHoii cKopocTH 

xrropHpoBaHHR B 2-6 pro. KonHqecrno rrpo.n:yKTOB rrpHcoe,n:HHeHHR .n:mr 2-xrroprrponeHa 

B03pOCJIO B 2.5 proa, a )lJIR 2,3-,n:Hxrroprrporrena-1 H MeTHJIMeTaKpHJiaTa KOJIHqecTBO 

npo.n:yKTOB npHcoemrneHHSI COCTaBliilO 100%. 

I1ony1.J:eHHbie pe3yn1>TaTbl IlOKa3bIBaIOT, qro BBe,n:eHHe KaTaJIH3aTOpOB yBeJIHl.J:HBaeT 

ceneKTHBHOCTb no rrpo,n:yKTaM npHCOe)lHHeHHR B peaKUHRX KOHKypeHTHOro xrropHpoBaHHSI 

orreq:>HHOB 3a C'lleT ycHJieHHSI BKJia,n:a HOHHOfO HanpaBnemrn. 

I1orry1.J:eHHble pe3yJibTaTbl C03)laIOT npe,n:rrOCblJIKH nJIR co3naHHR rrpHHUHilHaJibHO HOBbIX 

TeXHOJIOfHH nonyqeHHR xrropopraHHlJeCKHX rrpo.n:yKTOB, 06ecne1IHBaIOIUHX yMeHbIIIeHHe 

BblXO)lOB no601IHblX rrpo.n:yKTOB. 
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B3AHMO;J:EHCTBHE 02, NO, N20 C <l>OTOAKTHBHPOBAHHOH 

IIOBEPXHOCTLIO Jl:HCIIEPCHOro Ti02 

THE INTERACTION OF 02, NO, N20 WITH PHOTOACTIV ATED 
SURFACE OF DISPERSED Ti02 

Jluca'leHKO A.A., Ky1ue:nos B.H., 3axapos M.H. u Muxau:JioB P.B. 

Lisachenko A.A., Kuznetsov V.N., Zakharov M.N. and Mikhailov R.V. 

Hayqno-Hccne.n;oBaTem,cKHH HHCTHTYT <pH3HKH HM. B.A. <l>oKa, 
CaHKT-IleTep6yprcKHH rocy.n;apcrneHHhIH ymrnepcHTeT, CaHKT-IleTep6ypr 198504, Poccm1 

Fax: +7 (812) 428 72 40; E-mail: lisachen@photonics.phys.spbu.ru 

The experimental investigation of interrelated processes in electronic and atomic 
subsystems on UV -VIS illuminated TiO2 (P25 Degussa) are presented. The variety of 
complementary experimental methods such as the mass-spectrometry, the optical, 
UV-photoelectron and TD spectroscopies have been used to carry out in situ investigations in 
three phases: gas-adsorbate-solid. The photoadsorption and photodesorption of 0 2, NO, N2O 
were studied as well as the reactions of photodecomposition of NO and N2O. The correlations 
between kinetic parameters of reaction and electrophysical parameters of TiO2 ( cpT, cpph, band 
bending and density of electron occupied states in forbidden gap) are discussed. 

lfocne.n;oBaHhI MOJieKynxpHhie npouecchI Ha rroBepxnocTH TiO2 · (Degussa P25), 

<pOTOa.KTHBHpyeMble B Y<l> H BH)];HMOH o6nacrnx crreKTpa: <pOToa,ncop6u;H.sI (<l>A) H 

<poTo.n;ecop6a;H.sI (<l>,[() 02, NO H N2O, q,oTopa3JIO)KeHHe NO H N2O. IlpoBe.n;eHbI 

Hccne.n;oBaHH.sI B Tpex <pa3ax: ra3oBoii (P=l0-1-10"3 Topp), a,ncop6HpoBaHHOH H B rnep.n;oM 

Tene. 11crronh30BaHhI B3aHMO,ll;OIIOJIH.sIIOIUHe MeTO.D;bI: Macc-crreKTpOMeTpH.H, 

T,[(-crreKT})OCKorrm1, orrTHqecKax (UV-VIS-NIR) H Y<l> <pOT03JieKTpOHHaH (<l>3) 

crreKTpOCKOIIHH. Bhl.HBJieHa 3aBHCHMOCTb 3HaKa 3<p<peKTOB (<l>A HJIH <l>,[() H CKOpOCTCH 

peaKUHH pa3JIO)KCHH.sI NO H N2O OT .n;aBJieHH.sI B ra30BOH <pa3e H rrapaMeT})OB 3JieKTpOHHOro 

crreKrpa TiO2: BeJIHqHH TepMO- H Q)OT03JieKTpOHHOH pa6oT BblXO.n;a, IIOBepXHOCTHOfO 3arn6a 

3OH, crreKrpa IIOBepXHOCTHhIX COCTO.sIHHH B 3arrpemeHHOH 3OHe. B T,[(-crreKTpax 

o6napy)KeHI,I crreuH<pHqecKHe q>opMbI Q>OTOaKTHBHpOBaHHOfO KHCnopo.n;a, rrpoMe)KyToqnble 

H TYIIHKOBbIC cpopMhl NOH N2O. 

MeTO.D;OM OIITHqecKOH crreKTpOCKOIIHH .n;mp<py3HOfO OT})a)KeHH.sI HCCJIC.D;OBaHO 

o6pa30BaHHe uenTpOB OKpaCKH rrpH BOCCTaHOBJieHHH TiO2 H HX B3aHMO,z:t;eHCTBHe C 02, NO, 

N2O. BbI.SIBJieHhl KOppeJI.SIUHH OIITHqecKHX rronoc rrornomeHH.sI C IIHKaMH <l>3 crreKrpa. 3TO 

II03BOJIHJIO COIIOCTaBHTh ueHT})aM OKpaCKH 3JieKTpOHHbie ypoBHH B-a~pemeHHOH 30He TiO2. 

PaQorn rro.n;.n;ep)KaHa <l>UHTTI «Hccne,noBaHH.sI H p~pa6oTKH rro rrpHopHTeTHhIM 

narrpaarreHH.sIM pa3BHTH.sI HayKH Ha 2002-2006 r., pa3.n;en: "Kon.n;eHCHpOBaHHhie cpe.n;hI"» H 

KQ<l>E M1mo6pa3oBaHH.sI (rpaHT E00-3.4-556). 
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HJYqEHHE MEXAHH3MA B3AHMO):(EHCTBIDI AJIEKCAH,lJ;PHHCKOro 

liYPOro.Yr.JUI C METAHOJIOM- 14C 

INVESTIGATION OF THE INTERACTION MECHANISM OF BROWN COAL 
FROM THE ALEXANDRIYSKOE DEPOSITS WITH METHANOL - 14C 

JI016uu B.H., JKepe6QoB C.H. u IloJIY6euQeea M.<I>. 

Lozbin W.I., Zherebtsov S.I. and Polubentseva M.F. 

11HcTHTYT yrmi H yrnexHMHH CO P AH 
TipocneKT CoBeTCKHH, 18, KeMepoBo 650099, Poccmi 

I1HCTHTYT Hegne- H yrrreXHMHqecKoro CHHTe3a npH HfY 
Yn. JiepMOHTOBa, 126, I1pKyTcK 664033, Poccm1 

<l>aKc: (3952) 46 22 00; E-mail: Pikersky@mail.ru 

The mechanism of the interaction of brown coal from the Alexandriyskoe deposits with 
methanol- 14C was investigated. Distribution of radiocarbon in oils, wax and bitumen obtained 
from bituminous coals on extraction with methanol- 14C in a presence of benzene sulphonic 
acid was demonstrated. Calculation of the methanol amount interacted with coal 'substance 
was carried out. 

O,uHHM H3 MeTO,[(OB pemeHmI ,uaBHO Ha3peBIIIeH B Poccim 3a,uaqlf nony'lJeHHH BOCKa Ha 

6a3e OTeqecTBeHHhIX 6HTYMHH03HhIX 6ypbIX yrneii HBJIHeTCH Mo,rrmpHUHpoBaHHe yrOJihHOro 

BelI(eCTBa B3aHMO,D;eHCTBHeM ero co CITHpTaMH £ ycJIOBHHX KHCJIOTHOro KaTaJIH3a. 

TipH pa3pa6oTKe HayqHbIX OCHOB H0BhIX H ycoBepmeHCTBOBaHHH Tpa,UHUHOHHbIX 

TeXHOJIOrHH nepepa60TKH yrneii C ueJiblO IIOJiyqeHHH BOCKOBOH cppaKUHH BnepBbI(!' ' 

KOJIHlfeCTBeHiIO ycTaHOBJieHO pacnpe,ueneHHe yrnepo,[(a -
14C B npo,n;yKTaX B3aHMO,[(eHCTBHH 

AneKcaH,npHHCKOro 6yporo ynrn c 14CH3OH B npHCYTCTBHH 6eH30JICYJibq>OKHCJIOThI (ECK). 
,· . . . . 

PeaKUHIO npOBO,[(HJIH 3 qaca IIpH aTMOCcpepHOM ,1l;aBJICHHH H 65 °C, npH MaCCOBOM 

COOTHOIIIeHHH peareHTOB yrOJib : KaTaJIH3aTOp : MeTaHOJI, paBHOM 5:2:39.55. Tipo,nyKTbI 

peaKUHH no.uaepranH 3KCTpaKUHOHHoii, o6pa6oTKe no r pecpe nocne.uoaaTeJihHO reKcaHoM H 
,, 

CnHpT06eH30JIOM. B KaqecTBe CnHpTOBoro 3KCTpaKTa yqHThIBaJIH npO,[(yKT, OCB060)K,l(CHlfhIH 

nocne peaKUHH OT KaTaJIH3aTopa. ,l.(JIH cpaBHeHHH npoae,neHbl 3KCnepHMeHTbl B H.UeHTHqHblX 

ycJIOBH,SIX 6e3 6eH30JICYJibq>OKHCJIOTbI: o61I(HH BhIXO.l( npo,[(yKTOB peaKUHH 6hIJI B .uaa pa3a 

HlDKe; qeM B OIIbITax c ECK. 

0 B3aHMO)];eHCTBHH yrJIH C MeTaH0JIOM cy,nmm no yBeJIH'lJeHHIO MaCChl o6pa3u;a H ITO 

HaJIHl'.JHIO pa,nHOaKTHBHOCTH , B npo,nyKTax 3KCTpaKUHH. Tio.n .ueiiCTBHeM 

6eH30JICYJibq>OKHCJIOThl H.UCT rrpouecc .uenomfa1epmaum1 yrrrH, II03BOJIHIOII(HH MeTHJibHhIM 

pa,nHKaJiaM npHCOC.l(HHHTbCH B pa3JIHqHJ,Ie noJIO)[(CHHH o6pa3yIOII(HXC,SI cpparMeHTOB. TTpH 

3TOM rrpoTeKaeT. KOMIIJICKC pa3H006pa3HbIX peaKUHH, CB,SJ3aHHbIX MC)[(,[(y co6oii, KOHe'lJHblM 

pe3yJibTaTOM KOTOpbIX HBJIHeTC,SI o6pa30BaHJie MaCeJI, BOCKOB, 6HTYMOB H rnep.uoro OCTaTKa. 
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IIo pe3yJibTaTaM onhITOB rrpone,ueH patqeT ; p1cxo,uoBaHlHI MeTaHOJia 14C npH ero 

B3aHMO,UeHCTBHH C HaBeCKOH yrIDI B rrpHCYJCTBJl:" 6eH30JICYJIMpOKHCJIOTbl. 

Pe3yJibTaTbl B3aHMO,UeHCTBHH yrnH C MeTaHOJIOM -
14C 

KoJIHTJeCTBO rrpHCOe,UHHeHHOro KorrHqecTBo npopearnpoBanrnero 

yrnepo.ua MeTaHOJia 
IIpo.uyKThI . 

A6comornoe, Mr %KC A6coJIIOTHoe, Mr Mr CH3 OH/r 
peaKUHH 

npo,uyKTa 

OIIbIT 1 Onhfr2 Orrhrr 1 OIIbIT 2 OnbIT 1 OnbIT 2 OnbIT 1 OnhIT 2 
: 

Macna 2,08 2,21 1,56 1,42 5,55 5,90 25,2 23,0 

BocK 1,28 1,55 1,32 1,37 3,42 4,14 28,5 29,6 

DHTYM 4,18 4,31 1,31 1,32 11,16 11,51 21,3 21,5 

TBep,ubIH 30,47 38,65 1,40 1,80 81,36 103,20 24,9 32,3 
OCTaTOK 

KoJIHqecTBO MeTaHOJia, BCTymrnrnero BO B3aHMO,UeHCTBHe C yroJibHhIM Beru;eCTBOM, 

paBHHeTCH rrpHMepHO 100 Mr Ha HaBeCKY yrnH. Pacnpe.uenemie npHCOe.[(HHeHHOro yrnepo.ua 

B npo,uyKTaX peaKIJ;HH rrpHMepHO 0.[(HHaK0B0e H C0CTaBJIHeT BeJIHqHHY nopH,UKa 1,3-1,6 % Ha 

yrrrepo.u no Ka)K.[(OMY npO)zyKTY. 3TO .uaeT OCHOBam-1e rronaraTh, qTo B3aHMO,UeHCTBHIO C 

MeTaHOJI0M Il0.[(BepraIOTCH npaKTHqecKH B paBHOH CTeneHH Bee CTPYKTYPbl yrorrbH0ro 

neru;ecTBa. 

3HaqHTeJibHOe yBerrnqeHHe BblX0.[(a 3KCTparHpyeMbIX npo.uyKTOB Ha CTamrn 

B3aHMO,UeHCTBHH yrITH C MeTaHOJI0M, a TaK)Ke npH 3KCTpaKIJ;HH reKCaH0M H CIIHpTo6eH30JIOM, 

CBH,UeTeJibCTByeT O MO.UHq>HUHpOBaHHH yroJibHOro Beru;ecTBa 3a cqeT rrpoTeKaHHH KOMITJieKca 

peaKUHH: 3TepH<pHKaIJ;HH Kap6oKCHJibHbIX rpyrrrr OMY, nepe:nepHq>HKaUHH CJI0)KHbIX 

3q>Hp0B, npHcoe,UHHeHHe no Kap6oKCHJibHOH rpynne H .[(BOHHOH CBH3H, 3aMell(eHHe B0,Uopo.ua 

B apoMaTHTJeCKHX yrneBo,nopo.uax H y q>eHOJlbHOro rn,upOKCHJia. 

Ha OCHOBaHHH ,uaHHbIX pa,uHOMeTpHqecKoro H 3JieMeHTHOfO aHaJIH3OB, pe3yJibTaTOB 

51MP, I1KC, XMC BbIBe.n;eHbI pacqeTHbie q>opMyJihI ,n;nH MeTaH0JibHoro, reKcaHonoro, 

cm1pTo-6eH30JlbHOro 3KCTpaKT0B H TBep.uoro 0CTaTKa. 

IIpoBe,n;eHHhie 3KcrrepHMeHThI nOKa3aJIH HH3KHH pacxo.u MeTaHona (32.7 Mr CH3OH Ha 

1 r OMY) npH BhICOKOH 3q>q>eKTHBHOCTH ero B03.n;eifcTBHH Ha yrorrhJloe Beru;ecTBo. 

Jlun~pa-rypa 

[l])Kepe6uoB H.TI., JI036Jrn B.H., )Kepe6uoB C.H., <l>e.n;opoaa H.11. - Hccne.n;oaamw npou;ecca 
aJIKHJIHposamte yrnSI MeTaH0JI0M // )];enOHHpOBaH0 B BHHlffH 22.03 .90.r., .N2 l 523-B90. 

[2] )I{epe6uoB C.H., <l>e.n;opoaa H.11. - Mo.n;m:)mKaum1 yrnei1 HH3KHX crn.n;0if MernMop<lm3Ma 
aJIKHJIHp0BaHHeM MCTaH0JI0M. KaH.n;. )];HCC. - KeMepOBO, 2002, -. C. 171. 
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1H NMR IMAGING AS A METHOD OF THE CATALYTIC REACTION STUDIES 

1H .HMP TOMOrPAtl>IDI KAK METO,ll; HCCJIE,[(OBAHIDI KATAJIHTINECKHX 
PEAKQHH 

Lysova A.A.**, Koptyugl.V., Kulikov A. V.*, Kirillov V.A.*, Sagdeev R.Z. and Parn10n V.N.* 

.JIL1coea A.A.**, Kom10r H.B., KyJJHKOB A.B. *, KupHJIJioB B.A. *, Car)];eeB P .3. u IlapMOH B.H. * 

International Tomography Center SB RAS, Institutskaya St. 3A, Novosibirsk 630090, Russia 
*Boreskov Institute of Catalysis SB RAS, Pr. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 

**Novosibirsk State University, ul. Pirogova, 2, Novosibirsk 630090, Russia 
Fax: +7 3832 331399, +7 3832 343269; 

E-mail: lysova@tomo.ncs.ru, koptyug@tomo.nsc.ru, parmon@catalysis.nsk.su 

1 H NMR imaging has been applied for the first time to investigitte in situ the progress of 
heterogeneous catalytic reactions, including three-phase reactions with strong exothermic 
effect. The map of the liquid distribution inside a catalyst particle directly in the course of a 
catalytic hydrogenation reaction is obtained. The influence of the medium inhomogeneity on 
the Belousov-Zhabotinsky chemical oscillator behaviour is investigated. The peculiarities of 
hydrogen peroxide decomposition inside a catalyst particle are studied. 

Recently the1H NMR imaging has been shown to be a powerful tool for studying material 

properties and some physical-chemical processes in porous structures (such as water sorption 

and desorption) (1-3]. This method can provide simultaneously a spectroscopic and spatial 

information which is very attractive from the point of view of the multiphase catalytic 

processes investigations. 

Many industrial catalytic processes are performed in reactors with the co-current gas

liquid downward flow. The exothermic reactions can sometimes be accompanied by critical 

phenomena like temperature and phase composition oscillations, overheating of a local 

catalyst layer and the reactor runaway [ 4]. To find the conditions when these critical 

phenomena can appear, we have used the 1H NMR microimaging. By this method we have 

obtained a liquid phase distribution inside a porous catalytic grain during the a-methylstyrene 

(AMS) hydrogenation. We have shown that under the AMS evaporation and vapor 

hydrogenation conditions, the supply of the liquid reagent onto the particle can result in 

significant concentration gradients of the liquid phase inside the catalyst grain. These 

experiments were carried out for the first time under conditions when the operating reactor 

with the catalyst grain is placed directly into the NMR imaging resonator. Note that the 

investigation has been carried out at high temperatures of the gas flow ( 68 °C) and of the 

catalyst grain (up to 185 °C). 
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The reaction of the catalytic hydroge_n , peroxide decomposition is also exothermic and 

occurs in the three phase regime. For this reaction we have shown that at a moderate activity 

of the catalysts and with the H202 concentrations in tlw range 0.03-J M the reaction proceeds 

only inside a thin layer near the catalyst grain .surface. The application of the 1H NMR 

imaging to study the picture of the liquid and gas flow [5] allowed us to determine a strong 

convection liquid flow outside the catalytic grain because of the oxygen gas evolution and to 

measure its rate and spatial distribution. 

The Belousov-Zhabotinsky chemical oscillator has been studied by the 1 H NMR imaging 

in the past but only in homogeneous media [6,7]. For this reaction, the oscillation of the 

reactant concentrations and the generation of _the propagating waves due to an inherent 

coupling of the molecular diffusion and the chemical reaction were considered earlier too. We 

recorded the oscillation of the homogeneous catalyst (metal cations) concentration as changes 

in the water proton relaxation times because of a different influence of the oxidized and 

reduced states of the catalyst cations on these times. We have studied the behavior of the 

propagating waves inside some model porous media and found that the presence of the 

medium inhomogeneity changes dramatically the shape and behavior of the propagating 

waves due to the influence of the porous surrounding on the molecular diffusion. 
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Basic Research (02-03-32770, 00-15-97446, 00-15-97450) and of the Siberian Branch of the 

Russian Academy of Sciences (Integration project #46). A.A. Lysova gratefully 
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KAT AJIHTHqECKHH CHHTE3 ,[(Hl(IIKJIOilEHT A,l.UIEHH,[(A MArli:IDI. 

KHHETHKA, MEXAHH3M H CBOHCTBA IIPOME)KYTOqHl,IX IlPO,[(YKTOB 

CATALYTIC SYNTHESIS OF MAGNESIUM DICYCLOPENT ADIENIDE. 
KINETICS, MECHANISM AND PROPERTIES OF INTERMEDIATES 

MacJieHHHKOB C.B., Aitea11>BH ILA. u Cm1puHa H.B. · 

Maslennikov S.V., Aivazyan I.A. and Spirina I.V. 

HI1I1XHMHH Hm1<eropo.nc1<oro rocy ,n;apcrneHHoro yHHBepc1nern 
rrp. farapHHa 23/5, HmKHHH HoBropo.n 603600, Poccmr 

Terr.; (8312) 657225; E-mail: masv@uic.nnov.ru 

Synthesis of magnesium dicyclopentadienide from cyclopentadiene and magnesium is 
catalyzed by transition metals of IV-VI groups. The best results are observed when niobium 
derivatives are used. Kinetic parameters of the synthesis have been determined. A number of 
reaction intermediates were identified by the ESR method. The key role in the catalytic cycle 
belongs to unstable metallocenes that insert into the active C-H bond of cyclopentadiene and 
transfer Cp group to magnesium. 

CHHTe3 .l(HUHKJIOIIeHTa,D;HeHH,D;a MarHH5! H3 Menuma H UHKJIOileHTa.l(HeHa B Tf<I> 

KaTaJIH3HpyeTC5! pa3rrHqHbIMH coe,n;HHeHH5IMH rrepexo,n;HhIX MeTaJIJIOB IV -VI rpynrr 

rrepHO.l(H1leCKOH CHCTeMbI :meMeHTOB. 3cp<peKTHBHOCTb KaTaJIH3a rrpaKTHqecKH He 3aBHCHT OT 

JIHraH.l(HOfO OKpy)KeHH5! HCXO,D;HOfO coe,n;HHeHH5!. MaKCHMaJibHa5! CKOpOCTb peaKUHH 

Ha6mo.naeTC5I B rrpHcyTcTBHH npoH3BO.l(HhIX THTaHa (TiC14, Cp2 Ti Ch) H HH06H5! (NbC15). 

CymecrneHHO Me.nrreHHee npoTeKaeT peaKUH5I B npHcyTCTBHH coe,n;HHeHHii BaHa.l(H5I (VCh), 

MOnH6.l(eHa (MoCls, Cp2M0Ch), TaHTaJia (TaCls) H BOJib<ppaMa (WC16)- B npHCYTCTBHH 

CpZrCh BpeM5! peaKUHH cocTaBJI5IeT HeCKOJihKO He.nenh, a CrCh He npo5IBJI5IeT cBoiicTBa 

KaTaJIH3aTopa. Bo.nopo.n, OTpbrnaeMbIH OT MOJICKYJibI UHKJIOIIeHTa.l(HeHa, B 3aBHCHMOCTH OT 

rrpitp6,zib1' KaTaJIH3aTOpa MO)KeT nn6o Bhl.l(eJIHhC5I B cBo6o,n;HoM BH.l(e, JIH6o pacxo)loBaThC5! 

Ha :rn.npipcfaaHHe CB060)lHOro UHKJIOIIeHTa,D;HeHa )lO UHKJIOIIeHTeHa. HaH6onee BbICOKHH 

BbIXO)l Cp2Mg B pac11eTe Ha HCXO)lHbIH UHKJIOileHTa)lHeH Ha6JIIO)laeTC5! npH KaTaJIH3e 

npOH~,BO.l(HhIMH HHOforn H BaHa,D;ml. 

<l>eHOMeHOJIOfH1lCCKHe 3aKOHOMepHOCTH CHHTe3a Cp2Mg myqeHbl B CHCTeMax: 

Kat-Mg-CpH-THF, r.ne Kat=TiCl4, TiCh, (TiMg2ChTHF)2, VCh, Cp2V, MoCls, NbCls, 

TaC15, WCk KpHBhie HaKonrre11:m1 rrpo.nyKTOB HMeIOT xapaKTepHy10 S - o6pa3HYIO <popMy, 

qro CBH.l(CTCJlhCTByeT O HaKOITJieHMH KaTaJIHTHqecKH aKTHBHhlX qacTHU B xo.ne npouecca. 

MeTO.l(OM 3IIP na,eHTHQ?HUHpOBaH PM npoMe)KJTOqffbIX npo.nyKTOB peaKUHii, 

KaTaJIH3HpOBaHHbIX npoH3BO.n;HbIMH THTaHa H BaHaJUUI (Ti Ch, Cp2 Ti Cl, C:pi TiC5H7, 
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Cp2 TiH2MgCI, VCh, Cp2 V). Ou;eHeHhI KoHu;em:pau;HH HeKoTOphIX HHTepMe,n11aTOB -

npoH3B0.lUfhIX THTaHa (III). Ilpe,IUIO)l(eH MexaHH3M 06pa10BaHIDI Cp2Mg H UHKJioneHTeHa, 

BKJIIOqruoru;Hif pacmenneHHe CBH3H C.:. H UIIKJioneHTa,z:uieHa coorneTcrnyroru;HM Mernmmu;eHoM, 

nepeMeTaJIJIHp0BaHHe II nr,npIIp0BaHIIe UIIKJI0ileHTa,nHeHa rH,npII,ruihIMH np0H3B0,L(HhIMH 

nepeX0,L(HhIX MeTaJIJI0B. AKTHBHOCTh KaTaJIH3aTOpa npH 3TOM 3aBHCIIT OT cnoco6HOCTH 

C00TBeTcTByIOmero MeTaJIJI0I(eHa BHe,np»ThCH no aKTHBHhIM C-H CBH3HM. CooTHOIIIeHHe 

Bo,nopo,n/u;HKJIOileHTeH 3aBHCHT OT crn6HJibHOCTII rn,npm:i;oB C0OTBeTCTBYIOIIJ;HX MeTaJIJIOIJ;eH0B. 

IlpII B3aHMo,neifcTBHH coneif nepexo,L(HhIX MeTa.rrnoB (VCh, NbCls, TaC15, CrCh MoC15) c 

MarHIIeM n Tf Cl> o6pa3yIOTCH coe,L(HHeHIIH, co,uep)l(alll;He BbICOKOaKTIIBHhIH KJiaCTepHblli 

MarHHH II rH,npH,UHbIH B0,nopo,n. PeaKI(HH YKa3aHHhIX coe,nirneHHH C I(IIKJIOIIeHTa,nHeH0M 

npHB0,L(HT K o6pa30BaHHIO UIIKJI0ileHTeHa. y Ka3aHHbie coe,nHHeHIIH np0HBJIHIOT 

KaTaJIHTHqecKyIO aKTIIBHOCTh B 0THQIIIeHHII II30Mepmau;HII Henpe,neJibHhIX coe,nIIHeHIIH C 

nepeHOC0M ,nBORHOli CBH3II II3 a- B ~ '-IlOJIO)KeHIIe. Orrpe,neJieHbl KIIHeTHqecKHe rrapaMeTpbl 

peaK[(HII H30Mepmau;HH H 3<p<peKTIIBHhie rropH,nKII peaKD;HH n;o KaTaJIIl3aTOpy H cy6cTpaTy. 
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, NMR STUDIES OF LIQUID, GAS AND SOLID PARTICLES FLOW -

IN CATALYSIS 

HCCJIE,l(OBAHIDI IIOTOKOB}KH,l(KOCTEII, rA3OB H CbIIIYqux TEJI 
METO,ll;OM RMP TOMOrPA<l>HH B KATAJIH3E 

Matveev A.V., Koptyug I.V., Khanaev V.M.*, Barysheva L.V.* and Noskov A.S.* 

MaToeeo A.B., Konnor H.B., Xauaeo B.M. *, liapLimeoa JI.B. * u HocKoB A.C. * 

International Tomography Center SB RAS 
Institutskaya 3A, Novosibirsk 630090, Russia 

*Boreskov Institute of Catalysis SB RAS 
Prosp. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 
Fax: (+7-3832) 331399; E-mail: matveev@tomo.nsc.ru 

The flow of gases and water in the systems of different geometry was investigated using 
NMR microimaging. In most cases, the maps of spatial velocity distributions were 
constructed. The possibility of using thermally polarized gases to study flow was 
demonstrated using acetylene, propane, and butane. Gas , and water flow in the 
nonconsolidated bed composed of solid glass beads was characterized by the displacement 
NMR spectroscopy on the basis of pulsed-field-gradient-stimulated-echo NMR technique. It 
is demonstrated that Pulsed Field gradient NMR can be successfully employed to study 
motion of fine solid particles through the fixed bed reactors. 

It would be hard to overestimate the importance of the flow liquids and gases for modem 

technologies in chemical engineering and catalysis. Pulsed field gradient (PFG) nuclear 

magnetic resonance (NMR) and NMR imaging can be successfully used for investigation of 

flow in different objects widely used in catalytic applications. It may be porous media, fixed 

bed reactors, monolithic catalysts and other. In some cases two-dimensional spatial maps of 

flow velocity distribution may be obtained with 100-400 µm in plane resolution. Maps can be 

obtained for transport channel diameters more than 50µm for liquid flow and more than 0.5-1 

mm for gas flow. Flow in smaller channels as well as in porous media can be successfully 

characterized by the displacement NMR spectroscopy based on PFG NMR techniques, which 

yield effective diffusivity values and aerodynamic dispersion coefficient on the time scale 

from milliseconds to hundreds of milliseconds. This approach is employed successfully to 

detect certain average characteristics of motion, such as P (z, 't), the probability for a molecule 

to be displaced by the distance z in time 't, sometimes cailed an "average propagator". 

In our work we have applied NMR microimaging to study the flow of liquids and gases in 

shaped catalysts. In all our experiments NMR flow-imaging technique allowed us to fully 

characterize the complicated flow pattern. It is demonstrated that NMR imaging can be 

employed to visualize the flow of thermally polarized proton-containing gases at atmospheric 
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pressures despite a much lower signal/noise ratio and a much higher diffusivity of gas as 

compared to water. 

So we have applied PFG NMR to study the 

flow of liquid and gas in model porous system, 

which consists of nonconsolidated bed, composed 

of solid glass beads with different diameter. In all 

experiments the values of velocity and 

hydrodynamic or aerodynamic dispersion was 

obtained. These parameters are key elements in 

heterogeneous catalytic processes. 
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Other part of our investigations is studies of motion of particles through the fixed bed in a 

gas-solid-solid down flow reactor by the PFG NMR. Usage of moving solid particles as a heat 

carrier in fixed bed reactors seems to have definite advantages for highly endo- and 

exothermic processes, because moving particles provide additional heat supply to the reaction 

zone. Moving particles have strong influence on the rate of heat and mass transfer in catalyst 

bed. Rate of mass transfer between catalyst and gas - solid flow depends on the velocity of 

moving particles. Fine alumina of 50-250 µm was used as moving solids. All experiments 

were carried at ambient conditions using a glass column of 25 mm ID packed with spheres of 

4-6 mm diameters. Solids flow rate was varied. Generally, cold flow studies are used to 

investigate basis of hydrodynamics of fixed bed reactor. The result of one such experiment is 

given in Fig. 1. It can be seen in Fig. 1. that all moving particles · can be divided into "slow" 

moving particles and "fast" moving particles. "Slow" particles are particles that are sliding 

over the sphere surface, and "fast" particles are particles that are falling between the spheres. 

The relative amount of particles in these two phases changes with solids flow rate. 

The work was partially supported by grants from the RFBR (nrs. 02-03-32770 H 

02-03-06070). 
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OXYGEN ADSORPTION AND SURFACE EXPLOSION IN CO+NO REACTION 

OVER Pd(ll0)-AND Pt(lO0) SINGLE CRYSTALS: 
EXPERIMENTAL AND THEORETICAL STUDIES 

3KCITEPHMEHTAJihHhIE H TEOPETHqECKHE HC~JIE~OBAHIDI ITPIIPO)U>I 
NJ:COPli[(HH KHCJIOPO~A II MEXAHH3MA "IIOBEP:XHOCTHhIX B3PLIBOB" 

B PEAK[(HH CO+ NO HA MOHOKPHCTAJIJIAX Pd(ll0), Pt(l00) 

Matveev A.V., Sametova A.A., Bulgakov N.N. and Gorodetskii V.V. 

MaTBeeB A.B., CaMeToBa A.A., Iiy JiraKoB H.H. u ropo.r:.eQKnii B.B. 

Boreskov Institute of Catalysis SB RAS 
Pr. Ak. Lavrentieva, 5, Novosibirsk 630090, Russia 

Fax: +7-3832-343056; E-mail: gorodetsk@catalysis.nsk.su 

The NO+CO reaction on Pt and Pd surfaces is both of practical importance due to the key 

role of NOx emission in air pollution and interest to the dynamic behavior, especially in 

connection with new experimental data, allowing to throw light on the nature of sustained 

kinetic oscillations. In contrast to the CO+O2 reaction on a Pt(l 00) surface, the adsorbate

induced Pt(l 00) 1 x 1 <=> hex phase transition is not considered to be essential for the NO+CO 

oscillation mechanism. Under heating Pt(l 00) at the coadsorbed NOacts and COacts layer up to 

T ~ 400 K, reaction product formation occurs in an "explosive" way giving rise to extremely 

narrqw desorption peaks (FWHM ~ 5 K) CO2 and N2. This surface "explosion" is due to an 

autocatalytic increase of vacant sites for NO dissociation being as a main driving 1force for 

kinetic oscillations under stationary conditions. 

The purpose of the present work was (i) to investigate the adsorption of NO and CO on 

Pt(l 00)-1 x 1, Pt(l 00)-hex, Pd(l 10) surfaces; (ii) to examine the influence of oxygen 

preadsorbed layer (Oacts and 0 55) on the mechanism of the NOacts+COacts reaction. 

We have studied the reaction of NOacts and COacts molecules on single crystal surfaces by 

HREELS and TPRS methods. The effect of the metal particle size on catalytic properties has 

been studied by the semi-empirical method of interacting bonds (MIB) by calculating the 

heats of adsorption of 02 and NO in a dissociative form on the Pd(l l 0) and Pd nanocrystals. 

Pt(l 00)-hex. The NO and CO adsorption on the reconstructed Pt( 100)-hex surface at 

300 K proceeds without dissociation. The adsorption is accompanied by the back surface 

reconstruction, hex ➔ 1 x 1, leading to the formation of the islands of unreconstructed phase. 

Stable islands of 1 x 1 phase, covered with a mixture of the NO acts and CO acts molecules, form 

under consecutive filling the hex surface. The reaction in the NO1x1+CO1x1lhex islands is 

initiated under heating up to 500 K and proceeds autocatalytically as a "surface explosion" 

that manifests itself in the extremely narrow desorption peaks of N2, CO2 and N2O at 395 K. 
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Pt(lOO)-lxl. At the initial stage, NO adsorption proceeds on the (100)-1 ~l surface at 

300 K with dissociation. It has been found that under consecutive filling of the 1 x 1 surface 

the .reaction COacts+NOacts occurs with the evolution of the N2 and CO2 products JlS a brnader 

desorption peaks of N2 and CO2 at 350 K. To study the oxygen layer effect at the reaction 

sites, the coadlayer was prepared by exposing the oxygen-covered surface to NO and CO at 

120 K. As a result the low temperature p~ak CO2 was observed. 

Pd(llO). The behaviour of the N2 and CO2 desorption peaks for (NO+CO)/Pd(l 10), 

however, considerably differs from that for (NO+CO)/Pt(l 00). The peak temperature of N2 
(485 K) and CO2 (470 K) is much higher than that for Pt(}O0). 

MIB. The adsorption heats of oxygen in a dissociative form on the Pd( 110) and Pd 

nanocrystals (13 and 20 atomic clusters) have been calculated by the method of interacting 

bonds. It has been shown that most_ stable ones are the multiple bonded adsorption states: 

Pd3surt0ads and Pd4surt0ads• 

It has been shown that the NOacts dissociation on the Pt(l 00) and Pd(l l 0) surfaces 

requires the adjacent vacant adsorption sites. A clean-off reaction between COacts and Oacts 

results in the CO2gas formation; then a recombination of two Nacts atoms leading to the N2 

evolution occurs accompanied by the release of the vacant adsites, necessary for the 

dissociation of further NOads molecules and the CO adsorption. The reaction mechanism is 

described as follows: 

co 

NO 

+ * ¢::> COads 

+ * ¢::> NOads 

NOads + * ➔ Nads + Oads 

2 N ads ➔ N2 + 2 * 

COads + Oads ➔ CO2 + 2 * 

NOads + Nacts ➔ N2O + 2 * 

Conclusion. The unreconstructed Pt(l 00)-1 x 1 surface shows a high activity in the 

NOads+COacts reaction accompanied by N2 and CO2 peaks evolution (350 · K). The 

reconstructed Pt(l 00)-hex surface appears to be less active under the same conditions 

(395 K). The Pd(l 10) surface shows a low activity (485 K). It may be that the lxl <=> hex 

phase transition is related with the "surface explosion'; on (NOacts+COacts)/Pt(lO0}. Since no 

structural phase transition was observed on the Pd(l 10) surface, the low activity of palladium 

is considered to reflect the different bonding energy of oxygen aria ·nitrogen adatoms for Pt 

and Pd surfaces. 

Acknowledgement. This work was supported in part by the RFBR Grant #02-03-32568 

and the INTAS Grant# 99-01882. 
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IIOBbIIDEHHE 3cJ>cJ>EKTHBHOCTH KATAJIH3ATOPA )(ErH):(PHPOBAHIDI 

· 3THJlliEH3OJIA 

INCREASE OF THE EFFICIENCY OF THE CATALYST FOR ETHYL-BENZENE 
DEHYDROGENATION 

Mepuuosa B.B. H AxMe~MIHOBa P.A. 

Merinova V.V. and Akhmedianova R.A. 

Ka3aHCKHH rocy,n:apcTBeHHhIH TeXHOJiornqecKHH YHHBepCHTeT 
K. MapKca, 68, Ka3aHh 420015, Poccm1 

Terr: (843) 194-214; <l>aKc: 36-53-23 
E-mail: lymkina@mail.ru 

The main method of styrene production is catalytic dehydrogenation of ethyl-benzene on 
the iron oxide. Calculations of balance styrene outputs show a potential possibility of 
increasing of the main characteristics of the dehydrogenation processes. An increase of 
styrene output is observed upon catalyst processing with different hydrocarbons. 

CTHpon srnmreTC5I MHOroTOHHa)KHbIM MOHOMepoM, HCIIOJib3YeMbIM J(JI5I IIpOH3BO,D;CTBa 

IIOJIHCTHpona, y ,n:aporrpoqttoro IIOJIHCTHporra, HeHaCblll1;eHHblX IIOJIH3cpHpHbIX CM OJI, 

IIOJIHMepHhIX KayqyKOB H ,n:p. 

OcHOBHhIM MeTOJ(OM nonyqeHH5I crn:posra 5IBJI5IeTC5I KaTaJIHTHqecKoe ,n:ern,n:pHpOBaHHe 

3THJI6eH30Jia Ha )KeJie300KCHJ(HOM KaTarrH3aTOpe. 

ITpoBe,n;eHHhle pacqeTbl paBHOBeCHblX BhIXO,lJ;OB CTHpona IIOKa3hIBaIOT Teopern:qecKyro 

B03MO)KHOCTb .D:OCTH)KeHH5I 80-90%-oro BbIXO,n;a crnpona. 

,[(ern,n:pHpoBaHHe IIpOBOMT B peaKTOpe a,n;Ha6aTHqecKoro THIIa c Herro,n:BH)l(HblM CJIOeM 

KaTarrH3aTopa npH TeMrreparype 550-620 °C, MOJibHOM COOTHOIIIemrn 3THJI6eH30JI: BOMHOH 

nap paBHOM 1 : 10-15. 

ITpoBe,n:eiIO HCCJie,n;oBaHHe BO3MO)KHOCTH TWBbIIIIeHH5I 3cpcpeKTHBHOCTH rrpouecca 3a cqeT 

pa3pa60TKH KaTaJIH3aTOpa K-2411 BBe,n;eHHeM B HCXO)lHOe Ch!phe (3THJI6eH3oJI) 

yrneBO)lOpO)lOB pa3JIHqHOH rrpnpOJ(bl. 

B KaqecTBe TaKHX yrneBo,n:opo,n:oB 6bIJIH HCIIOJih30BaHbl H30IIpOilHJI6eH30JI, reKCeH-1, 

OKTeH-1, CMeCl> H30aMHJieHOB. J13yqeHO BJIH5IHHe KOHUeHrpaUHH yrrreBo,n:opo,n:oB B HCXOJ(HOM 

Chiphe H BpeMeHH pa3pa60TKH KaTaJIH3aTOpa. 

Pa3pa60TKa KaTarrH3aTopa reKCeHOM-1 H OKTeHOM-1 He npHBeJia K yBem1qeHHIO BhIXOJ(a 

cTHpona. 

l1crroJih30BaHHe CMeCH H30Ilp0IlHJI6eH30Jia B HCXOJ(HOM 3THJI6eH30Jie ,D;JI5I pa3pa60TKH 

KaTarrH3aTopa H CMeCH H30rrponnn6eH30Jia C 3THJI6eH30JIOM rrpHBeno K yBeJIHqeHHIO BhIXO,n:a 

CTHpOJia Ha 5-8,3 %. 
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IIPHPO,l(A "MOHOMEPHoro 3<I><I>EKTA" B KATAJUITH11ECKOH 

IIOJIHMEPH3AUHH OJIE<l>HHOB 

THE NATURE OF "MONOMER EFFECT" IN CATALYTIC POLYMERIZATION 
OFOLEFINS 

MemKoBa H.H., YmaKoBa T.M. u I'yJJLQesa H.M. 

Meshkova I.N., Ushakova T.M. and Gul'tsevaN.M. 

l1HCTH1)'T XHMH1IeCKOH Q?H3HKH HM. H.H. CeMeHoBa P AH 
yJI.KocoirHHa, 4, MocKBa 119991, Poccm1 

<l>aKc: (095) 137 82 84; E-mail: lnov@center.chph.ras.ru 

The promoting effect of a-olefin (propylene, 1-hexene, 1-octene and 3-methyl-1-butene) 
on polymerization of ethylene over heterogeneous and homogeneous metallorganic catalysts 
in a two-stage homo- and copolymerization of ethylene and a-olefins was investigated. The 
following catalysts were used: titanium-magnesium; aluminium hydroxide-supported 
vanadium of varying structure and composition; homogeneous anq zeolite-supported 
zirconocene catalysts. The main reason of enhancement of ethylene polymerization rate after 
the a-olefin polymerization or ethylene - a-olefin copolymerization is the increase in the 
number of active centers involved in polymer chain propagation. In polymerization on 
heterogeneous catalysts this increase is associated with the catalyst matrix fragmentation 
caused by the nascent polymer. In polymerization on homogeneous catalysts it is a result of 
disintegration of active site agglomerates encapsulated in the polymer under the changes of 
polymer composition and morphology. 

AKTHBaa;mI IIOJIHMepH3ailHII 3THJieHa rro,u ,ueHCTBHeM a-oJiecf.nrna, "MOHOMepHbIH 

34)4)eKT" (M3), - 0,Ll;HO H3 HHTepeCHhIX .sIBJieHHH MeTaJIJIOKOMIIJieKCHOfO KaTaJIH3a. 3<J?$eKT 

Ha6mo,L1;aeTCSI B CTaTHCTHqecKOH COIIOJIHMepH3aUHH 3THJieHa H a-OJICQ?HHOB C 

rereporeHHbIMH [1] H roMoreHHbIMH [2] KaTaJIH3aTopaMH B )Kff,l.l;KOQ?a3HOM, fa304)a3HOM H 

pacTBOpHOM rrponeccax. ,ll;JISI BblSICHeHHSI IIpHpO,l.l;bI M3 rrpoBe,l.l;eHO KOMIIJieKCHOe 

~CCJie,l.l;OBaHHe, BKJIIOtiarom;ee H3yqeHHe KHHCTHKH IIOCJie,l.l;OBaTeJibHOH fOMO- H 

COIIOJIHMepmanmI 3TlrneHa H a-oJiegJHHOB C nnaH-Marm1eBbIM KaTaJIH3aTOpOM (TMK), 

pa3JIH~bIMH THilaMH HaHeceHHbIX BaHa,l.l;HeBblX H rereporeHH3HpOBaHHOfO Zr-neHOBOfO 

KaTaJIH3aTopoB, fOMOreHHbIMH Zr-neHOBhIMH CHCTeMaMH; orrpe,l.l;eJieHHe ~cna aKTHBHbIX 

neHTpOB B rrocne,l.l;OBaTeill>HOH HHrn6HpOBaHHOH co IIOJIHMepH3ailHH 3THJieHa H rrpormneHa 

c TMK; H3yqeHHe cocTaaa H Mop<J?onornH Hacn;eHTHbIX rronHMepHbIX 11po,izyKTOB. 

KHHeTHqecKHe 11ccne,L1;0BaHH.SI M3 c TMK ,uaJIH cne,L1;yrom11e pe3yn1,TaThI [3]: 

1) IIOJIHMepH3ailHSI 3THJieHa aKTHBHpyeTC.sI He TOJibKO B rrpHCYTCTBHH COMOHOMepa 

IIpOIIHJieHa, HO TaK)Ke rrocne rrpe,uaapHTCJihHOH IIOJIHMepmanHH rrpomrneHa; 2} y,neJihHaSI . 

~KOpOCTh IIOJIHMepH3aUHH 3THJieHa yaeJiffqHBaeTCSI He3aBHCHMO OT BpeMeHH 
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rrpe,uBapHTeJII,HOH IlOJIHMepH3aI.UiH nporrmieHa, TOJI[qHHhl riOJIHMepHoro noKpbITHH Ha 

T.JaCTHI(aX KanUIH3aTopa; 3) nOJIHMepH3al(HH He HMeeT MeCTa nocrre roMOITOJIHMepH3al(HH 

3-Mentn-1-6yTeHa H o6pa30BaHlrn Ha TMK BhICOKOKpHCTaJIJIHT.JeCKOfO TIOJIH-3-MeTHJI-1-

6yTeHa; 4) BeJIHT.JHHhl KOHCTaHT COTIOJIHMepH3al(HH B 0,[{HOCTa,nHHHOM npouecce 

COITOJIHMepH3aUHH 3THJieHa C nponHJieHOM H B conOJIHMepH3al(HH nocne 

roMonoJIHMepH3al(HH nponHJieHa HMeIQT 6JIH3KHe 3HaT.JeHHH. C,uenaHo 3aKJIIOT.JeHHe, T.JTO M3 

B rrpHCYTCTBHH TMK He CBH3aH C MO,UH<pHKal(HeH aKTHBHhIX ueHTpOB, a HBJI»eTCH 

CJie,UCTBHeM H3MeHeHHH HX T.JHCJia. YaeJIHT.JeHHe T.JHCJia aKTHBHhIX ueHTpOB B I10JIMMepH3al(HH 

3THJieHa rrocne npe,uBapHTeJihHOH rronHMepH3aUHH npmrnneHa no,urnep)K,ueHo MeTo,uoM 

HHrH6Hp0B3HHOli noJIHMepH3al(HH C co HHrH6HTOpOM. 

B npHCYTCTBHe HaHeCeHHhIX BaHa,zuieBbIX H UffPKOHOUeHOBhIX KaTaJIH3aTOpOB, 

pa3JIHT.JaIOrnHXCH xapaicrepoM CBH3hIBaHIDI KaTaJIHTHT.JeCKHX KOMIIJieKCOB C HOCHTeJieM, -

aJIIOMHHHli m,upOKCH,u(Af)NOCl3 Ali-Bu3 (I); Ar(H20)/Ali-Bu3 VOCl3 (II); 

[Ar(H20)/Ali-Bu3 + Ali-Bu3 ]- VOC13 (III); ArNC13 -Ali-Bu3 (III) w ZSM-5(H20)/A1Me3 -Cp2ZrC12 

(Et[Ind]i ZrC12) (II) - M3 Ha6mo,naerc» TOJihKO AIDI KamnmaTOpoB <pa30Boro THna (III), 

KaTaJIHTHT.JecKa» MaTpHUa KOTOphIX cnoco6Ha K <pparMeHTar.um no,n ,neiicrnHeM HacueHTHoro 

noJIHMepa. 3TO MO)Ke'f TaIOKe KaK c TMK, npHBO,[{HTh K yaeJIHT.Jemno 1IlICJia aKTHBHhIX ueHrpoB. 

ConocTaBJieHHe KHHerHT.JeCKHX )].aHHhIX no rrpoueccy 

fOMOnOJIHMepH3al(HH 3THJieHa C nocne,rzyroll(eH conoJIHMepH33I(HeH 3THJieHa C BhICI.IIHMH 

a-oneqmHaMH Ha roMoreHHhIX Cp2ZrCli(Et[Ind]2ZrC12)-MAO Kamnmampax co CBOHCTBaMH TI3 

H 3THJieH-1-0KTeH, 3THJieH-1.:.reKceiI COIIOJIHMepoB noKa3aJIO, T.JTO M3 HMeer MeCTO B ycJIOBHHX 

r eTepoq>a3HOro npouecca, Kot,na ifacueFITHblli IIOJIHMep HaxO,nHTCH B rnep,noM COCTO&HHH. M3 

3aBHCHT OT npHpO,nbl ti;HpKOHOUeHOBoro KaTaJIH3ampa, TeMnepaTYpbI nomIMepH3aQHH, 

coornorneHHH KOHUeHrpaimi1 coMoHoMepoB · if ;;BottcTB noJIHMepHhIX npo,uyKTOB (nnornocTb, 

pacTBopHMOCTb B peaKUHOHHbii 30He ):1 ' -Mh1 npeMonaraeM, T.JTO · a cnyqae roMoreHHhIX 

KaTaJIH3aTOpOB M3 eCTb cnencrnHe ' ' }:te3HHTetpaU;I1H : arnOMepaTOB aKTHBHhIX I(eH1:pOB, 

KarrcyJIHpoBaIIHhIX B noJIHMepe (TI3), B pe3yJibTaTe o6pa30BaHIDI Ha CTa,nHH COIIOJIHMepmauHH 

6orree aMOp<pHbIX (no cpaaHeHHIO c TI3) cononHMepoB. 

JluTepa1J'pa 

[l]P.J.T.Tait, "Transition Metals and Organometallics as Catalysts for Olefin Polymerization", 
Berlin, Heidelberg, Springer, 1988. p.309. 

[2] J.Koivumaki, IV.Seppala, Macromolecules,26(1993)5535. 
[3]:T;M.Ushakova,N.M.Gul'tseva, I.N.Meshkova and Yu.A.Gavrilov, Polymery, 
3 9 (1994) 102. 

236 

. ·' :·Y. 



PP-127 
KAT AJIHTH1IECKMI AKTHBHOCTh MHKP03MY JlhCHH H MHnEJIJrnPHhIX 
P ACTBOPOB HA OCHOBE KA THOHHhIX IIAB H ,lt:JIHHHOnEIIHhIX AMHH0B 

CATALYTIC ACTIVTY OF MICROEMULSIONS AND MICELLAR SOLUTIONS 
BASED ON CATIONIC DETERGENTS AND LONG-CHAIN AMINES 

Mupropo~cKaH A.Ii., Ky~pHB[(eBa JI.A., 3yeo IO.<ll. * u BLIJier~auuua H.H. * 
Mirgorodskaya A.B., Kudryavtseva L.A., Zuev Y.F.* and Vylegzhanina N.N.* 

11HCTH'fYT opraHw:iecKoit H q>M3H"t.JecKoi1 XHMHH HM. A.E. Ap6y3oBa Ka3HU P AH 
yn. aKa,n. Ap6y3oBa, 8, Ka3aHh 420088, Pocc1:rn: 
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Ka3aHh 420111, a/51. 30, PoccHJJ. 

<I>aKc: (+7-8432) 38 75 77; E-mail: zuev@mail.knc.ru 

The ability to regulate the rate and mechanism of hydrolytic destruction of phosphorous 
acids esters in catalytic systems based on cationic detergents and alyphatic amines (mic~llar 
solutions and microemulsions) by means of changing the amines hydrophobicity and the 
structure of reaction medium is shown. 

C uerrhIO Bbl.SIBJieHH5J. oco6eHHOCTeit KaTaJIHTH"t.JeCKOH aKTHBHOCTH 

BbICOKoopraHH3OBaHHbIX CHCTeM, co.uep)KallJ.HX IIAB, HCCJie,D;OBaHa KHHeTHKa pacmerrrreHH5J. 

rrapa-HHTpocpeHHJIOBbIX 3q>HpOB KHCJIOT cpoccpopa rro.u .ueiiCTBHeM rrepBH"t.JHhIX 

aJIHq>aT_;EI~eCI(HX aMHHOB B BO.[(HhIX MHUeJIJI5I.pHblX pacrnopax, H MHKpO3MYJihCH5J.X Ha OCHOBe 

ueTHJIIIHPH.UHHH 6poMH,D;a H ueTHJITpHMeTHJiaMMOHHH 6poMH,D;a. 

MeTQ,D;aMH 3I1P H 1 H .5IMP crreKTpOCKOIIHH BhICOKOfO pa3pemeHH5J. c HMIIYJihCHbIM 

rpa,n;HeHTOM MarHHTHOfO IIOJI5J. IIOJIY"l!eHbI CTPYKTYPHbie xapaKTepHCTHKH CHCTeM: 

K03cpq>HUHeHThI .UHq>q>y3HH KOMITOHeHT MHKp03MYJibCHH, HX pacrrpe.uerreHHe Me)K)];y 

.UHCIIepCHOH q>a.30H H .UHCIIepCHOHHOH cpe.uoii, pa.3Mepbl MHKpoarperaTOB, IIJIOTHOCTb 

yrraKOBKH MOJieKyrr IIAB B HHX. 

IloKa.3aHa BO3MO)KHOCTb HarrpaBJieHHOfO peryrrHpOBaHH5J. CKOpOCTH ~ MexaHH3Ma 

rH,n;pomna 3q>HpOB KHCJIOT cpoccpopa B BbICOKOopraHH3OBaHHbIX cpe.uax !_ Ha OCHOBe 

KaTHOHHhIX IIAB H aJIHq>aTH"t.JeCKHX aMHHOB 3a C"t.JeT H3MeHeHH5J. rn.upocpo6HOCTH aMHHOB H 

CTPYKTYPhI Mm.~eJIJIJJ.pHhIX arperaTOB. 

Pa6orn BhIIIOJIHeHa rrpH rro.u,n;ep)l(Ke rpaHTa P<l><l>H 02-03-3292J 
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):(BA MEXAHH3MA PEAKU:HH P A3JIOJKEHIDI XJIOPYr JIEBO):(OP0):(0B 

HA Ni/Ah03 H Co/Ah03 H HX B3AHMOCB.S131, 

RELATIONSHIP BETWEEN TWO MECHANISMS"IN DECOMPOSITION 
REACTIONS OF CHLOROHYDROCARBONS ON Ni/Al203 AND Co/Ah03 

CATALYSTS 

MumaKOB H.B., 11ecuoKoB B.B. u Jiy.uuoe P.A. 

Mishakov I.V., Chesnokov V.V. and R.A. Buyanov 

Boreskov Institute of Catalysis SB RAS, 
Prosp. Alcad. Lavrentieva, 5, Novosibirsk 630090, Russia 
Fax: (3832)3430-56; E-mail: mishakov@catalysis.nsk.su 

Decomposition of chlorohydrocarbons on Ni/ Ah03 and Co/ Ah03 catalysts at 3 50-650°C 
has been investigated. The relationship between two different mechanisms of decomposition: 
I-mechanism of "carbide cycle" (without adding of H2) and 2-hydrodechlorination 
·meehanism (in significant excess of H2) has been · found. The method for recycling of 
chldrohydrocarbons in presence of Ni- and Co-containing catalysts in two technological 
regimes was proposed. 

lfay'l!eH npou;ecc pa:mo)Kemrn pa:m0:qm.,1x xnopyrneBo,nopo,noB Ha Mernnnax no,nrpynnhI 

)KeJie3a (Ni, Co, Fe) B HHTepBane TeMnepaTyp 350-650°C. YcTaHOBJieiibI npH'LIHHhI 

B03MO)KHOM ,ne3aKTHBaUHH KaTaJIH3aTopoB H o6Hapy)I(eHO, qTo ycTOH'CJHBOCTb MeTaJIJIOB K 

,n:e3aKTHBaIJ;HH H3MemieTCSI B pSI,ny: Ni > Co >> Fe. Ha IIpHMepe 1,2-,n:HXJIOp3TaHa 6bIJIO 

noKa3aHo, qTo pa3JIO)KeHHe xnopyrneBo,nopo,noB Ha KaTaJIH3arnpax Ni/ Ah03 H Co/ Ah03 B 

3aBHCHMOCTH OT MOJibHOM ,l(OJIH Bo.nopo,lla MO)I(eT ocymecTBJUITbCSI no .llBYM BO3MO)I(HbIM 

MexamI3MaM: «Kap60:,n:Horo [(HKJia» H rn.n;po,nexnop0:poBaHHSI. 

. MexailH3M « Kap6H,l(HOro UHKJia» ocymecTBJISieTcSI IIpH pa3JIO)KeHHH 

xnopyrneBO,llopo.n;oB B ycJIOBHHX He6om,moro H36bITKa, JIH6o 3KBHMOJISipHoro KOJIH'CfeCTBa 

H2, Heo6xo,n;HMOro .UJUI CBSl3bIBaHHSI xnopa B HCI. ,[I;aHHbIH MeXaHH3M BKJIIO'CfaeT TpH 

. IIOCJie,llOBaTeJIJ>Hhie CTa,nHH: pa3JIO)KeHHe xnopyrneBO,llOpo.na, TpaHcnopT aTOMOB yrnepo,na 

·BH)'TPH MeTaJIJIH'CfeCKOM 'LlaCTHIJ;bI H o6pa3oBaHHe q>a3hl rpaq>HTa. Pa3JIO)KeHHe MOJieKyJI 

xnopyrneao,n;opo,n;a rrpOHCXO,l(HT rrpe.nno'LITHTeJibHO Ha O,l(HHX rpaHSIX MeTaJIJIH'CfeCKHX 

KpHCTaJIJIOB, Ha3BaHHhIX "no60BhIMH". 3To npHBO,llHT K o6pa30BaHHIO HeycTOH'CJHBOro 

Kap6H.n;ono,n;o6Horo coe,n;HHCHHSI Ha rioaepXHOCTH MeTaJIJIH'CfeCKOM 'CfaCTH[(hI. Pa3JiaraSICb, 

Kap6H,n; OCB06o)K,llaeT aTOMapHbIM yrnepo.n, KOTOphIH 3aTeM .ZJ;Hq>cpyH.z:i;HpyeT BHYTPH 'CfaCTH[(bl 

K MeCTaM q>opMHpOBaHHSI q>a3hl rpaq>HTa. r paHH, Ha KOTOpbIX IIpOHCXO.UHT o6pa30BaHHe 

rpaq>HTa, ycJIOBHO Ha3BaHbI "TbIJlhHhIMH". B KOHeqHoM HTOfe xnopyrneBo,nopo.n pa3JiaraeTCSI 

Ha HCl H yrnepo.n, HaKanJIHBaIOrn;HiicSI Ha KaTaJIH3aTOpe B BH,n;e rpaqmTOBhIX HHTeii. 
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llpH yBeJrnqeHHH MOJihH·ou: fZ~OJIH H2 B peaKUHOHHOH cMeCH npo:0:cxo.n;HT nocTeneHHhIH 

nepexo,u OT MexaHH3Ma « Kap6H,llHOro UHKJia» K MexaHH3MY rn,npo,ueXJIOpHpOBaHHSI. 

Pernaromee 3Ha"CJeHHe B ycnoBHHX m6bITKa Bo,nopo,na np:0:06peTaroT npo:u;eccbI 

rn,uporeHOJIH3a CBSI3H C-Cl (3aMemeHHSI aTOMa Cl Ha H) B MOJieKYJie xnopyrrreBo,nopo,ua. 

HHTeBH,llHbIH yrnepo,u Ha KaTaJIH3aTOpe He o6pa3yeTCSI, ITOCKOJihKY B 3TOM crryqae 

orcyTcrnyeT npo:u;ecc MacconepeHoca aTOMOB C BHYTPH qacnu~bI. ,[I;mpq>y3HH yrnepo,ua He 

npOHCXO,llHT IIOTOMY' ~o IlOBepXHOCTHbIH KapbH,ll HHTeHCHBHO rn,npHpyeTCSI B H36bITKe H2, 

qTo rrpHBO,llHT K o6pa30BaHHIO MeTaHa B rrpo,nyKTax peaK:a;HH.' B crryqae KOHBepCHH, 

HarrpHMep, 1,2-,nHXJIOp:naHa no MexaHH3MY rn,npo,uexnopHpOBaHH.SI OCHOBHbIMH npo,uyKTaMH 

peaK:a;HH SIBJNIOTCSI 3TaH H 3THJieH. 

B ycJIOBHSIX 2-4-KpaTHOro H36bITKa H2 . ,llBa paCCMOTpeHHhIX Maprnpyra peaK:a;HH 

ocymecTBJNIOTCSI O,llHOBpeMeHHO, T.e. KOHKYPHPYIOT Me)K,lly co6ou:. llo HaIIIeMy MHeHHIO, 

3TO SIBJISieTCSI SipKHM npHMepoM Toro, KaK KOH:a;eHTpaUHSI O,llHOfO H3 KOMIIOHeHTOB peaKUHH 

(Bo,uopo,ua) CBSI3bIBaeT ,[(Ba COBepmeHHO pa3JIHqHbIX MexaHH3Ma ee rrpoTeKamrn. 

ABTOpbI 6naro,n;apSIT P<I><I>I1 3a q>HHaHcoByro no,ll,llep)l(KY (rpaHTbI N200-03-32431, 

M~O 1-03-06064 H rpaHT ,llJISI Be,uymeu: HayqHoiI IIIKOJibI N200-15-97 440). 
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. 1 ' ' · 

MEXAHH3M KOHBEPCHH METAHOJIA IIPH IIEPEP AliOTKE CHHTE3-
r A3A HA HAHECEHHLIX MEL(LCOL(EPJKAIIJ;HX KAT AJIH3ATOP AX 

MECHANISM OF METHANOL ~ONVERSION AT SYNTHESIS-GAS 
PROCESSING ON COPPER CATALYSTS 

Mopo1oe JI.H., KocTpQB B.B. u liapauoe M.B. 

Morozov L.N., Kostrov V.V. and Baranov M.V. 

l1BaHOBCKHH rocy ,napcTBeHHbIH XHMHKO-TeXHOJIOfHqecKHH YHHBepCHTeT 

Ilp. <l>.3Hrem>ca, 7, I1BaHOBO 153460, Poccm1 

Fax: (-0932) 41-77-42; E-mail: tis@icti.ivanovo.su 

CeneKTHBHOCTb HaHeceHHbIX KaTaJili3aTOpOB ,nm1 rrepepa60TKH CHHTe3-ra3a qepe3 ::nan 

o6pa30BaHH5I MeTaHOJia perynnpyeTC5I rryTeM CHHTe3a Ha IIOBepxHOCTH HOCHTem.1 u;eHTpOB C 

pa3JIH"lJHbIMH KHCJIOTHO-OCHOBHbIMH H OKHCJIHTeJibHO-BOCCTaHOBHTeJibHbIMH CBOHCTBaMH, Ha 

rpaHHI.J;e KOTOpbIX rrpoHCXO.D:HT aKTHBaI.J;H5I H KOHBepCH5I MOJieKyJibl CIIHpTa. 

Ilepepa6oTKa CHHTe3-ra3a B u;eneBbie npO,ll:YKTbI MO)KeT 6bITb peaJIH30BaHa B paMKax 

6mpyHKI.J;HOHa.TlbHOro KaTaJIH3a qepe3 :nan o6pa30BaHH5I MeTaHOJia B KaqecTBe 

npoMe)KyToqHoro aemecTBa. PerynHpOBaHHe KHCJIOTHO-OCHOBHbIX CBOHCTB OKCH,na 

aJIIOMHHH5I, HCIIOJib3yeMoro B KaqecTBe HOCHTeJIH, nyTeM r,.10,n;mfrnuHpOBaHHH rroaepxHOCTH 

coe,nHHeHH5IMH KaJibll;IUI, · I.J;HHKa, MapraHu;a H Me,n;H, II03BOJI5IeT C03,llaTb aKTHBHbIH 

KaTaJIH3aTop B OTHOIIIeHHH CHHTe3a .D:HMeTHJIOBOro 3qmpa, 3a 06pa.10Bam1e KOTOporo 

OTBeTCTBeHHbl KHCJIOTHbie u;eHTpbI IlOBepXHOCTH. ,l1;JI5I np05IBJICHH5I 3aMeTHOH aKTHBHOCTH B 

OKHCJIHTeJibHO-BOCCTaHOBHTeJibHOH peaKI.J;HH 

cpopMaJib,nern.na, B KaTaJIH3aTope Heo6xo,nHMO HaJIHqHe Me,nHoro KOMIIOHeHTa, KOTOpbIH rrpH 

aKTHBaI.J;HH BOCCTaHaBJIHBaeTC5I ,n;o MeTaJIJia. TipH '.HOM TaK)Ke rrpoTeKaIOT peaKUHH, 

corrpoBO)K,naIOmHeC5I BbI,neJieHHeM yrnepo,n;a H o6pa30BaHHeM MeTaHa, HHTeHCHBHOCTb 

KOTOpbIX 3aBHCHT OT crroco6a MO,llHqJHI.J;HpoBaHH5I KaTaJIHTH"lJeCKOH IIOBepXHOCTH. TaKHM 

o6pa30M, CHHTe3 H cpopMHpOBaHIIe pa3JIHqHbIX KaTaJIHTH1:IeCKHX [(eHTpOB o6ecrreqnBaeTC5I 

peuerrrypoH H ycJIOBH5IMH TepMoo6pa60TKH KaTaJIH3aTOpa. 

Ha6JIIO,naeMbie rrpeapameHI:151 MeTaHOJia MO)KHO o6'b5ICHHTb C Il03H[(HH HaJIHqff5I Ha 

rroaepXHOCTH HOCHTeJI5I pa3JIH1:IHbIX KaTaJIHTHqecKHX uempoB HJIH yqacTKOB, Ha rpaHH[(e 

pa.1.nena KOTOpbIX npOHCXO,nliT aKTHBa[(H5I H KOHBepc1rn MOJieKyJibl CIIHpTa. TipH MCOp6[(HH 

MeTHJibHOH rpymibl Ha MeTaJIJJHqecKOM [(eHTpe rrpoHCXO.D:HT ocna6nem1e CB5!3H C-H, BilJIOTb 

,no IIOJIHOH .D:HCCOI.J;Ha[(HH C o6pa30BaHHeM rH,IT,pH,ll-HOHa, a Ha coce,nHeM KHCJIOTHOM [(eHTpe 

npOHCXO.D:HT ocna6nemie CB5!3H C-0 3a cqeT B3aHMO,neiiCTBH5I KHCJIOpo.na CIIHpTa C 

JibIOHCOBCKHM KHCJIOTHbIM [(eHrpOM, H npH ee JJ:HCCO[(Ha[(HH - o6pa30BaHHe CB06o,uHoro 

yrnepo,na H MeTaHa. B pe3yJibTaTe )Ke B3aHMO,neiiCTBH5I npOTOHa rn,npOKCH.D:HOH rpynnhI 

CIIHpTa C OCHOBHbIM [(eHTpOM noaepXHOCTH rrpoHCXO,llHT ocna6JieHHe CB5!3H 0-H, H npH ee 

pa3pbIBe 06pa.1yeTCSI cpopMaJib,n;ern,n. 
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OJIU:rO,ll;IIEHHJThHLIH THTAH-AJIIOMHHHEBLIH KOMilJIEKC. 

. .. CHHTE3, CTPYKTYP A, KATAJIHTH1IECKHE CBOHCTBA 

OLIGODIENYL TITANIUM-ALUMINUM COMPLEX. 
SYNTHESIS, STRUCTURE, CATALYTIC ACTIVITY 

Mymuua E.A., 6ou~apenKo r.H., IIo~oJILCKHii IO . .H., <l>poJion B.M., 
1Iuuona M.C., OpJioB M.B. u AuTunon E.M. 

Mushina E.A., Bondarenko G.N., Podolsky Yu.Ya., Frolov V.M., 
Chinova M.S., Orlov M.V. and Antipov E.M. 

11HCTHTYT Heq>TeXHMHqecKoro CHHTe3a P AH 
JleHHHCKHii rrpocrreKT 29, 119991, MocKBa, Poccm1 

<l>aKc: 230-22-24; E-mail: mushina@ips.ac.ru 

The new catalytic system for diene polymerization was created and studied. The system 
contains an oligodienyl titanium-aluminum complex in combination with aluminoxane. The 
structure of the complex and activity of catalyst in butadiene and styrene polymerization as 
well as its mechanism of action are discussed. 

B pa3BHTHe HCCJie,r:i;oBaHHH 0JIHfO,LJ;HeHHJibHbIX KOMIIJICKCOB rrepexo,LJ;HbIX MeTaJIJIOB B 

peaKUIDIX OJIHroMepH3aUHH H IIOJIHMepmauHH Henpe,r:i;errbHbIX yrneBo,r:i;opo,r:i;oB [ 1] C03l(aHa H 

H3yqeHa HOBM fOMOreHHruI KaTaJIHTHqecKruI CHCTeMa Ha OCHOBe OJIHfO,UHeHHJibHOro THTaH

aJIIOMHHHeBoro KOMIIJieKca B coqeTaHHH C MeTHJiaJIIOMOKCaHOM. KaTaJIHTHqecKa.sI CHCTeMa 

HCCJie,r:i;oBaHa B peaKUH.sIX IIOJIHMepH3aum1 6yTa,r:i;HeHa H CTHpona, a TaK>Ke HX 

COIIOJIHMepH3aUHH. 

OJIHfO,[J;HCHllJibHbIH TllTaH-aJIIOMllHlleBblll KOMIIJieKC rrpnroTaBJUIBaJill B3aHMO,neHCTBlleM 

XJIOpH,ua THTaHa C TpHH3o6yTHJiaJIIOMHHHeM B npncyTCTBHH H30npeHa no cxeMe: 

C4Hs + HTiCh 

t n(CsHs) 

H(CsHs)n TiCh 

. ~ . 

n(CsHs) 

, l ; i ' ', • ~ ~ •, ·\; ~! 

CorrracHO pe3yJibTaTaM 11K-crreKTparrbHOro HCCJie,noBaHHSI II()~qeHHhIH KOMIIJieKC 

xapaKTepH3yeTC.sI MOCTHKOBOH Ti-Cl CB.sI3hIO (norrochI npn 260 - 275 cM-1
) n 1t-arrKeHnJihHOH 

-; . ! 

CTPYKTYPOH onnro,nneHHJihHOro rrnraH.n;a npn arnMe THTaHa (545, 784, 816, 944, 1184, 1460, 

1544 n 1560 CM"1
). KpoMe Toro, B KOMIIJieKce npncyTcrnyeT 7t-Koop,r:i;HHHpOBaHHruI ,[J;BOHHruI 

CB.Sl3h Me)K,[J;y JIHraH,L(OM H aTOMOM THTaHa (1624 CM-1), a TaK)Ke Ti-C H Al-C CBSl3H (IIOJIOCbI 

rrpH 380 H 664 CM"1 COOTBeTCTBeHHO). 
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IloJIHM~pH3aO:HIO 6yTaJ);HeHa rrp0B0,Ll;HJIH rrpH KOMHaTHOH TeMrrepazype a reKcaHe, qrn 

oco6eHHO Ba)I<H0. IlpH 3T0M, corJiaCHO ,naHHbIM L(CK H peHTreH0CTpyKTypHoro aHaJII13a, 

rroeyqeH rrpaKTHqecKH II0JIH0CThJO aMOpq>HbIH II0JIHMep, II0 CBOeii MHKp0CTpyKrype 

aHanOrHqffhlli rroJIH6yTa,ZlHeffY, rroeyqeHHoMy B. KaMHHCKHM [2] B TOJiyoJie Ha "half

sandwich" I(HKJiorreHTa,nHeHHJI THTaHxJiopH,ne (CpTiCh) B coqeTaHHH c MAO. 

KaTaJIH3aTop PacTBo- MAO/Ti, 

pHTeJih MOJib/MOJib 

TiOC+MAO feKcaH 400 

Cp-TiCh+MAO*) ToeyoJI 700 

TiOC - opraHHqecKHH. KOMnneKc THTaHa; 

AKTMBHOCTb Bhipa)KeHa s Kr TIE Ha MOJih Ti B qac. 

*)-.naHHhle pa60Tbl [2] 

AKTHBHOCTb Mm(poCTp)'K1Ypa ns, Bee. % 

1,4-ZJUC- 1,4-mpa1-1c 1,2-

200 77 3 20 

260 80 I 19 

IlpH HCIIOJib30BaHHH C03,D;aHHOH KaTaJIHTHqecKOH CHCTeMbI )];JUI llOJIHMepH3aI(HH 

CTHpona 6bIJI rroeyqeH perymipHbIH CMH,ll;HOTaKTHlJeCKHH II0JIHCTHpon. HK-crreKTp 

IT0JIY1IeHH0ro IT0JIHMepa B Hacu;eHTH0M C0CT05IHHH C00TBeTcTByeT 8-MO,D;Hq>HKaa;HH 

( crrHpaJibHruI KOHq>opMaum1). IlocJie rrJiaBJ1eHH.sI H nocne,ny10mero oXJia)Kl-(eHH.sI ,uo 

KOMHaTHOH TeMrrepaTypbl MaTepHarr KpHCTaJIJIH3yeTCH B a-q>opMe (KOHq>OpMaUHH ITJI0CK0ro 

3Hr3ara). 

BbICOKaH aKTHBH0CTb KaTaJIH3aTopa B peaKO:HHX II0JIHMepH3aa;HH KaK 6yTa,UHeHa, TaK H 

CTHpona 1103B0JIHJia npe,UII0JI0)KHTb, lJT0 3T0T KaTaJIH3aTOp 0Ka)l(eTCH 3q>q>eKTHBHbIM B 

peaKUHH C0II0JIHMepH3aUHH 6yTa,nHeHa co CTHp0JI0M. L(eiiCTBHTeJibHO, rrpe.n;Bap1neJibHbie 

0IIbITbI II0Ka3aJIH, qTo rrpH C0II0JIHMepH3aD;HH o6pa3yeTCH II0JIHMep, co,uep)KalllHH, II0 

,UaHHbIM 11K-crreKTpOCKOIIHH, 6% CTHp0Jia H IIOJIH6yTa,nHeH CJie,ny10meii MHKpocrpyKrypbI: 

80% 1,4-11uc-, 4% 1,4-mpa1-1c- H 16% l ,2-3BeHbeB. PeHTreHOCTPYKTYPHhiii aHaJIH3 rroKaJan, 

qTQ nonyqeHHbIH MaTepHaJI xapaKTepH3yCTCH II0JIH0CTblO a.Mopqmoii CTpyKrypoii. 

CooTBeTCTBeHHO, Ha TepM0rpaMMax L(CK B O:HKJiax <<HarpeBaHHe - 0XJia)l(.l.leHHe -

HarpeBaHHe» Ha6mo,uaeTCH Il0JIH0e 0TCYTCTBHe TepMHlJeCKHX 3q>q>eKTOB 3a HCKJIJOlJeHHeM 

CTeKJI0BaHHSI rrpH -96°C. 

Pa6oTa BhIIT0JIHeHa npH qacTHlJHOii q>HHaHcoaoii no,u,uep)l(Ke P<I><I>H (rpaHTI>I 

N2 97-03-32827 H 02-03-32975). 

JluTepa-rypa 

[1] E. Mushina, Yu. Podolsky, V. Frolov, in "Organometallic Catalysts and Olefin Polymerization", 
Springier, 2001, p. 327. 

[2] W. Kaminsky, V. Scholz, ibid, p. 346. 
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A NOVEL CATALYTIC OLEFINATION REACTION. 

UNUSUAL TRANSFORMATION OF A COPPER-CARBENE COMPLEX 

HOBMI KATAJIHTHqECKMIPEAKU:H.SI OJIE<l>HHHPOBAHH.SI. HEOJibNHOE 
IIPEBPA~EHHE ME,l(b-KAPliEHOBOro KOMIIJIEKCA 

Nenajdenko V.G., Korotchenko V.N., Shastin A.V.*, and Balenkova E.S. 

Heuaii,l.leHKO B.r ., KopoT11euKo B.H., IllacrHH A.B. *, H JiaJieu~osa E.C. 

Moscow Lomonosov State University, Department of Chemistry 
Leninskie Gory, Moscow 119899, Russia 

Fax (095) 9328846; E-mail: nen@acylium.chem.msu.ru 
*Institute of Problems of Chemical Physics, 142432, Chemogolovka, Moscow region, Russia 

A novel catalytic approach to olefination of carbonyl compounds is proposed. A wide range 
of substituted alkenes can be obtained in high yields. Mild conditions and simplicity of the 
technique are significant features of the presented method. Possible mechanism of the new 
olefination reaction is discussed. It was found that the key intermediate· - a copper-carbene 
complex - showed the unusual behaviour under reaction conditions. 

Olefination of carbonyl compounds, that is R1R2C=O/R1R2C=CXY transformation is one of 

the most successful synthetic routes to a wide variety of substituted alkenes. Recently we have 

found new copper catalysed reaction of hydrazones of carbonyl compounds with halogen

containing compounds CHahXY such as CCl;i [1], CHCh, CBr4 [2], CHBr3, CF3CCh [3], 

CF2Cl-CFCh [3], CFCh, CF2Br2, CHI3, CCIJCN, CChCOOEt. A new carbon-carbon double 

bond is constructed during this reaction to open path to wide variety of substituted alkenes [ 1, 4]. 

Rt Cl 

>==< R1 Br 
R2 Cl >==< , l R2 Br 

Rt F ~ / R1\__/H >=< .....-•---- __ R_1 ____ ~ Rr-'Br 

R2 CF2CI \_0 

Rr ---- R1 · · Cl 

------✓---!--~ RrCOOEt 

R 1 F Rt 0 

RrF R1\_/H RrCN-. Rrl 
Rt, R2 = H, Alk, Ar 
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This transformation presents a novel ,non-Wittig approach to the olefination of carbonyl 

compounds. Various hydrazones of aldehydes and ketones can participate in this reaction to give 

substituted alkenes. More simple one pot procedure used in situ generated hydrazones was also 

elaborated. The target alkenes were prepared in high yield from readily available and inexpensive 

starting materials. Mild conditions and the simplicity of the technique are significant merits of the 

presented approach. The reaction is environmentally friendly, since sucn toxic materials as 

polyhalogenalkanes and hydrazine are utilized in the process. 

We proposed a novel catalytic cycle explaining the reaction mechanism. At the initial step 

CuCl is oxidized into copper (II). The formed Cu2
+ species reacts with hydrazone to give the 

copper-carbene complex I via the corresponding .. · diazoalkanes. The complex I is a key 

intermediate of the olefination reaction. Labile intermediate I reacts with the molecule of 

CHabXY giving the target alkene with regeneration or copper(II). 

An unusual behaviour of complex I should be noted. It is well-known that similar metal

carbene complexes are usually reacts with various nucleophiles. However the key intermediate I 

reacts with electrophiles CHabXY to form the corresponding alkenes. 

Acknowledgments: Financial support from Russian Fundamental Investigation Foundation 
(Grants NQ 00-03-32760 and NQ 00-03-32763 ) is gratefully acknowledged. 

References 

[1] A. V. Shastin, V. N. Korotchenko, V. G. Nenajdenko and E. S. Balenkova, Tetrahedron, 2000, 56, 6557 
[2]A. V. Shastin, V. N. Korotchenko, V. G. Nenajdenko and E. S. Balenkova, Synthesis, 2001, 2081. 
[3] V. N. Korotchenko, A. V. Shastin, V. G. Nenajdenko and E. S. Balenkova, Tetrahedron, 2001, 57, 7519. 
[4]V. N. Korotchenko, A. V. Shastin, V. G. Nenajdenko and E. S. Balenkova. J Chem. Soc. Perkin Trans 

1, 2002, .M! 7, 883. 

244 



PP-132 
COE,LIJIHEHIDI IIEPEXO,Ll;HbIX METAJIJIOB B coqETAHllU: C 

AJIKIIJIAJIIOMOKCAHAMH - KATAJill3ATOPLI IlOJIHMEPH3AD;llH 
OJIE<l>llHOB H ,ll;U:EHOB 

TRANSITION METAL COMPOUNDS IN COMBINATION WITH 
ALKYLALUMINOXANES AS CATALYSTS OF OLEFIN AND DIENE 

. ,POLYMERIZATION 

Hexaeea JI.A., noimapeHKO r .H. H <l>pOJIOB B.M. 

Nekhaeva L.A., Bortdarenko G.N. and Frolov V.M. 

HHCTHTYT HeqnexHMHqecKoro CHHTe3a HM. A.B. TorrqHeBa PAH 

JleHHHCKHM rrp., 29, MocKBa 119991, Poccm1 

E-mail: TIPS@ips.ac.ru 

Catalytic systems based on Zr, Co, Ti, V, and Nd in combination with -(-RAlO-)-0 , where 

R = Me or i-Bu, were used to polymerize olefins and dienes. The structure of MAO was 
studied by theoretical and experimental methods of vibrational spectroscopy. It was shown 

that, in active centers for polymerization of olefins, only som~ particularly · defined 

conformations of linear oligomers of MAO take part. The stereospecificity of catalytic 
systems for diene polymerization was shown to depend on the nature of -(-RAlO-)-0 and on 
that of the transition metal. , 

HecMoTp.SI Ha TO, qTo co BpeMeHH OTKpb1nuI UHrnepoM H Harra KaTarrHTHqecKoii: 

cHcTeMhI rronHMepH3arum onecpHHOB rrponmo 6onee qeThipex .uec.SITHneniii:, HHTepec K 

rro.uo6Horo po.na CHCTeMaM He TOJibKO He yMeHbIIIaeTC.SI, HO IlOCTO.SIHHO B03pacTaeT. B Haqane 

80-x ro,UOB HeMe:U:KHe HCCJie,UOBaTeJIH IIOKa3a.JIH [1 ], qTo qpe3BbJqaiiHO aKTHBHbie 

KaTaJIHTHqecKHe CHCTeMbI B roMo- H COIIOJIHMepH3a:U:HH HeHaCbIIUeHHbIX yrneBo,nopo.noB 

MOryT 6bITb rronyqeHbl Ha OCHOBe :U:HpKOHOUeH,UHXJIOpH.n;OB n MeTHJiaJIIOMOKCaHa · (MAO). 

Kncnopo.u aJIIOMOKCaHa, no ,uaHHblM HK-cneKTpOCKOIIHH, K0Op,UHHHpyeTC.SI C aTOM0M 

rrepexo,UHOfO MeTaJIJia. B KaTaJIHTHqecKOM CHCTeMe Cp-KOJibUa npe.ncTaBJI.SIIOT co6oii 

,noHopHyro qacrh, a aTOMbI Al .uayx MoneKyn anIOMOKCaHa - aK:u:errTOpHyro. 3ro 

B3aHMO.n;eii:cTBHe yMeHblllaeT 3JieKTpOHHYIO IIJIOTHOCTh Ha aTOMe nepexo,nH0fO MeTanna H 

MO)KeT cnoco6cTBOBaTb BHe.npeHHIO M0HOMepa ITO CB.SI3H Zr-C HJIH Zr-H [2]. J13yqeHa 

3aBHCHMOCTb aKTHBH0CTH KaTaJIHTHqecKOM CHCTeMbl OT HHJl;YKTHBHOM ( cr*) H CTepnqecKOM 

(Es) KOHCTaHT 3aMeCTHTeneit 

TioJIHMepH3a:U:ll.SI 6yra,nHeHa (SJ{) rro.n BJimrnHeM KaTaJIHTHqecKHX CHCTeM . Ha OCH0Be Co 

n Tic MAO npHBO.l(HT K nonyqeHHIO 1,4-:U:HC-IIOJIHMepoB, B TO BpeM.SI KaK a:u:eTHJia:u:eTOHaT V 

c MAO BbI3hrnaeT 1,4-rpaHc-rroJIHMepH3aUHIO :SJ{. Y CTaHOBJieHo, qTO rrpn 3aMeHe MAO Ha 

3THJI- HJIH H3o6yTHJiaJIIOMOKCaH rronyqaeTC.SI 1,2-IIOJIH6yra,nHeH (TIE). CoqeraHHe 
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3KCIIepHMeHTaJU,HbIX H TeopeTHqecKHX MeT0L(0B KOJie6aTeJibHOH . crreKTp0CK0IIHH II03B0JIHJI0 

ycTaH0BHTh, lJT0 B CHCTeMe rrpHC)7TCTBYIOT q>aKTHqecKH T0JihK0 KOHq>OpMaU,HH JIHHeMHbIX 

onHroMepoB MAO, B TO BpeM.sI KaK UHKJIHqecKHe onHroMephI oTcyTcTByIOT. KpoMe rnro, B 

CTpyKzype MAO, 3q><peKTHBHOfO B II0JIHMepH3a:u;1rn oneq>HHOB, HMelOTC.sI K0p0TKHe 

paccTO.sIHH.sI (2, 1-1,65A) Me)K,uy HecB.s13aHHhIMH Bo,uopo,nHbIMH arnMaMH MeTHJibHOM rpym1bl 

H KHCJI0p0,U0M coce,nHero 3BeHa. 3TH K0p0TKHe paCCT0.sIHH.sI, Bep0.sITH0, rrp1rno.n.s1T K 

BHYTpHMOJieKyJI..sipHOM acco:u;Hau1rn nma B0,nopo,uHoro CB.sI3bIBaHH..sI, B pe3yJibTaTe qero 

11O.sIBJI..sieTC.sI 3KCTpaOTpHUaTeJibHbIH 3ap.s1.u Ha aTOMe yrnepo,ua MeTHJlbHOM rpyl11Ibl H 

TIOJIO)KHTeJihHbIM Ha aTOMe KHCJIOpo,ua. I1on.s1pH3aUH.sI OJIHfOMepHOM uerrH MAO MO)KeT 

CTa6HJIH3HpOBaTb aKTHBHhIH ueHTp KaTaJIHTHqecKOM CHCTeMbl BbICOKO l10JI..sipH30BaHHOM 

M+o _ C-° CB.sI3bIO . ..sIMP-crreKTp MAO rro.nrnep)K,naeT, qrn MAO MO)KH0 paccMaTpHBaTh KaK 

H0CHTeJib-aKTHBaTop ,[(Jl.sI coe,UHHeHlrn 11epexo.n;Horo MeTaJIJia. Bo3MO)KHO, 110.no6Ha.sI 

11on.s1pH3aUH..sI onHroMepHoii: uerrH MAO, a TaK)Ke 6onee '061>eMH01e H3o6yTHJihHhie rpyrr1101 

H3o6yTHJiaJIIOMOKCaHa ITO cpaBHeHHIO c MeTHJibHhIMH rpyrrrraMH MAO .sIBJI.sIIOTC..sI IIpHqHHOM 

BhIII1eyKa3aHHhIX cTpyKTYPHhIX pa3m:1qHM TIE rrpH JaMeHe MAO Ha H3o6yTHJiaJIIOMOKcaH. 

O,nHaKO, TI0MHMO CTepHqecKHX 3aTpy,nHeHHM H L(OHOpHo-aKuerrT0pHoro BJIH.sIHH.sI, 

BO3HHKaIOID;HX BCJie,[(CTBHe JIHraHL(HOfO OKpy)KeHH..sI rrepeXO.[(HOfO MeTaJIJia, Ha 

CTepeocneuH<pHqHoCTb KaTaJIHTH"9:eCKOM CHCTeMhl TaK)Ke BJIH..sieT rrpHpo.na MeTaJIJia. 

I1pHMepoM TOMY cny)KaT JiaHTaHOH,UHhie KaTaJIHTHqecKHe CHCTeMbI, KOTOpbie l1O3BOJI..sIIOT 

rronyqaTb 1,4-I(Hc-TTE KaK c MAO, rnK II c mo6yTHJiaJIIOMOKCaHoM. KaTaJIHTHqecKa.sI 

cHcTeMa AlhNdCl ·2MgCh ·2Tf<t> /MAO (Tf<I>-TeTpam,upo<pypaH) II03BOJI..sieT nonyqaTh 

1,4-:u;Hc-ITE C 98%-HbIM co,uep)KaHHeM 1,4-UHC-3BeHbeB, B TO BpeM.sI KaK ,UJI.sI JiaHTaHOH.ZJ;HbIX 

KaTaJIHTHqecKHX CHCTeM c mo6yrn:JiaTJIOMOKCaHOM L(JI.sI 6orree BbIC0KOM 

cTepeocrreuHcpnqHoCTH HY)KHhI crreunanoHI>Ie .no6aBKH, HanpHMep, (CH3)2SiCh HJIH 

(C4H 9) 2A1Cl. TaKHM o6pa3oM, ,nn.s1 6onee ycrreII1Horo Be,ueHH..sI rrpouecca Heo6xo,nnMo 

,UOCTH)KeHHe orrpe.neneHHOTO .[(OHOpHO-aKuerrTOpHoro paBHOBec1rn 

JlnTeparypa 
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MEXAHH3M qEPE)zyl()~EHCR COOJIHrOMEPH3A~HH HOPliOPHEHA 
H CO HA IIAJIJIA,ll:HHCO)];EP)KA~HX KATAJIHTHqECKHX CHCTEMAX 

BMETAHOJIE 

THE MECHANISM OF ALTERNATING COOLIGOMERIZATION OF 
NORBORNENE AND CARBON MONOXIDE ON Pd-CATALYTIC SYSTEM 

IN METHANOL SOLUTION 

HoBHKOBa E.B. H JieJIOB r .II. 
Novikova E.V. and Belov G.P. 

llHCTHT)'T rrpo6neM XHMHqecKoii q>H3HKH P AH, MocKOBCKrui: o6n. 14 24 3 2, 
llepHoronoBKa,PoccH.sr 

E-mail: gbelov@cat.icp.ac.ru 

The copolymerization of carbon monoxide and norbomene in the presence catalytic 

system Pd(CH3COO)2-Ph2P(CH2)3PPh2-acids (p-CH3C6H4SO4, HOOC-COOH or 
(CH3)2PhHNB(C6Hs)4) has been studied. The mechanism of alternating coolygomerization of 
CO and norbornene was proposed. 

Cpe,nH l(HKJIHqecKHX MOHOMepoB, KOTOpbie oco6eHHO rrpHBJieKaIOT BHHMaHHe B rrpouecce 

COIIOJIHMepH3al(HH oneq>IIHOB II CO, MO)KHO Ha3BaTb 6Hl(IIKJI0[2.2. l. ]-rerrTeH-2 (Hop6opHeH -

HE), rOMO- II COIIOJIHMephI KOTOporo C a-oneqmHaMH y)Ke rrpOH3BOMTC.sI B rrpOMhllIIJICHHOM 

MacmTa6e [1]. lh JIHTepaTyphI H3BeCTHO, qTQ B cpe,ne MeTaHOJia B pe3yJibTaTe 

COIIOJIIIMep1I3al(HH HE H co o6pa3yIOTC.sI rrpeHMymecTBeHHO J(H- II TpHMepHI,Ie CTpyKTyphI 

[2-4]. B Hacro.srmeii pa6oTe myqanacb coonHroMepH3al(mI Hop6oHeHa (HE) H CO Ha 

KaTaJIHTHqecKHX CHCTeMax Pd(CH3COO)2 - Ph2P(CH2)3PPh2 - A (r,ne A - rrapa

TonyoncynLq>OKHcnorn, maBeneBrui: KHcnorn HJIH Me2PhHNB(C6F sk ELrno ycTaHOBJieHo, 

qTo yMeHbIIIeHHe co.nep)KaHH.sI MeTaHOJia B peaKI(HOHHOH 3OHe rrpHBOJ(HT K yBeJIHqemuo MM 

COOJIHroMepoB. B TO)Ke BpeM.sr 6bIJIII Haii,n;eHhl ycJI0BH.sI, Kor,na ceJieKTHBH0CTb rrpou;ecca no 

.L(HMepHhIM CTPYKT)'paM COCTaBJI.sieT 100% H rrpH 3TOM o6pa3yIOTC.sI J(HMepHbie JiaKT0HHhie H 

JIHHeHHhie cTpyKTYPhI. llcxoM H3 ,naHHhIX no orrpe.neneHHIO crpyKTyp1>1 coonHroMepoB, 

rIOnyqeHHhIX Mern,n;aMH HK-, 13C H 1H 51MP npe,nJI0)KeHa cxeMa MexamnMa 

coonHroMepH3al(mi HE H CO B MeTaHone ( cxeMa 1). 
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CxeMa 1. MexaHH3M COOJIMfOMepmauJnI M0H00KCM)."(a yrnep9,na c1 Hop60P,HeHOM 

OMe 

0
~ 0 0 

2tfd0Mo9,iv Pd~~ 
Ill 0~ D ]°OH 

' ·• . . CO.H6 J~I 
~ . ~ 8 owO 0 

Pd-OCH 6eHJOXIIJH.OH - Pd-H 

""' ~() . .. · CH,OH . '< . • 
'\ 0 H 

n>2; m>1 

O\OH 

B 

Pd 

n n (CO,H6) 

II . Pd-0 0 0 Pd-C\:: 0~ 
0 ~ pg~ (>(lo 

PdY4:d 

I C L /CO,H6 

~ · H20,H + 

Pd \:::j ~ . 0\1e · 

Pa6oTa rroMep)KaHa P<l><l>ll (rpaHT O 1-03-332448) 

JlnTepa'fYpa 
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[2]Roberto D., Cattallani M., Chusohi G.P. Tetrahedron Lett. 1988. V. 29. NQ 17. P. 2115. 
[3]Kawaguchi T., Kanno M., Yanagihara T., Inoue Y. J. Molecular CataL A: Chemical. 1999. V.143. 

NQ 3. P. 253. 
[4]Zhang S.W., Kanako T., Takahashi S. Macromolecules. 2000. V. 33. P. 6930. 
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MECHANISM OF OLEFIN HYDROCARBOALKOXYLATION CATALYZED BY 

Pd(II) COMPLEXES. THE ROLE OF ANIONIC LIGAND ·' 

MEXAHH3M rll):(POKAPliOAJIKOKCHJillPOBAHIDI OJIE<l>HHOB IlPII 
KAT AJIH3E KOMilJIEKCAMH Pd(II). POJIL AHHOHHOro JIHr AH~A 

Noskov Yu.G. and Petrov E.S. 

HocKoB IO.r. u IleTpos 3.C. 

SRC «Karpov Institute of Physical Chemistry» 
Vorontsovo Pole Str., I 0, Moscow 103064, Russia 

Fax: + 7 -95-9752450; E-mail: petrov@cc.nithi.ac.ru 

The kine~ics of the reaction of styrene with CO and n-butanol catalyzed by PdC12L/mL 
(A) and Pd(dba)/nTsOH/mL (B), where L - Ph3P, dba - dibenzylidenacetone, in dioxane 
(383K) was studied. The kinetic models based on the experimental results allow us to 
conclude that accumulation of regioisomeric products of carbonylation reaction proceeds via 
the three intermediate hydride complexes HPdL2.nCCO)"Cl (n = 0-2) in the system A · (four 
routes of the reaction) but only one hydride intermediate HPdL/Tso· in the system B (two 
routes). 

The Pd(II) complexes containing a weakly bounded anionic ligand usually are the more 

active homogeneous catalysts for carbonylation of unsaturated hydrocarbons than the complex 

PdCl2L2 containing a strongly coordinated anionic ligand [1-3]. It is believed that a variation 

in coordination of anionic ligand to the central atom not only affects the catalytic activity of 

palladium complex, but also causes a change in the mechanism of the process. In order to 

reveal a role of this factor in the mechanism of such reactions we have compared two 

palladium catalysts (Cat), which are essentially distinguished by a nature of anionic ligands, 

in a reaction of styrene with n-butanol and CO in dioxane medium (383K) [4,5]: 

Cat 
PhCH=CH2 + CO + BuOH • PhCH2CH2COOBu + Ph(CH3)CHCOOBu 

(1) (2) 
Cat: A. PdC12L/mL (m=2-16), B. Pd(dba)/nTsOH/mL (n=4-40, m=8-32) 

The reaction catalyzed by the system A gives mainly a branched regioisomer 2, whose 

content slightly decreases with an increase in L/Pd value (m) and markedly rises as CO 

pressure (P) increases. In the presence of the system B the main product is the. linear 

regioisomer 1 whose content ( ~ 76%) is independent of m value and ~lightly decreases with an 

increasing P. The catalytic systems differ in a character of dependences of the initial rate of 

styrene conversion (r) on concentrations of the reactants and the catalyst components. The 

kinetic effects of P differ most considerably: if in the case A the r increases with increasing P 

and the order of r with respect to P is greater than unity, in the case B the dependence r on P 

exhibit a feebly pronounced maximum in the region of 0.5 MPa. At relatively low P the 
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catalyst B is thus really more active than the catalyst A (at 0.5 MPa TOF is equal to 70 h-1 and 

4 h-1
, respectively), but at rather high P their activities are about the same (at 3 MPa TOF is 

equal ~o 37h-1 and 34h-1
, respectively). It is also noteworthy that the complex 

(PhC2H4CO)PdClL2 can be isolated from the reaction mixture A, whereas even in situ 

IR-spectrum of the system B does not exhibit v(C=O) absorption band typical of Pd(II) acyl 

complex. It follows from the results obtained that the mechanism of the process changes when 

the catalyst A is replaced by the catalyst B. The essence of these changes is interpreted on the 

basis of the general scheme of hydride mechanism of olefin carbonylation catalyzed by Pd 

complexes [4,6]. A simplified variant of the scheme is shown here (St - styrene). 

+ co co 
HP<ly+~ PdL2.-..Pd(CO)L2 ._.. Pd(CO)zL2 l y !HX HX!-L ,-2l 
~~+ ~2X HPd(OO)LX 

St,CQ BuOH StiCQ BuOH 

Nl N2 N3 

2 1 

HP<!(CO)iX 

s~il, BuOH 

N6 

2 

According to the results of 

mathematical treatment of the 

kinetic data the reaction of 

styrene hydrocarboalkoxylation 

proceeds by the four routes 

(N3-N6
) in the presence of the 

catalyst A and by the two routes 

(N1
, N2

) in the presence of the catalyst B. In the former case the key intermediates 4-6 arise 

from the oxidative addition of HX (X is the strongly coordinated Cl) to appropriate Pd0 

species, whereas in the latter case (X is the weakly bound TsO) the single ionic complex 3 

arises from protonation of PdL2• The mono- and dicarbonyl forms of Pd0 are the ballast 

fraction of the catalyst B, because of that an increase in P results in a decrease in r at 

P>0.5 MPa. Since analogues of hydride complexes 5, 6 responsible for accumulation of 2 are 

absent in the system B, the formation of regioisomer 1 becomes the prevailing reaction route. 

However, the insertion of styrene into the H-Pd bond of coordinatively unsaturated complex 3 

appears to occur less regioselectively ( <80%) than that in the case of HPdL2Cl ( 100% ). 

The study was supported by the Russian Foundation for Basic Research (project 
No. 98-03-3 203 5). 
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POJII, MCOPliIJ;HH PEArEHTOB B IlPOIJ;ECCE BOCCTAHOBJIEHIDI NO 
IIPOIIEHOM HA CJIO)KHbIX OKCH)];HLIX CHCTEMAX HA OCHOB}; Zr02 

THE ROLE OF REAGENT ADSORPTION IN THE PROCESS OF NO REDUCTION 
BY PROPENE OVER THE COMPLEX OXIDE Zr02-BASED SYSTEMS 

OpJIHK C.H., CTpy,KKO B.JI., MHpOHIOK T.B. u TeJib6H3 r.M. 

Orlyk S.N., Struzhko V.L., Mironyuk T.V. and Tel'biz G.M. 

HHcTHTYT q>I13Ht.J:ecKoii XHMHH HM. JI.B. IlHcap)KeBcKoro HAH YKpaHHhI 
IlpocrreKT HayKH, 31, KHeB 03039,YKpaHHa 

<t>aKc: (044) 265 62 16; E-mail: ipcukr@sovam.com; Sorlyk@Yahoo.co.uk 

The adsorption of NO, propene and their mixture on the Rh-Cr2O3/ZrO2 and 
Rh-CeO2/ZrO2 catalysts at 293-693 K was studied by the means of 
IR-spectroscopy. It was established an essential differences of reagent adsorption and 
coadsorption (NO and C3H6) in dependence of surface nature. Weak adsorption interactions 
of reaction mixture on the Rh-CeO2/ZrO2 lead to essentially smaller activity of this catalyst in 
SCR NO by propene. 

B ,n;aHHOM coo6m:eHHH rrpe,n;CTaBJieHI,I pe3yJibTaTbl myqemur MeTO)];OM 

HK-crreKTpocKOIIHH a,n;cop6u;HH NO, C3H6 M MX cMeCM Ha KaTarrmaTOpax Rh-Cr2O3/ZrO2 H 

Rh-CeO2/ZrO2 C u;eJiblO YCTaHOBJieHmI B03MO)KHblX IIOBepXHOCTHblX HHTepMe,[(HaTOB 

peaKD;MH CKB NO-C3H6 H HX Koppemru;HM c KaTaJIMTHt.J:ecKoii aKTHBH0CThIO. 

TionyqeHHbie pe3yJibTaTbl IIO3BOJI.SUOT paCCMOTpeTb MexaHM3M peaKIJ;HM NO+C3H6( +02) 

c ytiaCTHeM rrpOTOHO,[(OH0pHbIX u;eHTpOB IIOBepXH0CTM (CMJibHbIX KHCJIOTHbIX B-u:eHrpOB) [1] 

B 06pa1oaamrn: rrpot.J:Hocag3aHHhIX a.n;cop6HpoBaHHhIX coe,n;HHeHHii C3H6 (-C3Hs, 1t-C3Hs, 

IIOJIHeH0BhIX qacTmi:) H aTOMOB p0L!;H}l, Ha KOTOpbIX o6pa3yIOTC}l a.n;cop6HpOBaHHbie 

rroaepxHOCTHhie K0MIIJieKChI NO c rrocne,n;yIOII(HM <popMnpoBaHHeM qacTHD;hl Rh-NO+. 3aTeM 

:na qacTHUa pearHpyeT c rrp0IIHJieH0M HIHJili .n;pyrnMH a,n;cop6HpOBaHHblMH qacrn:naMH 

rrponnneHa (n-C3H5, rronHeHoM) c o6pa3oBami:eM H30UHaHaTHbIX K0MIIJieKcoB Rh-NCO. 

B3aHMo,n;eiicrnHe TaKHX KOMIIJieKCOB B ycnomu1x CKB-peaKUHH c OKHCJIHTeJrnMH (02, NO, 

NO2) npHBO.UHT K o6pa3oBaHHIO npo.n;yKTOB peaKU:HH - N2, N2O H CO2. MexaHH3M peaKu;MH 

ceJieKTHBH0ro BOCCTaH0BJieHmI NO nponeHOM c yqeTOM BbIIIIenpHBe,UeHHOro, a TaK)Ke pa6oT 

[2, 3] M0)KHO npe,ucTaBHTh cne.n;yromeii cxeMoii: 

Rh+ + NO ⇒ Rh-NO+ 

C3H6ra1 ⇒ C3H6aJ.1c⇒ 1t-C3H5 

Rh-NO+ + 1t-C3Hs ⇒ Rh-NCO 

Rh-NCO + NO (02, N02) ⇒ N2, N20, CO2. 
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B HeCeJieKTHBH0M rrpo:u;ecce B0CCTaH0BJieHH5I M0H00KCH,Ua a.30Ta rnaBHYIO p0Jib, II0 

HameMy MHeHHIO, HrpaeT pO.l(HH, , Ha K0T0p0M B 0TCYTCTBHe 0KHCJIHTeJI5I-K0HKypeHTa 02 

rrp0HCX0.l(HT ,llHCC0I.Ufa:UH.SI NO Ha: N-a O-aTOMbl. O6pa.30BaBIIIHHC,SI aTOMapHbIH KHCJIOpo.u 

aKTHBHpyeT yrneB0.l(0po.u C o6pa.30BamieM rrp0.llYKTOB rrap:u;HaJibH0f0 0KHCJieHH,SI ( CIIHpTbl, 

KHCJI0Tbl, aJib.l(eflI.l(bI), TO eCTb, a 0TCYTCTBHe KHCJI0po,ua Ha o60IIX po,UHHCO.l(ep)Kam;HX 

KaTaJIH3aTopax NO .ueiiCTByeT KaK M,SirKHH OKHCJIHTeJib yrneao.uopo.l(OB, BOCCTaHaBJIHBMCb 

rrpH 3T0M .ll0 N2 Hlmrn N2O (rn6n.). B cnyqae Rh-CeO2/ZrO2 aa)KHYIO ponb HrpaeT pe.l(oKc 

rrapa Ce3+/Ce4+, K0TOpM 5IBMeTC,SI aKKyMynuopoM KHCJiopo.l(a [4]. 

Ta6nH:u;a. KaTaJIHTJiqecKa5I aKTHBH0CTb Rh-MexO/ZrO2 B peaK:u;HH aoccTaHOBJieHH5I NO 

rrporreHoM. /0.05% NO+ 0.09% C3H6 + 5% (02) + Ar; V = 6000 q-I / 

· KaTaJIH3aTOp · 
KoHaepCH,SI NO,%/TvC .uocn1)KeHH,SI B peaKUH5IX 

C3H6+NO (rrpo,uyKTbI rrapu;HaJihHoro OKHCJieHH5I) C3H6+NO+O2 

Rh-Cr2O3/ZrO2 
100/250-500 (MeTaHOJI, 6yTaHOJI, IIp0IIH0H0Ba5I 

67/280 
KHCJI0Ta, MaCJI,S!HbIH aJlb,Uem.u) 

Rh-CeO2/ZrO2 
98-100/250-500 (MeTaHOJI, 3TaH0JI, rrporrH0H0Ba,SI 

21/360 
KHCJIOTa) 

TaKHM o6pa.30M, rrpoBe,UeHHbie HCCJie,uoaamrn II0Ka3aJIH, qTo B 3aBHCHM0CTH OT 

rrpHp0.l(bl II0BepXH0CT~ CJI0)I(HbIX 0KCH.l(HblX CHCTeM MexO/ZrO2, .l(0IIHp0BaHHbIX p0.l(HeM, 

a.ucop6:u;H5I Ii coa.l(cop9:u;H5I peareHTOB (NO H C3H6) HMeeT cym.ecrneHHhie ornHqJI,SI. 

IlpHqHHOH cna6hIX a.l(COp6uHoHH~IX B3aHMO.l(eHC]'BHH peaKI.J;HOHH0H CMeCH Ha II0BepXH0CTH 

o6pa.3:u;a Rh-CeO2/ZrO2 rrpH TeMrrepc1:rypax 6JIH3KHX K KaTanmy 5IBJI5leTc5I oTcyTcTBHe Ha ero 

II~BepXH0CTH <pyHKUHOHaJibHbIX rpyrrrr KHCJI0TH0ro xapaKTepa [1], qTo IIpHB0,UHT K 

3HaqHTeJihHO MeHhmeii aKTHBHOCTH 3Toro KaTaJIH3aTopa B peaKIJ;HH cerreKTHBHOro 

aoc~TaH0BJiemrn NO rrporrettoM. 
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PP-136 
USE OF CALORIMETRIC AND ADSORPTION DATA ON SIMPLE STEPS OF 

AMMONIA SYNTHESIS TO REVEAL THE LIMITING STEP AND MECHANISM 
OF THIS PROCESS 

HCIIOJih30BAHIIE KAJIOPHMETPHq:ECKHX H A,I(COPli:QHOHHhIX 
,L(AHHLIX O CT A,L(IDIX CHHTE3A AMMHAKA )];.JlSI BhUIBJIEHIDI 

JIHMHTHPYIOfnEH CTA,L(HH H MEXAHH3MA )];AHHOro IIPO:QECCA 

Ostrovskii V .E. 

OcTpoBcKnii: B.E. 

SRC "Karpov Institute of Physical Chemistry" 
ul. Vorontsovo Pole, 10, Moscow 103064, Russia 

Fax: (095) 975-2450; E-mail: vostrov@cc.nifhi.ac.ru 

From the available ~inetic data given by Benton and Winter for the NH3 synthesis and 
decomposition, respectively, a kinetic equation can be deduced for the process of NH3 

synthesis near the equilibrium at Fe/K.2O/ AhO3 catalysts. This equation was explained by 
Temkin and Pyzhev on several assumptions, including a linear decrease in N2 adsorption in a 
range of middle coverages of the catalyst surface. Studies of the steps of the NH3 synthesis 
did not confirm these assumptions. A mechanism resulting in the same equation is proposed 
on the basis of recent data on homogeneity of the catalyst surface relative to the heats of N2 

adsorption. This mechanism corresponds also to other data on the steps of the NH3 synthesis. 

On the basis of the kinetic regularities of Winter (1931) and Benton ( 1927), after 

approximation of p(NH3)°"9 (Winter) by p(NH3)1-0
, the following equation for the rate of the 

NH3 synthesis at Fe/K2O/ AhO3 catalysts for industrial conditions near the equilibrium can be 

unambiguously deduced 

(1) 

where r+ and r_ are the rates of the reaction in the forward and backward directions, 

respectively; p(N2), p(H2), and p(NH3) are the N2, H2, and NH3 pressures, respectively; and k+ 

and IL are the rate constants for the reaction in the forward and backward directions, 

respectively. 

Subsequently, the attempts were made to explain this kinetics on the basis of assumptions 

on the surface heterogeneity relative to the differential heats and energies of activation of N2 

adsorption (Temkin and Pyzhev, 1939). However, our meas'!rements show that the 

differential heats of N2 adsorption at Fe-catalysts are independent of the surface coverage and 

decrease only in the range of the surface saturation and the measurements performed by Ertl 

show that, at moderate coverages, the activation energy for the recombination desorption of 

nitrogen from the (111), (110), and (100) iron faces is coverage-independent, while the rate of 
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desorption is proportional to the coverage. Therefore, the equation ( 1) can not be explained on 

the basis of an assumption of heterogeneity of the surfaces. 

Taking into account our calorimetric and adsorption studies of the steps of the ammonia 

synthesis and the available data relative to this subject and basing on the concept on a cluster 

nature of catalyst surfaces, we conclude that the surface is homogeneous relative to the heats 

and activation energies of adsorption and that, under conditions of the stationary NH3 

synthesis near the equilibrium, the limiting step is adsorption of molecular nitrogen at the 

surface covered almost entirely by nitrogen atoms. The mechanisms can be described by one 

of the following sets of steps: 

or 

(1.1) N2 + Z = ZN2, 

(1.2) ZN2 + 3 H2 = 2 NH1 + Z, 

(1.3) Z + ZN2 =➔ 2 ZN; 

(2.1) N2 + Z = ZN2, 

(2.2) 2 ZN + 3 H2 = 2 NH3 + 2 Z, 

(2.3) ZN2 + Z =➔ 2 ZN. 

(Z is the active center of the surface, the equality sign denotes the limiting step, the identity 

sign denotes the equilibrium step, and the arrow shows the direction of shifting of the 

equilibrium.) These two mechanisms are equivalent for deduction of the kinetic equation. 

Equation (1) can be deduced from each of them under condition that 0(ZN)~l and (8(ZN))2~1 

(S(ZN) is the coverage by N-atoms). It may appear that the mechanism contradicts to the 

conclusion of Ertl on fast adsorption of the N2 molecules at moderate coverages. However, 

there is no contradiction. At the steady-state catalytic reaction, the slowness of the N2 

adsorption is caused by the smallness of the surface portion free of N-atoms rather than by the 

smallness of the constant of the adsorption rate. 
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MECHANISM OF a-OLEFINS HYDROALUMINATION BY ALKYLALANES IN 

PRESENCE OF Cp2ZrCl2 AS CATALYST 

MEXAHH3M rll,[(POAJIIOMHHHPOBAHIDI a-OJIE<l>HHOB AJIKHJIAJIAHAMH 
B IIPHCYTCTBHH KAT AJIH3ATOP A Cp2ZrCh 

Parfenova L.V., Pechatkina S.V., Rusakov S.V., Khalilov L.M. and Dzhemilev U.M. 

1Iap4>euosa JI.B., IIe"l:aTirnua C.B., PycaKoe C.B., XaJIHJIOB JI.M. u ~eMHJieB Y.M. 

Institute of Petrochemistry and Catalysis BRAS and USC RAS 
pr. Oktyabrya, 141, Ufa 450075, Russia 

E-mail: ink@anrb.ru 

By means of dynamic NMR spectroscopy, a reaction mechanism of a-olefins 
hydroalumination by alkylalanes in the presence of Cp2ZrCh catalyst has been studied. It has 
been shown that (i-Bu)iAlH or (i-Bu)2A1Cl interacts with Cp2ZrCh and yields intermediate 
hydride complexes which further take part in alkenes hydrometallation. In reactions with 
(i-Bu)3Al bimetallic complexes with isobutyl substitutes are formed. For all mentioned 
reactions kinetic regularities that depend on organoaluminium compounds (OAC) nature and 
experiment conditions have been established. 

Within the research of reactions mechanisms of OAC with olefins under conditions of 

metallocomplex catalysis [1-3], the authors have studied a mechanism of terminal alkenes 

hydroalumination by alkylalanes ((i-Bu)2AlH, (i-Bu)2A1Cl, (i-Bu)3Al) in the presence of 

Cp2ZrCh. 
A stable at the temperature of -90--;--70°C complex (I) with Cp-rings carbon atoms 

resonating at 108.3 ppm is formed as a result of (i-Bu)2AIH interaction with Cp2ZrCh. Next, 

after increasing of the temperature (-40°C), this complex completely transforms into a mixed 

Zr-Al trihydride complex (II) which contains Zr-H-Al bonds. The structure of the complex 

{II) has been established by comparing 1H NMR data obtained with those known from the 

literature [4]. 
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Addition of a-olefin to complex (II) makes upfield signals of hydride atoms in 1 H NMR 

spectra at -0.7 and -1.9 ppm and downfield signals of carbon atoms corresponding to 

Cp-rings at 105.1 ppm in 13C NMR disappear, which is _ an evidence of the complex (II) 

destruction. Furthermore, the · simultaneous disappearing of bo~ . upfield signals of hydride 

atoms shows that Zr-H and Zr-H-Al have almost the same reactivity with the olefin. A new 

resonance line of Cp-rings carbon atom·s at 112.9 ppm in the 13C NMR spectrum along with a 

typical sharp signal at 35.5 ppm, which corresponds to a-carbon atom bonded with Zr, 

indicates that the complex (III) has been formed. The latter transmetallates under condition of 

OAC excess and yields complex (IV). 

The same results have been obtained during the investigation of (i-Bu)2AICI reaction with 

Cp2ZrCh; however, the concentration of the intermediate hydride complexes on the first stage 

of the reaction is significantly lower. This fact is consistent with a relatively long latent period 

in_ interaction of (i-Bu)2AlCl with the olefin (Fig. 1 ). In the case of studying (i-Bu)3AI an 

intermediate (V) with a bridge isobutyl- group is being formed on the first stage of the 

reaction. 

Cp2Zrt:12 + 2A1Bui3 
-OAlBui2 

~Hex 
--===<--- (I) - (II) -- (Ill) -(IV) 

Kinetic data shows that in the case of (i-Bu)2AlH, the reaction speed remain low, and 

even after 24 hours the hydrometallation product outcome remains less then 40%. The highest 

speed of the ·hydrometallation reaction can be observed at 20°C in case of (i-Bu)3Al usage 

(Fig. 2). 
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HEJIHHEHHLIE 3AKOHhI COXP AHEHIDI B KHHETHKE 

KATAJIHTJlqECKHXPEAKQHH 

NON-LINEAR LAWS OF CONSERVATION IN KINETICS OF CATALYTIC 
REACTIONS 

IlaTMap 3.C. H Kom>noe H.H. 

Patmar E.S. and Koltsov N.I. 

llyBaIIICKHH rocy,z:i:apcrneHHbIH yHHBepcHTeT HM. 11.H. YnMIHOBa 
MocKOBCKHH np., 15, lle60Kcapb1428015, Poccm1 
<l>aKc: (8352)428090; E-mail: koltsov@chuvsu.ru 

The classes of catalytic reactions schemes with some nonlinear conservation laws are 
given. 

B KaTaJJHTH11eCKHX peaKD;IUIX MoryT cymecTBoBaTb KaK JIHI-IeHHbie, TaK H HemrneHHbie 

3aKOHbI coxpaHemrn (3C) [1]. ,Um1 TaKHX peaKI.(HH Bcer,z:i:a HMeeTC.sI, no MeHbllleH Mepe, O,UHH 

3C KOmrcieCTBa aTOMOB KaTaJJH3aTopa Ha e,n:HHMI.(e ero IIOBepXHOCTM. 3TOT 3aKOH .srnmreTC.sI 

JIHHeHHbIM l! 11O3TOMY IlO3BOIDieT nerno HCKJIIOl:JHTh O.l(HO H3 HeH3BeCTHhIX, TO eCTb Bbipa3HTh 

KOHD;eHTpau;mo O,UHOfO H3 npoMe)l(yTO11HhIX BemecTB qepe3 KOHI.(eHTpan;HH OCTaJihHhIX. B 

o6rn;eM BH,[(e ,z:i:m1 KaTaJIHTH11eCKHX peaKD;HH JIHHeHHhie 3C HMeIOT BH.l( 

I pix i = canst, 
j 

(1) 

r,z:i:e X j - KOHD;eHTpal(HH npoMe)KyTOl:!HhIX BemecTB, p j - HeKOTOpbie KOHCTaHThI. Cpe,UH '.nID( 

3C BbUJ;eIDIIOf CTeXHOMeipwiecKHe ( p j onpe,uemIIOTC.sI TOJibKO qepe3 CTeXHOMeTpHqecKHe 

K03<pq>HUHeHTbl rrpoMe)KyT011HbIX BeII(eCTB) H KHHern:qecKHe ( p j 3aBHC5IT OT KOHCTaHT 

CKOpocTeH CTa,l1;HH). BrrepBbie JIHHeHHbie 3C HCCJie,DPBaHhl B µi6ore [2], pe3yJibTaThl KOTOpOH 

yToqHeHbl B (3], a B [4] pa3pa60TaHa KOMilbIOTepHa.sI nporpaMMa ,[(JI5I HaXO)K,l1;eHH.sI JIHHeHHbIX 

CTeXHOMeTpHqecKHX H KHHeTH11eCKHX 3C. B pa6oTe [1] ,L(Jl.sI HeKOTOpbIX KJiaCCOB CTa,z:J;HHHbIX 

cxeM peaKD;HH rrpnBe,z:i:eH MeTO,[( onpe,n:eneHH.sI HemrneHHbIX 3C, Bbipa)l(eHHbIX B BH.l(e 

:rneMeHTapHbIX cpyHKI(HH 3KCilOHeHI.J;HaJibHOH cpopMbl [5] 

- P· 
exp( f0 )TI f; 1 = Const, (2) 

i 

r,z:i:e f - BeKTOp paa;HOHaJibHbIX cpyHKI.(Hfi OT KOHIJ;eHTpau;Hii: BeII(eCTB, p - BeKTrip I10CT05IHHbIX 

rrapaMeTpOB, 3aBHC.sIIUHX OT rrop.sI.l(Ka H KOHCTaHT CKOpOCTeH CTa,UHH. B ,n:aHHOM coo6rn;eHHH 

rrpHBe,ueHbl HOBbie pe3yJihTaTbl, pacnrnp.sIIOII(He KJiaCCbl CTa,[(HHHbIX cxeM KaTaJIHTHqecKHX 
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peru<rraii, o6Jia,n;aromHX HeCKOJlbKHMH HeJIHHeHHbIMH 3C. B Ta6JIHD;e rrpe,n:CTaBJieHbl 

npHMepnI TaKHX cxeM (Xj - npoMe)l()'TOtJHbie aemecTBa). 

CxeMbl HeJIHneiiHbie 3C 

X1 ⇒ X2' X1 +X2 ⇒Xa +X4, lr(x2 +q1)+cn ·arctg('13t)+q4lr(45 +t)+q6h\q7-t)=c.xn; 

~+~ ⇒~, X4+~ ⇒~ lr(x2 + u1)+ u2. arctg(u~)+ l¼ lr(u5 +g)+ ll(i lr(U7 -g) = c.xn; 
t=(x2 +q1)/ (x3 +qg), g=(x2 +u1)/ (x4 +u8) 

Xi ⇒ X2,~+~ ⇒~+X4, lr(x2 +q1)+q2 ·arctg('13t)+q4lr(45 +t)+q6lr(q7 -t)=c.xn; 

X,+~ ⇒2X, ~+X, ⇒2Xs, lr(x2 +u1)+u2 -arctg(u~)+l¼bXus +g)+ll(ilr(U7-g)=c.xn; 
t=(x2 +q1)/ (x3 +qg), g=(x2 +u1)/ (x4 +ug) 

X5 ⇒ X1 

X, ⇒Xi, X,+Xi ⇒~+><i, lr(x2 +q1)+cn ·arctg('13t)+q4lr(45 +t)+q6hiq7-t)=an; 

X, + ~ ⇒2X ><i + X, ⇒2X' h\x2 + u1)+ u2 · arctg(~)+ U+ lJXu5 + g)+ ll(j bX u7 -g) = cm; 

X, +Xi ⇒2X,_;, X1 + X5 ⇒ 2X1 
lr(x2 + v1)+ v 2 · arctg(v3h)+ v 4 lr(v 5 + h)+ v 6 lJXv7 - h) = an; 

g=(x2+UJ.)/(~+~, t=(x2+q)/(x3~), 

h=(x2+vi)/ (Xs+\g 

** qi, Uj, vi - q>yHKQHH OT KOHCTaHT CKopocTeH (i= 1, ... ,8). 

3TH cxeMbl MoryT 6bITb npHMeHeHbl K KOHKpeTHLIM peaKD;HSIM. TaK, .Zl:JI51 KaTa.JIHTHtJeCKOH 

peaKD;HH OKHCJieHHSI BO,n:opo,ua rrepaasr cxeMa Ta6JIHD;bl 3aIIHIIIeTCSI: 

l.K +02 ⇒ K02 3.K +KH20 ⇒ 2K +H20 

2.K +K02 + H 2 ⇒ KO+KH 20 4.K +KO+H2 ⇒ 2K +H20 

TaKHM o6pa.30M, npoae,n:eHHbie HCCJie,n:oBaHHSI TI03BOJIHJIH Bbl,UeJIHTb p.sI,n: HOBbIX KJiaCCOB 

CTa,lJ;HHHbIX cxeM peaKD;HH, xapaKTepH3YIOIQMXCSI HeJIHHeHHbIMH 3C B BII,n;e 3JieMeHTapHbIX 

<PYHKD;HH. 
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HOBI,IU: no~xo~ K IIOJIYllEHHIO If H3yqEHHIO MEXAHH3MA 

<l>OPMHPOBAHIDI AKTHBHbIX I(EHTPOB B CY Jlh<l>ATHPOBAHHOM 
I(HPKOHHHCO~PiKAlllEM KATAJIH3ATOPE CKEJIETHOH 

H30MEPH3AI(HH AJIKAHOB 

NEW APPROACH TO PREPARATION AND INVESTIGATION OF ACTIVE SITES 
IN SULFATED ZIRCONIA CATALYSTS FOR SKELETAL ISOMERIZATION OF 

ALKANES 

IlaxoMOB H.A., Hsauosa A.C., Mopo3 3.M., lie~HJIO A.<I>. * u BoJio.a:uu A.M. · 

Pakhomov N.A., Ivanova A.S., Moroz E.M., Bedilo A.F.*, and Volodin A.M. 

Boreskov Institute of Catalysis SB RAS, 
Prosp. Akademika Lavrentieva, 5, Novosibirsk 630090, Russia 

E-mail: pakhomov@catalysis.nsk.su 
*Department of Chemistry, Kansas State University, Manhattan, Kansas 66506, USA 

Catalysts active in the isomerization of n-butane have been synthesized by depositing 
sulfate ions on well-crystallized defective cubic structures based on ZrO2. This technique for 
introduction of sulfates does not result in any significant changes in the bulk properties of 
zirconium dioxide matrix. Active sulfated catalysts were prepared on the basis of cubic solid 
solutions of ZrO2 with calcium oxide and on the basis of cubic anion-doped ZrO2. The 
dependence of the catalytic activity on the amount of calcium appeared to have a maximum 
corresponding to IO mol. % Ca. Radical cations formed after adsorption of chlorobenzene on 
activated catalysts have been used as spin probes for detection of strong acceptor sites on the 
surface of the catalysts and estimation of their concentration. A good correlation has been 
observed between the presence of such sites on a catalyst surface and its activity in 
isomerization of n-butane. 

B Hacrmnn:eM coo6meHHH pa3BHBaeTC5I npe;:J;JIO)KeHHbIH HaMH paHee [ 1] HOBbIH TI0;:J;XO,U K 

CHHTe3y aKTHBHbIX I.(eHTpOB B ZrO2/SO4 l- KaTanH3aTOpe H30MepH3al(HH anKaHOB. CyTb 

no,uxo.ua COCTOHT B TOM, l.JT0 npHroT0Bnemre KaTanH3aTopa ocymecTBJI5IeTC5I nyTeM 

HaHeceHHH cynh<paT-HOHOB Ha OKpHCTMJIH30BaHHhle OKCH,UHbie I.(HpKOHHHCO;:J;ep)l<amHe 

KOMTI03HI.(Hli, HMeIOII(lie Ky6H11ecKyIO CTPYKTYPY. CornaCHO MHOrOl.JHCJieHHhIM 

JIHTeparypHbIM ,n:aHHbIM, THIIH11Ha5I .n:m1 ZrO2 MOH0KJIHHHa5I MO.IJ:H<pHKal(H5I He rrpHro,UHa .D:JI5I 

,UaHHOH uenH. Tipe,n:JIO)KeHHhIH no,uxo.n: II03BOJI5IeT rrony11aTh aKTHBHbie B pea.KI.(Hli 

H30MepH3aU:HH H-6yTaHa cynh<paTHpOBaHHbie KaTanH3aTOpbl Ha OCH0Be Ky6H11ecKHX TBep,nbIX 

pacTBopoa (Zr1-xCax)O2. Tio3,n:Hee aHanorn11Ho1e pe3yJihTaThI 6hIJIH rronyqem>I .UJI5I ZrO2, 

MO,n:mpHUHpOBaHHOro .uo6aBKaMH y 203 [2]. 

y CTaH0BJieHa 3KcrpeMaJibHa5I 3aBHCHM0CTh aKTHBHOCTH cynb(paTHpOBaHHhIX o6pa31(0B B 

peaKu;HH H30Mepmaum1 H-6yraHa OT co.n:ep)KaHH5I meno11Ho3eMenbHoro :meMeHTa B 

crpyKrype TBep,uoro pacrnopa . .ll:IDI TBep,nbIX pacrnopoB Zr1-xCaxO2-x Ma.KCHMYM aKTHB~0CTH 

rrpHxo,n:HTC5I Ha co.n:ep)KaHHe CaO rrop5I,n:Ka 5-10 Mon. %. TipH co,nep)KaHHe CaO = 50 Mon.% 
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Ha6mo,naeTC.sI II0JIHa.sI ,ne3aKTHBaI.lH.sI KaTaJIH3aTOpa,, T.K. B HCX0,L(H0M o6pa:n~e B OCHOBHOM 

rrpHcyTcTByeT q>a3a co crpyKrypoii rrepo13cK,ma ¢d_rQ3. Mern,noM P<I>A ycrnHOBJieHo, qrn 

KaK B rrpouecce cyJibq>aTa:UHH, TaK H . II0CJie OKHCJIHTeJibHOM TepMoaKTHBa:UHH 

cynb<paTHpOBaHHhlX o6pa:n~OB He rrpoHCXO,[(HT H3MeHeHHM 061,eMHbIX CBOMCTB TBep,nbIX 

pacTBopoa Ky6HqecKoii cTpyKrypbI. 

HaH6onee aKTHBHbie KaTaJIH3aTOphI cocrnBa Zr1-xCax02/So/- no CBOHM TeKcrypHhIM 

xapaKTepHCTHKaM H KaTaJIHTHqecKHM CBOMCTBaM rrpaKTHqecKH IIOJIHOCTblO COBIIa,[(aIOT co 

CTaH,napTHbIM o6pa3:UOM, rrpHrOTOBJieHHbIM Tpa,UHUHOHHbIM crroco6oM cy Jih<parniurn 

m,npoKCH,L(a UHpKOHmi, H rrpe,ncTaBJI.sIIOillHM co6oii ZrO2 TeTparoHaJibHOM MO,[(H<pHKaQHH. 

XapaKTepHOM oco6eHHOCTblO rronyqeHHbIX CHCTeM .sIBJI.sieTC.sI HX IIOBbIIIIeHHa.sI 

ycToiiqHBOCTb K ,ne3aKTHBa:UHH II0CJie OKHCJIHTeJihHOli pereHepauHH OT yrnepo,nHCTbIX 

OTJIO)KeHHM. TaK, ecJIH CTaH,napTHbIM o6pa3eU rrpaKTHqecKH IIOJIHOCTblO ,ne3aKTHBHpyeTC.sI 

rrocne 2-4 QHKJIOB "H30Mep1na:uH.si: - OKHCJIHTeJibHa.sI pereHepauH.si:", To Zr1.xCaxO2/SO/ 

KaTaJIH3aTop BbI,Uep)KHBaeT 6oJiee . ,[(eC.HTKa TaKHX QHKJIOB H BOCCTaHaBJIHBaeT 

rrepBOHaqaJihHYIO aKTHBHOCTb rrpH IIOCJieJt;yIOIII;eM pecyJih<paTHpOBaHHH. 

~ml Tecn1poBaH1UI CMJibHbIX . aKQeilTOpHbIX ueHTpOB Ha IIOBepxHOCTH 

cy Jib<paTHpOBaHHOro Ll;HOKCHLJ;a UHpKOHH51~ OTBeTCTBeHHbIX 3a IIpoTeKaHHe peaKUHH 

H30MepH3aUHH H-6yTaHa! HaMH 61>1.rra pa1pa60TaHa opttrHHaJibHa51 MeTOL\HKa 3TIP c 

HCIIOJib30BaHHeM xnop6eH30Jia H . LJ;pyrHX opraHHl:IeCKHX coeLJ;HHeHHH B KaqecTBe 

CfIHHOBbIX 30HLl;OB [ 1]. 3To II03BOJIHJIO HaM BnepBbie IIOLl;OHTH K pa3pa6oTKe 

KatJ:eCTBeHHOro 3KCIIpecc-aliaJIH3a o6pa3UOB MeTOLl;OM 3TIP, II03BOJI51IOIUero 3apaHee, 

6e3 npoBeLJ;eHH51 KaTaJIHTHtJ:eCKHX 3KCIIepHMeHTOB npeLJ;CKa3hlBaTb KaTaJIHTHqeceyIO 

aKTHBHOCTb B peaKUHH H30MepH3aIJ;mI. B paMKax )Toro HCCJieLJ;OBaHH51 ycTaHOBJieHa 

KoppeJI5IIJ;H51 CHJibHO aKu;enTOpHbIMH ueHT}JaMH IlOBepXHOCTH, 

perHCTJ)HpyeMbIMH MeTOLl;OM 3TIP C HCIIOJib30BaHHeM . aLJ;cop60poBaHHOfO 

xnop6eH3o,rra B KaqecTBe CIIHHOBOfO 30HLJ;a, H KaTaJIHTHtJ:eCKOH aKTifBHOCTblO 

cyJib<pan1poBaHHbIX 06pa1_µ0B pa3rrwrnoro COCTaBa H 

MOLJ;H<pHKaa;HH B peaKIJ;HH H30M~pH3au;mf H-6yTaHa. 

Pa6ora BhIIIOJIHeHa rrpH q>HHaHCOBOM IlOMep)KKe P<l><l>ll (rpaHThl 00-03-32441 H 

00-15~97440). 

[l] A.F. l3edilo, A.S. Ivanova, N.A. Pakhoinov and A.M. Volodin . .I. Mo/. Catalysis. A 1580000) 409. 
[2] C. Morten:a., G. Cerrato. et al. Catalysis Lett. 73 {2001), 113. 
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POJIL B3AHMO)(EHCTBHH MEJK.nY AKTHBHLIMH KOMIIOHEHTAMH B 
liHHAPHLIX NiO-V2O5 KAT AJIH3ATOP AX rH)J;PO,IJ;EAJIKHJIHPOBAHIDI 

TOJIYOJIA 

ROLE OF INTERACTIONS BETWEEN ACTIVE COMPONENTS IN BINARY 
NiO-V2O5 CATALYSTS FOR TOLUENE HYDRODEALKYLATION 

IleTpoB H..S.I., 3oJioTapeB O.B., liHimB A.r. * H Tp.11cyn0B li.r. * 
Petrov I.Ya., Zolotaryov O.V., Byakov A.G.* and Tryasunov B.G.* 

HHCTHTYT ynrn H yrnexHMHHH CO P AH 
CoBeTCKHH rrpocrreKT, 18, KeMepoBo 650099, Poccm1 

<l>aKc: +7 3842 2118 38; E-mail: chem@kemnet.ru 
* Ky36accKHH rocy .n;apcTBeHHhlH TeXHHlleCKHH YHHBepCHTeT 

yn. BeceHmrn, 28, KeMepoBo 650026, Poccm1 
<l>aKc: +7 3842 36 16 87; E-mail: gdb@kuzstu.ac.ru 

The phase composition of binary NiO-V20 5 catalysts, coprecipitated from aqueous 
solutions of corresponding salts and then calcined at 500°C for 6 h, consists of bulk phases of 
nickel (II) and vanadium (V) oxides (at NiO contents~ 90 and~ 20 mol.%, respectively) and 
nickelµieta- and pyrovanadates (~ 40-75 mol.% NiO). Catalytic activity of the NiO-V2O5 

catalysts for toluene hydrodealkylation (T = 42G°C; PH = 0.1 MPa; 'tc = 1 s) has been found to 
2 

be associated with mainly nickel vanadates. Pure V2O5 and NiO facilitate the development of 
toluene condensation and heavy hydrocarbons (~C8) formation reactions but do not exhibit 
marked dealkylation activity under the operating conditions chosen, while NiO modified with 
small amounts ofV2O5 (10-25 mol.%) catalyzes toluene hydrogenolysis only. 

HaHeceHHhie HHKem,co,uep)KalI(He CHCTeMbl cqinaIOTC.sI O,UHHMH li3 HaR6onee 

3cpcpeKTRBHbIX KaTaJIH3aTOpOB .n:eanKHJIHpOBamrn aJIKRJiapoMaTHlleCKHX yrneBo,n;opo,uoB 

[1,2]. ,[(n.s1 II0BbillleHR.sI MX ,ueaJIKHJIHpyIOmerr aKTHBHOCTH qacTO HCII0Jih3YIOT rrpHHl(HII 

:meKTpOHHOro rrpOM0THpOBaHH.sI HHKeJI.sI [2], OCHOBaHHhIH Ha crroco6HOCTH rrocne.n;Hero 

H3MemITh CBOH d-xapaKTep rrpH o6pa30BaHHH. CIIJiaBOB C ,upymMH 3JieMeHTaMH. IlpH 3TOM 

HaH60JihllIHH rrpOMOTHPYIOIT(HH 3cp<peKT Ha aKTHBHOCTb HHKeJibCO,uep)l(airiiix CHCTeM rrpH 

KOHBepCHH yrneBo.n;opo.n;Horo Cblpb.sI OKa3hIBaIOT .n;o6aBKH V2O3 (T.e. OKHCJiap~tHrra) [2]. 

B HaCTO.sIIT(eH pa6oTe C uenbIO Bbl.sICHeHH.sI pOJIH B3aHMO,UeHCTBHH Me)I(;[(y aKTHBHhIMH 

KOMIIOHeHTaMH HHKeJihBam1~HeBoro KaTaJIH3aTopa B KaTaJIH3e rrpoueccoB rrpeBpameHHH 

aJIKHJiapoMaTHqecKHX yrneao,uopo,uoB HCCJie,n;oBaHO BJIH.SIHHe COCTaBa 6HHapHbIX NiO-V 205 

o6pa3UOB Ha HX aKTHBHOCTh a peaKUHH m.n;po.rreanKHJIHpoBaHH.sI TOJIYOJia. 

KaTaJIH3aTOpb1 roTOBHJIHCh COOCa)K,n;eHHeM H3 paCTBOpOB HHrpara HHKeJI.sI · li 

MeTaBam1,n;ara aMMOHH.sI C rrocne.uyIOIT(HMH cyllIKOH (120°C, 4 --q) H rrpOKaJIHBaHHeM 

(500°C, 6 "CJ) Ha BO3,uyxe. Pe3yJihTaThl <pa30BOfO aHaJIH3a npOKaJieHHhIX HHKeJibBaml,n;HeBbIX 

KaTamI3aTopoB (ra6n.) CBH,UeTeJibCTBYIOT O TOM, "CJTO CHCTeMa NiO-V2O5 ripe,n:cTaBJieHa 

rJiaBHhIM o6pa30M <pa3aMH HCXO,UHhIX OKCH)];OB NiO M V2Os (npH co,uep)KaHH.sIX 

Ni O ~ 90 M0JI. % II ~ 20 MOJI. %, C00TBeTcTBeHHO ), a TaK)l(e cpa3aMH MeTa- H IIHpOBam1,n;ara 
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HHKeIDI (B HHTepmUie ~ 40-75 MOJi.% NiQ). ,[(aHHbie ·TeMnepaTypoo-nporpaMMHpOBaJIHO_H 

TepMorpaBHMeTpHH NiO-V 205 o6pa:m;oB B T0Ke B0,[(0pona (20-700°C, 10°CIMHH, 

100 MJI H/MHH) Il0Ka3bIBaIOT, lJT0 V205 HaqHHaeT BOCCTaHaBmrnaTI,CH npH TeMneparypax 

Bbille 460°C H 3aBepmaeTCH o6pa30Bam1eM V20 3 npH 685°C, TOf,[(a KaK npouecc 

B0CCTaH0BJieHHH NiO ,[(0 MeTaJIJrnqecKoro HHKeJIH npoTeKaeT B HHTepBane 270-430°C. 

C pocToM conep)l(amrn NiO B NiO-V 20 5 KaTaJIH3ampax TeMnepaTypa Haqana 

B0CCTaH0BJieHHH neHTOKCH,[(a BaHa,[(HH CHH)l(aeTCH, a caM npouecc B0CCTaH0BJieHHH 

3aBepmaeTCH npH 585-620°C (,[(JIH o6pa3UOB c co.uep)KaHHeM NiO ~40 MOJI.%). CornacHO 

pe3yJibTaTaM peHTfeHO<Pa30BOro aml.JIH3a, B BOCCTaH0BJieHHbIX NiO-V20s o6pa3uax, 

o6orarueHHbIX HHKeneM, npeo6na,n;aeT cpa:m co cTpyKrypoii MeTaJIJIH'lJecKoro HHKemr 

(B03MO)KHO, BKJIIO'lJaIOll(aH HHKeJibBaHa,[(HeBbie cnJiaBbI). 

ConOCTaBJieHHe ,naHHbIX cpa30BOro aHaJIH3a C pe~yJibTaTaMH H3MepeHHH 

KaTaJIHTHqecKOH aKTHBH0CTH HCCJienyeMbIX KaTaJIH3aTopoB Il0Ka3bIBaeT ( Ta6JI. ), qTo 

HaH6onee aKTHBHbIMH B peaKUHH o6pa30BaHH5I 6eH30Jia HBJIHIOTCH o6pa3UbI, B C0CTaB 

K0TOpbIX BX0,[(51:T cpa3bl BaHa,n;aTOB HHKeJIH. qHCTbie V20s H NiO rrpOHBJIHIOT 0THOCHTeJibHO 

HH3KYIO aKTHBH0CTb B peaKQHH )leaJIKHJIHpOBaHHH TO.iiyona, KaTaJIH3Hpyx rnaBHbIM o6pa30M 

npoueccbl K0H)leHCaUHH rnnyona H o6pa30BaHHH TH)l(CJlbIX (~Cg) yrneBO,[(Opo,n;oB (KCHJIOJIOB, 

3THJI6eH30Jia, .UH<PeHHJla H .up.). O,n;HaKO, B rrpHCYTCTBHH NiO, MO.UH<PHUHpOBaHHOfO 

He6oJibillHMH (10-25 MOJI.%) ,n;o6aBKaMH V205, KOHBepclix TOJIY0Jia .U0CTHraeT 100%, npH'l!eM 

rrp0JlYKTaMH peaKUHH 5IBJIHIOTCH ra3oo6pa3Hhie yrneBo,n;opo,n;bI (rrpeHMyruecTBeHHO MeTaH), 

T.e. rrpoTeKaIOT npouecchi f:1J,[(poreH0JIH3a rnnyona. B TO )Ke BpeMH CHH)Kem-1e TeMneparyp1>1 

peaKUHH .U0 250-300°C )];JIH KaTaJIH3aTOpOB, o6orameHHbIX HHKeJieM 

(~40 MOJI.% NiO), He npHB0.UHJIO K ynyqmeHHIO ,n;eaJIKHJIHpy10meii aKTHBHOCTH; HanpoTHB, 

BbIX0,[( 6eH30Jia yMeHblliaJICH npaKTHqecKH .uo 0, a cpe,[(H np0JlYKT0B peaKUHH IT0HBIDIJICH 

MeTHJIUHKJI0reKcaH, (T.e. np0HCX0,[(HJIO rn,npHpOBaHHe 6eH30JlhHOfO KOJlh[(a). 

Ta6JIHUa. <l>H3HKO-XHMHqecKHe xapaKTepHCTHKH H KaTaJIHTH'lJeCKHe CBOHCTBa 6HHapHbIX 

Ni0-V20 5 KaTaJIH3ampoB B peaKUHH rn,n;po,[(eanKHJIHpoBamrn mnyona* 

YcnoBHH peaKQ1u1: HMnyJihCHbIH pe)KHM; T = 420°C; PH2 = 0.1 MPa; tc = l c. 

XHMWieCKHH COCTaB 
SBET, 

fH.npo.neanKIDIHpy10mwi: 

MOJI.% Mace.% M2/r <l>a30BhIH COCTaB * * aKTHBHOCTh * * *, MOJI. % 

NiO V20s NiO V20s a ~ y 8 E 

0 100 0 100 0.4 V20s 59,3 0,0 0,0 3,6 55,7 
10 90 4,4 95,6 3.1 V20s 60,0 2,7 4,5 9,4 . 47,8 
40 60 21,6 78,5 4.2 Ni(V03) 2; V20 5; Ni2V20 7 72,3 7,7 10,7 34,0 30,9 
50 50 29,2 70,8 8.3 Ni2V20;; V20 5 73,9 7,2 9,7 37,0 · 29,7 
60 40 38,2 61,8 9.1 Ni2Vz01; V20s 97,9 7,5 7,7 83,2 7,2 
75 25 55,3 44,7 14.2 NiO; Ni2Vp7 100,0 0,0 0,0 100,0 0,0 
90 10 78,8 21,2 12.9 NiO 100,0 0,0 0,0 100,0 0,0 
100 0 100 0 7.1 NiO 52,8 0,6 1,1 3,6 44,3 

* KaTaJIH3aTop1,1 6bIJI:W npOKaJieHhl npH 500°C B TetJeHHe 6 tJ. 

** <l>83bl pacnonmKeHbl B nOpSI.IJ.Ke yseJI:WtJ:eH:WSI HHTeHCHBHOCTH HX HaH6onee CHJlbHblX pecpneKCOB. 

*** a, - KOHBepc:wH TOJiyona; ~ - BblXO.IJ. 6eH30Jia; y - ceneKTHBHOCTh no 6eH3oJiy; 8 - BbIXO.IJ. JierKHX 

yrneBo.nopo.noB (npeHMyll(eCTBeHHO MeTaHa); E - 6hlXO.IJ. TSl)KeJihlX yrneBO.II.Opo.nos (~g). 
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[3], 3q>q>eKTHBHOfO ocymecTBJieHH.sI rrpou;ecca 

rH,npo,ZleaJI':(HJI.HpoBaHH.sI aJIKimapoMaTH'tJeCKHX yrneBO,ZlOpO,ZlOB He06XO)lHMO, qTo6bI 

KaTarrH3aTop o6Jia,ZlaJI KaK fll.llPHPYIOillHMH, TaK H KpeKHpyromHMH <PYHKUH.sIMH. 

Ilo-BH}lHMOMY, HaJIHqHe fH,ZlpHpyIOII.J;IIX (Ni0
) H KpeKHpyIOillHX ( OKCH}lbl BaHa}lH.sI) 

KOMilOHeHTOB B BOCCTaHOBJICHHbIX BaHa}laTax HHKeJI.sI H o6ecneqHBaeT 6onee BbICOKYIO 

,ZleMeTHJIHpyromyro aKTHBHOCTb Ni0-V20 5 o6pa3a;oB c 40-60 Mon.% NiO B peaKa;H.six 

rH}lpO,ZleaJIKHJIHpOBaHH.sI TOJIYOJia. 

JlnTeparypa 

[l] Grenoble D.C. // J. Catal. 1979. V. 56. N 1. P. 32-39. 
[2] fp1rn6epr ):(.H., llianwpo A.n., faHKHH B.JO., 11sattoBa M.n., 5IKos11eBa H.B., MornKeBHl.f A.C. // 

HecpTeXHMHjJ. 1981. T. 21. N2 4. C. 530-534. 
[3] ToMaC 4. ITpOMblWJieHHhie KaTaJIHTHqecKHe npouecCbl H 3cpq>eKTl18Hbie KaTaJil13aTOpbl. - M.: 

MHp, 1973. - 387 C. 
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METO,[( ME'-IEHbIX ATOMOB B H3Y'-IEHHH MEXAHH3MA H3OMEPH3AD;HH 

IIEHTAHOB H liPOMHCTblX AMHJIOB 

THE LABELED ATOMS METHOD IN THE INVESTIGATION OF PENTANES AND 
AMYL BROMIDES ISOMERISATION MECHANISM 

IluKepc1rnii H.3. u IIoJiy6eunesa M.<I>. 

Pikersky I.E. and Polubentseva M.F. 

I1HCTHT)'T Heqne- H yrneXHMHqecKoro CHHTe3a 

I1pKyTCKHH rocy,n:apcTBeHHblH YHHBepCHTeT 
Yn. JlepMOHTOBa, 126, I1pKyTcK 664033, Poccm1 

<l>aKc: (3952) 46 22 00; E-mail: Pikersky@mail.ru 

Mechanism of n-pentane and amyl bromides isomerisation on A1Br3 was investigated by 
the labeled atoms method. It is found that isomerisation of 2- and 3-Br-pentanes-1- 14C 
proceeds via mechanism ,of the intermadiate methylcyclobutane complex formation ( ~85%) 
and via methyl transfer mechanism ( ~ 15% ). Isomerisation of n-pentane-1-14C and 
1-Br-pentane-1-14C proceeds mainly via mechanism of the intermadiate di- and 
tricyclopropane complex formation. 

B JIHTeparype .no CHX rrop He cymecTByeT e,[(HHOfO MHeHIDI O MecTe aKTHBaI(mI 

MOJieKyJibl yrneBO,[(Opo,n:a rrpH KOHTaKTe C KHCJIOTHbIMH KaTaJIH3aTopaMH, 1ITO He IIO3BOmieT 

orrpe,n:eJIHTb HCTHHHbIH MexaHH3M H3OMepH3aI(HH. 

YqHTblBruI TO)K,[(eCTBeHHOCTb ITOBe,[(eHH51 faJIOH,[(HbIX aJIKHJIOB H aJIKaHOB B 

H3OMepH3aUHOHHbIX rrpeBpameHH51X, cne,n;yeT O)KH,[(aTb, qTQ rrpH B3aHMO,[(eHCTBHH 

raJIOH,[(IIpOH3BO,[(HbIX C KHCJIOTHbIM KaTaJIH3aTopoM, H3HaqaJibHO JJ:OJI)KHO rrpoHCXO,[(HTb 

OTmerrnemie raJIOH,[(a (:meprn51 pa3pbIBa CB513H C-Br, paBHa51 65 KKaJIIMOJ1b 3HaqHTeJihHO 

MeHbllle CB513H C-H, paBHOH 103 KKaJIIMOJ1b) C o6pa30BaHH:eM Kap6oHHeBoro HOHa, 

HMe10mero yrnepo,n;HyIO CTPYKTYPY, cooTBeTcTBy10my10 Hcxo,n;HoMy coe,n:HHeHHIO. 

,l(AA BblSICHeHH51 MeCTa aKTHBaUHH MOJieKy Jlbl yrneBo,n;opo,n;a B ycJIOBH51X H3OMepH3aI(HH 

Ha KHCJIOTHbIX KaTaJIH3aTOpax 6bIJIH myqeHbI CKeJieTHbie rrpeBpameHH51 Ha AlBr3 pa3JIH"l!HbIX 

6pOMHCTbIX aMHJIOB, MeqeHbIX pa,n:Hoyrnepo,n;oM n rrepBOM H TPeTbeM IIOJIO)KeHHH MOJieKyJibl 

B cpaBHeHHH C paHee rrpoBe,[(eHHbIMH 3KCIIepHMeHTaMH ITO H3OMepH3aUHH MeqeHblX 

H-rreHTaHOB. 

YcJIOBH51 H30MepH3aUHH H-rreHTaHa (125 ~C, 90 MHH., 100 aTM. H2) OTJIHqaIOTC51 OT 

ycJIOBHH rrpoBe,neHll:51 OIIbITOB C 6poMHCTbIMH aMHJ1aMH ( 5 °C, 5 MHH. ), B CB513H C TeM, "l!TO B 

IIOCJie,nHHX rrapan11eJ1bHO rrpoTeKaeT HHTeHCHBHa51 IIOJIHMepH3aUH51 6poMH,[(OB C BbI,[(eJieHHeM 

HBr. 

qT06bI IIOH51Tb H30MepH3al(HIO 1-Br-rreHTaHa, Heo6XO,[(HMO rrpHH51Tb BO BHHMaHHe, qTo 

6poM B 3TOM coe,nHHeHHH rrpaKTHqecKH He OTIUeIIJ15IeTC51, CJ1e,[(OBaTeJ1bHO, Kap6KaTHOH He 
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06pa.3yeTcH H ITeperpyITITHpoBKa ITpoTeKaeT ITO MexaHH3MY o6pa.3oBaHHH ITpoMe)KyToqHoro 

KOMITJieKca TPH l(HKJIOITponaHOBOH CTpyKTypoI - HOBOro MexaHH3Ma, HaXO)UII.I~eroc.SI B CTa,uHH 

pa.3pa60TKH. 

l1cKmoq1neJibHO HHcpopMaTHBHbIMH OKa3aJIHCb 3KCnepHMeHTbl C 2- H 3-Br-ITeHTaHaMH, 

KOTOpbie ITO,[(TBep,n;mrn KaK He3oI6JieMOCTb HOH-Kap60HHeBOH TeOpHH, TaK H Haurn 

ITpe.[(oI,[(ymHe BbIBO,[(bl O TOM, qTo H3OMepmau;mI npoTeKaeT ITO HeCKOJihKHM MexaHH3MaM 

O,[(HOBpeMeHHO. 

yqHThIBaH, qTo 2-Br-rreHTaH ITPH OTmenJieHHH faJIOH,[(a rettepHpyeT Kap6KaTHOH c 

3ap.SI,[(OM Ha BTOpOM yrnepo,nHOM aTOMe, a KOHeqHa.SI MeTHJihHa.SI rpynITa HMeeT 

MaKCHMaJihHYIO 3JieKrpooTpHo;aTeJihHOCTh, peaKUH.SI .UOJI)KHa npoTeKaTI, no MexaHH3MY 

o6pa.3oBaHHH MeTHJII.~HKJio6yrnttoBoro KOMnJieKca (MQEK). 

IlpH H30Mepmao;HH 2-Br-rreHTaHa-1 14C 22% MeTKH norra.uaeT B C-3 rroJio)KeHHe 

MOJieKyJihl, qTo COCTaBJIHeT 88% OT MaKCHMaJihHO-B03MO)KHOro rrpH yqacTHH MQEK. 

I1crroJih30BaHHe 2-Br-rreHTaHa-3 14C rro,n;rnep)f():(aeT BhIIIIeCKa3aHHoe: 42,5% 

pa,nHOaKTHBHOCTH B C-3 IIOJIO)KeHHH COCTaBJI.SIIOT 84% OT rrpe,neJibHhIX 50%. KpoMe TOro, 

IIOCJie,[(HHH 3KcrrepHMeHT ,neMOHCTpHpyeT rroqTH IIOJIHOe OTCYTCTBHe 3THJihHhIX rrepeHOCOB: B 

C-2 IlOJIO)KeHHe rrorra,naeT 36,7% MeTKH, KOTOpaH MO)KeT Ty,na rrorracTb TOJihKO rrpH 

MeTHJibHhIX rrepeHocax. 

Pe3yJihTaTbl pa,n;HOMeTpHqecKoro aHaJIH3a npo,n;yKTOB ,n;erpa.uao;HH 2-Menm6yTaHOB, 
IIOJiyqeHHbIX rrpH H30MepH3al(HH Ha AlBr3 H-rreHTaHOB H 6pOMHCThIX aMHJIOB -1 H -3 14C B 

COITOCTaBJieHHH C TeopeTHqecKH paccqHTaHHbIM pacnpe.[(eJieHHeM pa.[(HOaKTHBHOH MeTKH 

METKA-l 1 'tc METKA-3' 4 C 
Pacrrpe,neneHHe pa,n;HoaKTHBHOCTH Hcxo,nHoe Pacrrpe.ueneHHe PMHOaKTHBHOCTH 

B aTOMax 2-Mern'JI6yTaHa, % coe.[(HHeHHe B aTOMax 2-MeTHJI6yTaHa, % 
C-I C-2 C-3 C-4 C-21 C-I C-2 C-3 C-4 C-21 

23,3 15,2 16,5 21,7 23,3 H-ITeHTaH 14,7 33,0 22,5 15,0 14,7 

12,6 26,2 36,0 12,6 12,6 1-Br-rreHTaH 3KcrrepHMeHT He rrpOBO,[(HJIC.SI 

25,2 0,5 22,0 27,0 25,2 2-Br-rreHTaH 5,5 36,7 42,5 9,8 5,5 

TeopeTHqecKH paccT.JHTaHHoe pacrrpe,neneHHe MeTKH 

METKA-l 1'tc MexaHH3M METKA-3 1'+c 
33,3 0 0 33,3 33,3 CH3-rrepettoc 0 lQO 0 - 0 0 

33,3 0 0 33,3 33,3 C2Hs-rrepettoc 33,3 0 0 33,3 33,3 

25 0 25 25 25 MeTHJII(HKJio6yrn- 16,6 · O 50 16,6 16,6 
HOBhIH KOMIIJieKC 
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P A3):t;EJll>HOE H3MEPEHHE TEMIIEP ATYPl>I 

AKTHBHoro KOMilOHEHTA H HOCHTE.Jffl B KATAJIH3ATOPE Ni/MgO B 
YCJIOBIDIX IlPOTEKAHIDI 3K30TEPMHqECKOH PEAKI(HH 

METO~OM Bl>ICOKOTEMIIEPATYPHOH PEHTrEHOrPA'1>HH IN SITU 

SEP ARA TE MEASUREMENT OF TEMPERATURE OF THE ACTIVE 
COMPONENT AND ITS SUPPORT IN A Ni/MgO CATALYST DURING ITS 

OPERATION IN AN EXOTHERMIC REACTION VIA HIGH-TEMPERATURE IN
SITU XRD TECHNIQUE 

IIJU1coea JI.M., Kpnrep T .A., Xacnu A.A. n IlapMou B.H. 

Plyasova L.M., Krieger T.A., Khassin A.A. and Parmon V.N. 

l1HCTHT)'T KaTaJIH3a HM. r.K. EopeCKOBa co PAH, 
rrpocn. AKa.r(. JlaBpeHTheBa, 5, HoBocH6HpcK 630090, Poccm1 

<l>aKc: ( 3832)-34-30-56; E-mail: pls@ catalysis.nsk.su 

The aim of the work is to measure separately the temperatures of the active component 
(nickel) and its support (magnesia) of a Ni/MgO catalyst at the occurence of exothermic 
syngas methanation using an in situ XRD technique. 

An anomalous thermal expansion of the lattice constant of dispersed nickel was found at 
the temperature range from 200 to 450°C under the reaction conditions. On the contrary, the 
magnesia support, a linear increase of the lattice constant at the given temperature range in 
accordance with the conventional thermal expansion was observed. As a result, '. >,· ; , · 

temperature of the active component should be assumed to be different from that of the 
support. The observed difference in the temperatures of the active component and the support 
at the given conditions seems to originate from a sufficient overheating of the nickel particles 
in respect to their support due to intensive heat evolution over the active component in the 
course of the exothermal reaction of the syngas methanation. 

Ha rrpHMepe Karnmnampa Ni/MgO rryTeM peHTreHorpaqnrqecKoro Ji3yqeHHjl B 

ycJIOBHj{X in situ npoBe,n:eHO I1p$1MOe pa.3,n:eJibHOe H3MepeHHe peaJibHOH TeMnepaTypbI 

HaHoqacTHl.l aKTHBHOro HaHeceHHOro KOMTIOHeHTa (MeTaJIJmqecKoro HHKemI) H HOCHTemI 

( OKCH,Ua MarHHSI) B ycnoam1x npoTeKaHHSI 3K30TepMHqecKOH peaKQHH. l13MepeHHe 

TeMnepaTypbI ocymecTBJISIJIOCb no BeJIHqffHe napaMeTpa pemeTKH YKa3aHHbIX KOMTIOHeHTOB 

KaTaJIH3aTOpa. B Kaqecrne 3K30TepMHqecKOH peaKnHH 6bIJia HCilOJib30BaHa peaKQHSI 

MeTaHHpOBaHHSI CHHTe3-ra3a. TeMnepaTypHaSI 3aBHCHMOCTb napaMeTpa pemeTKH 

HaHeceHHOro MeTaJIJIHqecKoro HHKeJig B cpe,n:e CMeCH co H H2 B o6JiaCTH H3MepHeMbIX 

TepMorrapoH TeMnepazyp 200-350°C SIBJijleTCR HeJIHHeHHOH H HMeeT MaKCHMYM npH 

WMrrepazype oKoJio 300°C. B TO )Ke BpeMR rrapaMeTp pemeTKH HHepTHoro HOCHTeJijl MgO B 

3THX )Ke YCJIOBHRX ,n:eMOHCTpHpyeT JIHHeHHYIO 3aBHCHMOCTb. MmKHO IlOJiaraTb, qTQ 

tta6n10,n:aeMoe none,n:eHHe napaMeTpa pemeTKH HHKeJIR B peaKQHOHHOH cpe,n:e HBJIHeTCR 

cne,n:CTBHeM rreperpeBa aKTHBHblX t.IaCTHU OTHOCHTeJibHO HOCHTeJIR 3a cqeT rrpoTeKaHHR 
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CHJibHO 3K30TepMHqHOH peaKQHH _ MeTaHHpOBaHH51. MaKCHMa.TlbHa51 3aperHCip~poBaHHa51 

": . -_. "'- '. 

BeJIHqHHa napaMeTpa pernenrn Mern.rrnHqecKoro HHKe.Trn B o6nacTH TeMnepazyp 250-300°C 

C00TBeTcTByeT neperpeBy ~T HaHoqacTHll HHKeJI51 0TH0CHTeJibH0 H0CHTeJI51, Ha 250 ± 25°C. 

,ll;onOJIHHTeJII:,HOH npHqnHoH yBenHqeHH51 napaMeipa perneTKH Ni B 3TOH o6JiaCTH 

TeMnepaTyp M0)KeT 6hITb TaK)Ke o6prooBaHHe rnep,noro pacrnopa BHe)lpeHH51 yrnepo,na B 

CTPYKTYPY MeTaJIJIHqecKoro HHKeJI51, qrn rrpe)lBap51eT rrponecc rpaqmTOo6prooBaHH51, 

Ha6mo,naeMhIH B HCCJie)l0BaHHOH CHCTeMe npH TeMnepazypax Bhlllle 350°C. YqeT BJIH51HH51 

pacrnopeHH51 yrnepo,z::i:a B xo,ne MeTaHHpoBaHH5I CHHTe3-rroa Ha BennqnHy napaMeTpa 

perneTKH Ni0 
IIOHH)KaeT pacqeTHOe 3Haqe1rne BeJIHqHHhI rreperpeBa aKTHBHOfO KOMITOHeHTa 

)l0 150-170°C, coxpaH51H TeM He MeHee YKa3aime Ha oqeHh 3HaqIJTeJihHYIO BeJIHqHHY 

neperpeBa 0TH0CHTeJihH0 3HaqeHHH TeMrrepaTyphI, H3MepHeMoro lpa,D.HllH0HHblM cnoco6oM. 

O6pa30BaHHe rpaq>HTOIIO)l06HOH q_)a3hl rrpH TeMrrepazypax BbIIIIe 350°C crroco6cTByer 

BhipaBHHBaHHIO TeMrrepazyphI aKTHBH0ro K0MIT0HeHTa H H0CHTeJIH BHYTPH rpaHyJibl 

KaTan:H3aTOpa. Tio3TOMY TeMrrepazypHa51 3aBHCHMOCTb rrapaMerpa perneTKH rrpoxo,z::i:HT qepe3 

MaKCHMYM B o6naCTH ~300°C H 3aTeM CHH)KaeTCH ,z::i:o TeMnepazypbI H0CHTeJIH (CM. pHC. H [1]). 

PaccMOipeHbl q>aKTOpbI, BJIHHIOI.llHC Ha TQqHOCTb MeTO)lHKH, H ee orpaHHqeHH51. 

Pa6oTa BbIII0JIHeHa npH g_)HHaHCOBOH II0MCP)KKe rpaHTa MHHHCTepcrna o6pa30BaHHH 

P<I> 1-23-00. 

a), 
3,560 

3,555 

3,550 

3,545 

3,540 

3,535 

3,530 

200 250 300 350 400 450 T. ·c 

- 0 ' ,, 
3aBHCHMOCTb napaMeTpa perneTKH Ni OT TeMilepazypbl :s cpe)le B0,ll;0po,na (1) 

H B cpe)le (CO+H2) (2) 

[l]JI.M. I1m1c0Ba, T.A. Kpurep, A.A. Xac1rn, B.H. IlapMOH . .l:(AH.2002r.,.M!2-4 
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DEVELOPMENT AND STUDY OF NEW CATALYTI~ SYSTEMS BASED UPON 
MICRODOMAIN TEXTURED PEROVSKITES FOR EFFICIENT LEAN DENOX 

PROCESS, CO REMOVAL AND C2H6 CONVERSION 

CO3,LJ;AHIIE HOBLIX KATAJIHTHqECKH AKTHBHLIX MA TEPHAJIOB, 
OCHOBAHHLIX HA MHKPO,LJ;OMEHHLIX IIEPOBCKHT AX, )];JUI IIPO[(ECCOB 

CEJIEKTHBHOro BOCCTAHOBJIEHIDI OKCH,LJ;OB A3OT A, r JIYliOKOro 
OKHCJIEHIDI CO II C2H6 

Podyacheva O.Yu., Ismagilov Z.R., Nemudry A.P*., Khairulin S.R., Parmon V.N., 
Lyakhov N.Z.* and Schlogl R.** 

Ilo.zi;M1"11eBa O.IO., HcMaruJIOB 3.P., HeMy.zi;pL1ii A.II.*, XaiipyJiuu C.P., IlapMou B.H., 
JI11x0B H.3. * u IIIJiereJib P. * * 

Boreskov Institute of Catalysis SB RAS 
Pr. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 
Fax:+7-3832-397352; i::-mail: pod@catalysis.nsk.su 

*Institute of Solid State Chemistry and Mechanochemistry SB RAS, 
**Fritz-Haber Institute, 14935 Berlin, Germany 

Lean bum engi~es offer in principle many advantages over the present gasoline engines: 

higher fuel economy, lower emissions of CO and hydrocarbons. However, the emission 

control will constitute fl problem · for such engine and the development of converters with 

novel catalysts .compared w.ith traditio_nal 3-way catalyst used for gasoline engine is required. 

The aim of the work is to design new materials on the bases of microdomain textured 

(MDT) perovskites for DeNOx process, CO removal and C2H6 conversion under oxygen-rich 

conditions. 

Parent perovskite-related samples Ca1_xSrxFeO2.s (x=0-:-1) were prepared by standard 

solid state technique. Parent samples were electrochemically oxidized with the formation of 

perovskites Ca1-xSrxFeO3_0. Catalysts were studied by XRD analysis, HREM and Moessbauer 

spectroscopy. 

Formation of microdomains in the range of 10-100 A was found in Ca1-xSrxFeO2.s when 

0.2<x<0.7. The mechanism of electrochemical oxidation of MDT Cao.sSro.sFeO2.s sample has 

been investigated. Electrochemical oxidation resulted m the formation of 

Cao.sSro.sFeO3_0 MDT perovskite having considerably faster oxygen transport properties: 

oxygen diffusion coefficient along microdomain walls rises up to two orders of magnitude. 

MDT catalysts Ca1-xSrxFeO2.s show low catalytic activity in methane oxidation reaction. 

Electrochemical oxidation of parent catalysts lead~ to considerable increase of catalysts activity. 

Temperatures of 50% conversion are shifted to low temperature region by more than 100°C. 

Activity of parent and oxidized MDT perovskites was measured in combustion of ethane 

and DeNOx process in oxygen-rich conditions. 
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KHHET~KA H MEXAHH3M ,l(Erll):(P AT Al(HH MET AHOJIA B 

. ,l(ilMETHJIOBbIH 3<1>HP HA y-OKHCH AJIIOMHHIUI 

KINETICS AND MECHANISM OF METHANOL DEHYDRATION INTO 
DIMETHYL ETHER ON y-ALUMINA 

IloJIHKapoB H.B., Jlun r.H., MaxJiun B.A., Anaen B.H., IleTpon B.H. u Po10BCKHii A.ll. 

Polikarov I.V., Lin G.I., Makhlin V.A., Avaev V.I., Petrov V.N. and Rozovskii.A.Ya. 

llHcnuyT Heq>TeXHMHqecKoro CHHTe3a HM. A.B. TorrqHeaa PAH 
MocKaa 117912, Poccm1 

<l>aKc: (+7 095) 2302224; E-mail: Polikar@ips.ac.ru 

Kinetics study of DME synthesis by methanol dehydration was made using the laboratory 
atmospheric-pressure installation with fixed-bed reactor. Experiments were carried out within 
the temperature range 220-300°C. Proposed mechanism of the process includes the reaction of 
adsorption substitution of strongly adsorbed species. Reaction mechanism scheme and kinetic 
model are developed. Computer simulation of the process was made in good agreement with 
the experimental data. 

,UHMeTfIJIOBhIH 3qrnp (,[(M3) - O,UHH H3 HaH6onee rrepcrreKTHBHhIX BH,UOB 3KOJiomqecKH 

qffcToro TOIIJIHBa. ,UerH,npaTaI.(H.SI MeTaHOJia B ,[(M3 .srnmieTCH O)];HOH H3 CTa)];HH HOBOro . 

rrpou;ecca rrpHMOro CHHTe3a ,UM3 H3 CHHTe3-ra3a. B pa6oTe HCCJie)];OBaJIH KHHeTHKY 

rronyqeHHH ,[(M3 .n;em.n;parautteH MeTaHOJia Ha y-AhO3. OnhIThI rrpoBO)];HJIH Ha rrpoToqHoif 

ycTaHOBKe C HeIIO.L(BH)KHbIM CJIOeM KaTaJIH3aTopa rrpH aTMOC<pepHOM .n;aBJieHHH B HHTepaane 

TeMIIepaTyp 220-300°C. llCXO.L(HbIH MeTaHOJI pa36aBJIHJIH HHepTHhIM fa30M (a30TOM) B 

pa3JIHqHbIX COOTHOIIleHHHX. OxapaKTepH3oBaHbI KHHeTHqecKHe 3aKOHOMepHOC.TH peaKUHH H 

IIOKa3aHO, qTo y)Ke He60JiblliHe KOHI.(eHTpaumi BO.L(bl B HCXO,UHOH CMeCH 3aMeTHO CHH)KaIOT 

CKOpOCTb peaKI.(HH. 

EhIJI rrpe,n;JIO)KeH MexaHH3M peaKIJ;HH, OCHOBaHHbIH Ha paHee llOJiyqeHHbIX .n;aHHbIX 0 

npoTeKamm peaKIJ;HH a,ncop6u;HOHHOfO 3aMemeHHH Ha aKTHBHhIX u;eHTpax KaTaJIH3aTOpa [1]. 

Ha 6a3e MexaHH3Ma 6bIJIO rroJiyqeHO KHHeTHqecKoe ypaBHeHHe peaKIJ;HH H, C IIOMOIUbIO 

KOMIIbIOTepHoro MO,UeJIHpoaaHH.sI npou;ecca, 6hrna IIO)];TBep)l()];eHa a,neKBaTHOCTb 

npe,nJIO)KeHHOH MO,UeJIH. 

Pa6ora BbIIIOJIHeHa rrpH no;:mep)l(Ke P<I><I>ll (rpaHT N2 02-03-32202) 

[l]G.I.Lin, A.Ya. Rozovskii, G.M. Grafova, V.A. Makhlin, 1.V. Polikarov, 9th International 
Symposium "Heterogeneous catalysis", September 23-27, 2000, Varna, Bulgaria. Abstracts, p.887. 
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KHHETHKA II MEXAHll3M OKHCJillTEJibHOro AJIKOKCHJIHPOBAHlffl 

rnIIO<l>OC<l>HT A HATPIIJI B ~IIHPTOBbIX PACTBOP AX COJIEH Cu(II) II Fe(III) 

KINETICS AND MECHANISM OF SODIUM HYPOPHOSPHITE OXIDATIVE 
ALCOXYLATION IN Cu(II) AND Fe(III) ALCOHOLIC SOLUTIONS 

IloJIHM6eTOBa r.c., AJiemKoBa M.M., 6yry6aeea r.o., H6paHMOBa )K.Y., 
6opaura3ueea A.K. u Au:6acoea C.M. 

Polimbetova G.S., Aleshkova M.M., Bugubaeva G.O., Ibraimova Zh.U., 
Borangazieva A.K. and Aibasova S.M. 

HHcTHTYT opraH1:1qecKoro Karn.rr1:13a H :meKTpoxHMHH HM. ,l:(.B. CoKOJihCKoro MOH PK, 
yn. ,[{. KyHaeBa, 142, 480100, An:MaTbI, KaJaxcrnH 

<l>aKc: (+8- 3272) 91 57 22; E-mail: orgcat@nursat.kz 

Sodium hypophosphite is oxidized in Cu(II) or Fe(III) alcoholic solution at 50-80 °C up 
to valuable organic ethers of phosphorus(III, V). Kinetics and mechanism of NaH2PO2 
oxidative alcoxylation are investigated by methods of volumetry, potentiometry, GC, XPE-, 
UV-, IR-, EPR-, NMR 31 P-, Messbauer-spectroscopy. It is established, that the above reaction 
proceeds via the formation of alkylhypophosphite and its complexes with Cu(II) or Fe(III) 
akoholates. Dialkylphosphite and reduced forms of the metal are liberated as the result of the 
two-electron redox decomposition of these intermediate complexes. Further transformation of 
(RO)2HPO in di- or trialkylphosphates proceeds similarly. Catalytic cycle is realized by 
reoxidation of metal-ion reduced forms by oxygen. 

H3BeCTHO HCITOJ:rb3OBaHHe xnop1:1..na Me.n:1:1(II) .n:mr OKHCJIHTeJibHOro aJIKOKCHJIHpOBaHH.sI 

HeopraH1rc1ecK11x cpoccpopHbIX KHCJIOT H3PO2 mrn H3PO3 HI13IIIHMH cnHpTaMH (C1, C2) no..u 

..ueikTBHeM aTMOCcpepHoro KHCJIOpo.n;a [1]. B OTJIHqHe OT H3PO2 ee COJIH - rnnocpoc<pHTbl -

pe.n;Ko HCIIOJib3YIOTC.sI B opraHHqecKHX OKHCJIHTeJibHO-BOCCTaHOBHTeJib.HbIX CHHTe3ax [2,3]. 

B HaCTOSIIUeii pa6oTe npe,ncTaBJieHbl KHHeTHqecKHe 3aKOHOMepHOCTH H npe,nJIO)l(eH 

MeXaHH3M peaKUHH OKHCJIHTeJibHOfO aJIKOKCHJIHpOBaHH.sI rHrrocpoccpHTa HaTpH.sI ,no 

,l(HaJIKHrrcpoccpHTOB (1), .[(H- H TPHaJIKHrrcpoccpaTOB (2, 3) IlO,l( .n:eiiCTBHeM KHcrropo,na B 

c1rn:pTOBhIX pacrnopax CuX2 mrn FeX3. 

2NaOH2PO + 0 2 + 4ROH + 2HX ➔ 2NaX + 4H2O + 2(RO)2PHO 

NaOH2PO + 0 2 + 2ROH + HX ➔ NaX + 2~20 + (RO)i(OH)PO 

NaOH2PO + 0 2 + 3ROH + HX ➔ NaX + 3H20 + (RO)3PO 

R = C2-C5; X = CI, Br, Ac. 

(1) 

(2) 

(3) 

B 1:13yqeHHbIX ycrrOBHSIX OCHOBHbIM npo..uyKTOM peaKUHH OKHCJieHH.sI rnnocpocqmrn 

HaTpHSI KHCJI0P0..U0M B cnHpT0BbIX pacrnopax correii Cu(II) .sIBJI.sieTC.sI ,IJ;HaJIKHmpoccpaT 

(70-80%). BbIXO,l( ,l(HaJIKHJI<pOC<pHTa H TPHaJIKHJicpocq>aTa C0CTaBJI.sieT B cyMMe 20-30%. 
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OKHcnemrn NaH2PO2 KHcnopo,noM B rrpHcyTcTBHH coneii Fe(III) npoxo,nHT. MeHee rny6oKo, 

tJ:eM npH KaTa.JIH3e Cu(II), H 0CTaHaBJIHBaeTC.sI Ha o6pa.30BaHHH ,[(HaJIKHmpocqnna (78%). 

KHHeTHK)' npo:ueccoB ( 1-3) H3YtJ:aJIH BOJIIOMOMeTPHtJ:eCKHM MeTO,[(OM no rrornomeHHIO 

02, Haii,neHO, tJ:T0 CKOpOCTI, peaK:QHH pacTeT C IIOBbIIIIeHHeM TeMrrepazypbI, KOHUeHTpa:QHH 

peareHTOB H KaTaJIH3aTOpa, KHCJI0THOCTH CIIHpTOB. <l>opMHpOBam1e <pocq:>0popraHHtJ:eCKHX 

coe,nHHeHHH ( <l>OC) B amnpo6HbIX ycJIOBH.sIX 1103BOJIHJIO HaM 3aKJIIOtJ:HTb, tJ:TO rrpoueccbl ( 1-

3) H,[(YT no CTa,[(HHHOMY MexaHH3My: KHCJIOpo,n He B3aHMO,[(eiicrnyeT C cpoccpopHJIHPYIOlllHM 

areHTOM, <l>OC o6pa.3yIOTCH B pe3yJibTaTe OKHc.rreHH.sr NaH2PO2 con.srMH Cu(II) HJIH Fe(III), a 

KHCJiopo,n B03BpamaeT B KaTaJIHTHtJ:eCKHH UHKJI BOCCTaHOBJieHHbie <popMbl KaTaJIH3aTOpa. 

PacCtJ:HTaHbl KHHeTHtJ:eCKHe, aKTHBa:QHOHHbie napaMeTpbl KJIIOtJ:eBbIX CTa,[(HH. Ha OCHOBamm 

co6cTBeHHblX H JIHTepazypHbIX ,naHHhIX rrpe,nJIO)I(eHa cxeMa npouecca OKHCJIHTeJibHOro 

anKOKCHn11poBamrn rnnocpoc<pHTa. 

ROH 

References 

NaOR, H20 2ROH 

(RO)(HO)PH 1. ,/ NaH2P02 

------~{R0)2HPO 

(l]Okamoto J., Kusano T., Takamuku S., Phosp. Sulfur, Silicon and Relat. Elem., 55 (1991) 195. 
[2] lOAeJieBJfq B.H., CoKOJIOB n.B., lfoHHH E.H., Y cn.XHM., 49 (1980) 92. 
[3],[(opq>MaH 51.A., AnemKoBa M.M., )KQX, 65 (1995) 577. 
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MECHANISM OF CARBONIC ACIDS FORMATION ON V ANADIA-BASED OXIDE 

CATALYSTS 

MEXAHH3M OliP A30BAHIDI KAPiiOHOBhIX KIICJIOT HA OKCJmHbIX 
. BAHMHHCO,Ll;EP)R'.Am;HX KAT AJIII3ATOP AX 

Popova G.Ya., Andrushkevich T.V., Zakharov I.I. and Chesalov Yu.A. 

Ilonosa r . .SI., AH.ll;pymKesuq T.B., 3axapos H.H. u qecaJIOB IO.A. 

Boreskov Institute of Catalysis SB RAS 
Prosp. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 
Fax (+7-3832) 34 25 13; E-mail: gyap@catalysis.nsk.su 

The vanadia-based oxide catalysts are active in the oxidation of formaldehyde, acrolein 
and P-picolin into formic, acrylic and nicotinic acids, accordingly. 1h situ IR investigation of 
surface intermediates transformations of CH2O and CH3C5H4N on V-Ti and C3H4O on 
V-Mo-oxide catalysts shows the mechanism similarity of aforenamed acids formation. The 
role of vanadium in formation of the acids is discussed. 

Introduction 

Studies [1-3] demonstrated high efficiency of vanadia-based oxide catalysts in the 

oxidation of the formaldehyde, acrolein and ~-picolin into formic, acrylic and nicotinic acids, 

accordingly. The carboxylic acids are valuable chemicals using in the synthesis of polyesters, 

plasticizers, synthetic fibres, parphymic substances, medicines and ets. 

In this paper based on the results of study mechanism of the acids formation the role of 

vanadium is discussed. 

Experimental 

The V-Ti-O-catalyst was prepared by m1xmg a solution of vanadium oxalate with 

titanium dioxide (anatas) followed by drying and calcinations at 450°C in air for 4 h [1,2]. 

The V-Mo-O-catalyst was prepared by spray-drying of aqueous solutions of ammonium 

paramolybdate and vanadyl oxalate with subsequent thermal treatment in air at 110°C 10 h 

and 300°C 4 h [3]. 

Formaldehyde, acrolein and P-picolin oxidation was carried out at an atmospheric 

pressure in a flow-circulation setup [1-3]. The r~actants and products were analyzed with on

line gas chromatographs. Details of reaction conditions are described in Table. 

In situ FTIR spectroscopy was used to study the adsorbed species generated on the 

catalyst surface in the reaction conditions. The transient dynamic experiments were performed 

in a differential flow IR cell-reactor on Bomem BM-102 FTIR spectrometer allowed to 

analyze both gas phase products and adsorbed species under actual reactions conditions. 
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. Quantum chemical ab initio MO/HF techniqµe was used to develop the model of active 

sites of the V-Me-0 catalysts and energy profiles for formation of acids. 

Results and Discus~ion, . 

Table shows chemical composition of catalysts, reaction conditions and catalytic data 

obtained for oxidation of formaldehyqe, acrolein H ~-picolin into formic, acrylic and nicotinic 

acids, accordingly. 

Table. Selective oxidation to acid over the V-Me-0 catalysts. 

Reaction Catalyst T, °C Reaction X,% S,% Refe-
mixture, rences 

% vol. 

CH20+ o2 ➔ HC00H V2Os-20% 120 CH2O- 6,5% 70.0 96.0 [I] 
TiOi-80% rest air 
(anatase) 

C
5

H
4

NCH
3 

+ o2 ➔ c5
H

4
NC00H V2Os'."20% 260 CsfiiNCHr 1.0% 85.0 85.0 [2] 

TiOr_80% H2O-20%, 
(anatas~) re~t - air 

C
3

H
4
0+ o2 ➔ c2

H
3
C00H V2Os-15% 300 C3H4O-4.0% 80.0 92.0 [3] 

MoO3-85% 02 J;- 8.0% 
H2O-20% 
N2 -68% 

0 . . 
*T, C - temperature of reaction, X - conversion; S - selectivity to acid . 

Investigation of surface intermediates and kinetics of its transformations on oxide 

catalysts of mentioned composition (Table) gave an opportunity to state similarity of acids 

formation mechanism under formaldehyde, acrolein and ~-picolin oxidation. Surface 

carboxylates (formate, acrylate and niconate) are intermediates of corresponding acids 

formation. Aforesaid intermediates are stabilized on vanadium ions. The decomposition of 

carboxylates is the rate determining step. The reduced ions of vanadium (V3+ or V4+) provides 

weak bonding of carboxylates and their decomposition without hydrocarbon framework 

destruction. The latter make the reaction run in selective direction. 

References 

[l}G.Ya. Popova, T.V. Andrushkevich, G.A. Zenkovets, Kinet.Katal. 38 (1997) 285 
[2] E.M. Al"kaeva, T.V. Andrushkevich, G.A. Zenkovets, G.N. Kryukova, S.V. Tsybulya., Catalysis 

Today. 2110 (2000) 1 
[3]T.V. Andrushkevich, Russian Chemical Industry 26 (1994) 9 
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MEXAHH3MOKHCJIHTEJILHOrOrll)U>ATO~HCITPOITOPQHOHHPOBAHIUI 

rPA<I>HTA H <I>YJIJIEPEHA B ATMOC<I>EPE BJIA)KHOro KHCJIOPO,ll;A 

MECHANISM OF THE OXIDATIVE HYDRODISPROPORTIONATION OF 
GRAPHITE AND FULLERENE IN MEDIA OF HUMID OXYGEN 

Ilym1mu A.H. u Py.l(emrn A.IT. 

Pushkin A.N. and Rudenko A.P. 

MocKoBcKHii rocy,napcTBeHHhIH YHHBepcHTeT HM. M.B. JloMoHocoBa,. XHMHqecKHii cpaKyJThTeT 
neHHHCKHe fopb1, MocKna 119899, Poccm1 

<l>aKc: (095) 939 19 51; E-mail: anpushkin@rambler.ru 

Simultaneously with full oxidation of graphite and fullerene in media of humid oxygen 
their oxidative hydrato--0isproportionation on maximally hydrogenated (hexanoic acid, 
naphthalene etc.) and maximally oxidized part (CO2) happens. At 7GPa and 900°C in case of 
fullerene the selective formation of carbonic acids C6-C16 and linear saturated hydrocarbons 
C21-C2s occurs. Mechanism consist of three steps: chemisorption of 02 and H2O with the 
opening of double bonds; formation of the fragments of polycarbonic acids with sequential 
dissociation C-C bonds and saving of bonds in carbon core «cutout» from the polycyclic net 
of polycarbons; decarboxylation of carboxyl groups with formation of hydrogen-containing 
molecules. 

IlpH ,neHCTBIUI aKTHBHhlX KaTaJIH3aTopoB rrpoHCXO)lHT rny6oKoe OKHCJiem1e rrpH 

ycKopeHHH rrpo:uecca no.noii 

n C + n 02 KOH > n CO2 (1) 

B OTCYTCTBHe KaTaJIH3aTOpOB rrpOHCXO)lHT rrap:UHaJihHOe OKHCJieHHe, rrpe,nCTaBIDUOJUee 

co6oii OKHCJIHTeJibHOe rn.npaTO)];HCJiporropuHOHHpOBaHHe HCXO)lHhlX JIOJIHyrnepo,noB Ha 

rrpe,neJibHO rH,nporeHH3OBaHHYIO H OKHCJieHHYIO qacTH: 

(3n+2)C+(3n+3)/2O2+(n+l)H2O=CnH2n+1COOH+(2n+l)CO2 

(3n+2)C+(3n+3)/202+(n+ l)H20=C0H2n+2+(2n+2)C02 

(2), 

(3), 

KOTopoe H)leT HapR.zzy C IIOJIHhIM OKHCJieHHeM ( 1 ). IlpH 3TOM ,na)I(e npH COOTHOIIIeHHH 

npo:ueccoB (l)/(2),(3)=2000 MeTO,noM xpoMaTOMacc-crreKTpoMeTpHH y,nanoch o6Hapy)I(Jffh H 

orrpe,neJIHTh BbIXO)lbl BO,nopo.n (KHCJiopo.n) CO)];ep)I(amHx rrpo.zzyKTOB. 

1. B cnyqae cnepxql{cTOro rpaqmrn fM3 - ocq, co)];ep)I(amero 3% KOH, rrpH ,neiicTBHH 

BJia:>Imoro KHCJIOpo,na rrpH 350-550°C B TetJeHHe 1 qaca H rny6HHe rrpeBpam;eHH.SI 1 

0-20%, Ha IIOBepXHOCTH OCTaBmeHCR qacTH KpHCTaJIJIHqecKOfO rpaqmrn (rrocne 

3KC-rpaK:UHH xnopocpopMoM) MeTO)];OM HH3KOTeMrreparypHOH JIIOMHHecueH[(HH 6bmH 

o6Hapy)I(eHbl IlOJIHUHKJIHqecKHe apoMaTHqecKHe yrneBO)];OpO,nhI. 
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2. B c~e KJ)HCTIUJ.JiliqecKoro q>yJIJiepeHa C60 (6e3 Ka'raJIH3aropa), rrpH ,neirCTBHH BJIIDKHoro 

KHc110po,na rrpH 520°C H a1Mocq>epHOM ,n;a.BJieHHH B TeqeHHe 1 qaca H r.rry6HHe 

rrpeBpameHIDI 20%, Hap.sm:y C CO2, MeT0,ZJ;0M xpoMaTOMacc-crreicrpOMeTpHH 6hIJIH 

o6Hapy)KeHbI KarrpoH0BIDI KHCJI0Ta, Haq>TaJIHH, 6,7-mwenm-5,7-o:rcra,neHH-2-0JI, 

2-q>eHOKCH3TaHOJI H ,npyrne Bo,nopo.u (KHCJIOpo,n) co.uep)KamHe rrpo,nyKThl. IlpH 

BBe,nemrn KOH H P20s o6Hapy)KeH TOJihK0 CO2. 

3. B cny11ae KpHcrnmrnqecKoro q>yJinepeHa C60 H ero npe,n;BapHTeJihHOH o6pa6oTKH B 

TeqeHHe 1 11aca ( 0KHCJIHTeJihHOH - BJia)KHbIM 02 IIpH 100°C; H B0CCTaH0BHTeJihHOH -

H2 IlpH 100°C) C Il0CJie,n;yIOmeir Bbl,n:ep)KKOH B TeqeHHe 15 - 30 MHH npH 7 flla H 

900°C 6hIJIH 06Hapy)KeHI,1 Mern,n;oM xpoMaTOMacc-cneKTpoMeTpm1 B rnep,noM 

0CTaTKe CJie,n:yIOII(He npo,n;yKThI: 

a) nocne OKHCJIHTeJil>HOH npe,n;Bap1neJihHOH o6pa60TKH o6Hapy)KeHhl Kap6oHOBhie 

KHCJI0ThI C6-Ct6 H Hac1,1meHHhie yrneBo~opo,n1,1 C21-C28 c H0pMaJihH0H uerr1,10 

aJIKHJihH0ro pa,n:HKaJia; B TBep,noH q>a3e MeTO,U0M P<l> A Hair,n:eH TOJihK0 rpaq>HT. 

6) nocne BOCCTaH0BHTeJihHOH o6pa60TKH o6Hapy)KeHhI HaCbJmeHHble yrneao,nopo,nhl 

C21-C2s C HOpMaJihHOH uenhIO aJIKHJibH0ro pa,n:HKana; B rnep,n;oir q>a.3e Hair,neHhl H 

rpaqrnT H aJIMa.3. 

Ha 0CH0BaHHH nonyqeHHbIX ,naHHhIX npe,n:JI0)KeH cne,nyromHH MOJieKyJISipHhlH MeXaHH3M 

0KHCJIHTeJihH0ro rH,n:paT0,UHCnponopuH0HHpoBamrn II0JIHyrnepo,n:oB. 

1. CHaqana Ha nonepxH0CTH nonHyrnepo,n;oB npoHcxo,nHT xeMocop6um1 Kacrropo,na H 

B0)J;hl C pacKphITHeM ,UBOHHhIX CBSI3eH. 

2. 3aTeM npoHCX0,UHT o6pa.30BaHHe <pparMeHTOB IlOJIHKap6oHOBhIX KHCJI0T C pa.3phIB0M 

C-C- cBSI3eir npH o6pa.3oBaHHH Kap6oKcHJihHhIX rpyrrn H coxpaHeHHeM C-C CBSI3eH :s 
yrnepo,nH0M SI,npe «Bhlpe3KH» H3 IlOJIHUHKJrnqecKOH ceTKH Il0JIHyrnepo,na, COCTaBJrnIOmeir 

CKeJieT 6y.nymHx B0,nopo,n (KHCnopo,u) co,nepJ!<alI(HX M0JieKyn opraHH'IeCKHX BemecTB. 

3. Ilocne qero H,neT ,neKap60KCHJIHpOBaHHe Kap60KCHJihHhIX rpynn IlOJIHKap6oHOBhlX 

KHCJI0T C o6pa.30BaHHeM no,nopo,nco,nep)KamHx M0JieKyJI. 

O6pa.30BaHHe T0JihK0 Bhl,lleJieHHhIX H HHKaKHX .upyrHX npo,nyKTOB xopomo o6bHCHSieTCH 

npe,nrro)KeHHhIM MexaHH3M0M, 'ITO ,U0Ka3hJBaeT ero 061>eKTHBHOCTb ... 
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MO,ll;EJIL KOMilEHCIIPOBAHHOro PACIIA,ll;A Yr JIEBO,ll;OPO~OB -
KJIIOq K IIOHIIMAHIIIO IlOBE,lJ;EHIDI PEAKTOPA Pll<l>OPMIIHr A 

"(:OMPENSATED DISINTEGRATION OF HYDROCARBONS" MODEL-THE KEY 
TO UNDERSTANDING OF REFORMING REACTOR BEHAVIOR 

PeyTosa O.A. 

Reutova O.A. 

OMCKHH rocy,n;apcrneHHhIH yHHBepc1neT 

Ilp.MHpa, 55-a, OMcK 644077, Poccm1 
E-mail: reutova@univer.omsk.su 

_As there were shown by derivatography for waste industrial catalyst (R-56 UOP, Sibneft 

- Omsk NPZ) the exothermic peak exists about 740°C (1100 · K). The "compensated 

disintegration" of hydrocarbon on platinum mechanism explains the coke forming as densely 

packed structure. This model was applied for coke formation on platinum monocrystal upon 
770-920 K. The reverse kinetics problem was solved and the limit stage of densely packed 

coke formation was highlighted. This stage is a nuclear-formation (the activation energy is 

36 kcal/mole). This ~~<iel was used for monitoring of industrial catalytic reforming unit. 

IlpH ,n;epHBaTOrpaqmqeGKOM H3yqeHHH KaTaJIH3aTOpa R-56 (UOP, Sibneft - Omsk NPZ) 

IIOKa3aHO, qTo Ha ero IIOBepxHOCTH o6pa3yeTC5! IIJIOTHOyrraKOBaHHbIH KOKC c TeMrrepaTypoH 

BbDl<HI'aHHg 740°C (1100 K). I1ocKOJibKY TeMrreparypa pereHepal(HH - OKOJIO 600°C, 

IIOJIHOro BOCCTaHOBJieHH5! CBOHCTB KaTaJIH3aTOpa KaK rrpH B03,UYII1HOH pereHepau;HH, TaK H 

rrpH. 13.0,n;opo,n;HOH caMopereHepal(HH B rrponecce He rrpOHCXO,UHT, rrpH 3TOM II0CTerreHHOe 

HaKallJIHBaHHe KOKCOBbIX OTJIO)KeHHH rrpHBO.L(HT K ero Heo6paTHMOH ,ne3aKTHBau;HH H 

CHH)KeHHIO CKOpocTeH u;eJieBbIX peaKUHH pmpopMHHfa. 

Propa6ornHa KHHeTwiecKa5! Mo,neJib KoMrreHcHp0BaHHoro pacrra,na yrneno,n;opo,n;on Ha 

IIJiaTHHe [1 ], ~JI5IIOI.UeHC5! COCTaBHOH qaCTblO o6meH M0,UeJIH ,ne3aKTHBa.I(HH 

110.TIHq>yHKl(HOHaJibHbIX KaTaJIH3aTOpoB pHq>OpMHHra, rrpoaHaJIH3HpOBa.Hbl ee 1:J:aCTHbie CJIYllaH 

[2]: B rrpe,n;enax MOHOCJIOHHbIX IlOKpbITHH 3aBHCHM0CTb aKTHBHOCTH l(eJieBOH peaK[(HH OT 

co,n;ep)KaHH5! KOKCa - JIHHeHHa; a ee HeJIHHeHHbIH BH)l YKa3bIBaeT Ha BJIH5IHHe ,UHq>q>y3HOHHOH 

(MHrpal(HOHHOH) CTa,UHH. ,[I;ng 3KCrrepHMeHTa.ITbHbIX ,naHHbIX 110 pa3JIO)KeHHIO 3THJieHa Ha 

MOH0KpHCTaJIJie IIJiaTHHbl [3]: pemeHa o6paTHM 3a,n;aqa KHHeTHKH, orrpe,n;eneHbl 3HeprHH 

aKTHBa:[lHH 3JieMeHTapHbIX CTa,ll;HH, Bhl,[.{eJieHa JIHMHTHPYIOIUM CTa,ll;H5! MexaHH3Ma -

HYKJieauirn (36 KKarriMOJib). fIOKa3aHO, qTo JIHlllb rrpH BbIC0KHX TeMrreparypax (T > 900 K) 

06pa1yeTcg IIJIOTHOYllaKOBaHHbIH K0KC [4]. 
Mo,n;eJib rrpHMeHeHa ,n;ng aHaJIH3a ,n;aHHblX MOHHTOpHHra rrpOMbllllJieHHOH ycTaHOBKH. 

Pa6oTa BblllOJIHeHa rrpH rro.rr.n;ep)l(Ke <l> U:Il « l1HTerpaUH5! - 2000». 
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THE MECHANISM OF CATALYTIC FILAMENTOUS CARBON GROWTH IN 

REACTION OF METHANE DECOMPOSITION OVER PROMOTED 3D-METALL 
CATALYSTS 
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Methane decomposition over individual 3d-metal (Ni, Co, Fe) catalysts allows to produce 
hydrogen together with catalytic filamentous carbon (CFC) which has a number of valuable 
properties. It is well known, that CFCs are mesoporous materials with advanced specific surface 
area, which can be used as catalyst supports (Ni, Pd, heteropoly acids), sorbents, electrodes and 
etc. It was shmvn that Ni and Co catalysts have high activity in CFC accumulation at temperatures 
500-550°C. We found that large amounts of filan1entous carbon can be produced using 
coprecipitated catalysts: 90 wt¾ Ni-AhO3 yields 110 gcFclgNi [1], while 75 wt¾ Co-AhO3 - 60 
gcFcfgc0 [2]. One carbon filament grows from one catalytic particle, the latter being located on its 
top. Carbon filament consists from graphitic planes which are coaxially arranged as cones. The 
nature of catalyst influences the filament microstructure, that becomes apparent in the value of the 
angle between graphitic planes and the filament axis, which varies from 45° for Ni-based CFC to 
15° for Co-based CFC (Fig. 1). 

It is known that application of alloys in catalysis opens new interesting opportunities, since 
the introduction of the second metal in catalytic system can sharp c hange both activity, and 
selectivity of the catalyst in comparison with individual metals. 

Fig. 1. TEM photographs of the catalysts and formed CFC: a)- Ni (graphite layers stack at a~ 45° to 
filament axis), b) - Ni-Cu (a~ 90°), c)- Co (a~ 15°), d)- Fe (a~ 0°), e)- Fe-Co (a~ 0°) 

The addition of Cu into Ni catalyst changes the crystallographic orientation of the catalyst 
particles (Fig. 1 b) and as a consequence changes microstructural and textural properties of 
formed CFC. As a result, the thermal stability and carbon capacity (which can reach 700 
gcFc/gNi) of Ni-Cu increase [1]. It is also established that Co additives render activating 
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influence on Fe catalysts which become apparent in decrease of the methane decomposition 
tt:mperature and the formation of multiwall carbon nanotubes (MWNTs) [3]. Nevertheless the 
nature of Co influence was not studied in detail. 

The present publication is devoted to the investigation of Co and Ni promoting effect on 
Fe-containing catalyst in reaction of methane decomposition and -CFC accumulation at 
moderate temperatures. Investigations of Fe-Co-AhO3 and Fe-Ni-AhO3 catalysts genesis 
were performed by Mossbauer spectroscopy, XRD, TEM, EXAFS. It was found, that 
introduction of cobalt or nickel in small amount (3-10 wt. %) results in the magnification of 
carbon yields 2-3 times in comparison with original nonpromoted Fe-AhO3 at 625°C, and 
carbon capacity can achieves 105 gcFclgFe• Introduction of cobalt or nickel at the stage of Fe 
and Al hydroxide formation results in decrease of reduction temperature of iron oxide and 
formation of the appropriate alloys. On the basis of the TEM data it can be assumed that the 
formation of graphite phase at initial stage of methane decomposition reaction leads to 
generation of well faceted catalyst crystallites - the carbon nanotube growth centers only at 
addition of the second metal (Co or Ni). Considering the kinetic data of methane conversion 
on reaction time, the gradual decrease of catalyst activity could be explained as a result of 
catalyst deactivation due to an encapsulation of the active centers by continuous generation of 
carbon nanotubes (Fig. 2). The given deactivation mechanism quite differs from the accepted 
for Ni-containing catalysts, consisting in destruction of the catalyst active centers with 
growing carbon fibers. We can propose that change of the declination angle of graphitic layers 
in fibers {from 90° for Ni-Cu-based CFC to 0° for Fe or Fe-Co-based CFC) results not only in 
modification of the deactivation mechanism, but also accordingly to change of the catalyst 
stability. On the basis of experimental data we can conclude that the deactivation depends on 
the microstructure of growing carbon filament: the larger is the inclination angle of graphite 
layers to a filament axis, the more stable is catalyst of methane decomposition (as it was 
shown by us for Ni-Cu-AhO3 catalysts [1]). 

1 6 
Fig. 2. The typical global kinetics 

1 4 of methane decomposition over: 
1 2 1 - 90Fe-AbO3 (T=625°C), 

~ 0 1 0 2 - 85Fe5Ni-AbO3 (T=625°C), 

J: 
8 3 - 85Fe5Co-AhO3 (T=625°C), 

(.) 4 - 75Co-AhO3 (T=500°C), 
>< 6 

4 5 - 90Ni-AhO3 (T=550°C). 

2 

0 
0 2 4 6 8 10 12 14 16 
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Promotion of 3d-metal catalysts allows to regulate textural and microstructural properties 
of CFC and also to receive the carbon nanotubes, with outer diameter ranging between 20-30 
nm and inner channel about 10 nm, which now have scientific and practical interest. 

Acknowledgements: We are grateful to Dr. V.A. Ushakov for the XRD measurements, 
Professor V.B. Fenelonov for the adsorption data. The work is supported by Award No. REC-
008 (CRDF) and NWO-2001. 
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BJIIDIHHE TEMIIEP ATYPLI CHHTE3A II YCJIOBIIH KPHCTAJIJIH3AQHH HA 

MOP<I>OJIOrHIO AHH3OTAKTHqEcKoro IIOJIHilPOIIHJIEHA 
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The effect of polymerization temperature on the crystalline morphology of anisotactic PP 
synthesized in liquid monomer with the rac-Etind2ZrCh-methylaluminoxane system was 
studied. It was shown that, in the range 20-30°C, PP crystallizes into the a-modification. 
Anisotactic produced at elevated temperatures consists of a mixture of a- and 
y- modifications. At the polymerization temperature of 70° C, the content of the y-phase in the 
polymer is 75-80%. The development of the y-phase in PP results from the steric inversions 
corresponding to [mrrm ]- pentads and regiochemical errors such as 2-1 and 1-3 insertions in 
the chain microstructure. The data on the ratios of crystalline modifications in virgin polymers 
and in films prepared by hot pressing of a virgin powdered PP at various rates of cooling from 
melt are discussed. It was demonstrated for the anisotactic polypropylene that the 
y-phase is thermodynamically more favorable. 

J13yqeHO BJIHSIHHe TeMnepaTypbI IlOJIHMepH3a:UHH (T non) Ha KpHCTaJIJIHqecKyIO 

CTPYKTYPY aHH30TaKTHqecKoro TITI, CHHTe3HponaHHoro Ha cHcTeMe rac-Etlnd2ZrCh

MeTHJiaJIIOMOKCaH B )KH)lKOM MOHOMepe. IlOKa3aHO, qTO IIpH 20-30°C TITI KpHCTaJIJIH3yeTCSI B 

a-MO)lH<pHKa:UHHIO. IlpH IIOBbiilleHHH T non o6pa3yIOIUHHCSI aHH30TaKTHqecKHH TITI 

rrpe)lCTaBJISieT C060H CMeCb a- H y-MO)lHcpHKa:UHH, npH T non 70°C CO)lCp)KaHHC y-cpa3bl B 

IIOJIHMepe COCTaBJISieT 75-80%. IlpHL{HHOH <pOpMHpOBaHHSI y-cpa3bl B IJTI SIBJISIIOTCSI 

HapymeHHSI n MHKpOCTPYKType IIOJIHMepHOH :uenH: CTepHqecKHe omH6KH, COOTBeTCTBYIOIUHe 

neHTa)laM [mrrm], H pernoXHMHL{eCKHe omH6KH BHe~peHHSI THila 2-1 H 1-3. C yneJIHqeHHeM 

-:-eMrrepaTypI>I CHHTe3a co)lep)KaHHe 3THX omn6oK B03pacrneT (Ta6;rn::ua). 
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Ta6mm;a. Bmrn:mie TeMrreparypbl II0JIHMepH3aumr Ha MIIKp0TaKTiftJH0CTb uerrH H 

MOp<pOJIOrIUO ·KpHCTaJIJIOB aHH3OTaKTHtJeCKOI'O ITIT . 

Tnon., .. • r-cpma, a--q>a.Ja, 
N oc . mmmm PernoneperymrpnocTb, % % % 

% 2,13pHTpO 2,lTpeo 1,3 

I1I1-6 20 90 - - - 0 100 
ITTI-3 40 85 0.37 0.25 - 13 87 

TIIT-10 50 · 82 0.40 0.21 - 40 60 
TIIT-1 60 78 0.37 0.26 0.14 70 30 

}byqeno COOTHOIIIeime KpHCTaJIJIHtJeCKHX MO,UHq>HKal~HH B ~CXO,UH0M II0JIHMepe H B 

rrJieHKax, rroJiytJeHHhIX rryTeM ropHtJero 11pecc0Bamu1 rropoIIIK006pa1Horo TTI1 rrpn 

pa3JIHtJHbIX CKOpocrnx OXJia)K,UeHH5I H3 pacrrnaBa. ITpH CK0pOCTH 0XJia)K,UeHH51 1 0 rva,u/MHH 

He3aBHCHMO OT T non · H q>a30B0f0 COCTaBa HCXO,IlHOI'O IIOJUIMepa, ITIT KpHCTaJIJIH3yeTC5I 

rrpeHMYIJleCTBeIIHO B Y-:--MO)].mpHKau;mo. I1pH CK0p0CTI-I 0XJia)l{)].eHH5I 1000 rpa,ulMHH (pe)l{HM 

3aKamrnaHH51) CTpyI<Typa IIJieHOK ITTI, CIIHTe3HpOBaHHOI'O IIpH TeMnepaTypax 50-70°C 

(ITTI-1 H I1I1-l 0), npe,ucTaBJIHeT co6ott cMeKTIItJecKyro cpopMy co cTerrenhJO 

KpHCTaJIJIHtJHOCTll 10-14%. O6pa3eu ITTI-6, CHHTe3HpOBaHHbIH rrpH 20° C, B JTHX ycJI0BH5IX 

KpIICTaJIJIH3yeTC5I B a-MO,Illlq_)HKaumo. TaKHM o6pa30M, CKOpOCTh OXJia)I{,IleHH.sI H3 pacIrnaBa 

HMeeT rrpHHUHIIHaJibHOe 3HatJeHHe ,IlJI5I cpopMHpOBaHH.sI KpHCTaJIJIW-IeCKOH CTPYKTYPhl 

aHH30TaKTHtJeCKOro I1I1. QT)lmr rrneHOK, II0JiytJeHHhIX B pe)KHMe 3aKaJIHBaHH5I, rrpHB0,IlHT K 

Kap,uHHaJibHOMY ll3MeHeHHJO HX MOpq_)OJIOnIH. CTpyKTypa IIJieHOK, ITOJiytJeHHhIX H3 o6pa3UOB 

I1I1-l H TITI-10, rroCJie OT)KH:ra npencraBJI5IeT co6ott tJHCTYIO y-Mo,uHcpHKaumo. L(omr y-cpa3hI 

B IIJieHKe, rrpHroTOBJieHHOH H3 06pa3ua TITI-6, IT0CJie OT)I{Hra paBHa 78%. I,fa rroJiytJeHHbIX 

pe3yJibTaTOB CJienyeT, tJTO y-MO,IlHq_)HKaUH5I TepMO,UHHaMHtJeCKH 6oJiee BbirO,IlHa ,UJI5I 

aHH30TaKTHtJeCKOro TII1. 3TOT BbIBO,U cornacyeTC.sI C pactJeTaMH Corradini [16], KOTOpblll 

IIOKa3aJI, tJTO pa3HHUa B 3Heprn.sIX yrraK0B0K a- H y-MO,UHq_)HKaUHll, paBHa5I 0.8 KL()K/MOJih, 

6narorrpII5ITHa )lJI.sI o6pa3oBaHH5I y-cpa3bl [l ]. 

[1] Corradini P., Petracone P.V., Pirozzi B. // Eur.Polym. J.1983. V.19. N.4. P.299. 
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The regularities of formation of aluminum and zirconium hydroxides at co-precipitation 

by products of electrode reactions in membrane electrolizer are studied. It was established, 
that conditions of preparation (temperature and value of pH) allowed ··to vary the phase 

composition and porous structure of co-precipitated systems in wide diapason. 

Cooca:>KJJ,eHHbie aJIIOMO-UHpKOHHeBbie rnn,pOKCHJJ,bI (AU:f) H OKCHJJ:hl (AU:O) 

HCI1OJlb3YIOT B I<aqecrne HOCHTeneiI n,mI rronyqeHH5I KaTaJIH3aTopoB H BbICOK03q>cpeKTHBHbIX 

KaTaJIH3aTopoB TaKHX Ba:iKHbIX KaTaJJHTHqecKHX rrpoueccoB, KaK H3OMepH3aUH5I, pH<pOpMHHf. 

H ,np. TipHMeHeHHe .[l;HOKCH,na UHpK0HH5I o6ycnOBJieHO ero crroco6HOCTbIO C03JJ,aBaTb 

CTa6HJibHbie CHCTeMbl c pa3BHTOll IlOBepXHOCTbIO. 

PaHee HaMH 6brnH HCCJieJJ,OBaHbI CTPYKTypa n KHCJlOTH0-0CH0BHbie CBOllCTBa 

rn.upoKCHJJ,OB (fOA) H OKCHJJ,OB aJlIOMHHH5I (OA), CHHTe3Hp0BaHHbIX B MeM6paHHOM 

:meKTpOJIH3epe. Pe3yJihTaTbl HCCJICJJ,OBaHHll IIOKa3anH, qTQ fOA, oca)K,UeHHbie B aHOJJ,HOH: 

KaMepe 3JleKTpOJIH3epa, cymecrneHHO ornHqaJOTC5I OT fOA, rronyqeHHhIX no Tpa.UHUHOHHhIM 

TCXHOJIOnI5IM KaK no q>a30BOMY COCTaBY II nopHCTOll CTPYKType, TaK M no pacnpe.ueneHifIO 

KIICJIOTH0-OCHOBHhIX UCHTpOB Ha IlOBepXHOCTH [ 1-3]. U:enbIO HaCT05IIIJ;Cll pa60ThI 6brnO 

H3yqHTb BJlH5IHHe ycnoBHll COOCa)l(JJ,eHmI Ha COCTaB H CTpyKTYPY AIJ,r, nonyqeHHhIX B 

MeM6paHHOM :.meKTpOJIH3epe. 

Oca)K,UCHHe npOBOJJ;HJIH B aHO.UHOll KaMepe MeM6paHHOro 3JlCKTp0JlH3epa [l] nyTeM 

HenpepbIBHOro J1,03HpOBaHH5I aJIIOMIIHaTa HaTpH5I B pacrnop ZrO(NO3)2. y CJIOBII5I OCa)l(,nCHH5I 

BapbHpOBanH B JJ,Hana30HC pH OT 6 JJ,0 10, JJ,Hana30He TeMnepaTyp OT 30 JJ,O 70 °C. 

Onpe.ueneHHe C0CTaBa npoBOJJ;HJIH MCTO,D;aMH rmaMeHHOH q>OTOMCTplrn, 

peHTrempnyopecueHTHoro, XHMHqecKoro M TepMOXHMHqecKoro aHanH3a. I1ccne,noBaHH5I 

q>a30BOro COCTaBa npoBOJJ,HJIH MeTOJJ,OM JJ,H<ppaKTOMeTpHH. TiopHCTYIO CTPYKTYPY 

onpe,neJI5IJllI MeTO,UOM HH3KOTeMnepaTypHOll an,cop6UHH a30Ta. 
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11ccne,n;oBaHIUI o6pa3UOB MeT0)];0M . HH3KOTeMrrepaTypHOH a.n;cop6UHH 83OTa IIOK83aJIH, 

qTO CHHTe3HpoBaHHbie Al(f xapaKTepH3YIOTCSI MHKporropHCTOH CTpyKTypoH C ,n;HaMeTpOM 

nop MeHee 10 A H Me3orropaMH c MaKCHMYMOM pacrrpe,lleJieHHH o6'beMOB rrop no 

.n;HaMeTpaM, rrpHxoMmHMCH Ha 3 8 A. TTopoMeTpHqecKHe xapaKTepHCTHKH o6p83UOB 

orrpe,lleAAJIHCb ycJIOBHHMH oca)K)J;eHHH, y,lleJibHaH IIOBepxHOCTb o6p83UOB COCTaBJISIJia OT 

250 ,llO 350 M
2
/r o6paJua, 061>eM nop BapbHpOBaJI B rrpe.n;enax 0.2-0.4 cM

3
/r. Ha 

.n;mppaKTorpaMMaX nonyqeHHhIX rn.n;pOKCH,n:OB orrpe,lleAAJIHCh peq)JleKCbI, CO0TBeTCTBYIOmHe 

rn,n;pOKCH,llaM aJIIOMHHH51 6airepHTHOH H rrceB.n;o6eMHTHOH MO,llH(pHKaa;HH, CO0THOIIIeHHe 4)83 

H3MeHRJIOCb B 3aBHCHMOCTH OT BeJIJlqJIHbI pH H TeMrrepaTypbI oca)l(,IleHH51. nocne 

npoKaJIHBaHHR o6p83a;OB rrpH 500 °C, peHTreHopacpHqecKH o6Hapy)KHBanacb cpa1a y-AhO3, 

cp83a. )];HOKCH,lla UHpK0HHR B 3THX ycJI0BHRX peHTreHOaMopcpHa. 11ccne,n;oBaHHe rrpouecca 

TepMOp83JIO)l(eHHR rronyqeHHbIX CHCTeM TaK)Ke IIO,L(TBep)K)];aIOT cp830BbIH COCTaB. CpaBHeHHe 

CTPYKTYPHbIX rrapaMeTpOB CHHTe3HpoBaHHblX Al(f C HH,n:HBH.llYaJibHbIMH rn:,n;pOKCH,llaMH, 

rronyqeHHhIMH B aHaJIOrHqHbIX ycJIOBHRX, IIOK83aJIH, qTo rrpou;ecChl q>OpMHpOBaHHH 

CTPYKTYPhl HH,llHBH.llYaJibHbIX H COOCa)K,lleHHbIX rn:,llp0KCH,llOB pa3JIHqHbI. TaKHM o6p830M, 

HCCJie,n;oBaHH51 . COCTaBa H CTPYKTYPbI rH.n;poKCKJI)];OB aJIIOMJIHHR H IJ;HpKOHH51, rronyqeHHbIX B 

MeM6paHHOM 3JieKTpOJIJI3epe, IIOKa3bIB3IOT' qTo ycJI0BJIH OCa)K,n;eHHR ( TeMrrepaTypa H 

BeJIHqHHa pH) II03BOJIHIOT BapbHpOBaTb B umpOKOM ,n:HaIIa30He KaK cpa30BbIH COCTaB, TaK JI 

rropHcTyIO cTpyKTYPY cooca)K)J;eHHbIX CHCTeM. 

Pa6oTa BhIII0JIHeHa rrpH <pJIHaHCOBOH rro,z:mep)KKe PocCHHCKOro q>OH)];a 

q>yH,llaMeHTaJihHbIX JICCJie,n:oBaHHH (rrpoeKT N2 01-03-32857) 

JluTeparypa 

[l]JlaM6epoB, A.A., PoMattoBa P.r., JlHaKyMosMq A.LI/ KMtternKa M KaTaJIM3, 1999. T.40, .N'!!3. 
C.472-479. 

[2]JlaM6epoB, A.A., PoMaHoBa P.r., JlMaKyMOBH4 A.LI/ )l{fIX. 1999 - T. 72.- .M~ 8 - C.1310-1314. 
[3]JlaM6epoa, A.A., PoMattoaa PT., Jli,taKYMOBH4 A.L //)l{fIX. 1999. -T. 72. - N2 5. - C. 772-779. 
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)];BA HAilP ABJIEHIDI B3AHMO,ll;EHCTBIDI XJIOPOJIE<l>HHOB C liEH3OJIOM 

HA HMMOliHJIH3OBAHHLIX OKCH)];AX )KEJIE3A 

TWO WAYS OF CHLOROLEFIN INTERACTION WITH BENZENE ON 
IMMOBILIZED IRON OXIDES . 

PocToe~uKoea T.H., IlepMeHoea E.Il., CMupuoe B.B., U:o~uKoe MB.*, 
liyxTeHKO O.B. * u qepHaecKuii II.A. 

Rostovshchikova T.N., Permenova E.P., Smirnov V.V., Tsodikov M.V.*, 
Bukhtenko O.V. * and Chrenavskii P.A. 

MocKOBCKHH rocy.uapcrneHHhIH yHHBepcHTeT HMeHH M.B. floMoHocoBa, 
X11M1-r4ecKHH cpaKyJihTeT, MocKBa, PoccHH 

Fax: (7-095)9328846; E-mail:rtn@kinet.chem.msu.ru 
*I1HCTHTYT HecpTeXHMHqecKoro CHHTe3a HM. A.B. TonqHeBa PAH, MocKBa, PoccHH 

The connections between composition, particle size, support (SiO2, SnO2) , and reaction 
path were studied in the allyl chloride reaction with benzene at 80-120°C catalyzed by 
immobilized Fe2O3. The ratio of products (C6Hs~CH2-CH=CH2 and C6Hs-CH2-CHCI-CH3) 
depends on reaction conditions and catalyst. The main ·stages of catalytic process are 
discussed on the basis of kinetic data and Mossbauer spectroscopic studies of catalysts. 

Xnoponeq>HHbl B3aHMO,D;eHCTBYIOT C 6eH30JIOM C o6pa30BaHHeM npo.uyKT0B 

anKHJIHpoBaHHH c pa3phIB0M CBH3eii C-Cl HJIH .UBOHHOH CBH3H npH TeMnepazype 80-120°C B 

rrpHCYTCTBHH HMM06HJIH30BaHHOro 0KCH,Ua )KeJie3a. B pa6oTe H3yqeH0 BJIHHHHe npHp0,Ubl . 

HOCHTeJIH ( CHJIHKarerrh, aKTHBHpOBaHHbIH CJIOHCTbIH KpeMHe3eM, OKCH.U OJIOBa) H 

co.uep)KaHHH )KeJie3a Ha KaTanHTHqecKHe CBOHCTBa OKCM,Ua )KeJie3a B peaK[(HH anrrm1xnopH.ua 

c 6eH30JIOM c o6pa3oBaHHeM .UByx ocH0BHhIX npo,uyKT0B C6H 5-CH2-CH=CH2 (1) H 

C6Hs-CH2-CHCl-CH3 (2). KarnnmaTOpbI c co,uep)KaHHeM Fe OT 1 .uo 15 Bee.% rrorryqanH 

nponHTKOH HOCHTCJIH paCTBOpaMH . coe,UHHeHHH )KeJie3a C rrocne.rzyIOI[(HM 

TepM0pa3JI0)KCHHeM. no .n;aHHbIM P<t> A H Mecc6ay3pOBCKOH crreKTp0CK0TIHH 0HH co,n;ep)KanH 

rJiaBHbIM o6pa30M Fe2O3 C pa3MepoM -cmcTH[( OT HeCK0JibKHX t(0 30-40 HM B 3aBHCHM0CTH OT 

cocTaBa. CooTHOIIIeHHe rrpo,uyKTOB 1 H 2 orrpe,uenHeTCH BpeMeHeM npoBe,ueHHH rrpouecca, 

TeMnepazypoH H CB0HCTBaMH KaTanH3aTOpa. Hcnom,3oBaHHe HaH6onee aKTHBH~ro 0KCH,Ua 

)KeJie3a Ha CHJIHKarene C co.uep)KaHHeM ~ 10% Fe npHB0).];HJIO TaK)Ke K ,UMbHCHIIIeMy 

anKHJIHp0BaHHIO c yqacrn:eM (1) H (2). IlpH co.n;ep)KaHHH Fe :::;5% peaKI(HH rrpoTeKaeT TI0CJie 

,l1;JIHTCJibH0ro nepHo.ua HH)zyK[(HH C npeo6na.uaHHeM npo.n;yKTa C pa3pb1B0M CBH3H C-Cl ( 1) H 
. . -

Il0.SIBJieHHeM He60JibIIIOfO K0JIHqecTBa JJ;HaJIJIHJia, CBH,D;eTeJibCTByIOmero 06 o6pa30BaHHe 

aJIJIHJibH0f0 pa,nHKaJia. BbI.UCJIHIOI[(HHCH npH o6pa30BaHHH (1) XJIOpHCTbIH Bo,nopo.u 

ycHJIHBaeT KHCJI0THbie CBOHCTBa KaTaJIH3aTOpa, qTQ npHB0.UHT K 6bICTpOMY HaK0TIJieHHIO (2), 

HBJIHIOI[(erocg 0CH0BHbIM rrpo;zyKT0M npH KaTaJIH3e xnopH.U0M )KeJie3a. 

Pa6orn BbmonHeHa npH no)])lep)KKe P<J)<PI1 (01-03-32783). 
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, CTPYKTYPHLIE IlPEBP AinEHHJI HAHECEHHLIX 

tETEPOilOJIHCOE,lt;HHEHHH B PEAKU:HH OKHCJIHTEJILHOH KOHBEPCHM 
AJIKAHOB 110,lt; BJIIDIHHEM CPE,lt;LI 

THE STRUCTURAL CONVERSIONS OF SUPPORTED HETEROPOL Y 
COMPOUNDS IN REACTION OF OXIDATIVE CONVERSION OF ALKANES 

UNDER INFLUENCE OF MEDIUM 

CaBeJILeoa r.A., Cacc A.C., ,lt;ocyMoo K., Opa1L1M6eTooa C.,LJ;. u lieK6aTL1poBa r.M. 

Savelieva G.A., Sass A.S., Dosumov K., Orazymbetova S.D. and Bekbatyrova G.M. 

HHcmryT opraHifliecKoro Karn.rrn:3a H 3JieKipOxmnm HM. )];.B. CoKo~cKoro MOH PK 
yn. KyHaeBa, 142, AnMaTI>I 480100, Pecrry6m1Ka Ka3aXCTa.H 

<l>aKc: (3272) 915-722; E-mail: orgcat@nursat.kz, I10K3 MOH PK 

Dynamics of structural conversion of supported heteropoly compounds was investigated 
by methods of IR-spectroscopy, XRD, TPR, TPO. The reaction was studi~d in the presence of 
15-30% mas H3PM012040 - and HsPV 2Mo10040/Si02 catalysts in consecutive processes of 

interaction with 0 2 (air), H2 under TPR regime, 0 2 under TPO regime (T=500-1000°C), H 20 

(25°C). The rank of reversible structural conversion of supported heteropoly compounds was 
established in dependence of temperature and medium. 

KarnmI3aTOpbI Ha HOCHTemIx Ha ocHoBe reTeporro.rmcoe,n:HHeHHH (fITC) 12 p.si,na 

H3yqem,I B peaKUH5IX OKHCJIHTeJibHOH KOHBepCHH C 1-C4 aJIKaHOB B KHCJIOpo,n;co,nep)I<alllHe 

coe.n:HHeHHH H OJieq>HHbl [1,2]. YcTaHOBJieHa HX BbICOKa» aKTHBHOCTb H TepMOCTa6HJibHOCTb 

rrpH T peaK - 300-800°C H p aTM· B peaK[(HOHHbIX CMec»x, co.n;ep)KamHx aJIKaH, 02, N2, rrapbi 

B0.ll:bl. B TO )KC BpeMH H3BCCTHO, qTO KOMIIaKTHble fI1C Mo 12 p5I,na rrpeTeprreBalOT 

Heo6paTHMbie . CTPY~TypHbie rrpeBpameHHH Ha B03,nyxe C rrepexo,noM B OKCH.L{bl 

COCTaBJIHIOII(HX :meMeHTOB IIpH OTHOCHTeJibHO HCBbICOKHX TeMrrepaTypax (400-500°C) [3]. 

B HaCTO»meM coo6meHHH rrpe.ncTaBJICHbl pe3yJibTaTbl . HCCJie.[(OBaHHH CTPYKT)'pHblX 

rrpeapamemr:ii rnc B 30% Mac H3PM012040 - HsPV 2Mo10040/Si02 B YCJIOBH5IX B03,L{eHCTBHH 

KOMIIOHeHTOB OKHCJIHTCJibHO-BOCCTaHOBHTeJibHbIX peaKUHH (B03.ll:YX, H2, 02, H20) H 

TeMrreparypbI. 

YcTaHOBJICHO, qTO HaHeceHHbie rnc xapaKTepH3YIOTCH IlHKaMH TITB crpyKrypHoro 

KHcnopo.na, °C: I - 380-400, II 2'.: 550, III - 670, IV > 800; mumqHeM B I1K-cneKTpax rronoc 

rrornomeHH51 OT BaJieHTHbIX H .necpopMa.I.UiOHHbIX KOJie6aHHH CB5I3CH MeTaJIJI-KHCJIOpo,n B 

cpymazyioHaJibHbIX rpyrrrrax M-0-Mo (505, 590 CM-\ Mo-0-Mo (780, 860 CM-1), Mo=O (950 CM-1), 

P-dJM:cf(1050 CM-1); IIOHBJieHHeM Ha peHTreHorpaMMax p.si,na ,nHcppaKUHOHHbIX MaKClfMYMOB 

B o6iiaCTH 20 = 8-12° (12.22, 11.04, 9.93, 9.48) BCJie,ncTBHe o6pa:30BaHH.sI Ha HOCHTeJie 

KpHCTaJIJIHTOB ffIC KerrirnOBCKOfO nrna. 

IlporpeB Ha B03.zzyxe IIpH T ~ 500°C rrpHBO.D;HT K ,n;ecrpyKI.(HH HaHeCeHHbIX filC H 

cpopMHponaHHIO Mo03. Ha :no yKaJbIBaeT HcqeJHOBCHHe H3 crreKrpoB P<l>A ,n.M. 20 = 8-12° 

H rro5IBJieHHe HOBbIX ,n:.M. OT <pa3LI Mo03 c poM6HqecKoii pemeTKOH (ASTM N25-0508). 
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AmumrHqHo ITOCJIC rrporpeBa Ha B03.zzyxe rrpH T ~ 400°C B l1K-crreKTpe TaK)Ke Hcqe3aIOT 

xapaKTepHCTHqHhie II.II. OT fITC (CM. Bhlllle) R IIO.sIBJI.sIIOTC.sI HOBbie llIHpOKHe ITpH 460, 550, 

840, 990 CM-I, KOTOpbie MOryT UbITb cyIIepII03HUR.sIMH II.IT. OT OKCH.l{OB V 205 ( 460, 580, 810, 

1000 CM-I) H MoQ3 (590, 860, 990 CM-1
) [4]. 

IT pH II0BbillieHRH T B3aHM 0KHCJieHHbIX HaHeCeHHbIX fITC C H2 B pe)KHMe TITB .no 

700-750°C Ha6mo,uaeTC.sI B0CCTaH0BJICHHe B03HHKlliero Ha 6a3e fITC , 0KCH)la MoQ3 C 

o6pa30BaHHeM Mo02, KOTOpbIH ,UaJiee B pe3yJihTaTe B3aHMO,[(eHCTBH.sI C H2 IIpH 900-1000°C 

(TTIB) BOCCTaHaBJIHBaeTCH ,[(O MeTaJIJIHqecKoro Mo0
• 3m: CTa)lHH BOCCTaHOBJiemrn 

KaTaJIH3ampoB oTpa:>KaIOTC.si B ITOHBJieHHH B · CIIeKTpax TITB IIHKOB IIor_Jiom;eHH.sI H 2 IIpH 

300-500°C (BOCCTaHOBJICHHe fTIC), 600-650° (o6pa30BaHHC Ha 0CH0Be KaTH0H0B Mo6+fITC 

- OKCH)la Mo03), 700-750° (BOCCTaHOBJiemrn Mo03 B Mo02), 900-1000° (BOCCTaHOBJieHHe 

Mo02 B Mo0
). 

ITpouecc pe0KHCJICHH.sI KHCJI0p0,U0M B pe)KHMe TITO KaTaJIH3aTOp0B II0CJie 

rrpe,uBapHTeJihHOro BOCCTaHOBJieHH.sI BO,Uopo,uoM ,uo Mo0 rrpoTeKaeT B o6JiaCTH TCMIIepaTyp 

200-600°C C fl0.SIBJieHHeM Tpex IIHK0B II0fJI0I.IJ;CHH.sI 02: 350-370, 430-450, 530-550°C. 

ITpouecc peoKHCJieHHH - Ha 100-200° 6onee HH3KOTeMIIepaTypHbIH, qeM IIpouecc 

BOCCTaHOBJICHH.sI. qaCTHqHoe 3aMememrn MOJIH6,ueHa Ha BaHa,[(HH B fITC (H3PM012040, 

H5PV2Moio040) IIOBhirnaeT TBocc KHcnomo6pa3yromero KaTHOHa Mo6+ ➔ Mo0
, HO CHH)KaeT 

T oKHcn Mo0 B Mo 
4
+ H ,[(aJiee B Mo 

6
+ OKCH,UOB. ITocne.zzyro:ru;a.si BhI~ep:>KKa B BO,[(e 

BhillieIIpHBe,[(eHHhIX KaTaJIH3aTopon rrocJie TITB ,[(O 700-750°C (m q>aJo1 Mo03, Mo02) H 

TITO ,[(0 600°C, Jrn6o TTIB ,[(0 1000°C (Mo0
) H TITO ,[(0 850°C IIpHBO,[(HT K B0306HOBJieHHIO 

HCXO,UHOH crpyKTypbI HaHeCeHHOfO ff1C C Mo 12 pH,[(a Ha 3TO YKa3bIBaeT B0306HOBJieHHe B 

crreKTpax P<l>A ,[(.M. 20 = 8-12°, B 11K-cneKTpax - 11.11. OT q>yHKUHOHaJihHbIX rpyrrrr rnc 
KerrHHOBCKOH CTPYKTYPhI H, aHaJiomqHo, HCXO,[(Horo cneKTpa TITB ( CM. Bhirne ). 

TaKHM o6pa3oM, B Hccne,[(oBaHH.sIX Mern,uaMH TITB, TITO, l1KC, P<l>A cTpyKTYPHhIX 

H3MeHeHHH rrrc B KaTaJIH3aTOpax 30% H3PM012040/Si02 H H5PV2Mo10040/Si02 Ha 

HCCJie,noBaTeJibCKHX CTa,l{H.sIX OKHCJieHHH - BOCCTaHOBJieHHH - OKHCJieHHH H o6pa60TKa BO,UOH 

ycTaHOBJieH o6paTHMbIH UHKJI CTPYKTYPHbIX npeo6pa30BaHHH rrrc ITO.I{ B03,[(eHCTBHeM 

cpe,[(bl H Te?vi:11eparypbI: 

500-600° 700-750° 900-l 000° 
Mo6+(fTIC)-~ Mo6\q>a3a Mo03)---➔ Mo

4
(Mo02 q>a3a)-- Mo0 

80311.YX H H 
2 2 
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BJIIDIHHE COCT ABA IIOJIHMET AJIJilfqECKHX KAT AJIH3ATOPOB HA 

OCHOBE Cu/ZSM-5 HA IIPOI(iC'C TPEXKOMIIOHEHTHOH oqlf CTKH r A3OB 

INFLUENCE OF POLYMETALLIC CATALYST COMPOSITIONS ON THE BASE 
OF Cu/ZSM-5 ON THE PROCESS OF TREE-WAY GASES PURIFICATION 

Ca.r.euoea M.A., Ilonoea H.M., )l;ocyMoB K. u AnTouoea H.A. 

Sadenova M.A., Popova N.M., Dosumov K. and Antonova N.A. 

MH:cnnyr opraHlfllecKoro Karn.mna H :meKTpoxmnm UM. ,ll;.B. CoKoJihcKoro MOH PK 
yn. Kynaeaa ,ll;. A., 142, AJIMaTbI 480100, Ka3axCTaH 

Ten: 916632; ct>aKc: 007 (3272) 915722; E-mail: ORGCAT@nursat.kz 

Data on investigation of efficiency and thermal stability of polymetal catalysts over 
Cu/ZSM-5, supported on block porous silicon nitride (d = 14,2 + 15,5 mm; h = 31 + 33 or 
18 + 20 mm) in tree-way gases purification (from CO, C3H6 and NO) in dependence on 
composition of catalysts at different oxygen concentration in reaction mixture are given. 

B coo6memrn rrpe,llCTaBJieHhl ,uaHHbie 110 HCCJie,ll0Bamuo 3<pq:>eKTHBHOCTH H 

TepMHTieCK0H ycTOHTIHBOCTH IT0JIHMeTaJIJIHTieCKHX KaTaJIH3aTOp0B Ha 0CH0Be Cu/ZSM-5, 

HaHeCeHHblX Ha 6JIOTIHbIH, rropHCTbIH HHTpH,ll KpeMHHH ( d = 14,2 + 15,5 MM; h = 31 + 33 JIH60 

18 + 20 MM) B TpexKOMIIoHeHTHOH 0TIHCTKe ra30B ( OT CO, C3H6 H NO), B 3aBHCHM0CTH OT 

C0CTaBa KaTaJIH3aTopoB rrpH pa3JIH"CJ:HhIX K0HI(eHTpal(llHX KHCJI0po,ua B peaKI(H0HHOH CMeCH. . 

KaTaJIH3aTOpbI roTOBHJIHCb MeTO,llOM rrocne,uoBaTeJibHOro HacJiaHBaHHH KOMnoHeHTOB Ha 

6JIOTIHbIH H0CHTeJih no MeTO,uy 0ITHCaHH0MY paHee [1 ]. 

11ccJie,llOBaHHe II0Ka3aJI0, 1-IT0 no Mepe ycnm1meHHH C0CTaBa KaTaJIH3aTOpa Ha6mo,uaeTCH 

CHH)KeHHe TeMrrepaTypbI ,ll0CTH)KeHHH CTerreHH K0HBepCHH a:2: 70% Bcex TOKCH"CJ:HbIX 

K0Mil0HeHT0B B npHCYTCTBHH CTeXHOMeTpHTieCKOH K0HI(eHTpal(HH KHCJI0po,ua rrpH 

TpeaKwm=723K H pacmHpeHHe «0KHa» 6mpyHKI(HOHaJihHOCTH - AO/. 

L102 * - ouana3011 K01-tl/enmpalfUU KUCllopooa npu KomopoM ocyuJecmellRemcR 0011oepeMe1-t1-ta.R 
Ko1-teepcUR ecex mo1<cuttHblX KOMno11e11moe peaKlfUOH1-tou cMecu (CO, C3H6 u NO) 1-ta z 70%. 

lfa Ta6mrl(hI BH,llH0, -ci:TO HCXO,llHbIH Cu/ZSM-5/SbN4 KaTaJIH3aTOp II0CJie ero IIporpeBa 

rrpH 823K o6ecneTIHBaeT K0MITJieKcnyro 0TIHCTKY ra30B rrpH Ta co, cmG, No ~70% = 533, 553 H 

673K C00TBeTCTBeHH0, C AO2 = 0,10. ~Jrn Il0BhimeHHH TepMHTieCKOH ycTOHTIHBOCTH B ero 

COCTaB ,llOITOJIHHTeJibHO BHeCJIH l(epHH IIOCJie Me,llH, B pe3yJibTaTe -ciero 3aMeTHO 

pacmHpHJI0Ch «0KH0» K0HI(eHTpal(HH KHCJiopo,n;a ,ll0 AO2 = 0,16. 

TipoMOTHpOBaHHe MC,llH0f0 H l(epHHMe,llHOro K0HTaKT0B MeTaJIJiaMH imaTHHOBOH 

rpyIIITbl 1103B0JIHJI0 3Ha"CJ:HTeJihH0 II0BhICHTb RX TepMHTieceyro ycTOH"CJ:HBOCTb H eme 6on1>me 

286 



PP-154 
pacurnpHTh « 0KH0» 6mpyHKUHOHaribHOCTH, K0T0poe II0CJie BhlC0K0TeMrreparypHOH 

OKHCJIHTeJibHOH o6pa60TKH (1073K) B03pacTaeT B p.s:,zzy: 

PtRuCu (0,11) < RuCu (0,13) < RuCeCu = RhCu (0,16) < PtRhCu (0,18) < PtRuCeCu (0,23). 

no TeMrreparype ,n;ocTH)KeHHH a,;;?:70% cTerreHH rrpeapameHl{j{ CO, C3H6 H NO 

YKa3aHHbie K0HTaKTbI ( II0CJie BbIC0K0TeMrrepaTypHOH 0KHCJIHTeJibHOH o6pa60TKH ( 1073 K)) 

pacrronararoTcH B pH.n: 

PtRuCeCu (593) < PtRuCu (628) < RuCeCu = RhCu (638) < PtRhCu (643) < PdRuCu (703) 

HaH60JihlIIHH rrp0MOTHpyIOII.I;HH 3q>q>eKT .[(0CTHrHYT npH BBe,n;eHHH B C0CTaB 

Ce/Cu/ZSM-5/SiJN4 KaTarrH3aTOpa cMecH 6naropo.nm,1x MeTarrJI0B Pt/Ru B K0Jrn:qecrne -

I=0,10 Mac. %, qTo cymecTBeHH0 MeHbUie, qeM B lf3BeCTHblX np0MhilIIJieHHhIX 

I<aTarrH3aTOpax Ha ocHoBe AbO3 (I;;?: 0,30 +3,0 Mac.%). 

Ta6Jiuna. 3f}>f}>eKTHBHOCTL u TepMH'ICCKaH ycTOH'IHBOCTb IlOJIHMeTaJIJIH'leCKHX 
KaTaJiuJaTopoB ua ocuose Cu/ZSM-5/ShN4 B TpexKoMnoueuTuoii 011ncTKe ra1os 

T, K npH a= 70% LlO2 
N2 CocTaB co C3H6 NO 

KaTaJIH3aTopa 823 1073 823 1073 823 1073 823 1073 
1 Cu 533 - 553 - 673 - 0,10 -
2 Ce/Cu 453 548 558 558 698 723 0,16 0,09 
3 Ru/Cu 533 593 593 633 513 713 0,16 0,13 
4 Pt/Ru/Cu 493 533 513 613 613 628 0,16 0,11 
5 Ru/Ce/Cu 418 558 638 638 583 598 0,30 0,23 
6 Pt/Ru/Ce/Cu 428 523 593 593 568 518 0,17 0,23 
7 Pt/Rh/Cu 493 528 533 643 533 603 0,16 0,13 
8 Rh/Cu 493 558 513 638 553 603 0,16 0,16 
9 Pd/Ru/Cu 673 663 653 673 693 703 0,06 0,03 

<l>H3HKO-XHMHqecKHe HCCJie,n;oBaHHH pa3pa6oTaHHhIX KaTaJIH3aT0p0B MeTO.[(aMH P<I> A, 

,[(TA, 3M, 3TTP, E3T, TTTB, TTT)l rro3B0JIHJIH ycrnH0BHTh, qro BBe.[(eHHe nepHH H 

ITJiaTHH0H,U0B o6ecneqHBaeT q>HKCHpOBaHHe H0H0B Me,n;H a K00p.[(HHaQH0HH0-

HeHaCbIIQeHHOH CHMMeTpHH IIJI0CK0ro KBa,upaTa B C0CTaBe Il0JIHMeTaJIJIHqecKoro K0MTIJieKca 

KJiaCTepH0ro THna. 

[I] Ca.o,eHoBa M.A., AHTOHOBa H.A., Ilonoaa H.M., ~ocyMoB K. Pa3pa6oTKa Me,AhC0.Aep)KamHX 
Karnmnarnpoa Ha ZSM-5 .A.JUI KOMn.JieKcHoii oq11cTKM ra30B. // CeMHHap K 70-JieTHIO co .AHH 
po)K,AeHMR np0<peccopa B.B .IlOIIOBCKOfO "3aKOHOMepHOCTM rny6oKoro 0KHCJieHIDI BemecTB Ha 
TBep,AbIX KaTa.JIH3aTOpax", 2000. HoBOCH6HpCK, C.254-257. 
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PP-155 
HCCJIE,ll;OBAHHE KHHETHKH H MEXAHH3MA PEAKIJ;HH CEJIEKTHBHoro 
"KAT AJIHTHqEcKoro BOCCT AHOBJIEHIDI OKCH,n:A A30T A MET AHOM HA . 
Co/ZSM-5 C HCIIOJ11,30BAHHEM 1130TOIIHO-,ll;HHAMHqECKOrO METO,ll;A 

SSITKA STUDY OF THE KINETICS AND MECHANISM OF SELECTIVE 
CATALYTIC NO REDUCTION WITH METHANE OVER Co/ZSM-5 

CatlOBCKaH E.M., CyKuee A.II., rouqapoe Rli., liaJILXCHHHMaes li.C. n MupotlaToc K. * 

Sadovskaya E.M., Suknev A.P., Goncharov V.B., Bal'zhinimaev D.S. and Mirodatos C.* 

11HcTHTYT KaTarrH3a HM. r.K. EopecKoBa CO PAH 
np. AK. JlaBpeHTbeBa 5, HoBocH6HpcK 630090, Poccm1 

<l>aKc:8(3832)34-30-56; E-mail: sadovs@catalysis.nsk.su 
*Institut de Recherches sur la Catalyse, 2 av. A Einstein, F-69626 Villeurbanne Cedex, France 

Steady-State Isotopic Transient Kinetic Analysis (SSITKA) of the reaction of selective 
NO reduction with methane was used to study labelled nitrogen and oxygen transfer after the 
replacement of 14N 16O with 15N 18O as well as labelled carbon transfer after the replacement of 
12CH4 with 13CH4 in the feed gas. It allowed us to determine both the concentrations of 
mononitrosyls, nitrites and NO2 

8
+ species and the rates of their reaction with methane as well 

as to estimate the concentration of surface intermediates resulting from interaction of NOx 
species with methane. Both the experiments with labelled NO and labelled CH4 showed that 
the reaction of NO reduction proceeds by two different routes with participation of NO2 

8
+ 

species and nitrite complexes, the rate by the first route being appreciably higher than that by 
the . second one under the reaction conditions studied. According to our calculations, the 
reaction rate by the first route is limited by that of NO2 

8
+ interaction with methane, while the 

rate by the second route - by that of nitrites formation. Based on the obtained results, the 
scheme of the reaction mechanism is proposed. 

PeaKUHSI BOCCTaHOBneHHSI NO MeTaHOM II3r1arracb C HCTIOTib3OBaHHeM II3OTOTIHO

,nHHa~rnlJeCK0ro MeTO,na (SSITKA, Steady-State Isotopic Transient Kinetic Analysis), 

BKTIIOlJaIOI.Uero HCCne,noBaHHe nepeHoca MelJeHbIX aTOMOB a3OTa H KHCnopo,na npH 

3aMe:ru;eHHH 14N 160 Ha 15N 18O B peaKUHOHHOH CMeCR, a TaK)Ke nepeHoca MelJeHbIX aT0M0B 

yrnepo,na npH 3aMe:ru;eHHH 12CH4 Ha 13CH4 B cMecH. B pa6oTe 11ccne,n0Barrcg KaTaJIH3aTOp 

Co/ZSM-5, co,nep)Kam;Hif 1.8 Bee.% Ko6arr1,rn B BH,ne 0Kc11,nono.n:06HbIX KnacTepoB [1]. 

3KcnepHMeHTbI npoB0,D;HnHCb rrpH 4S0°c B np0T0lJH0M peaKT0pe B pe)KHMe 6nH3KOM K 

1-1,neanhHOMY BhITecHeHHIO B o6nacTH KOHUeHTpau1-1if NO, CH4 H 02, coorneTcTBeHHO, 

0.2-0.6 06.%, 0.3-0.75 H 0.15-3 06.%. MaTeMaTH1IeCKHH aHa.JIH3 H30T0TIHbIX KpHBbIX 0TKTIHKa 

rrpOBO,D;HTICSI B paMKax ,nByXq>a.3HOH MO,nenH H3OTOTIHOro rrepeHoca, YlJHTbIBaIOJ.UeH 

H3MeHeHHe H30TOTIHOH ,nonH B peareHTax .· ra3eBOH «pa.3bl H B C0CTaBe npoMe~TOlJHbIX 

K0MirneKCOB Ha TIOBepXHOCTH KaTa.JIH3aTopa, KaK BO BpeMeHH, TaK H no ,nnHHe cnog 

KaTanH3aTopa [2]. 
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Ha ocHoBe qHcneHHoro aHaJIH3a JJ:HHaMHKH H30TonHoro 3aMeIUeHH51 

15
N B NO H N 2 

6bIJIH Bbl,[(eJieHbI TPH pa3mfqHbie no CKOpOCTH o6pa30BaHH51 cpopMbI a,n;cop6HpOBaHHbIX 

[NOx] coe.n;HHeHHH H oueHeHbl CKOpOCTH HX rrpeBpameHH51 rrpH B3aHMO,ZJ;eHCTBHH C MeTaHOM. 

113 conocraimeHH51 c ,ZJ;a.HHhIMH DRIFTS in situ 3TH cpopMbI 6bmH n,neHTH<pHUHpoBaHbI KaK 

MOHOHHTp03HJibHbie H HHTpHTHble KOMnJieKCbI K06aJibTa, a TaK)Ke qacTHUbI NO2b+. B 

HCCJie;::i;yeMOH o6JiaCTH KOHI.I;CHTpaI.HIH peareHTOB CKOpOCTb B0CCTaHOBJieHH51 "tJ:aCTHU NO2 8+ B 

N2 OKa3aJiaCb B HeCKOJibKO pa3 60JibII.Ie, "tJ:eM CKOpOCTb npeBpaIIleHH51 HHTpHTHbIX 

KOMIIJieKCOB, a CKOpOCTb ;npeBpam;eHH51 MOHOHHTp03HJIOB rrpeHe6pe)i<:HMO Mana. AHaJIH3 

,nHHaMHKH H30TOnHoro rrepeHoca MeTKH 
13

C m · CH4 B CO2 BbfflBHJI HanHqne ,n:Byx 

napanneJibHbIX MaprnpyTOB o6pa30BaHH51 CO2, rrpHqeM COOTH0IIIeHHe Me)KJJ:y CKOp0CT5IMH 

npoTeKaHH51 peaKUHH no 3THM MaprnpyTaM COBna;::i;aeT C COOTHOIIIeHHeM Me)KJJ:y CKOpOCT5IMH 

0 8+ 
rrpeBpaIIleHH51 qacnm N 2 H HHTpHTHbIX KOMIIJieKCOB. 

Ha OCHOBaHHH rronyqeHHbIX ;::i;aHHbIX npe,D;JIO)KeH ,nByxMaprnpyTHbIH MexaHH3M peaKUHH 

BOCCTaHOBJieHH5I NO MeTaHOM. B nepBOM cnyqae MeTaH B3aHMO,ne.H:cTByeT C qacTHUaMH 

NO2
8+; o6pa3yJOIUHMHC51 Ha 6HHapHblX n;eHTpax C yqacnJeM KaTHOHOB K06aJibTa HOH rpyrrn 

ueoJIHTa, a BO BTOp0M cny-qae - C HHTpHTHbIMH KOMIIJieKCaMH, o6pa3ylOIIlHMHC51 TOJibKO Ha 

KaTHOHaX K06aJibTa. Orrpe,neneHbI qHCJIO aKTHBHbIX ueHTp0B, Ha KOTOpbIX npoTeKaeT 

peaKUH5I no o60HM MaprnpyTaM, a . TaK)Ke KHHeTHKa npoTeKaHH51 OT,neJihHbIX CTaJJ:HH. 

IloKa3aHO, qTo CKOpOCTb peaKUHH no nepBOMY Maprnpyzy JIHMHTHpyeTC51 CKOpOCTblO 

V NO 8+ B3aHMO,neHCTBH5I 2 C MeTaHOM, Tor;::i;a KaK no BTOpoMy Mapmpyzy - CKOp0CTblO 

o6pa30BaHH5I HHTpHTHbIX KOMITJieKCOB. 

Pa6orn 6bIJia BbIIlOJIHeHa B paMKax COBMeCTHOH nporpaMMbl Me)K,ny l1HCTHTYTOM Karamna 

IIM. r.K. EopecKoBa CO PAH (HoBocn6npcK) H l1HCTHTYTOM Karnrrma (llHoH), qacTHqHa5J 

q>HHaHCOBa51 no,n.nep)KKa OKa3aHa P<l><l>l1, rpaHT 00-03-22004. 

JlnTeparypa . 
[l]E.M. Sadovskaya, A.P. Suknev, L.G. Pinaeva et al., J. Catal., 201 (2001) 159. 
[2]E.M. Sadovskaya, D.A. Bulushev and B.S. Bal'zhinimaev, Kinet. Katal., 40 (1999) 61. 
(3] A. T. Bell, Catal. Today, 3 8 (1997) 151. 
[4]L.G. Pinaeva, E.M. Sadovskaya, A.P. Suknev et al., Chem. Eng. Sci., 54 (1999) 4327. 
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PP-156 . 
MEXAHH3Mbl KPH'fHllECIGIX.HBJIEHHH B PEAKQUH OKHCJlEHIDI CO HA Pd(ll0) 

(rHCTEPE3HCl>I H ABTOKOJIEiiAHIDI) 

MECHANISMS OF CRITICAL PHENOMENA IN THE REACTION OF 
OXIDATION OF CO OVER Pd(ll0) (HYSTERESIS AND SELF-OSCILL~TION) 

CaJiaHoB A.H.* u TuTKOB A.H. 

Salanov A.N. * and Titkov A.I. 

llHCTHT)'T KaTa.JIH3a HM.f.K.BopecKoBa CO PAH 
rrp. AKazleMHKa JbmpeHToeBa, 5, HoBocH6HpcK 630090, PoccIDI 

Hysteresis phenomena are observed in the plots of temperature dependencies of rates of 
CO oxidation over Pd(l 10). The phenomena are accounted for by formation/decomposition of 
surface reconstructive chain structures (2x3)-1D and C(2x4)O at low reactant pressures 
( <104 Torr) and by transformations between the reconstructive structures and surface oxide 
PdO at the high pressures (~104 Torr). 

flarrJia,llHH .sIBJI.sieTC.sI O)lHHM H3 OCHOBHbIX KOMIIOHeHTOB KaTaJIH3aTopa )lJI.sI 

HeifrpaJIH3~HH BbIXJIOilHbIX ra3OB aBTOMoforneii, KOTOpbie B HaCTO.SIII~ee BpeM.sI 

npe,llCTaBJI.sIIOT 0.llHY H3 rnaBHbIX 3KOJIOrnqecKHX rrpo6JieM B MHpe [1]. 3THM ofo,.sICH.sieTC.sI 

IlOBbIIDeHHbIH HHTepec K 6oJiee ,lleTa.JibHOMY HCCJie)lOBaHHIO Ha MOHOKpHCTaJIJiax Pd KaK 

B3aHMO)leiicTBHSI co H 02 C IlaJIJia,n:HeM, TaK H 3aKOHOMepHOCTeii npoTeKaHH.sI peaKUHH 

OKHCJiemrn co, a TaK)Ke CB.sI3aHHbIX C Heil pa3JIHqHhIX KpHTHqecKHX 3q>q>eKTOB, TaKHX KaK 

rHCTepe3HChl H aBTOKOJie6aHH.sI CKOpOCTH peaKUHH . . TTpH HH3KHX ,z::i:aBJieHHSIX KHCJiopo.na 

(~10·5 fla) Ha IIOBepXHOCTH Pd(l 10) q>OpMHpyIOTC.sI IlOBepXHOCTHbie peKOHCTPYKTHBHbie 

crpyKzyphI (2x3)-1D H c(2x4) [2-3], rrpH BbICOKHX ,naBJieHH.sIX 02 (~10-5 fla) o6proyeTc.si 

IlOBepXHOCTHhIH OKCH)l PdO [4]. flpH HH3KHX ,z::i:aBJieHH.sIX peareHTOB ~10-5 fla peaKUIDI 

OKHCJieHHSI CO Ha Pd(l 10) npoTeKaeT no MexaHH3MY JhHrMIOpa XHHIIIeJibBY.lla. flpH 

,naBJieHH.sIX peareHTOB 10-3 
- 1 Topp H T ~400 K Ha6JIIO)laIOTC.sI aBTOKOJie6aHH.sI CKOpOCTH 

peaKUHH, KOTOpbie MOryT 6hITb CBSl3aHhl C BHe,npeHHeM xeMocop6HpOBaHHOro KHCJiopo,na B 

npHilOBepXH0CTHhie CJIOH MeTaJIJia [5-6]. 

UeJiblO ,naHHOH pa60Tbl SIBJISIJI0Cb HCCJie,r:i:oBaHHe MexaHH3MOB rHCTepe3HCHhIX H 

aBTOKone6aTeJihHhIX .sr:BneHHH B peaKUHH OKHcnem_rn CO Ha Pd(l 10) B IIIHpOK0M HHTepBaJie 

,naBJieHHH peareHTOB ( 10-8 - 10-2 TOPP) yqHTbIBa.sI rrpouecCbl q>OpMHpOBaHHSI 

peK0HCTPYKTHBHhIX IlOBepXHOCTHhIX CTPYKTYP, 1me,z::i:pemrn XeMocop6HpOBaHHOfO KHCJIOpo.na 

a rrpHIIOBepXHOCTHhIH CJIOH IIaJIJia,llHH H o6pa3oaaHH.sI Il0BepXH0CTH0f0 OKCH,r:i:a PdO. 

fl pH ,naBneHH5IX peareHT0B 10-8-104 TOPP, npH HarpeBamrn H oxna)K,l.(eHHH o6proua B 

peaKUHOHHOH CMeCH, 3aBHCHMOCTH CKOpOCTH peaKUHH He COBila,l];aIOT (.srBneHHe 

rHCTepe3Hca). fHCTepe3HC MO)KeT 6bITh CB.sI3aH KaK C lJHCT0 KHHeTHqecKHMH npHtIHHaMH 

(MHO)KeCTBeHHOCTb CTauH0HapHhIX COCTOSIHHH), TaK H C H3MeHeHHeM CBOHCTB II0BepXH0CTH, 
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C o6pa30BaHHeM HOBbIX COCTO.sIHHH a,n;cop6HpOBaHHI>IX qacTHI.l H C H3MeHeHHeM 

KHHeTHqecKHX rrapaMerpoB a,n;cop6UHH. B 3aBHCHMOCTH OT o6mero ,uaBJieHH.sI peaKUHOHHOH 

CMeCH, COOTHOIIIeHIDI peaKTaHTOB H CKOpOCTH HarpeBalOXJiruK,UeHH.sI MeH.sieTC.sI TeMnepaTypa 

HaqaJia pocTa H rra,n:eHH.sI CKOpOCTH peaKUHH H IIlHp1rna rHCTepe3HCHOH rreTJIH. IlpH HH3KHX 

.z::r;aBJieHH.sIX peareHTOB (sl 04 
mpp) H COOTHOIIIeHH.sIX Po2/Pco=2.5 - 100, rrpH HarpeBaHHH 

o6pa3ua, IlOCTeneHHO q>opMHpyeTC.sI pa3ynop.sr,noqeHHI>IH CJIOH m KOpOTKHX q>parMeHTOB 

O)J;HOMepHbIX :uerreii (-O-Pd-O), a KOTOpI>Ix aTOMbl KHCJIOpo.z::r;a, pacnOJIO)KeHHbie Ha KOH{laX 

uerreii, 6onee peaKUHOHHOCIIOC06Hbl B OTHOlileHHH K COa,n:c no cpaBHeHHIO C aTOMaMH 

BHYTPH uerreii. IlpH oxna)K)];eHHH cpopMHpy10Tc.sr yrrop.sr,uoqeHHhie crpyKTyp1>1 H3 ,n:JIHHHhIX 

O,UHOMepHbIX ueneii, B KOTOpbIX }];OJI.sI MeHee aKTHBHLIX aTOMOB KHCJIOpo,ua cymecTBeHHO 

BhIIIIe, qeM B KOpOTKHX uerr.srx, B pe3yJihTaTe Ha6mo.z::r;aeTC.sI llOHH)KeHHOe 3Haqem1e CKOpOCTH 

peaKD;HH. IlpeBbillleHHe CKOpOCTH peaKUHH o6paTHOfO xo,ua Ha,u rrpstMhIM, rrpH HH3KHX 

TeMrrepazypax, CB.sI3aHO C yMeHI,lIIeHHeM CKOpOCTH a,ucop6u1m co Ha yrrop.sr,uoqeHHblX 

peKOHCTPYKTHBHhIX CTpyKzypax. TaKHM o6pa30M, Ha6n10,uaeMbie mcTepe3HCHhle .sIBJieHH.sI, 

rrpH ,uaHHbIX ,UaBJieHH.sIX, CB.sI3aHhl C o6pa30BaHHeM KOpOTKHX <l>parMeHTOB O)l;HOMepHhIX 

:uerreii rrpH HarpeBaHlm o6pa3ua, H q>opMHpoBaHHeM yrrop.sr.z::r;oqeHHhIX peKOHCTPYKTHBHhlX 

CTPYKTYP (2x3)-1D H c(2x4) rrpH OXJia)K,UeHHH. IlpH BhIC0KHX ,uaBJieHH.srx peareHTOB 

(;?:: 104 
TOPP), TaK)Ke Ha6JIIO,UaIOTC.sI mcTepe3HCHhie .sIBJieHH.sI, 0,UHaKO B ,uaHHOM crryqae OHH 

CB.sI3aHhl C rrpeBpameHH.sIMH Me)K,l{y uerrHhIMH peK0HCTPYKTHBHhIMH CTpYKTypaMH (2x3)-1D, 

c(2x4) H rroBepxHoCTHhIM OKCH,U0M PdO. Ilp11 HarpeBaHHH, BHaqane cpopM11py10Tc.sr 

q>parMeHTbl peK0HCTpyKTHBHhIX CTPYKTYP, .z::r;anee yrrop.sr,n:oqeHHble peKOHCTPYKTHBHble 

CTPYKTYPhI, rroToM oKcH.z::r; PdO, rrpH oxna}l(,neHHH yMeHhlIIeHHe cKopocTH cmI3aHo c 

IIOCTerreHHhIM rrpeBpameHHeM Me)K,l{y OKCH}];0M PdO H peKOHCTPYKTHBHhIMH crpyKzypaMH. 

TaKHM o6pa30M, rrpH HH3KHX ,uaBJieHH.sIX peareHTOB (sl0"4 
mpp) B 3aBHCHMOCUIX 

CKOpOCTH peaKUHH OKHCJieHH.sI co OT TeMrrepaTyphl o6pa3ua, rrpH Me,UJieHHOM HarpeBe 11 

OXJia)K)];eHHH o6pa3na, Ha6JIIO,UaIOTC.sI rHCTepe3HCHbie .sIBJieHH.sI, CB.sI3aHHhie C o6pa30BaHHeM -

paJJIO)KeHHeM rroBepxHOCTHhIX peKOHCTPYKTHBHhIX n;enHhIX CTPYKTYP THna (2x3 )-1 D H 

C(2x4)O. IlpH BhICOKHX ,uaBJieHH.sIX peareHTOB (;?::104 
Topp) mcTepe3HCHhie 5IBJleHH.sI 

o6ycJIOBJieHbl rrpeBpameHH5IMH Me)K)];y peKOHCTPYKTHBHhIMH uerrHhIMH CTpYKTYPaMH H 

noaepxHoCTHI>IM OKCH,UOM PdO. 

JlaTepal)'pa 

[l]R.M. Heck, R.J. Farrauto, Catalytic Air Pollution Control: commercial technology, Van Nostrand 
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PP-157 . 
. METH.JI<l>OPMHAT- IIPOME)KYTOqHI,IH IIPO~YKT IIPH PA3.JIOJKEHHH 

MET AHO.JIA HA ME~LCO~EP)KAID;HX KAT A.JIH3ATOPAX 

METHYL FORMATE: AN INTERMEDIATE PRODUCT IN METHANOL 
DECOMPOSITION OVER COPPER:-CONT AINING CATALYSTS 

· CaMOXHH II.B., 3aeaJIHWHH H.H., ropmKOB c.n., .JIHH r.H. u PoJOBCKHH A . .H. 

Sarilokhin P.V., Zavalishin I.N., Gorshkov S.V., Lin G.I. and Rozovskii A.Ya. 

HHcnITyT HeqJTeXHMH1:1ecKoro CHHTe3a HM. A.B. Torr1:1HeBa PAH 
JleHHHCKHii rrpocrreKT, ,n. 29, B-71, MocKBa 117912, Poccmi: 

Ten.: (7 095) 955 43 27; <l>aKc (7 095) 230 22 24; E-mail: samokhin@ips.ac.ru 

Kinetics and mechanism of methanol decomposition over various Cu-containing catalysts 
are studied. Methanol decomposition is shown to proceed through. the formation of methyl 
formate;· (MF) as an intermediate, rather unstable product. Kinetics of separate process steps, 
including MF formation and decomposition, as well as MF hydrogenation into methanol, are 
investigated. It is found that an adjacent free center is required for MF decomposition. On this 
basis, selective process of MF production by methanol dehydrogenation is developed. A 
catalyst providing CO/H2 formation with methanol conversion ca. 90% at space-time-yield 
~201/(1.h), which is sufficient for the on-board process, is proposed. 

B MHKpoKaTanHTH1:leCKOM peaKTOpe rrpoBe,IJ;eHO KHHeTH1:leCKOe HCCJie,[(OBaHHe peaK:UHH 

pa3nO)l(eHHSI MeTaHOJia Ha pa3nH1:IHblX Me)lbCO,[(ep)KamHx KaTanH3aTopax, B TOM 1:IHCJie 

rrpHrOTOBneHHbIX HCIIOnh3OBaHHeM MeTO,[(OB MeXaHOXHMHH, a TaK)l(e Ha rrpOMblIIIJieHHbIX 

o6pa3:uax. KHHeTH1:leCKHH aHanH3 cyMMapHOH peaKI(HH IIOKa3an, 1:ITO M <I> SIBIDieTCSI 

rrpoMe:>K)'TO11HblM rrpo,nyKTOM peaKI(HH pa3JIO)KeHHSI MeTaHOJia. 

DbillH H3y1:1eHhl OT,[(eJibHhie CTa,llHH npo:uecca: o6pa30BaHHe M<l>, pa3JIO)KeHHe M<l> Ha 

co H H2, a TaK)Ke m.n:pHpOBaHHe M<l> B MeTaHOJI. floKa3aHO, 1:ITO .n:erH,nporeHH3a:UHSI 

MeTaHona B M<I> rrpoTeKaeT 11epe3 mfone,noBaTen:bHOe OTII(errneHHe ,n;Byx MorreKyn Bo,nopo,na, 

C HHTepMe,[(HaTOM : rrpe,nII0JIO)KHTeJibHO nma rronya:ueTanSI. fIOKa3aHO TaK)l(e, 1:ITO .[(JISI 

pa3JIO)KCHHSI M <l> Tpe6yeTCSI CMe)l(HbIH CB060,llHbIH l(eHrp, 6naro,nap.s1 1:leMy ceJieKTHBHOCTb 

rrpeBpamemrii MeTaHOJia (H M<l>) MO)KHO peryrrHp0BaTb H3MeHSISI 3aIIOJIHeHHe IIOBepxHOCTH 

KaTanH3aTOpa. y )Ke rrpH rrapl(HanbHOM ,[(aBJieHHH rrp01:1HO a,ncop6HpyIOII(HXCSI peareHTOB 

(M<l> HJIH MeTaHona) 5 Kfla CTaHOBHTC.sI 3aMeTHbIM TOpMO)KeHHe pacrra,na M<l>. Ha OCHOBe 

3THX 3K~rrepHMeHTOB rrpe,nno)KeH crroco6 rrony11eHH.sI M<l>, II03BOJI.sIIOII(Hii rronyqan, rrpo.nyKT 

c BhICOKOH ceneKTHBHOCTbIO (95-96%) rrpH rrpaKTH1leCKH paBHOBeCHOH KOHBepcmr (Ta6n. 1). 

292 



PP-157 
Ta6nmi;a 1. )J:em,uporeHH3aIJ;H.sr MeTaHona Ha KaTaJIH3aTOpe CHM-1 

T, 06oeMHWI p puMeT O6ma.sr KoHBepcH~ . CTerreHb CeneKTHB-
oc CKOpOCTI,, * 10-5 *10-5 KOHBCpCH.sl MeniHonaB rrp1-16mn1<emrn K H0CTL no 

' ' 
n/(r*q) Tia Tia MeTaHona, % McI>, % paBH0BeCHIO, % M<l>, % 

190 21.7 8.5 1.4 21.5 20.7 73 96 

240 20.3 8.5 1.3 44.1 42.0 99 95 

Enaro,uap.sr TepMO,UHHaMHl:JeCKOH HeCTa6HJibHOCTH M <l> ripH Il0BbiilleHHbIX TeMrreparypax 

(,uo 350-400C) M0)KeT 6LITb ocymecrnneHo ceneKJHBH0~ pa3JI0)KeHHe MeTaH0Jia .no CMeCH 

CO+H2 C BbICOKOH rrp0H3B0,UHTeJibH0CTblO. Tipe,UJJO)KeH KaTaJIH3aTOp, 06ecrreq1rnaromHii 

rrpenpameHHe MeTaHona B cMec1> CO+H2 c rrpoH3B0,u1nen1>HocT1>10 ~20 n/(n.q), ,n;ocrnToqHoH 

,un.sr ocymecTBneHH.sr rrpou;ecca Herrocpe,n;crneHH0 Ha TpaHcnopTH0M cpe,ucTBe, rrpH 

K0HBepCHH MeTaH0Jia Ha ypoBHe 90%. 

Pa6oTa BhIIT0JIHeHa rrpH rro,u,uep)l(Ke P<l><l>H (rpaHT 02-03-32202) H TiporpaMMhl 

rro,u,uep)KKH Hay1:JHbIX illK0JI (rpaHT 00-15-97389). 
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THE SELECTIVE CONVERSION OF METHANOL TO POL YMETHYL 

BENZENES OVER THE ZEOLITES 

CEJIEKTIIBHMI KOHBEPCIDI MET AHOJIA B IIOJIIIMETIIJiliEH30JILI 
HA U:EOJIHT AX 

Sargsyan H.H., Mnatsakanyan R.A., Harutunyan Kh., Babayan S.G. and Torosyan ,G.H. 

State Engineering University of Armenia, 109 Teryan, 375009 Yerevan, Armenia 
Yerevan "Hrachya Acharyan"University 3 Moscovian, 375001, Yerevan, Armenia 

Fax: 374 1 561551; E-mail: hau@dolphin.com, Vosmar@SEUA.Sci.am 

The conversion of methanol to aromatic hydrocarbons over a ZSM-5 type of catalyst at 

350-400°C has been investigated. Here is the experience for hexmathylbenzene /HMB/ 

formation. 

The catalytic activity of zeolites was tested in a flow system composing of reactor, 

systems for the methanol leading and the reaction products condensation. The temperature in 

the reactor was maintained automatically with an accuracy I °C. Methanol was fed by a 

micropump. 5-10 cm 3of the tested sample was loaded into the reactor. Prior to testing the 

catalyst was activated in air flow at 500-550°C during 4-5 hours. After finishing of activation 

the temperature in catalyst area was decreased to the working temperature and helium was fed 

at the specified volume rate (0.23-1 .0 h-1 by liquid reagent). The stable state of catalyst was 

achieved after 2-3 h, after which testing was started: methanol conversion, quantity of 

gaseous, liquid and solid products was measured. The reaction products were condensed in 

the traps - cooled by ice and dry ice-aceton mixture. Noncondensable and liquid products 

were analysed using G.L.C. 

Zepolite conversion of methanol selectivity of HMB 

ZSM-5a 80,0 65,3 

ZSM-5p 82,3 70,1 

The selectivity of methylbenzenes formation was changed under the influence of 

transition metal in the zeolites framework. The change of the metal allowed to obtain 

tetramethylbenzene / durene, TMB/ with high selectivity. 

X-Ray modification of zeolites increased the selectivity of obtained aromatics. For 

instance, the selectivity of tetramethylbenzene /durene, TMB/ formation by the 

pseudocumene alkylation with methanol increased about 10%. Data of X-Ray analysis show 

that the synthesized zeolite may be identified as ZSM structure. 
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The important difference for these processes with another type of known methods for 

conversion of methanol to aromatic hydrocarbons over zeolite [1-6] is a very fast formation of 

tetramethylbenzenes or hexamethylbenzenes. It had been obtained small amounts of 

pentamethylbenzenes in all of our mention~d cases. 

For mechanistic considerations we thought that the formation of hydrocarbons occurred 

by carbene mechanism [7]. In our opinion it proceeds through the a-elimination of water from 

methanol. This is more fast process in comparison with oxonium [8], carbocationic [9] or 

parallel type mechanisms [1 O], which was proposed for hydrocarbons formation from 

methanol over zeolites. In another case aromatic formation was cleaned better from carbon 

formation. Carbon formation is responsible for aromatic compounds synthesis because here 

occurred the polymerization of carbon in the zeoilite pore. 

The difference in shape-selectivity conversion of methanol to hydrocarbons over zeolites 

can be attributed to the relative dimensions of the channel intersections and the difference in 

the relative length of the straight and tortuous channels. The important partway for aromatic 

hydrocarbon formation is the correlation between molecule size and molecular diffusivity in 

zeolites. Durene and hexamethylbezene have approximately the same critical diameter 

(8,6 A0
). In our opinion, the difference for a selectivity of methylbenezenes formation 

depends from diffusion coefficients. In this case when the diffusion is easier we had been 

obtained durene, another case we had been have the hezamethylbenzene formation. 

Consequently, when the diffusion of molecules from zeolites is slowly it had been expected 

the full methylation of the benzene ring. 

References 
[1] . C.P.Chang, C.T.W.Chu, F.R.Socha. J. Catal., 86 (1984) 289. 
[2] C.Psulikowsky, A.Popielarz, Appl.Catal., 42 ( 1988) 195. 
[3] N.W.Andeson, J.Klinowski, Nature, 339 (1989) 200. 
[4] N.W.Andeson, J.Klinowski, JACS, 112 (1990) 10. 
[5] M.Sawa, K.Kato, K.Hirota, Y.Murukami, Appl.Catal., 64 (1990) 297. 
[6] O.Mikkelsen, S.Kolboe, Mforoporous and Mesoporous materials, 29 (1999) 173. 
[7] P.V.Dass, Methane Conversion Elseviere, Amsterdam, 1988, 177. 
[8] J.P.van den Berg, J.P.Wolthuizen, J.H.C.Hoff. Proceeding ofIZX-5 (Naples), 1980, 649 .. 
[9] T.Mole, Methane Conversion Elseviere, Amsterdam, 1988, 145. · 
[10] I.M.Dahl, S. Kolboe, J. Catal. 149, (1994) 458. 
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BO3MOJKHOCTLHAIIPABJIEIIllOrOPErYJIHPOBAHIDIIIPO:QECCA 

~rn,m> J\TAI.lffH I(HKJIOrEKCAHOJIA 

POSSIBILITY OF DIRECTED REGULATION.OF CYCLOHEXANOL DEHYDRATION 

CapM}'p3HHa A.r., Jleoe.z.eBa O.E. H TaJJTCHOB A.A. 

Sarmurzina A.G., Lebedeva O.E. and Taltenov A.A. 

Ka3axcKHH HailHOHaJILHblH yHHBepcHTeT HM. An1,-<l>apa6H 

Kapacatt 6aTLipa, 95a, AnMaTLI, 480012, Pecny6nHKa Ka3axcrnH 

E-mail olga@lorton~com 

Cyclohexanol conversion over catalysts obtained from electrothermophosphorus slag can 

be regulated by catalyst pretreatment. Alcohol dehydration is reversibly suppressed by basic 

treatment. 

B UHKJie HCCJie,n:OBaHHH, ocymecTBJUieMbIX Ha Ka<pe.n:pe o6meH XHMHH H XHMHt-IeCKOH 

3KOJI0rHH Ka3HY HM. aJib-<l>apa6H, npo.n:eMOHCTpHpoaana npHHUHilHaJibHruI B03M0)l(H0CTh 

HCII0Jih30BaHH51 :meKTpOTepMO<pOC<pOpHbIX IIIJiaKOB H nonyqaeMbIX H3 HHX rryTeM KHCJIOTHOH 

o6pa60TKH IIIJiaK0BhIX II0pHCThIX MaTepHaJIOB B Kat-Iecrne K0MII0HeHT0B KaTaJIH3aTopoB. 

iloKa3aHo, a -ciaCTH0CTH, 'CJT0 IIIJiaKOBLie nopHCThie MaTepHaJibI o6na.n:ruoT BblCOKOH 

aKTHBH0CThlO B .n:erH.n:paTaUHH CIIHpT0B. 

Ha rrpHMepe K0HBepCHH UHKJI0reKcaH0Jia ycTaH0BJieH0, 'CJT0 HCX0.D:HbIH IIIJiaK 

rrpaKTH'CJeCKH 

MaTepHaJI0B 

HeaKTHBeH B 

3aBHCHT OT 

,n:aHHOM 

YCJIOBHH 

rrponecce. 

o6pa6oTKH 

AKTHBHOCTh IIIJiaKOBbIX IIOpHCTblX 

mJiaKa. CTeneHo rrpeapameHH51 

UHKJI0reKCaH0Jia 97% .[(0CTHraeTC51 B npHCYTCTBHH 06pa1noa, KpaTK0BpeMeHH0 

o6pa6oTaHHhIX 1 - 1,5 M pacrnopaMH KHCJIOT. O6pa60TKa 6onee K0HUeHrpHpo1;3aHHbIMH 

KHCJI0TaMH, KaK H yBeJIH'CJeHHe )lJIHTeJihH0CTH o6pa60TKH, CHH)l(aJOT aKTHBH0CTh H 

CTa6HJibHOCTh KaTaJIH3aTOp0B. OcHOBHbIM npo.n:yKT0M npeapameHH51 UHKJioreKCaH0Jia B 

rrpHCYTCTBHH 6oJILIIIHHCTBa o6pa3UOB j{BJI51eTCSI UHKJioreKCeH. O,n:HaKO a 0T.[(eJihHhIX cny-ciruix 

B KaT8JIH3aTe o6Hapy)l(eHhl 3Hat-IHTeJihHbie K0JIH'CJCCTBa MeTHJIUHKJI0ileHTeH0B. 

O6pa3ULI, rronyt-IeHHbie Il0CJie.n:oaaTeJibHOH KHCJI0THo-meJIOl-IHOH o6pa60TKOH, B 

.uern.n:paTaUHH UHKJI0reKcaH0Jia HeaKTHBHLI. .D:aHHbIH <paKT y6e,rr.HTCJibHO CBH,IT.eTeJibCTByeT 

06 yciaCTHH B .n:erH,rr.paTaUHH UHKJioreKCaH0Jia KHCJI0THLIX UCHTp0B, K0T0pbie IIpH o6pa6oTKe 

meJI0'CJLIO ,rr.e3aKTHBHpyIOTC51. CymecTBeHHO, qT9 3T0 B03.[(eHCTBHe o6paTHMO: YCTaH0BJieH0, 

'CJT0 nocne 0TMblBKH pa36aBJieHHOH KHCJIOTOH KaTaJIH3aTOp pereHepupyeTC51. TaKHM 

o6pa30M, y,n;aeTCj{ HanpaaJieHH0 perym1poBaTh KHCJI0TH0-0CH0BHLie H KaTaJIHTH'CJeCKHe 

CBOHCTBa rroaepXH0CTH nonyt-IeHHLIX o6pa3UOB c uerrLIO HX a,rr.anTaUHH K K0HKpeTH0MY 

KaTaJIHTH'CJCCK0MY npo]leccy. 
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PEAK~HH OKHCJIEHIDI ITPOIIHJIEHA H AMMHAKA HA CEPENP.HHHOM 

MEMNPAHHOMKATAJIH3ATOPE 

REACTIONS OF OXIDATION OF PROPYLENE AND AMMONIA ON SILVER 
MEMBRANE CATALYST 

Cacl>Hp ·P .E., ry JILSIHOBa c.r. H rp.H3HOB B.M. t 

Safir R.K, Gulyanova S.G. and Gryaznov V.M·.t 

PoccHHCKHH yHHBepcHTeT .upy)K6I,1 Hapo,ri;oB 
Kaq>e.upa q>H3HqecKoii H KorrrroH.ri;Hoii XHMHH, MocKBa, Poccm1 

<l>aKc: 952-07-45; E-mail: jserov@sci.pfu.edu. 

Mass-spectrometry method was used to examine the oxidation of propylene and ammonia 
on a silver membrane catalyst. It was shown that the presence of ammonia reduces the 
complete oxidation of propylene. Propylene itself influences on the oxidation of ammonia and 
oxygen forms on the silver surface. 

B rrp0MbIIIIJieHHOM KaTanH3e 0,[(HOH H3 Ba)KHeHIIIHX rrpo6JieM cqHTaeTC5I C03,UaHHe 

KaTaJIH3aTopoB ,[(J15I rrp5IM0ro 3I10KCH,UHpoBaHHR rrporrHJieHa MOJieKyJIHpHhlM KHCJiopo,noM. 

CocTORHHe KHCnopo.ua Ha IlOBepXHOCTH KaTaJIH3aTopoB OKHCJieHHR RBJI5leTC5l O,UHHM H3 

orrpe,ri;enRIOIIt;HX q>aKTOpOB pe3ynhTaTa 0KHCJieHHR. TT03TOMY HHTepeCHblM 5IBJ15lll0Cb 

HCI10Jlb30BaHHe q>opM KHCJiopo.ri;a, rronyqeHHbIX B pe3yJihTaTe ero .UH4>4>Y3HH qepe3 

cepe6pHHYIO MeM6paHy. 

OKHCJieHHe rrporrHJieHa Ha cepe6p5:IHOM MeM6paHHOM KaTaJIH3aTOpe 113yqaJIH C 

rrpHMeHeHHeM Macc-crreKTpoMeTplP-leCKOro aHaJIH3a B npornqHoM pe)KHMe. MeM6paHHbIH 

KaTanH3aTOp rrpe,ucrnBAAJI co6oii cepe6pHHYIO Tpy6Ky, co.ri;ep)KaIIt;yIO 99. 99% cepe6pa, 

,UJIHHHOH O. lM, O,UHH H3 KOHUOB KOTOpoii 6brn BllMH qepe3 KOBapOBblH BB0,U B 6arrnoH 113 

MOnH6,neHOBOro CTeKJia. Tipe,ri;BapHTeJibHO Ha Hapy)KHYIO IlOBepxHOCTb Tpy6KH 

3JieKTp0XHMHqeCKH HaH0CHJIH CJIOH cepe6pa. 

EbIJIO ycTaH0BneHO, qTo rrocne B3aHMO,UeHCTBHR rrporr11neHa H ero CMeCH C aMMHaKOM C 

BbIXO,UHOH IlOBepXH0CTbIO cepe6p5IHOH MeM6paHbl, qepe3 KOTOpb1H .UHq>q>yH.ri;HpOBaJI 

KHCJiopo.n, rrpH TeMrreparypax 530-550K CK0pOCTb rrpOHHKH0BeHH5I KHCJIOpo.ua qepe3 

cepe6po B BaKyyM He MeH5IJiaCh. 

B rrpo.uyKTax peaKD;HH OKHCneHH5I rrporrHJieHa ,UHq>q>yH,ri;HpyIOIIt;HM KHCJIOpo,noM _6bIJIH 

3apeniCTPHPOBaHbI ,UHOKCH.U yrnepo.na H BO,[(a. PaccqHTaHHM 3Heprng aKTHBaD;HH 

o6pa30BaHHR ,UHOKCH,na yrnepo.na COCTaBJIRJia 35.0±2.7K)];:>KIMOJ1h H 3HaqHMO He OTJIH~aJiaCh 

OT 3HaqeHHii 3HeprHH aKTHBau;irn rrpou;ecca rny6oKoro OKHCJieHHH rrporrHJieHa Ha 
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,cepe6pSIHbIX MeM6paHHbIX, faTaJIH3aTOpax, nonyqeHHblX B CTarn:qec1mx ycJI0BHSIX rrpH 6~)Jlee 

BbICOKHX ,naBJieHHSIX npOIIHJieHa B peaKQHOHHOH 30He. 

PocT ,naBJieHHSI , rrp0IIHJieHa y . BblX0J(HOH II0BepXH0CTH cepe6pSIHOH MeM6paHI,I npH 

II0CT0SIHHbIX TeMrrepazype H ,naBJieHHH KHCnopo,ua y BX0,llHOH II0BepxH0CTH rrpHB0,l(HJI K 

yBeJIHqeHHIO CK0p0CTI{ o6pa30BaJIH.SI J(H0KCH,lla yrnepo,ua. TipHCYTCTBHe a.MMmU<:a B CMeCH C 

rrpOIIHJieHOM y BbIXO,llHOH IIOBepXHOCTH KanUIH3aTOpa, qepe3 KOTOpbIH ,nmpcpyH,n:HpOBaJI 

KHCJiopo,n, rro,naBJifilI0 rny6oKOe 0KHCJieHHe rrporrHJieHa. TiapanneJibHO IIIJI0 o6pa30BaHHe 

B0,llbl, a30Ta, ero M0H00KCH,lla. 3aperHCTPHPOBaHHbie ITHKH CBH,lleTeJibCTB0BaJIH 0 TOM, qTQ 

K0JIHqecTB0 ,[(ecop6HponaHHOfO KHCJI0po,ua nocne ,llH<pcpy3HH B fa30BYIO cpa3y 3HaqHTeJibH0 

yMeHblllaJIOCb, qTo MO)KeT fiI,ITb CBSl3a.IIO C paCXO,llOM KHCJiopo,ua Ha OKHCJieHHe a.MMHaKa. 

B3aHMO,[(eHCTBHe rrponHJieHa H aMMHaKa C KHCJiOpO,llOM, BBO,llHMblM B 30HY peaKUHH C 

0KHCJISieMbIMH nemecTBa.MH B 0TCYTCTBHH .llHcpcpy3HH KHCnopo,na qepe3 cepe6po, rrpHB0,llHJI0 

K yne;mqeHHIO K0JIH'lecrna npo,nyKT0B rny6oKOfO 0KHCJieHH.SI. TioBI,IIIIeHHe TeMnepaTypbl BO 

ncex cnyqagx ycRJIHBaJI0 rny6oKoe 0KHcnem1e onecpHHa, ~o cornacyeTCSI c 

3KCIIepHMeHTaMH no 3THJieHy' rrpone,ueHHbIMR B Harneii na6opaTOpHH paHee. OTCYTCTBHe 

rrpo,nyKT0B napUHaJibH0f0 0KHCJieHHSI npoIIHJieHa o6bSICHSIJIOCb Ha.MR xapaKTep0M 

a,ncop6HpOBaHHblX q>opM oneq>HHa H KHCJI0po,D;a Ha II0BepXH0CTH cepe6pa [1]. 

[I] An;cop6~1u1 H OKHCJieHHe nponHJieHa Ha cepe6pe B npHC)'TCTBHH aMMHaKa . : ,[{HCC. .. . KaH,n.XHM. 
nayK. -M.PY,[{H.-1995,162c 
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OKHCJIHTEJILHLIH AMMOHOJIH3 2-METHJI-5-3THJIIlHP~HA HA 

BAHA,ll;IIHTHT AHOKCH,l(HOM KATAJIH3ATOPE 

OXIDATIVE AMMONOL YSIS OF 2-METHYL-5-ETHYLPYRIDINE ON 
VANADIUM-TITANIUM OXIDE CATALYST 

CeM6aee ~.X., CaypaM6aeea JI.H., Bopo6LeB II.Ji. u Ilo-iTeuua11 B.M. 

Sembaev D.Kh., Saurambaeva L.I., Vorobiov P.B. and Pochtennaya V.M. 

MHCTHT)'T XHMHqecKHX HayK MOH PK 
yn. llI.YanHxaHoBa, 106, AnMan,1480100, Ka:mxcraH 

Fax: (+7-3272)-91-57-65; E-mail: pochtennaya@yahoo.com 

An enthalpy of alkyl group deprotonation was calculated for the 2-methyl-5-ethylpyridine 
molecule linked through the N-atom with the vanadium cluster modeling the Bronsted acid 
site on the catalyst surface. Coming from the calculations, higher reactivity of the methyl 
group in comparison with the ethyl one is in concordance with the experimental kinetic data. 
Vanadium-titanium catalyst selectivity depends on the V2OsNOi-TiO2 ratio and solid 
solution composition. In dependence on a catalyst composition the reaction routes can be 
connected with the transformation of the methyl group or ethyl group into vinyl one with the 
formation of 2-methyl-5-vinylpyridine. In consequence of that, 3-cyanpyridine or 2-methyl-5-
vinyl-, 2-cyan-5-ethyl-, 2-cyan-5-vinyl- and 2,5-dicyanpyridines may be the reaction 
products. 

C HCIIOJib30BaHHeM KJiaCTepHoro rrpH6JimKemUI [1] c,neJiaHa oueHKa 3HTaJibIIHH OTpbIBa 

rrpOT0Ha OT a-yrnepo,nHoro aTOMa aJIKHJibHhIX rpyrrrr MOJieKyJibI 2-MeTHJI-5-3THJIIIHpH,UHHa 

(M3TI), CB513aHHOH C KJiaCTepaMH, MO.l(eJIHpy10mHMH 6peHCTe.l(OBCKHe KHCJIOTHbie ueHTphI 

IlOBepXHOCTH KaTaJIH3aTopa H co,nep)l(aIUHMH TeTpa3,UpHqecKH KOOp,UHHHpOBaHHble HOHbl 

BaHcl,Ll;H51 [2]. Ilpoae,neHHbie pac11eTbl IIOKa3bIBaIOT, qro rrpH B3aHMO,UeHCTBHH MOJieKyJibl 

M3TI c npOTOHO-)J;0HOpHbIMH ueHTpaMH KaTaJIH3aTopa o6pa3yeTC.sI CTa6HJibHbIH 

IlOBepXHOCTHbIH K0MITJieKC. 3HTaJihilH51 .n;errpoTOHHpOBaHH51 aJIKHJihHhIX rpyrrn 

paccqHThIBaJiaCb no pa3HHUC IlOJIHhIX 3Heprnii KOMIIJieKCOB, co,nep)l(aIJ.J;HX COOTBeTCTBYIOIUHe 

Kap6aHHOHhl H HCXO.l(HhIH M3II, CB513aHHhie qepe3 reTepoaTOM a30Ta C rrpOTOHO-,UOHOpHhIM 

ueHrpOM. Haii,neHo, qTo ,UJI51 paCCMOrpeHHbIX KJiacrepoB 3HTaJihIIH51 OTpbIBa npOTOHa OT 

MeTHJihHOH rpynrrhI 3aMeTHO MeHhIIIe, qeM aHaJIOrHqHa5J: BeJIHqHHa ,UJI51 a-yrnepo,n:Horo 

aTOMa 3THJihHOfO 3aMCCTHTCJI51. BhNHCJieHHble H3 3KCnepHMeHTaJibHblX ,naHHblX KOHCTaHTbI 

CKOpOCTH 0T,UeJibHhIX CTa,n:HH HaH6onee Bep05ITHOro MeXaHH3Ma OKHCJIHTCJibH0ro 

a.MMOHOJIH3a M3II Ha BaHa,D;HHTHTaHOBOM KaTaJIH3aTope II0,UTBep)l()J;aIOT 6onee BhICOKyIO 

peaKUHOHHYIO cnoco6HOCTb MCTHJibHOH rpynnhl. 

BMecTe C TeM, npH H3MCHCHHH CO0THOmemUI V 2OsNO2-TiO2, K0TOpoe Ha6n10,naeTC51 B 

M.sirKHX ycJI0BH.sIX Be,[(eHH51 npouecca, OKHCJIHTeJibHbie npeBpameHH51 M3TI npoTeKaIOT C 
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r1aCTHeM 3THJibHOH rpyrrnbI. OcH9BHbIM npo,nyKTOM peaKUHH CTaHOBHTCll 2-MeTHJI-5-

BHHHJIITHpH,l(HH. 

HanpaBJieHHe peaKUHH OKHCJIHTe~~Horp aMMOHOJIH3a ~~n 3aBHCHT .OT COOTHOIIleHHll B 

KaTaJIH3aTOpe V20 5, rnep,noro pacTBopa V02-Ti02 H cocrnBa rrocne,ZJ;Hero. IlpH 

orrpe,neneHHOM cooTHOIIIeHHH V 2PsN02-Ti02 rrppHCXO.llHT OKHCJIHTeJibHOe oTmenneHHe 

MeTHJibHOH rpyrrnbI M0JieKyJibl M;3Il. c o6p~oBaHHeM npaKTHl:leCKH e,l(HHyTBeHHOro 

npo,nyKTa peaKUHH 3-nHaHnHpH,LlHHa. lfaMeHeHHe COOTHOIIleHHll B IIOJib3Y V 205 BbI3bIBaeT 

yaeJIHl:leHHe aKTHBHOCTH KaTaJIH3aTopa, HO CHH)I(aeT BbIXO,l( HHKOTHHOHiiTpHJia. PocT 

K0HUeHTpau;HH V 205 B KaTaJIH3aTOpe Ha6mo,naeTCll B ycJI0BH.SIX 0KHCJIHTeJibH0ro 

aMM0H0JIH3a, K0r,na HCXO,LlHbIH M3I1 Il0JIH0CThlO acrynaeT B peaKI(HIO. B 3TOM cnyqae 

OKHCJIHTeJibHbIM rrpeBpameHHllM Ha BaHa)];HHTHTaHOBOM KaTaJIH3aTope IIO,[lBepraeTCll aMMHaK 

C o6pa3oBaHHeM 3aKHCH a30Ta. 51BJillllCb HCT0l:IHHK0M aHH0H-pa,nHKa.JI0B ff, 3aKHCb a30Ta 

0KHCJrn:eT V02 B rnep,noM pacrnope ,no . V 205, tIT0 cnoco6crnyeT yaenHqeHHIO ero 

co,nep)I(aHHH H H3MeHeHHIO cocrnaa rnep,noro pacrnopa. Ha TaK0¥ KaTaJIH3aTOpe 
~{ l 

rrp0HCXO,l(HT OKHCJIHTeJibHbIH pacrra,n 06pa3y10II.1,eroc11 3-nHaHnHpH,l(HHa. IlpH yMeH1,IIIeHHH 

co,nep)I(aHHH 0KCH,l(a BaHa,[lHll (V) B KaTaJIH3aTOpe H o6orameHHH rnep,Ll0f0 pacrnopa H0HaMH 

y+4 
HarrpaaneHHe peaKI.J;HH Kap,nHHaJibH0 MeH.SieTCll, H T0r,na rrpeo6na,[laIOmHMH B KaTaJIH3aTe 

rrpo,ZJ;yKTaMH CTaH0BllTCll 2-MeTHJI-5-BHHHJI-, 2-nHaH-5-3THJI-, 2-nHaH-5-BHHHJI- :a 

2,5-,nHUHaHnHpH,l(HHbl. PerynHpoBaHHe C0CTaBa BaHa,l(HHTHTaHOKCH)];HOro KaTaJIH3aTOpa 

II03B0JilleT H3MeHllTb Hanpaanemrn 0KHCJ1HTeJ1bH0ro rrpeBpamemrn M3Il. 

[1] Xa6ep E., BMTKO M. )K<l>X, 57 (1983) 1091. 
[2]KnMMYK E.r., lJyBbIJIKHH H.,D;., Ka3aHCKHM B.E. KnHeTHKa n KaTaJUt3, 26 (1985) 589: 

300 



PP-162 
0 MEXAHH3ME PEAKI(HH HH3KOTEMilEPATYPHOro OKHCJIEHIDI 
AMMHAKA HA OKCHMX IlEPEXO,ll;HbIX METAJIJIOB no ,ll;AHHbIM 

CITEKTPOKHHETWIECKHX H3MEPEllHH 

. LOW TEMPERATURE MECHANISM OF AMMONIA OXIDATION ON 
TRANSITION MET AL OXIDES BASED ON SPECTROKINETIC MEASUREMENTS 

CnJIL"leHKOBa O.H., MaTLimaK B.A. H Kop"laK: B.H. 

Silchenkova O.N., Matyshak V.A. and Korchak V.N. 

11HCTHT)'T XHMHtJecKoH q>H3HKH HM. H.H. CeMeHoBa P AH 

yn.KocbirHHa, 4, MocKBa 119991, PoccmI 

<l>aKc: (8-095) 938-21-56; E-mail: matyshak@polymer.chph.ras.ru 

By means of IR-spectroscopy "in situ'' the reaction of ammonia oxidation over Fe2O3, 

Cr2O3 and ZnO was studied. It was shown that adsorbed NH3, NH2, NO and N 2O are rate
determining intermediates of the reaction over studied oxides. Basing on these results the 
multi-stage reaction scheme was suggested. Kinetic modelling describe the observed 

relationships of the ammonia oxidation reaction over studied oxides. 

KarnJIHTHtJecKoe oKHCJieHHe aMMHaKa .no a10Ta (CKO) ~am1eTcH O.[(HHM m HaH6onee 

3<p<peKTHBHbIX cnoco6oB IlOHH)KeHHH KOHI~eHTpa:uirn aMMHaKa B OT~O.[(HmHx ra.3ax 

npOMbIIDJieHHOCTH. KpoMe Toro, OKHCJieHHe aMMHaKa HBAAeTCH He)KeJiaTeJibHOH rro6otJHOH 

peaK:QHeii B npo:uecce CKB NOx aMMHaKOM, rrpHBO.[(Hm;e:ii K CHH)KeHHIO KOHBepcHH NOx, 

B HaCTo~meii pa6oTe rrpHBO.[(HTCH pe3yJibTaTbl HCCJie.[(OBaHHH MexaHmMa peaK:QHH 

OKHcneHH~ aMMHaKa Ha oKcH.nax nepexo,n:HhIX MeTaJIJIOB - Fe2O3, Cr2O3, ZnO. OcttoBHOH 

MeTO.[( HCCJIC.l(OBaHHH - crreKrpOKHHeTHtJCCKHH - 3aKJIIOtJaJICH B O.[(HOBpeMeHHOM H3MepeHHH 

CKOpOCTH rrpeapameHHH IIOBepXHOCTHbIX KOM1IJieKCOB C IIOMOmbIO 11K-crreKTpOCKOIIHH in 

situ H CKOpOCTH o6pa.30BaH~ npo.nyKT0B peaKU;HH C IlOM0IIU>IO xpoMaTOrpaq>HtJeCKOro aHaJIH3a. 

CneKrpOKHHeTHtJeCKHe H3MepeH~ npoB0.l(HJIHCh a HHTepBane TeMneparyp 150-350 °C. 

B ycJIOBHHX peaK:QHH Ha IIOBepXHOCTH HCCJie.nyeMbIX KaTaJIH3aTopoB C II0M0mbIO 

cneKTp0CKOIIHH nponycKaHHH H .l(H<p<py3HOfO orpa)KCHHH Ha6JIIO.[(aJIH II0JIOCbl nornomeHHH 

rrpH 2200 CM-I (ZnO, Fe2O3 ) H 2080 CM-I (Cr2O3), KOTOpbie 6bIJIH OTHeCeHbl K KOJie6aHHHM B 

rroBepXHOCTHhIX KOMIIJieKcax N 2O°- H N0°+, cooTBeTCTBeHHO. KpoMe Toro, Ha Cr2O3 

Ha6n10.nanacb n.rr. npH 1560 CM-1
, OTHeceHHM K KOJie6aHHHM B noBepXHOCTHOM K0MIIJieKce 

NH2. Ha acex KaTaJIH3aTopax TaK)Ke o6Hapy)KeH Koop,nHHHpoBaHHhIH JlbIOHCOBCKHMH 

KHCJIOTHbIMH u;eHTpaMH aMMHaK (rr.rr.1610-20 CM-1
). B npo.nyKTax peaK:QHH rrpH '.HOM 

<pHKCHpOBaJIHCb N2O H N2. 
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ObillH H3yqeHhl KHHeTHqecKHe 3aKOHOMepHOCT:0: . o6pa30BaHH.sI H paCXO)lOBaHH.SI 

. . . ; . 

Ha6mo)laeMbIX IIOBepXHOCTHbIX coe)lHHeHHH C O)lHOBpeMeHHbIM H3MepeHHeM CKOpOCTeH 

o6pa30BaHH.sI rrpo)lyKTOB peaK:u;HH. 

CKopOCTb pacXO)lOBaHH.sI , IIOBepXHOCTHOfO 

OIIHCbIBaJiaCb ypaBHeHHeM 1 IIOp.sI)lKa W=k0, r)le k - KOHCTaHTa CKOpOCTH pacxo,uoBaHH.sI 

IIOBepxHOCTHOro coe)lHHeHH.sI, a E) - KOHIJ;eHTpa:u;H.sI IIOBepXHOCTHOro coe,n;1rneHH.sI, KOTopyIO 

orrpe)leJI.sIJIH IIO OIITHqecKOH IIJIOTHOCTH ero IIOJIOCbl IIornomeHH.SI. Ko3q>qm:u;HeHT, 

CB.sI3bIBaIOIUHH OIITHqecKyIO IIJIOTHOCTb H KOHUeHTpa:u;HIO IIOBepXHOCTHOro coe,r:t;HHeHH.sI, 

OIIpe;:i:eJI.sIJIH TepMo;:i:ecop6u;HOHHblM MeTO)];OM. 

CpaBHeHHe CKOpOCTeH paCXO)lOBaHH.sI IIOBepXHOCTHblX coe)lHHeHHH H CKOpOCTH 

o6pa30BaHH.sI IIpo)lyKTOB . peaK:a;HH IIOKa3aJIO, qrn IIOBepXHOCTHbIH KOMIIJieKC N20°- (II.II. 

2200 CM-
1
) .sIBJI.sieTC.sI rrpoMe)KyTOqHbIM B peaKUHH OKHCJieHH.sI aMMHaKa Ha ZnO H Fe203, a 

KOOp)lHHHpOBaHHbIH NH3 (1620 CM -l) H IIOBepXHOCTHblH KOMIIJieKC N0°+ (II.II. 2080 CM-
1
) 

.SIBJI.sIIOTC.sI IIpOMe)KyTO:CIHbIMH B peaK:a;HH Ha Cr203. 

C y-cieTOM 3THX pe3yJibTaTOB, a TaK)Ke JIHTeparypHbIX ,n;aHHbIX [1-5], npe)lJIO)KeHa 

CTa)lHHHa.sI cxeMa )lJI.sI OIIHCaHH.sI IIpo:u;ecca HH3KOTeMIIeparypHoro OKHCJieHH.SI aMMHaKa Ha 

OKCH;:i:ax MeTaJIJIOB. Ha OCHOBe IIpe)lJIO)KeHHOH cxeMbl 6bIJIH rrpoae,neHbl pacqeTbl 

KOH:u;empa:u;HH IIpo;:i:yKTOB peaKUHH H 3aIIOJIHeHHH IIOBepXHOCTH IIpOMe)KyToqH:bIMH 

coe;:i:HHeHH.sIMH B . 3aBHCHMOCTH OT COCTaBa peaKIJ;HOHHOH CMeCH. B Kaqecrne OIIOpHblX 

3HaqeHHH KOHCTaHT CKOpOCTeH HCIIOJib30BaJIH BeJmqHHhl, IIonyqeHHbie H3 HeCTaUHOHapHblX 

OllbITOB. Pe3yJibTaTbl pacqeTOB IIOKa3aJIH, qTo B paMKax rrpe,n;JIO)KeHHOH cxeMhl y)laeTC.sI 

y,n;oBJieTBOpHTeJihHO OIIHCaTh Ha6mo)laeMbie 3KCIIepHMeHTaJibHO KHHeTH"CJeCKHe 

3aKOHOMepHOCTH peaK:a;HH OKHCJieHH.sI aMMHaKa Ha HCCJie)lOBaHHbIX OKCH)laX. 

JluTeparypa 
[l]J.J.P.Bierman, F.J.J.G.Janssen, J.R.H.Ross. Appl.Catal., . 86, 165 (1992). 
[2]M. Schraml-Marth, A.Wokaun, H.E.Curry-Hyde and A.Baiker. J.Catal., 133,431 (1992). 
[3TG.Ramis, L.Yi, G.Busca, M.Turco, E. Kotur and R. Willey. J.Catal., 157,523 (1995). 
[4]M.Amblard, R. Burch and B.W.L.Southward .. Catal.Today, 59,365 (2000). 
[5]L.Lietti, G.Ramis, G.Busca, F.Bregani, P.Forzatti. Catal.Today, 61, 187 (2000). 

302 



PP-163 
PARTIAL OXIDATION OF METHANE TO SYNTHESIS GAS OVER SUPPORTED 

MIXED OXIDES CONTAINING Ni AND Pt 

IlAPIJ;HAJibHOE OIGICJIEHHE MET AHA B CHHTE3-r A3 HA HAHECEHHblX 
CMEfilAHHblX OKCH,n;AX, COt(EP)KAIIlHX HIIKEJIL H IlJIATHHY 

Simakov A.V., Pavlova S.N., Sazonova N.N., Sadykov V.A., Snegurenko 0.1., 
Rogov V.A., Parmon V.N., Zolotarskii I.A., Kuzmin V.A. and Moroz E.M. 

CuMaKoe A.B., IlaeJioea C.H., Ca1ouosa H.H., Ca~LIKOB B.A., CuerypenKo O.H., 
Poroe B.A., IlapMOH B.H., 30JI0Tapc1rnii H.A., Ky1LMHH B.A. u Mopo1 3.M. 

Boreskov Institute of Catalysis SB RAS 
pr. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 

E-mail: pavlova@catalysis.nsk.su 

The catalytic partial oxidation of methane (POM) to syngas at short contact times is an 

alternative process to the conventional steam reforming of natural gas. Two main proposed 

reaction mechanisms have been reported in the literature. The first one involves complete 

oxidation of methane to CO2 and water followed by reforming reactions to CO and H2 

whereas the second one is the pyrolysis of methane in which CO and H2 are formed as 

primary reaction products. The first route favours hot spots and steep temperature gradients 

especially at the inlet of the catalyst bed. To prevent these undesirable effects and to ensure 

kinetically controlled high yields of syngas the catalysts providing the high rate of methane 

conversion through the second route are necessary for the process. Supported lanthanum 

nickelates and cobaltites of perovskite type promoted by small amounts of precious metals 

were shown to be more active and stable catalysts in this process than supported precious 

metals [1]. A high oxygen mobility in fluorite-like CeO2-ZrO2 solid solutions helps to ensure 

an efficient performance of Pt supported on monolithic corundum in POM [2]. In order to 

elucidate the role of each catalyst component in POM proceeding via one or other route, in 

this work the activity of Pt, Ni, lanthanum nickelate with and without Pt supported on 

corundum carrier either pure or promoted with CeO2-ZrO2 were studied. 

The catalysts were prepared by impregnation of microspheric a-AhO3 (a diameter of 

100 µm) with necessary salt solutions followed by drying and calcination at 900C0
• The 

~atalysts were studied by XRD and TPR. The catalysts were tested in the POM at atmospheric 

pressure in a continuous flow quarts reactor at 900°C ( contact time equals to 2· 10-3 and 

30· 10-3 s). The methane content in the feed gases was 1 vol. %. The oxygen content was 

varied within 0.01 - 0.5 vol.% range (helium balance). 
. .. 

According to XRD, in the initial samples promoted with cubic solid solutions of 

Ce02-ZrO2 lanthanum nickelate phase either pure or promoted with Pt corresponds to 

perovskite of the hexagonal structure. The addition of Pt favours the increase __ of _its lattice 

parameters depending on Pt concentration. The TPR results show that the redox properties of 

catalysts depend on the composition of CeO2-ZrO2 solid solutions and La-Ni-Pt perovskites. 
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The . initial activity of catalysts depends on both the catalysts composition and the 

procedures of the samples pretreatment before the kinetic study. Hehce, secondary support 

based on cerium-zirconium oxides was shown to stabilize the catalysts performance in the 

reaction conditions. 

The reduced catalysts without Pt addition possess the highest initial activity and 

selectivity to syngas. The initial ac~ivity of oxidized samples correlates with their reducibility 

studied by TPR. The values of the re~ction rate and selectivity to CO and H2 change with the 

time-on-stream. The activity decline is the most pronounced for the samples containing only 

Ni. Ni introduced into the catalyst as lanthanum nickelate is less reducible but his activity is 

more stable in the POM reaction. The addition of Pt leads to the increase of the catalysts 

stability. The obtained unsteady-state kinetic data imply that Ni favours the primary CO and 

hydrogen production via methane pyrolysis whereas Pt favours the route involving complete 

oxidation of methane followed by reforming reactions. 
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Fig. I .Oscillations over prereduced La-Ni-Pt-O/Ce-Zr-O/ AhO3 catalyst 

The spontaneous oscillations of the reaction rate and selectivity depending on the 

catalysts composition/pretreatment were observed in some cases. The typical curves obtained 

rdrthe Pt-La-Ni-O/Ce-Zr-O/ AhO3 catalyst are illustrated ~in Fig. I.: 'The nature of oscillations 

observed is discussed talcing into account the intrinsic properties of the catalysts. 

References 
[l] S.N. Pavlova; V.A. Sadykov, N.F. Saputina, V.I. Zaikovskii, A.V. Kalip.kin, G.N. Kustova, 

. S.V, T~yhulya., I.A. Zolotarskii, R.V. Bunina, and S.F. Tikhov. C:HISA-98, Summaries, 2, P7.24, 72. 
[2] S.N. Pavlova, V.A. Sadykov, V.N. Parmon, I.I. Bobrovat 'I.A. Zofotarskii, V.A. Kuzmin, 

A. N. Salanov, R. V. Bunina, N. F. Saputina, 0. I. Snegurenko,Z. Yu. Vostrikov, EUROPACAT, 
September, 2001, Abstracts, Book 4, 5-0-04. 
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MEXAHH3M H KHHETHKA CPE~HETEMIIEPATYPHOro 

BOCCT AHOBJIEHIDI XPOMHT A ME~H BO~OPO):(OM 

MECHANISM AND KINETICS OF THE COPPER CHROMITE MEDIUM 
TEMPERATURE REDUCTION BY HYDROGEN 

CnMenuoea H.H., Xacnu A.B., ):(aBLI.Z:.OBa JI.II. u IOpLeea T .M. 

Simentsova I.I., Khasin A.V., Davydova L~P. and Yurieva T.M. 

11HCTHT)'T KaTaJIH3a HM. r .K. EopecKoBa CO P AH 
Ilpocn. AKa,n. JlaBpeHTbeBa, 5, HoBocH6HpcK 630090, PoccIDI 

Tel.: 34 41 09; Fax: (+7-3832) 34 30 56; E-mail: Yurieva@catalysis.nsk.su 

The peculiarities of the mechanism and kinetics of copper chromite reductive activation 
with hydrogen has been revealed, for the case of activation conditions, which provide the 
activity in hydrogenation reactions. 

BonpOCI,I MexaHH3Ma H KHHeTHKH BOCCTaHOBJieHHSI Me,UbCO,uep)KaIIJ;HX OKCH,UOB 

npe,UCTaBJISIIOT HHTepec ,UJI.sl pa3bSICHeHHSI IIpHpO,D;I,I IlOBepxHOCTH, aKTHBHOH B peaKIJ;HSIX 

rH,UpHpOBaHHSI. 8 3TOM OTHOIIIeHHH 3HatJHTeJibHbIH HHTepec npe,ucTaBJI.sieT BOCCTaHOBJieHHe 

BO,UOpO,UOM B o6JiaCTH cpe,UHIIX TeMnepazyp ( 423-623 K) xpOMHTa Me,UH, CuCr2O4, KOTOpbIH 

SIBmieTCSI rrpaKTHtJeCKH Ba)l(HbIM H MO,D;eJibHbIM KaTami3aTopoM pa3H006pa3HbIX peaKIJ;HH. 

Panee IlOKa3aHO [1 ], 1ITO xpOMHT B pe3yJioTaTe B0CCTaHOBJieHHSI B0,UOpO,UOM npH 423-593 K 

npHo6peTaeT KaTaJIHTHtJecKyIO aKTHBHOCTb B 0TH0IIIeHHH peaKIJ;HH rH,z:qmpoBaHHSI au;eTOHa B 

H301Ip0IIHJIOBblli CIIHpT. O,nHOBpeMeHHO C II0MOIIJ;blO CTPYKTYPHbIX MeTO,UOB 6bIJI 0TKpbIT 

oco6eHHbIB MexaHH3M rrpou;ecca BOCCTaHOBJTemrn xpOMHTa Me,UH BO,UOpO,UOM B 06Jiacn1 

cpe,UHHX TeMrrepaTyp [1-3]. 3TOT MexaHH3M 3aKJIIOtJaeTCSI B 0KHCJIHTeJibHO

BOCCTaHOBHTeJibHOM 3aMeru;eHHH aTOMOB Cu(II) B xpOMHTe BO,UOpO.l(OM rrpH coxpaHeHHH 

IIIIIHHeJieBoii CTPYKT)'phl xpoMHTa. B pe3yJII>TaTe TaKoro rrpou;ecca aTOMbl Cu(II) 

napaJIJieJibHO rrpeBpa.m;aroTCSI B aTOMI,I Cu O, BbI,D;emnomHeCSI Ha IIOBepXHOCTH IIIIlHHeJIH B 

BH,Ue 3IIHTaKCHaJibHO CBSI3aHHbIX C Heii KpHCTaJIJIHTOB, H aTOMbI Cu(I), rrepeMema10IIJ;HeCSI B 

OKTa.3,UpHtJeCKHe Me)K.l(OY3JIIDI, a aTOMbI BO,n;opo,ua npeaparu;aIOTCSI B rrpoTOHbI, 

pacnonararoru;HeCSI B TeTPa3.UPHtJeCKHX Me)K,[J;OY3JIHSIX illilHHeJIH. TiocJie,UHSISI, oqeBH,UHO, 

SI:BJISieTCSI coe,u1rneHHeM nepeMeHHOro COCTaBa H MO)KeT paccMaTPHBaTI,CSI KaK KHCJil>IH 

xpoMHT Me.UH - Cu(Il)(l -y)Cu(I)y2H+(2y1 +y2)Cr2O4, r,ue Y1 H Y2 cTeneHH rrpeiipameHHSI Cu(II) B 

Cu0 ~ Cu(I), coorneTcTBeHHO, Hy= Y1 + Y2-

B HacTosimeM coo6meHHH Ha ocHoBe pe3ynotaToB a,ucop6u;H0HHO-KHHeTHtJecKHX 

HCCJie,UOBaHHH npH 443-623K, qacTHqHo y)Ke orry6JIHKOBaHbIX [4-6], II0Ka3aH'.0, tJTO t1eaKIJ;HSI 

BOCCTaHOBJieHHSI . xpOMHTa Me,D;H BKJIIOllaeT IlOCJie,U0BaTeJibHO ocyru;eCTBJISIIOIIJ;HeCSI 
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MaKpOCKOIIHl'.JeCKHe :narrbI, KOTOpbie MO)l(HO Ha3bIBaTb peaK[(H.HMH IIOBepxHOCTHOfO H 

061>eMHOro BOCCTaHOBJieHH.H xpOMHTa Me)];H. KHHeTHKa H MexaHH3M 3THX peaKIJ;HH 

OTJIHl'.JaJOTC.H cymecTBeHHbIMH rrpH3HaKaMH: peaKIJ;H.H IIOBepXHOCTHOro BOCCTaHOBJieHH.H 

xpoMHTa npoTeKaeT rrpH6JIH3HTeJH,HO B paBHOH CTeneHH no .[(BYM MexaHH3MaM: 1) no 

MexaHH3MY OKHCJIHTeJibHO~BoccTaHOBHTeJibHoro 1a.Mem;eHH.H aTOMOB Cu(II) B xpoMHTe 

BO.[(OpO.[(OM; 2) no MeXaHH3MY y.[(aJieHH.H KllCJIOpo,n;a H3 xpOMHTa C o6pa30BaHHeM BO,[(bl, 

TOr,[(a KaK peaKIJ;H.H 061>eMHOfO BOCCTaHOBJiemrn xpOMHTa ocymecTBJI.HeTC.H no nepBOMY H3 

Ha3BaHHbIX MexaHH3MOB. 

PeaKIJ;H.H BOCCTaHOBJieHH.H noBepXHOCTH HOCHT aBTOKaTaJIHTHqecKHH xapaKTep, 

CBH,[(eTeJII,CTBYIOIUHH O npoTeKaHHH nponecca qepe3 npoMe)l(yTO"LIHYIO CTa,[(HIO 

,[(HCCOIJ;HaTHBHOH a,[(cop6u;HH BO,n;opo,n;a Ha aTOMax MeTaJIJIHqecKOH Me,[(H Cu0 

' 
o6pa3yIOm;HXC.H B pe3yJibTaTe peaKUHH. 3m peaKUH.H HMeeT TOTIOXHMlfqecKHH xapaKTep B 

TOM CMbICJie, 11TO OHa ocymecTBJI.HeTC.H Ha rpaHHUe pa.3,n;ena noBepXHOCTb llCXO)];HOfO 

Bemecrna (xpOMHTa) - TIOBepXHOCTb npO,[(yKTa (MeTaJIJIHl'.JeCKOH Me.[(H). 

Ilocne,zzyromttif nponecc o6oeMHoro BOCCTaHOBJieHH.H npoTeKaeT qepe3 cTa,n;tt10 

Mttrpau;HH a,[(cop6HpoBaHHoro Bo,n;opo,n;a B o6oeM xpoMHTa. Ilptt 523-573 K H ,n;aBJiemrnx 

BO.[(OpO,[(a ~ 1 aTM B' XO,[(e BOCCTaHOBJieHH.H Ha noBepXHOCTll IllnHHeJieBOH CTpyKryp11 

npOHCXO,UHT o6pa30BaHHe ll pocT TpexMepHbIX KpHCTaJIJIHTOB Me)];H, H B TeqeHHe Bcero 

npou;ecca 3Ha"LIHTeJibHa.H qaCTb noBepXHOCTH XpOMHTa coxpaH.HeTC.H )];OCTynHOH wrn 

MHrpaUHH aTOMOB BO.[(Opo,n;a B o6oeM xpoMHTa. PeaKUH.H o6oeMHOfO BOCCTaHOBJiemrn 

xpOMHTa Me,[(H He HMeeT TOnOXHMH"lleCKOro xapaKTepa ll rrpoTeKaeT n0,[(06Ho peaKUH.HM B 

)Kil,[(KOCT.HX H ra.Jax. IloJiy"LieHHbie pe3yJioTaTbI no3BOJI.HIOT npe,[(ITOJIO)KIITb, "LJTO 

JIHMHTHpyrom;HMH CTa,[(H.HMH o6beMHOfO BOCCTaHOBJieHH.H xpOMHTa Me.[(H .HBJI.HIOTC.H 

OKHCJIHTeJibHO-BOCCTaHOBHTeJibHbie nponecchI B3aHMO,[(eHCTBH.H Cu(II) C pacTBopeHHbIMH 

aTOMaMH BO.[(opo.n;a - napaJinem,Hoie peaKUHH BoccTaHoBrreHH.H Cu(II) ,[(O Cu0 
H Cu(I). 3TH 

peaKUHH HMeIOT rrepBbIH nop.H.[(OK no Cu(II) H BTOpoif rrop.H.[(OK no pacrnopeHHOMY 
. '~ ' . ' 

BO.[(OpO.[(y. 
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OKHCJIEHHE <l>EHOJIA 3AKHChlO A30TA - HOBhIH CIIOCOli IIOJ[yqEHIUI 

~Hrll)U>OKCH6EH30JIOB 

PHENOL OXIDATION WITH NITROUS OXIDE - NEW WAY FOR 
DIHYDROXIBENZENE PREPARATION 

Co6oJJee B.H., Heauoe ~.II. H Ilauoe r.H. 

Sobolev V.I., Ivanov D.P. and Panov G.I. 

HHCTH'fYT KaTamna HM. r.K. EopecKoBa CO PAH 
HoBocH6HpcK 630090, Poccm1 

E-mail: sobolev@catalysis.nsk.su 

The gas-phase oxidation of phenol-benzene mixtures with nitrous oxide over ZSM-5 
zeolite catalysts was studied. Concurrent proceeding of benzene to phenol and phenol to 
dihydroxybenzenes (DHB) oxidation was shown, their relative rates depending on the phenol 
to benzene ratio in the feed. Effect of temperature and contact time on DHB productivity, 
N2O selectivity and DHB isomers distribution was also studied. 

~HrH,D;pOKCH6eH30Jlbl (rrnpoKaTeXHH, pe3opu1rn, rn,n;pOXHHOH) OTHOCHTC.SJ. K qHcny 

Ba)l<HeHlliHX rrnnyrrpo,n;yKTOB opraHHqecKoro CHHTe3a. CymecTByIOIIUfe MeTO,l(bl HX 

rronytJ:eHHH .naneKO HecoBepmeHHbl H OCHOBaHbl, B OCHOBHOM, Ha )l(H,l(K0q>a3HOM OKHCJieHHH 

cpeHOJia rrepoKCH,ll;OM BO,n;opo,n;a. 3HatJ:HTeJihHblli HHTepec rrpe,n;CTaBJI.SJ.JIO 61>1 C03,[(aHHe 

fa30q>a3H0f0 rrpouecca OKHCJieHHH cpeHOJia, r,n;e B KaqecTBe rrepcrreKTHBHOro OKHCJIHTeJIH 

MOrJia 6bI CJIY)l(HTb 3aKHCb a30Ta. H3BeCTHO, lJ:TO HCIIOJib30BaHHe N2O OKa3aJIOCb BeCbMa 

3cpcpeKTHBHO B peaKI.J;HH rrpHMOfO OKHCJieHHH 6eH30Jia B cpeHOJI. ~JUI 3TOli peaKI.J;HH 

rrpe,n;JIO)l(eHbI HOBbie KaTaJIH3aTOpbl, rro,n;po6HO HCCJie,D;OBaH MexaHH3M [1]. B TO)l(e BpeMH )];JIH 

aHaJIOfHlJ:HOH peaKI.J;HH OKHCJieHHH cpeHOJia B ,n;0nl.l(pOKCH6eH30JlhI MO)l(HO HaliTH JIHillb 

KpaTKHe CBe,n;emrn O B03MO)l(HOCTH rrpoTeKaHHH TaKOH peaKI.J;HH. 3TO CBH3aHO, C O)];HOH 

CTOpOHbI, C MeTO,nHqecKOH CJIO)l(HOCTblO HCCJie,n;OBaHHH 3T0li peaKI.J;HH B fa30BOH <pa3e. C 

,ri;pyroii CTOpOHbl, o6ycJIOBJieHO 6bICTPOli ,n;e3aKTHBau;HeH HCIIOJib3YeMhIX KaTaJIH3aT0pOB H 

HH3KOH ceneKTHBHOCTbIO IIO 3aKHCH a3OTa. 

O,ri;HH H3 3<pq>eKTHBHbIX rrpHeMOB, KOTOpbIH II03BOJIHJI 3HaqHTeJibHO yMeHblIIBTb 

KOKC006pa30BaHHe rrpH 0KHCJieHHH 6eH30Jia B cpeHOJI, :no rrpoBe,n;eHHe peaKI.J;HH B 6om,moM 

H36bITKe 6eH30Jia [2]. B 3TOM ceyqae 6eH30JI HrpaeT pOJib He TOJibKO HCXO,ll;HOfO peareHTa, 

HO O,ll;HOBpeMeHHO H KOMIIOHeHTa, KOTOpblli IIO3BOillleT B HeCKOJibKO pa3 yaeJIHq}{Tb 

TennoeMKOCTb peaKI.J;HOHHOH CMeCH. 3TO yMeHhmaeT 803MO)l(HOCTb HeKOHTPOJIHpyeMbIX 

rreperpeBOB, rro,n:aBmieT rro6otJ:Hhie peaKI.J;HH H yeeJIHlJ:HBaeT CTa6HJihHOCTb KaTaJIH3aTopa. 

O,ri;HaKO HCIIOJib30BaHHe 3TOfO rro.n:xo,n;a B CJiyqae cpeHOJia HBJIHeTCH 3aTJ)y.UHHTeJihHhIM, TaK 
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KaK . 60JibllIOH 1n6hITOK cpeHorta B peaKUHOHHOH CMeCH npe.n;nonaraeT ero MH0r0KpaTHYIO 

pen:HpKyJIHI(HIO, ocymecTBJieHHe KOTOpo:ii HecpaBHeHHO rpy.n;Hee, qeM peu;HpKyJIHI(HH 

6eH3orra. 

B HacTo»me:ii pa6oTe HCCJie,noBaHa B03MO)KHOCTb OKHCJieHHH cpeHOJia B 

.L(HrH,npOKCH6emom,I B H36hITKe . He q>eHOJia, a 6eH30Jia. B TaKOH peaKD;H0HHOH CMeCH, 

Hap»,ny C OKHCJieHHeM q>eHOJia B DHB, npoTeKaeT H peaKUHH OKHCJieHHH 6eH30Jia B q>eHOJI: 

C6HsOH + N2O ➔ C6H4(OH)i 

C6H6 + N2O ➔ C6HsOH 

(1) 

(2) 

OTHOCHTeJihHaH CKOpOCTh 3THX peaKUHH onpe,neJIHeTCH C0OTHOIIIeHHeM Me:>I<,ny cpeHOJIOM 

H 6eH30JIOM B HCXOL(HOH CMeCH H M0)KeT BaphHpOBaThCH B nrnpOKHX ·npe.n;errax. 

3KcnepHMeHThl npOBO.L(HJlijCb B nporoqHOM peaKTOpe c IT0JIHbIM xpoMaTorpaq>HqecKHM 

on-line aHaJIH3OM npo.n;yKTOB peaKD;HH. B Kaqecrne KaTaJIH3aTopa HCI1OJlb3OBaJICH ueoJIHT 

FeZSM-5, npe,nBapHTeJihHO aKTHBHpoBaHHhIH rryreM m.n;porepMaJihHOH o6pa6oTKH npH 

700°C. l1CXO.L(HM CMeCb COCTOHJia H3 50 MOJI. % 6eH30Jia, 5 MOJI. % 3aKHCH a3OTa H q>eHOJia, 

KOHD;eHrpau:H» KOTOporo BapbHpoBarracb OT O L(O 6. 7 MOJI. %. ITOKa3aHO, qro yBeJIHqeHHe 

KOHI(eHrpan:HH cpeHOJia B HCXO.L(HOH CMeCH npHBOL(HT K 3HaqHTeJihHOMY poczy 

rrpOH3BO.L(HTeJihH0CTH no .L(HrH,npOKCH6eH30JlaM, KOTOpa» npH 6. 7 MOJI.% cpeHOJia COCTaBJIHJia 

2 · MM OJI. DHB Ha rpaMM KaTanH3aTopa B qac. KpoMe Toro, Hccrre,noBaHo BJIHHHHe ycrroBHH 

npoBe,neHHH peaKI(HH, TeMnepazyphl peaKTOpa H BpeMeHH KOHTaKTa, Ha OCH0BHhie 

xapaKrepHCTHKH peaKUHH: np0H3B0L(HTeJibHOCTb no DHB, ceJieKTHBHOCTb no N2O, a TaK)Ke 

pacnpe,nerreHHe H30MepoB DHB. 

(l]G.I. Panov, A.K. Uriarte, M.A. Rodkin, V.I. Sobolev, Catal. Today 41 (1998) 365. 
[2] G.I. Panov, A.S. Kharitonov, G.A. Sheveleva, US Patent 5,756,861 (1998). 
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H3Y1-IEHHE IN SITU CTPOEHIDI II CBOHCTB IIOBEPXHOCTH MO~EJILHLIX 

IIOJIHMETAJIJIHqECKHX KATAJIH3ATOPOB . 

THE INVESTIGATION IN SITU OF THE SURF ACE STRUCTURE AND 
PROPERTIES OF THE MODEL MULTIMETALLIC CATALYSTS 

CoKoJioBa H.11. 
Sokolova N .P. 

I1HCTH1)'T <pH3HqecKoiI XHMHH P AH 
fleHHHCKHH rrp., 31, MocKBa, Poccm1 

<l>aKc: 952 53 08; E-mail: glazunov@lmm.phyche.msk.su 

The paper deals with the results of the investigation in situ of the RhColr, RhPdCu, 
RhPdAg, RhPdAu surface structure and properties by means of the .. infrared spectroscopy of 
the chemisorbed CO. According to the X-ray and electron microscopy data the particle size is 
1,8-16 run. It is shown that the surface of multimetallic catalysts is heterogeneous. The 
particles of individual components except Rh and Cu are absent. The heteronuclear clusters 
containing three different metallic atoms are not formed. It is noteworthy that earlier we 
determined that the surface bimetallic catalysts include the MxMy clusters. In the case of 
multimetallic systems the enrichment by Rh, Cu and bimetallic clusters containing Rh is 
observed. 

IIOBepxHOCTH rronHMeTaJinHqecKHX KaTaJIH3aTOpOB rrpe,UCTaBJHieT 

HeCOMHeHHhIH HHTepec KaK B HayqHoM (xoporrme MO)J.enH .um1 pa3BHTH5I TeopeTHqecKHX 

KOHUeIIUHH B xeMocop6r~HH H KaTanH3e), TaK II B rrpaKTH:qecKOM OTHOIIIeHHII. 

IJ;em,ro ,n:aHHOH pa6oThI 6hmo mytieHHe cTpoeHHR rroBepxHOCTH RhPdCu, RhPdAg, 

RhPdAu H RhColr CHCTeM MeTo,naMH HK-crreKTpocKorrHH xeMocop611poBaHHOH TecT

MoneKynh1(CO) B HHTepBane TeMrreparyp 25-500°C II .n;aBneHHH 1 o-4-50 TOp. B Katiecrne 

HOCHTeneiI IICITOnb3OBanHCh cnpocHn H OKCII,[( aJIIOMHHH5I. HaqaJihHbie CTa..UIIH 

<pOpMHpOBaHH5I KaTaJIH3aTOpOB Hccne,n:OBaJIHCh MeTO,[(OM 3):J;CO,, a TaK)Ke TepMorpaqmqecKH. 

Pa3Mep qacTHU orrpe.uen5InC5I MeTO,[(OM peHTfeHorpa<pHH. KpoMe Toro, ,neTaJibHO H3YtiaJIHCb 

~O3MO)KHOCTH rrpHMeHeHH5I MOHOOKCH,[(a yrnepo,na B KatieCTBe TeCT-MoneKynhI ,nn5I 

Hccne,noBaHH5I cnO)KHhIX KaTanH3aTopoB. 

AHanH3 IIOJiytieHHhlX ,naHHhIX IIOKa3aJI, qTo B OTnHtIHe OT paHee Hccne,n;oBaHHhlX HaMH 

6HMeTaJIJIHqecKHX CHCTeM Ha OCHOBe 3THX )Ke 3neMeHTOB TpeXKOMilOHeHTHbie KaTaJIH3aTOphI 

He o6pa3yIOT reTepo51,nepHbIX KJiaCTepoB, co.uep)Kan:J;HX TPH pa3nHqHI:,IX MeTannHtieCKIIX 

aTOMa. B ,naHHOM cny11ae HMeeT MeCTO o6orameHHe IIOBepXHOCTH nH6o po,nHeM, Jrn6o 

6HMeTaJIJIHqecKHMH qacTHUaMH, co,nep)KaJUIIMH po,nHH. 3To 5IBn5IeTC5I o6IUHM CBOHCTBOM 
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,l(aHHI:,IX CHCTeM. O,[(HaKO Ka)J(,llI:,IH H3 IIOJIHMeTaJIJIHt.JeCKHX KaTaJIH3aTOpOB HMeeT H CBOH 

oco6eHHOCTH. 

Cot.JeTaHHe Tpex MeTaJIJIOB Co, Rh H Ir He rrpHB0,l(HT K ycnm1meHHIO rronepxHOCTH rro 

cpanHeHHIO c 6HMeTaJIJIHt.JeCKHMH CHCTeMaMH RhCo, Rhlr H IrCo. IlpHcyTCTBHe Ko6an1,rn 

HeCKOJII:,KO no.naBIDieT xeMocop6a;HOHHYIO crroco6HOCTI:, o6pa3a;a RhColr no 0THOIDeHHIO K 

CO. qaCTI:, aTOMOB pO,[(IUI, He yt.JaCTBYIOIUHX B o6pa30BaHHH 60:MeTaJIJIHt.JeCKHX qacTH[( Rhlr, 

B3aHMO,l(eHCTByeT C He,[(0BOCCTaHOBJieHHI:,IM K06aJILTOM C o6pa30BaHHeM Rh
0
+ -a;eHTpOB, 

crroco6HLIX KOOp,[(HHHpOBaTL ,[(Be MOJieKyn1,1 CO. Ha6JIIO,[(aeTC.SI o6orameHHe IlOBepXHOCTH 

qacTHa;aMH Rh)ry. 

C0:cTeMa RhPdAu B 3aBHCHMOCTH OT ycnoBHH rrpone,l(eHH.SI .necop6a;HH CO o6oramaeTc.SI 

.ri:H6o Rh
0

, JIH6o Rh
6
+ -ueHTpaMH. 

' , · Oco6eHHOCTLIO KaTaJIH3aTOpoB RhPdAg .SIBJI.SieTC.SI HaJIHt.JHe Ha HX rronepxHOCTH ,l(Byx 

BH.[(OB a;eHTPOB Rh
0

\ H Rh
6

\ 1, K0Top1,1e yqacTByIOT B o6pa3oBaHHH .nnyx pa3JIH"t!HI>IX 

,[(HKap60HHaJII:,HI:,IX cpopM CO, "t!TO, Bepo.SITHO, CB.Sl3aHO C BJIH.SIHHeM aTOMOB cepe6pa Ha 

pO,[(HeBLie a;eHTpbI. Ilo-BH,[(HMOMY, 3TH n;eHTpbl COOTBeTCTBYIOT aTOMaM pO.[(H.SI, 

paCIIOJIO)KeHHbIM Ha IIOBepXHOCTH -riaCTHU PdAg. B 3T0M cny-riae coxpaH.SieTC.SI HH3Ka.SI 

IlJIOTHOCTI:, aTOMOB p0,[(H.SI H HX K0op,n;1rnan;H0HHa.SI HeHaCbIIUeHHOCTb. 

B CHcTeMe RhPdCu HMeIOTC.SI yqacTKH, o6orameHHble po_uHeM, H Mecra, Ha Korop1>1x 

0TMe-riaeTC.SI cerperaa;H.SI Me,l(H. HaJIHqJfe B KaTaJIH3aTope IlaJIJia,l(H.SI He CHH)KaeT aKTHBHOCTH 

pO,l(H.SI no 0TH0IIIeHHIO K co H He IIO,l(aBJI.SleT cerperaa;HIO Me,UH. MeTaJIJIHt.JeCKHe qacTH[(bI 

o6orameHLI pO,l(HeM, BJIH.SIHHe IlaJIJia,UH.SI npo.SIBJI.SleTC.SI K0CBeHHbIM o6pa30M -riepe3 CJIOH, 

Henocpe,[(CTBeHHO npHnera10mHe K IIOBepxHOCTH. 

TaKHM o6pa30M, npoBe,l(eHHOe HCCJie,U0BaHHe II03B0JIHJI0 ycTaH0BHTb CTpOeHHe 

rroaepXH0CTH CJIO)KHbIX MeTaJIJIHt.JeCKHX KaTaJIH3aTOpOB, o6Hapy)KHTb B HHX B3aHMHOe 

BJIH.SIHHe K0Mil0HeHTOB H onpe.neJIHTh ycJI0BH.SI, rrpH KOTOpbIX B3aHMO,[(eHCTBHe co C 

H3yt.JeHHbIMH CHCTeMaMH He rrpHBO,l(HT K HX H3MeHeHHIO B pe3yJihTaTe xeMocop6a;HH. 

HocJie,[(Hee o6CTO.SITeJibCTBO Il03BOJI.SleT HCil0Jib~OBaTb MOHO0KCH,l( yrnepo,na B Ka-riecTBe TeCT

M0JieKy JII:,I. 
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CATALYSIS OF THE AQUEOUS ALKALI ETHYLENE GLYCOL OXIDATION 

BY SIBUNIT SUPPORTED PALLADIUM 

KATA~H3BO,IOIO-~E~oqHorooKHC~EHIUl3THJIEHr~HKOJDI 
IIAJl~~HPOBAHHhIM CHliYHHTOM 

Staroverov D.V., Varlamova E.V. and Shvets V.F. 

CTapouepoo Jl.B., BapJiaMooa E.B., u moen B.fJ>. 

Mendeleev Russian University of Chemical Technology 
Miusskaya sq. 9, Moscow 125047, Russia 

Tel: (095) 978-95-54; Fax: (+7-095) 973-31-36; E-mail: stardv@muctr.edu.ru 

Kinetics of aqueous alkali ethylene glycol oxidation on sibunit supported palladium 
catalyst was investigated. Kinetic model incorporating description of the substrate oxidation 
in terms of Langmuir-Hinshelwood kinetics and description of reversible over-oxidation of 
metal catalyst surface in terms of subsurface oxygen formation is proposed. Important role of 
alkali for over-oxidized catalyst reactivation is indicated. 

Oxidation of alcohols and carbohydrates in aqueous alkali solutions with oxygen on 

supported noble metals has received attention in the recent years as a method of preparation of 

valuable products and intermediates for fine chemistry. These reactions are environmentally 

friendly, especially with respect to oxidations with stoichiometric oxidizing agents, and can 

be performed with high selectivity under mild operating conditions. 

Oxidation of ethylene glycol to glycolic acid on sibunit supported palladium catalyst was 

investigated. It was indicated that this reaction occurs in parallel with catalyst deactivation 

similarly alcohols' oxidation [1-3]. Deactivation is reversible, therefore reaction rate 

asymptotically evolved into constant value when reaction is performed under pseudo-zero 

orders condition. 

Volumetric data were used for modelling of intrinsic kinetic regime of ethylene. :glycol 

oxidation. The kinetic model incorporate superficial oxidation of substrate and reversible 

deactivation of metal catalyst surface. Glycol oxidation rate is modelled by terms of 

Langmuir-Hinshelwood kinetics. Catalyst deactivation known as "over-oxidation" 1s 

considered as the result of slow oxidation of metal surface layer with adsorbed oxygen, 

namely formation of subsurface oxygen. Correspondingly, catalyst reactivation is described as 

the reduction of metal surface layer, i.e. subsurface oxygen reaction with adsorbed glycol or 

intermediate. It was established the important role of alkali for catalyst reactivation. 

References 
[l]T. Mallat and A. Baiker, Catal. Today, 19 (1994) 247. 
[2]M. Besson and P. Gallezot, Catal. Today, 57 (2000) 127. 
[3]J.H.J. Kluytmans et al., Catal. Today 57 (2000) 143. 
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3BOJIIOU:IDI COCTORHHH )KEJIE3A II O6PA3OBAHHE a-U:EHTPOB 

IlPH AKTHBAU:HH U:EOJIHTOB FeZSM~5 

EVOLUTION OF IRON STATES AND FORMATION OF a-SITES UPON 
ACTIVATION OF FeZSM-5 ZEOLITES 

CTapoKoHL E.B., ,zi:y6Koe K.A., OeauecHu H.C. *, IlITeii:uMan A.A.* u Ilauoe r.H. 
Starokon E.V., Dubkov K.A., Ovanesyan·'N.S.*, Shteinman A.A.* and Panov G.I. 

HHCTHT)'T 1<ararrH3a HM. r.K. 6opecKoi3a CO P AH, HoBocH6HpcK, Poccm1 

*HHCTHT)'T npo6neM XHMHqecKoH q>H3HKH P AH, 1-lepHoronoaKa, Poccm1 

Fax: (007) 3832 343056/3766/4687; E-mail: starokon@catalysis.nsk.su 

UeoJIHTbI HBlliIIOTC}I YHHKaJibHbIMH MaTpHUaMH .[(lliI cra6HJIH3aUHH MaJibIX K0MilJieKC0B 

MeT~~0I,3, K0T0poie qacro npoHBJIXIOT He06bJqHbie KaTaJIHTHqecKHe ' C ,caoiicrna. JlpKHM 

npHMeppM 3T0I,'0 HBJIXIOTC}I K0MilJieKCbI )KeJie3a, CTa6HJIH3HpoBaHHbie B 'MaTpnue ueomna 

ZSM-5 II Ha3BaHHbie a-ueHrpaMH, K0T0pbie cnoco6Hbl C BbICOKOH 3q>q>eKTHBHOCTblO 

KaTaJIH3!fp0BaTb peaKUHH ceJieKTHBH0ro 0KHCJieHH}I 3aKHCblO a30Ta, N2O [1]. CornaCHO 

,n:aHHhIM Mecc6appOBCKOH cneKTp0CK0ilHH [2], B C0CTaB a-ueHTp0B BX0.[(HT H0HhI Fe
2
+. 

B .n;aHHOH pa6ore MeT0)l0M Mecc6ay3pOBCKOH cneKTp0CK0ilHH in situ HCCJie,n:oBaH0 

BJIHXHHe BhICOKOTeMneparypHOH aKTHBaUHH Ha 3B0JIIOUHIO COCTOXHHH )KeJie3a, BBe,n:eHH0ro 

pa3JIHqHbIMH cnoco6aMH B MarpHUY ue01mrn ZSM-5. IloKaJaHo, qro aKTHBaum1 (npoKanKa 

Ha B03.[(yXe, B BaKyyMe HJIH B npHCYTCTBHH napoB BO)lbl) Bhl3bIBaeT HHTeHCHBH0e 

caM0B0CCTaH0BJieHHe )KeJie3a, K0Topoe npHB0JJ:HT K o6pa30BaHHIO .n;ayx THil0B K0MITJieKC0B 

Fe
2+, BKJIIO~aIOIUHX B ce6x 6onee 50% or o6mero co.[(ep)KaHHX Meranna. O6pa3oBaBnrn:ecx 

H0HhI Fe
2
+ ycroifqHBhI K ,n:eiicTBHIO 02, HO o6paTHMO 0KHCJIHIOTC}I B Fe

3
+ B rrpHCYTCTBHH 

N2O, 06pa3y51 rrpH 3TOM aKTHBHYIO q>OpMy KHCJI0po.n;a (a-KHCJiopo.n;), npH,na10my10 ueoJIHTaM 

FeZSM-5 YHHKaJihH1>1e KaTaJIHTH'lleCKHe caoiicrna B peaKUHXX 0KHCJieHHX. 

TiocJie K0opmrnaUH0HH0ro HaCbIIIJ;CHH}I M0JieKyJiaMH H2O Mecc6ay3pOBCKHe cneKTpbI 

060:0:x K0MITJieKC0B )KeJie3a CTaH0BHTC}I H)leHTHqHhIMH II HX napaMerpbI C0Brra.n;aIOT co 

cneKTpaMH forn.nepHbIX KOMilJieKCOB )KeJie3a B aKTHBHOM ueHrpe q>epMeHTOB MeTaH

M0H00KCHreHa3. KoJIHqecTBeHHOe C0il0CTaBJICHHe qHcJia aT0M0B a-KHCJI0po,na C qHCJI0M 

aTOMOB Fe, yqacTBYIOIIJ;HX B redox nepexo.[(e, Il03B0JIHJIO ycTaHOBHTb 51.[(epHOCTb a-ueHTpOB. 

a-IJ;eHTpbI rrp~JJ:CTaBJIHIOT co6oii 6H51,nepHbie K0MITJieKCbI, B K0T0pbIX Ka)l(,l.J;blM aT0M Fe 

crroco6eH CBX3bIBaTb a-KHCJI0p0.[(. 

[l]G. I. Panov, A. S. Kharitonov, V. I. Sobolev, Appl. Cata/. 98, 1 (1993). 
[2]N. S. Ovanesyan, A.A. Steinman, V.I. Sobolev, K.A. Dubkov, G.I. Panov, Kine!. Kata/. 39, 863 

(1998). 
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MEXAHH3M Hll3KOTEMilEPATYPHOro B3AHMO~EHCTBIDI BO~OPO~A C 

a-KHCJIOPO~OM HA ~EOJIHTE FeZSM-5 

MECHANISM OF HYDROGEN INTERACTION WITH a-OXYGEN OVER 
FeZSM-5 ZEOLITES 

CTapOKOHL E.B., ,lcyoKOB K.A., IlayKIDTHC E.A., BoJIOJJ:HH A.M. H Ilauoe r.H. 
Starokon E.V., Dubkov K.A., Paukshtis E.A., Volodin A.M. and Panov G.I. 

11HCTHT)7T KaTanH3a HM. r.K. EopecKoBa CO P AH, HoaocH6:apcK, Poccmr 

Fax: (007) 3832 343056/3766/4687; E-mail: starokon@catalysis.nsk.su 

11ccne,n:oBaHHe aKTHBHbIX Il0BepXH0CTHbIX q>OpM KHCJiopo,n:a H HX peaKilHOHHOH 

crroco6HOCTH Ba)KH0 ,[(JUI BbUICHeHH.sl MexaHH3Ma KaTaJIHTHqecKHX pea1a.1:i1ii napllH~bHOro 

0KHCJieHH.sl. B '.HOH CB.sl3H 6oJibillOH HHTepec rrpe,n:cTaBJUIIOT F e-co.n:ep)Kam:ae ne0JIHTbl 

ZSM-5, K0TOpbie .sIBJl.sIIOTC.sl 3<p<peKTHBHbIMH KaTaJIH3aTOpaMH peaKUHH rrp.sIM0ro 0KHCJieHmI 

6eH30Jia B <peHOJI 3aKHCblO a30Ta (N20) [1]. KaTaJIHTHqecKHe CBOHCTBa ueoJIHT0B B 3T0H 

peaKI(HH CB.sl3aHbl C rrpHCYTCTBHeM TaK Ha3bIBaeMbIX a-ueHTp0B, rrpe;::i:cTaBmnomHx co6oif 

K0MIIJieKCbI )KeJie3a, cTa6HJIH3HpoBaHHhie B MaTp1me ueonHTa ZSM-5. IlpH pa3JI0)KeHHH N2O 

3TH n;eHrpbl cnoco6Hbl q>HKCHpOBaTb He06blqHyIO q>OpMy IT0BepXH0CTH0ro KHCJI0p0,[(a, 

Ha3BaHHYIO a-KHCJiopo,noM: 

(1) 

BbICOKa.sI K0HI(eHTpau;H.si H ycToiiqHBOCTb a-KHCJI0po,[(a Ha II0BepxH0CTH neoJIHTa 

II03B0JIHJIH HCCJie,[(0BaTb peaKI(H0HffYIO crroco6HOCTb 3TOH cpopMbl B 0TH0meHHH pa3JIH"tJHbIX 

M0JieKyJI H ycTaH0BHTb ee y-qacTHe B peaKUHH 0KHCJieHH.sl 6eH30Jia. y )Ke rrpH KOMHaTHOH 

TeMrrepaT)7pe a-KHCJI0p0,[( 0KHCJUieT pa3JIHqHbie ymeB0,[(0p0,[(bl, BKJIJOqa.sJ MeTaH H 6eH30JI, C 

ceJieKTHBHbIM o6pa30BaHHeM rH,[(p0KCHJIHp0BaHHblX rrp0.[(yKT0B [2]. 

B ,naHHOH pa6oTe C HCII0Jib30BaHHeM KHHeTHqecKHX H H30T0IIHbIX MeT0,[(0B HCCJie,[(0BaH 

MeXaHH3M MO,D:eJibHOH peaKI(HH B3aHMO,[(eHCTBH.sl BO,ZlOpO,[(a C a-KHCJIOpO,[(OM. J13yqeHHe 

KHHeTHKH peaKUHH B IIIHpOKOH o6JiaCTH HH3KHX TeMnepaT)7p ( OT + 20° ,[(0 -100°C) II0Ka3a.JI0, 

qTo peaKQH.sl npoTeKaeT C O"tJeHb HH3KOH :mepr:aeii aKTHBaUHH, BeJIH~Ha KOTOpOH 

COCTaBJI.sieT 3 .3 KKaJif MOJib. 

IIoaepXHOCTHbie np0.[(yKThl peaKUHH HCCJie,[(0BaHbl MeT0,[(0M 11K-crreKrpOCKOIIHH in situ. 

I1oKa3aJIO, qTo B3aHMO,[(eHCTBHe BO,[(OpO,[(a C a-KHCJIOpO,[(OM corrpOBO)K,ZlaeTC.sl pa3pbIBOM 

CB.sI3H B M0JieKyne H2 C o6pa30BaHHeM Ha II0BepXH0CTH ueoJIHTa H0BhIX OH-rpyrrn 

(II.II. 3635 and 3673 CM-
1
), B C0CTaB K0T0pbIX BX0MT aT0MLI a-KHCJiopo,[(a. 
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,[(HCCOUHanrnHbIH THil MeXaHH3Ma cornacyeTCSI co GTeXHOMeTpH1IeCKHM OTHOIIIeHHeM 

KOJIH1IecTBa pearHpyromero H2 H a-KHCJIOpo.na, KOTOpoe 6JIH3KO K 1 :2. PeaKI.UUI rrpoTeKaeT C 

6onbrnHM KHHeTH11ecKHM,H3OTOTIHbIM 3q>q>eKTOM (kH/ko), BeJIH1IHHa KOTOporo H3MeHSieTcSI OT 

3. 9 )lO 41 rrpH IIOHH)KeHHH TeMrrepazypbI OT + 20 )lO -1 ooOc. EoJiblilOH H30TOIIHbIH 3q>q>eKT 

IIO)lTBep)l(,llaeT, 1ITO aHaJIOfH1IHO OKHCJieHHIO MeTaHa [3], JIHMHTHpyromaSI CTa)lHSI peaKQHH 

BKJII01IaeT pa3pbIB CBSl3H B MOJieKyJie H2. 
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FTIR STUDY OF STERICALL Y EXCITED ST ATES OF ADSORBED MOLECULES 

HCCJIE)J;OBAHHE CTEPHqECKH B03IiY~EHHLIX COCTOjJ:HHH 
A)J;COPliHPOBAHHLIX MOJIEKYJI METO)J;OM HK-CITEKTPOCKOIIHH C 

IIPEOliPA30BAHHEM <l>YPLE 

Storozhev P.Yu., Arean C. Otero*, Palomino G. Turnes*, Mentruit M. Peiiarroya*, 
Delgado M. Rodriguez* and Tsyganenko A.A. 

Fack Institute of Physics, St. Petersburg State University, St. Pytersburg 198504, Russia 
E-mail: tsyg@photonics.phys.spbu.ru 

*Departamento de Quimica, Universidad de las Islas Baleares, 07071 Palma de Mallorca, Spain 

Recent IR data are summarised, indica~ive of the existence of surface complexes with 
several energetically non-equivalent structures. Complexes with not the most favorable 
geometry could co-exist with common adsorption, but may have unusual .chemical properties 
and reactivity. The isomerisation energy, referred to here as the energy ~f steric excitation 
could be rather high and comparable with the activation energy of some catalytic reactions. 

Thus, CO is able to form both C-bonded and 0-bonded adducts with extra-framework 
cations in alkali-exchanged zeolites [1,2]. The two species account for two IR bands of C-0 
stretching vibrations. The high-frequency (HF) band belongs to the more stable C-bonded 
species, while the weak LF band is due to 0-bonded adducts. Later on, studies at variable 
temperature provided evidence that CO manifests the same amphipathic ability in hydrogen 
bonding with bridged acidic Si(OH)Al groups of zeolites [3], and silica silanol groups [4] 
forming both OH·CO and OH·OC species. 

From the corresponding van't Hoff plots, the energy of isomerisation between the two 
forms could be calculated, while simultan~ous pressure measurements enable the isosteric 
heat of adsorption to be obtained. Attempts are in progress to estimate the activation barrier 
for CO-OC isomerisation. 

For Ca Y and Li-ZSM-5 zeolites [5], interaction of two molecules with the same cation 
was established. In this case, formation of M(CO,OC) species with one 0-bonded molecule 
also occurs, where mutual interaction between two ligands strongly affects the energetic 
parameters and IR spectra of the system. 

Besides CO, the ability to form surface complexes having different energy was 
established for dissociative adsorption of HD on ZnO. Our recent data show that thiophene 
adsorbed on silanol groups or on acidic hydroxyls of zeolites can also form two kind of 
complexes, bonded via the sulphur atom or n-electrons. Effect of this phenomenon on 
adsorbed thiophene reactivity is under investigation. 
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THE NEW MECHANISM OF CATALYTIC OXIDATION OF

0
~IGNIN INTO 

VANILLIN 

HOBLIH MEXAHll3M KATAJIIITJlllECKOro OKHCJIEHIDIJIHrHHHA B 
BAHHJIHH 

Tarabanko V.E., Petukhov D. V. and Kuznetsov B.N. 

Tapa6au1,Ko B.E., IleryxoB ,Ll;.B. H Ky1uen0B Ii.H .. 
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Akademgorodok, Krasnoyarsk 660036, Russia 
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The new mechanism of oxidative destruction of lignins is proposed. It begins from the 
well-known step of removing electron from the phenolate oxygen atom followed by the steps 
of oxidation of the side-chain y-carbon atom producing quinone methide and then the 
substituted coniferyl aldehyde. The latter cleaves into vanillin by the known mechanism of 
retroaldol destruction. Experimental facts supported the mechanism are obtained and 
discussed. 

, Alkaline oxidation of lignins could be applied for ecologically benign pulping and 

blea~hing and for the vanillin and syringaldehyde production. Vanillin is produced with high 

yields only in the alkaline media (pH> 12) at the temperature ~ 160°C, and the mechanism of 

its formation is widely discussed [1-2]. The first suggestion on the mechanism of vanillin 

formation was postulated by Hibbert for the process of nonoxidative alkaline hydrolysis of 

lignosulphonates [3]. It includes the cleavage of a,p-carbon-carbon bonds by alkali-promoted 

retroaldol reaction: 

. 0 0 0 
Ar-CH-C-C~ ----•~Ar_c~ + 'CH-C~ 

OH I 'H 'H / 'H 
(1) 

(I) 

where Ar is 3-methoxy-4-phenoxy anion. This mechanism explains both the necessity of 

strong alkaline media to produce vanillin and formation of the main byproduct, acetovanillon, 

as a result of similar retroaldol reaction of a-keto-y-hydroxypropane structure [1 ]. 

Different oxidants (nitrobenzene, copper oxide, oxygen with catalysts) increase the 

vanillin yield in the alkaline media from 5 % without oxidants up to 35 - 64 wt.% [1-4]. The 

oxidation begins with the abstraction of an electron from the phenolate oxygen that produces 

quinone methide radical (III) - (Illa): 

-o -1))-ca = 7-cH20R-==--. o-fi--ca = ?-cH20R -0'9ca -9-ca20 
CH30 R' CH3r R' CH30 R' (2) 

~ ~n Qllaj 
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The existing hypot~eses on the further 'transformations of the radical (III) - (llld) widely 

• i. l. ' 

vary. Nevertheless, nobody made an attempt to combine stages (1) and (2), and, thus, to 

explain convin~i~gly the fact of acetovanillon formation and a role of alkali in the processes 
•' 

of selective oxidation of lignin-into vanillin. The main goal of the paper is to formulate and to 

support experimentally such mechanism of the process. 
~ ~ -·· l ,. .. 

To demonstrate the _principal role of y-carbon atom of phenylpropene unit in the 

formation of vanillin several experiments were carried out, and results were as follow: the 

selectivities of oxidation of guayacylethylene and isoeugenol were compared, and the 

observed distinguish confirms the principal role of y-carbon atom in the process of vanillin 

formation; coniferyl aldghyde is registered by GC-MS method as the intermediate in 

oxidizing eugenol; the role of retroaldol reaction (I) in the oxidative processes was supported 

by comparison of the kinetic data of the vanillin formation in the lignosulfonates oxidation 

and the retroaldol cleavage of the vanillideneacetone [ 4]. 

The data obtained permit to formulate the new mechanism of oxidation of lignin into 

vanillin combining the reactions (1) and (2) [4]. According to the mechanism, y-carbonyl 

group of phenylpropene unit is formed as a result of disproportion of quinone methide radical 

(III) into quinone methide followed by nucleofilic addition of hydroxide ion: 

--. {II) + o=pcH-C= CHOR ~ -~CH=C -C~ O 
I ~ I 'R (3) 

CH3 OR' CHJO OR' 
(IV) (I) 

2 (III) 

In this way, the consequence of well-known reactions (3) combines the steps of oxidation 

(2) and retroaldol cleavage (1), and the mechanism formulated (I) - (3) is independent of the 

nature of oxidant, implies the necessity of strong alkaline media, explains formation of 

acetovanillone as byproduct, and therefore eliminates the contradictions mentioned above. 

The role of copper catalysts in the process is discussed. 

The financial support from the Krasnoyarsk Region Science Foundation (grant 1 OFl 31 C) 

is greatly acknowledged. 
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KOMIIblOTEPHAfl IIPOrPAMMA CHEMNET: rEHEP AD;IDI H AHAJIH3 

BO3MOJKHbIX MEXAHH3MOB CHHTE3A <l>HIIIEP A-TPOIIillA 
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ChemNet is an original software for catalyst researchers interested in new non-trivial 

hypotheses about mechanisms of apparently well-known catalytic reactions. This work deals 
with the . Fischer-Tropsch synthesis; many mechanisms of this process (both known in 

literature and not) are generated on basis of ChemNet combinative algorithm and analysed. 

B fJ0CJie,n:Hee µ:ecSITHJieTHe pacrymee BHHMaHHe XHMHKOB-TeopeTHK0B npHBJieKaIOT 

KOMilbIOTepHbie rrporpaMMbl, rrpe,n:Ha3Ha'lJeHHbie ,n:mI reHepau;HH C Il0MOm;bIO 

KOM6HHaTOpHbIX anropHTMOB CJIO)I(HbIX MH0roMapmpyTHbIX MexaHH3M0B peaKD;HH 

(peaKIJ;HOHHblX cereii), KOTOpbie Il03B0JISIIOT npe,n:JI0)I(HTb 3Ha'lJHTeJihH0e 'lJHCJI0 

HeTPHBHaJibHbIX fHilOTe3 ,n:a)I(e ,n:AA xopomo li3BeCTHbIX KaTaJiliTHqecKHX rrpou;eccoB. O,n;HOH 

m HHX SIBJISierc11: pa3pa6oraHHruI B MMTXT RM. M.B.JloMoHocoaa nporpaMMa ChemNet, 

liCilOJib3YIOmrui B KaqecTBe HCXO,lI;HbIX ,n;aHHbIX 3a,naaaeMbie HCCJie,noBaTeJieM Ha'lJaJibHbie 

coe,nHHeHHll: H B 60JibllieH liJIH MeHbllieH CTerreHH o6o6meHHbie CTa,lI;HH ( rpaHccpopMaU:HH ), 

KOTOpbre, KaK npe.nnonaraeTCSI, MoryT rrpHCYTCTBOBaTb B MexaHH3Me HJyqaeMOH peaKD;HH. 

O,n;HHM H3 HaH6onee CJIO)I(HbIX H HHTepecHbIX JJ:JISI HCCJie,n:oBaHHSI C IlOMOm;bIO ChemNet 

KaTaJIHTHqecKHX npou;eccoa 11:an11:erc11: CHHTe3 yrneao,n:opo,noa HJIH KHcnopo,nco,nep)I(amHx 

coe.n;HHeHHH H3 CO H H2 ( CHHTe3 <l>Hmepa-Tponma, C<l>T) - 3aMeqareJibHbIH npHMep ,naBHO 

H3BeCTHOH peaKD;HH C .no CHX nop cnopHbIM MexaHH3MOM. BbllIBJieHHe ,n;eTaJibHOro 

MeXaHH3Ma C<l>T SIBJISieTCll: BeCbMa Ba)I(HOH 3a,natieii He TOJibKO C cpyH,n;aMeHTaJU,HOH, HO H C 

npmma,nHOH TO'lJKH 3peHH11:, IlOCKOJihKY 3T0: MO)I(eT OTKpblTh HOBble BO3MO)I(HOCTH ,lI;AA 

yrrpaBJieHHll: ceJieKTHBHOCTbIO ,n:aHHOro npou;ecca, BhlXO.n;11:me~o B HaCTOtmee BpeMSI Ha 0,lI;H0 

H3 rrepBbIX MeCT B npOMhlIIlJieHHOM opraHHqecKOM CHHTe3e. 
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B xo,ne HCCJie,nOBaJIHH IIOJiyqeHbl H rrpoaHaJIH3HpoBaHbl HeCKOJibKO peaKU:HOHHbIX ceTeH 

B03MO)l(Hhi:x MexaHH3M0B C<l>T. Ilepaoii H3 rrocraaneHHbIX 3a,naq .srnmmacb reHepaum1 ceTH 

o6pa30BaHHSI H3 HCX0J:{HbIX co H H2, a TaK)Ke B3aHMorrpeapaIQeHHSI, coe,nHHeHHH C 0J:{HHM 

aT0M0M yrnepo,n:a. C HCI10Jlb30BaHHeM rro,no6paHHbIX no JIHTeparypHbIM ,naHHbIM 

19 TpaHcq>opMaUHH 6bIJia rronyqena ceTb H3 220 :meMeHTapHblX CTaJ:{HH, B KOT0pOH 

M0,n:enHpyeTCSI o6pa30BaHHe 34 coe,nHHeHHH (B HX qffcJie 7 opraHHqecKHX rrpo,nyKT0B H 

27 HHTepMe,n;HaT0B, 5 H3 K0T0pbIX HeH3BeCTHbI). B ,naHHOH ceTH M0)KH0 BbJtIJieHHTb 

q>parMeHTbl rrpaKTHqecKH Bcex 0IIHCaHHbIX B JIHTeparype MexaHH3M0B C<l>T - Kap6H,n;Ho

MeTHJieH0B0ro, rH,up0KCHMeTHJieH0Boro, BHe,upeHHSI co H np. 

feHepaUHSI peaKUH0HHbIX ceTeii q>OpMHpoBaHHSI 6onee BblC0K0M~JieKyAApHbIX 

coe,[{HHeHHH (C2-C3) npHB0J:{HT K 3HaqHTeJibH0 6oJibUIHM, IIJI0X0 no,n.naIOm;HMCSI HarJISI,UH0MY 

aHHaJIH3Y, ceTSIM (HeCKOJibKO TbICS!q CTa,ZJ;HH ,na)Ke rrpH orpaHHqeHHH C2 H HCIIOJib30BaHHH 

7 a6COJIIOTHO Heo6xo,nHMbIX TpaHCq>OpMaUHH). Bcne,n9TBHe :noro Ha ,naHH0M :narre 

HCCJie,noBaHHH reHepauux 6bIJia orpaHHqeHa BBe,UeHHeM 4-x 6eCKHCJiopo,nHbIX 

C1-HHTepMe,[{HaTOB (MeTHJI, MeTHJieH, MeTHH H aTOMapHbIH ITOBepxHOCTHbIH yrnepo,n) KaK 

HCX0J:{HbIX coe,nHHeHHH H HCII0Jib30BaHHeM 6 TpaHCq>OpMaUHH. B 3T0M cnyqae ceTb 

MeXaHH3M0B q>OpMHpOBaHHSI yrneao,uopo,UHbIX coe,UHHeHHH C2-C3 BKJIJOqaeT 483 CTa,UHH H 

59 H0BbIX coe,UHHeHHH. BhJqJieHSieMbie MaprnpyThl M0)KH0 paccMaTpHBaTh KaK BapHaHTbl 

Kap6H,nHO-MeTHJieHOBOro, xapaKTepH3YIOTCSI HaJIHqHeM 60JihIIIOro K0JrnqecTBa HeJIHHeHHbIX 

CTa,UHH, K0T0pbIX B JIHTeparype 110 MexaHH3MaM C<l>T crapaIOTCSI H36eraTh. 

B uenoM IIOJiyqeHHbie peaKUH0HHbie ceTH npe,nCTaBJISIIOT HCKJIIQqHTeJII>H0 HHTepecHoe 

coqeTaHHe KaK paHee H3BeCTHbIX, TaK H He06bJqHl>IX MexaHH3M0B C<l>T. O,n;HaKo, BMeCTe C 

TeM 0HH xapaKTepH3YIOTCSI 6oJiblIIOH CJI0)KH0CTbIO, BbICOKOH CB,S13H0CThlO MapIIIpyT0B C 

HeJIHHeHHhIMH CTaJ:{HSIMH. )J;HCKpHMHHan1rn MHoroqHcJieHHbIX fHIT0Te3 Tpe6yei KaK 

ITJJaHHp0BaHHSI CJIO)KlfblX H pa3H006pa3HbIX KHHeTuqecKHX H <PH3HKO-XHMHqecKHX 

3KCrrepHMeHTOB, TaK H rrpoae,neHHSI oueHoqHbIX pacqeTOB B03MO)KHOCTH rrpoTeKaHHSI CTa,uHii, 

H3 K0T0pbIX C0CT0SIT rro,no6m,Ie ceTH. 
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KBAHTOBO-XHMlfllECKOE HCCJIE~OBAHHE CTPYKTYPHblX II 

3AP.HJ(OBbIX XAP AKTEl?HCTHK AHHOHHLIX ~Hr AJIOrEHH)(HLIX 
113-AJIJIHJil,HLIX KOMilJIEKCOB IlAJIJIA)J;Iffi 

QUANTUM-CHEMICAL STUDY OF THE STRUCTURAL AND CHARGE 
, CHARACTERISTICS OF THE ANIONIC DIHALID 113-ALLYLIC PALLADIUM 

COMPLEXES 

TKa"'leHKO O.IO. H lieJIOB A.II. 

Tkatchenko O.Yu. and Belov A.P. 

MocKOBCKruI rocy,napcTBeHHruI aKa,n;eMmI TOHKOH XHMHqecKOH TeXHOJIOfHH 

HM. M.B. JloMoHocoBa 

npocn.BepHa,n;cKoro 86, MocKBa 117 5 71, Kacpe.n;pa cpmH-q:ecKoii XHMHH 

E-mail: out@pochtamt.ru 

Catalytically important anionic allylic complexes of Pd - [ 11 3-C3H 5PdX2r (X = F, Cl, Br, 

I) were theoretically studied. OFT calculations with PBE functional in the triple exponent 

basis set with pseudopotential (program Taina was written by O.N.Laikov, Moscow State 

University) were carried out. Comparative analysis of structural and charge characteristics of 

the complexes ori the base of Klopman's halide-ions electronegativity was performed. Linear 

dependencies were established. Allyl-palladium bonding energy was evaluated. 

11 3-ArrJIHJibHble KOMIIJieKCbl IIaJIJia,ruur HrpaIOT Ba)I<HYIO pOJib B KaTaJIH3e H 

ynpaBJUieMOM KaTaJIHTHqecKOM CHHTe3e pa3mPIHblX opraHHqecKHX coe)l;HHeHHH. ,[(mr 

oneHKH peaK{lHOHHOH cnoco6HOCTH 3THX KOMIIJieKC0B H npe,nCKa3aHHX HanpaBJieHHX 

HYKJieO<pHJibHOH H 3JieKTpO<pHJibHOH aTaK B peaK{lH}IX, npoTeKaIOIIJ;HX C HX yqacTHeM, 

Heo6xo,n;HMO pacnonaraTb HH<pOpMaQHeii O BmrnHHH COCTaBa KOOp)l;HHa{lHOHHOH ccpepbl Ha 

CTpYKTYPHbie xapaKTepHCTHKH KOMIIJieKca H 3apx,n;oBoe COCTOXHHe neHTpaJibHOro aTOMa. 

Ha IBM-coBMeCTHMOM K0MIIbIOTepe KJiacca Pentium II c n0Mom;1>ro nporpa.MMbI Taina 

(BepCHX OT 30.09.1999) npoB0,[(HJIHCb pacqen,I MeTO,[(0M cpyHKUHOHaJia IIJIOTHOCTH (OFT) c 

BbPIHCJieHHeM o6MeHHO-KOppeIDI{lHOHHOH 3Hepnm B IIpH6JimKeHHH PBE [1] C 

HCIT0Jib30BaHHeM TpeX3KCIIOHeHTHOfO 6a3HCa C ncea.n;onoTeHnHaJI0M sbk-3z.dat (aBTOp 

rrporpa.MMbI ,[(.H.JlaiiKOB, MfY HM. M.B.JloMoHocoaa [2]). ,[(ocTOBepHoCTb pac11eTHoro 

MeT0,[(a 6bIJia IlO,[(TBep)l()];eHa C0IIOCTaBJieHHeM paCClJHTaHHbIX CTpyKrypHbIX xapaKTepHCTHK 

c .n,aHHbIMH PCA [3] )UUI aHHOHHoro KOMIIJieKca [11 3-C3H5PdC12] -. 
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H . 

. b 

\~/ 
/ ---------,,!(,,/ 3-_,_H 

x// ---------x , rAe X = F, Cl, Br, I 

ohma HCCJie,[(OBaHa cepmI aHHOHHbIX . ,zmranoreHH,[(HbIX 17 3
-aJIJIHJibH,bIX KOMIIJieKCOB 

IlaJIJia,[(HSI COCTaBa [ri 3-C3H5PdX2r (X = F, Cl, Br; I). HeKOTOpbie pe3yJibTaThl pacqeTOB 

rrpHBe,[(eHT,I B ra6JIHUe. 

Coe,l];UHeuue [ 173 -C3H5PdX2r 
·. 

X= F CI Br I X= F Cl Br I 
t 

Me)KMI,Llepuble paccTO.HHH.H, A MaJIJIHKeHOBCKHe 3ap.H)];LI ua aTOMax, 
-e~HHHUhl 3ap.H)];a e 

Pd-Cl(C3) 2,131 2,150 2,157 2,168 Pd 0,847 0,666 0,559 0,471 

Pd-C2 2,070 2,102 2,111 2,124 Cl(C3) -0,422 -0,361 -0,358 -0,354 

Pd-X 2,035 2,409 2,537 2,710 C2 -0,202 -0,208 -0,204 -0,199 

Cl(C3)-C2 1A29 1,424 1,423 1,422 X -0,655 -0,659 -0,618 -0,594 

IIpoBe,[(eH cpaBHHTeJibHbIM aHaJIH3 crpyKrypHbIX H 3apSI,[(OBbIX xapaKTepHCTHK 

KOMITJieKCOB C HCI10Jib30BaHHeM 3JieKTpOOTpHuarem,HOCTH (30) ranoreHH,[(-HOHOB no 

KnorrMaHy [4]. YcTaHOBJieHbl JIHHeMHbie KoppeJISII(HH Me)K,l:(y 30 u YKa3aHHbIMH 

xapaKTepHCTHKaMH. C pOCTOM 30 ranoreHa Ha6JIIO,[(aeTC5I yBeJIHqeHHe IlOJIO)KHTeJibHOfO 

3apH,na Ha aTOMe Pd H OTpHn;aTeJibHblX 3ap}l,[(0B Ha KpaHHHX yrnepO,[(HbIX aToMax aJIJIHJibHOro 

q>parMeHTa. IIpoae,neHa oa;eHKa 3HeprnH CBSI3H aJIJIHJI-IlaJIJia.,n:HH H H3yqeHO BJIHHHHe 

rrpHpO.[(hI ranoreHa Ha ee 3HaqeHHe. 

JleTeparypa 

[l]Perdew J.P., Burke K., ErnzerhofM. Phys. Rev. Lett. 1996. V.77. P.3865. 
[2] JlaHKOB ,[(.H. ,[(HCC .... KaH.[J.. <pH3.-MaT. HayK. MocKBa, 2000. 
[3]Hegedus L.S., Akermark B., Olsen DJ., Anderson O.P., Zitterberg K. J. Am. Chem. Soc. 1982. 
. V.104.P.697. 
[ 4] PeaKI.J;HOHHa» cnoco6HocTh H ll)'TH peaKQHH. Ilot1. pe~. r. KnonMaHa. M.: M11p, 1977. 
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KHHETINECKMI MO~EJII, COilOJIHMEPH3~HH )(BYX MOHOMEPOB, 

IlOJIHMEPH3YIO~HXCH HA BCEX CTA,[(IDIX OliPATHMO 

KINETICS MODEL OF COPOL YMERIZATION OF TWO MONOMERS, WHICH 
POLYMERIZES ON ALL STAGE REVERSIBLY 

TyKaeea IO.T., CKpuna'lfeB A.B., liecnoKoee A.C. u E4>uM0B B.A. 

Tykaeva Y.T., Skripachev A.V., Bespokoev A.S. and Efimov V.A . 

.5IpocJiaBCKHH rocy ,napcTBeHHbIH TeXHHqecKHH YHHBepcHTeT 
MocKOBCKHH np., 88, .51pocJiaam, 150053, Poccm1 

<l>aKc: (0852) 44-87-93 

Ring-opening polymerization of two cycloolefins, which polymerizes reversibly, is 
considered. Expression for the rate of monomer consumption and for the composition of 
copolymer are obtained. 

KaTaJIHTHqecKruI COilOJIHMepH3aU:HSI B OTJIHlJHe OT pa,n;HKaJibHOH xapaKTepH3yeTC}I pg,noM 

oco6eHHOCTeH. B qacTHOCTH npH IlOJIHMepH3an:Irn U:HKJIOOJieq>HHOB, HX COilOJIHMepH3auIrn H 

COMeTaTe3HCe C JIHHeHHbIMH OJieq>HHaMH CKOpOCTb npouecca B 60JibIIIHHCTBe CJiytJaeB 

xapaKTepH3yeTC}I HyJieBbIM nopg,nKOM no KOHl(eHTpal(HH MOHOMepoB. KpoMe Toro, OJieq>HHbI 

OKa3bIBaIOT B3aHMHOe BJIHSIHHe Ha CKOpOCTb pacXO.L(OBaHH}I ,n;pyr ,npyra, npH 3TOM 3q>q>eKT 

B3aHMHOro BJIH}IHH}I MO)l(eT 6b1Tb KaK IlOJIO)l(HTeJibHbIM, TaK H OTpHn;aTeJibHbIM [1,2]. PaHee 

HaMH 6blJIO Il0Ka3aHO [3 ], lJTO YKa3aHHbie 3q>q>eKThI He MOryT 6bITb 061>}1CHeHbI B paMKax 

KJiaCcHtJ:eCKOH reopHH conoJIHMepmar:urn. B [4] BbIIlOJIHeH a:HaJIH3 3KcnepHMeHTaJThHbIX )l;a.HHbIX, 

KaCaIOI.IUIXC}I . B.JIIDIHIDI a-OJieq>HHOB Ha CKOpoCTh IlOJIHMepmru.urn UHl(JIOOKTa,mieHa-1,5 H 

l(HKJIOileHTeHa, HHHUHHpyeMOH KaTaJIH3aTopaMH MeTaTe3HCa, B paMKax COBpeMeHHbIX 

npe,n;cnmJieHHH O MeXaHH3Me MeTaTe3HCa OJieq>HHOB Ha aKTHBHbIX ueHTpax, co,n;ep)l(amHx 

nepexo,n;HblH MeTaJIJI B BbICOKOBaJieHTHOM COCTOgHHH, H KHHCTHqecKHX cxeM COMeTaTe3HCa, 

paCCMOTPeHHblX a [3,5]. 

B HaCTogmeH pa6oTe npe,n;cTaBJieHbl OCHOBHbie pe3yJibTaTbl aHaJIH3a KHHeTHlJeCKOH 

Mo,n;eJIH KaTaJIHTHtJeCKOH COilOJIHMepH3a[(HI-I ,n;ayx MOHOMepoB, YlIHTbIBaIOmeii CTa.L(HH 

KOOp.L(HHa[(HH MOHOMepoB Ha aKTHBHbIX ueHTpax H npe,n;ycMarpHBaIOmeii o6paTHMOe 

BXO)l(,L(eHHe Ka)l(,L(oro H3 MOHOMepoB B IlOJIHMepliyIO u;enb Ha Bcex CTa,lJ;H}IX npouecca. 

r f, 
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[[ V ill 

ilo.rry11eHbI Bbipa)l(emuI ,UJUI CKOpOCTeli pacxo,n0Bamu1 Ka)l(,lJ;OfO H3 MOHOMepoB H ypaBHemrn 

MrHOBeHHOfO COCTaBa COIIOJIHMepa B BH,ne ypaBHemuI Maiio-flblOHCa. ilOKa3aHO, l::ITO COCTaB 

COIIOJIHMepa orrpe,neIDieTCH He TOJihKO KHHCTH1IeCKHMH rrapaMeTJ)aMH - COOTHOIIICHHHMH 

KOHCTaHT OT,UeJibHhIX CTaJ(Hli rrponecca, HO H TepMO,nHHaMH1IeCKHMH - paBHOBeCHhIMH 

KOHIJ;eHTpa:uHHMH MOHOMepoB B rrpo:ueccax fOMO- H rrepeKpeCTHOli IIOJIHMepH3a:UHH. 

ilony11eHbl ypaBHeHHH ,UJIH paBHOBCCHhIX KOHUeHTpa:UHli o60HX MOHOMepoB. y CTaHOBJieHO, 

l::ITO paBHOBeCHbie KOH:UeHTpa:UHH MOHOMepoB 3aBHCHT He TOJihKO OT paBHOBeCHH, 

peaJIH3yeMbIX rrpH HX fOMOIIOJIHMepH3aUHH, HO TaK)l(e OT OTHOllleHHH aKTHBHOCTeH Ka)l(,lJ;oro 

H3 MOHOMepoB B peaK:UHHX KOOp,UHHaUHH Ha aKTHBHhIX :ueHTpax, paBHOBeCHhIX 

KOH:UeHrpa:uHH o60HX MOHOMepoB B peaKUHHX rrepeKpecTHOH IlOJIHMepH3aUHH H TeKyIIJ;eH 

KOHUeHTpaQHH ,upyroro MOHOMepa. 

JluTeparypa 
[!]Patton P.A., McCarthy T. J. // Macromolecules. 1987. V. 20. N 4. P. 778. 
[2]EcpHMOB B. A., ApemHH IO. IO., Typoa E. C. II BhICOKOMoneK. coe,u. E. 1993. T. 35. N 8. 

C. 1380. 
[3]Eq>HMOB B. A. II Bh1coK0MoJieK. coe,n. A. 1994. T. 36. N2 7. C. 1072. 
[4]Eq>HMOB B. A. II BhICOKOMOJieK. coe,n. A. 1998. T. 40. N2 8. C. 1278. 
[5]Eq>HMOB B. A. II BbICOKOMOJieK. coe,n. A. 1995. T. 37. Mi 6. C. 93?. 
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: OKHCJIHTEJibHOE IIPEBP A~EHHE MET AHA HA HAHECEHHbIX 

MOJIHli,LU:HOBblX rETEPOilOJIHCOE,L(HHEHIDIX 

OXIDATIVE CONVERSION OF METHANE OVER SUPPORTED 
MOLYBDENUM HETEROPOLYCOMPOUNDS 

TyuraTapoea C.A., CaeeJILeea r .A. u Ilonoea H.M. 

Tungatarova S.A., Savelieva G.A. and Popova N.M. 

HHCTHT)'T opraHH11ecKoro KaTaJIH3a H 3JieKTpoxHMHH HM. ,[(.B. CoKOJibCKoro MO HIIK 
Y JI. ,Zl;.Kynaena, 142, AnMaTbI 480100, Ka3axcTaH 
<l>aKc: (3272) 91-57-22; E-mail: orgcat@nursat.kz 

Optimal compositions of thermostable catalysts on carriers on the base of Mo heteropoly 
compounds for the oxidation of CH4 to CH20 were developed. · It was established the 
correlation for yield and productivity to CH20 with the content of acidic centers and content 
of I and II forms of structural reactive oxygen. It was detected the positive role of water vapor 
on the yield and selectivity of products. 

, KaTaJIH3aTOpbl Ha OCHOBe ffIC 12 p.si:,n:a Mo, HaHeCeHHbie Ha pa3JIHlJHbIC ITO IlpHpo.n;e 

HOCHTeJIH, B pa.3HbIX ycJIOBH.sIX peaKIJ;HH HCilbITaHbI B npou;ecce napn;HaJihHOro OKHCJieHH.sI 

CH4 B CH20 (IIOM<l>). iloKaJano, 11m cymecrneHHoe BJIHum:e Ha BbIXo,n rrpo,eyKTOB ITOM<l> 

OKa.3aJIO co,nep)I(aHfie rrrc Ha HOCHTeJie. HmI6onee BbICOKHe BbIXO,[(bI CH2O nonyqeHhI Ha 

HH3KOIIpou;eHTHbIX KataJIH3aTOpax (1-2,3%). HeMOHOTOHHhIH xapaKTep 3aBHCHMOCTH 

KOHBepc1rn, BbIXO,na H ceJieKTHBHOCTH no CH2O OT co,n:ep)I(aHH.sI rnK Ha HOCHTeJie MO)I(eT 

6bITb o6ycJIOBJieH B3aHMHhIM BJIH.sIHHeM KOMil0HeHTOB B CHCTeMe rnK-HOCHTeJib. 3a cqeT 

MeJi:.Ko,n11crrepcHoro pacnpe,nenemu:1 rrrK Ha HOCHTene B HH3Konpou;eHTHbIX KaTaJIH3ampax 

( o6pa3IJ;hl peHTfeHOaMOpq>HbI) rrpoHCXO,[(HT o6pa.30BaHHe CTPYKT)'p B3aHMO,neiicTBH.sI 

q>parMCHT ffIK-HOCHTeJih. 06 3TOM MO)I(HO cy,n:HTh 1) IIO OTCYTCTBHIO Ha KpHBhIX ,[(TA 

3K303q>q>eKTa IIpH 633 K, COOTBCTCTByromero pacrra,zzy HH)];HBH.D:YaJihHOH fTIK; 2) no 

COBila.D;CHHIO B MK-cneKTpax II.TI. HH3KOnpou;eHTHOH rnK H HOCHTeJI.sI npH c,nnHre 

xap~KTepHCTHK Ha 10-30cM"1 B o6JiaCTh 6onee BhIC0KHX 11aCT0T nornomeHH.sI; 3) no C)];BHry 

IlHKOB TIIB n o6JiaCTh 6onee BhICOKHX TeMnepazyp BCJie,ncTBHe yneJIHlJeHH.sI rrpotJHOCTH 

cn.si:3H CTPYKT)'pHoro peaKn;HoHHocnoco6Horo KHcnopo,na. 

,[(IDI BhICOKOIIpou;eHTHbIX HaHeceHHhIX KaTaJIH3aTOpOB (> 10% Mac. fIIK) xapaKTepHa 

6H,nHcrrepCHOCTh aKTHBH0ro rnc: HaJIHlJHe OKpHCTaJIJIH30BaHHOH rrrK (MKC - n.n. 780, 

865, 915, 960 CM.
1
) Hap.si:,zzy CO Cl])YKT)'pOH B3aHMO,neHCTBlrn q>parMeHT filK-HOCHTCJib. 

AKTHBHOCTh n IIOM<l> onpe,neJI.sieTc.si: HaJIHtJHeM Ha rronepxHocTH fIIK, K0Topasi o6na.naeT 
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KHCJIOTHbIMH CBOHCTBaMH H cym;ecTByeT B o6JiaCTH pH 1-4. y CTaHOBJieHo, qTQ BbIXOL( CH2O 

KOppeJIHpyeT c· CO,nep)I<aHHeM B KanirrH3aTope KHCJI0THbIX l(eHTpOB C CHJIOH 7,4-8, 12 3B H 

H3MemieTC.sI CHM6aTHO c H3MeHeHHeM co,nep)KaHH.sI 1 11 2 cpopM KHCJIOpo;a:a, orrpe;a:eJieHHOH no 

KpHBbIM TIIB Bo,tiopo;a:OM. 3TH ;a:aHHbie YKa3bIBaIOT Ha TO, qi:-o KHC~hle HOCHTeJIH OKa3bIBaIOT 

pemaroll(ee BJIH.sIHHe ):(ill! rroeyqeHH.sI BbICOKOaKTHBHbIX H ceJieKTHBHbIX KaTaJIH3aTopoB. 

JlyqrnHMH KaTaJIH3aTopaMH .sIBHJIHCb HaHeceHHbie Ha Si-co;a:ep)I(all(He HOCHTeJIH, qTo 

o6'b.sICH.sieTC.sI HaJJHqHeM Ha HX IIOBepXHOCTH 60JiblIIHX KOJIHqecTB rH;a:poK~HJihHhIX rpyrrrr, 

KOTOpbie o6ycJiaBJIHBaIOT BblCOKYIO rrpOTOHHYIO KHCJIOTHOCTh IIOBepXHOCTH, a TaK)I(e 

HaJIHqHeM Si KaK B HOCHTeJie, TaK H B aKTHBHOH cproe, qTo rrpe)J;OIIpe;a:eIDieT HX «CIIIHBKy» 

rryTeM B3aHMO):(eHCTBH.sI rIJK C IIOBepXHOCTHhIMH OH-rpyrrrraMH HOCHTeJI.sI. 

Y CTaHOBJieHO, qTo rrpHCYTCTBHe B0):(,SIHOro rrapa B CMeCH pe3KO IIOBhIIIIaeT BCHzO H 

CHH)I(aeT orrTHMaJihHYIO TeMrrepaTypy TIOM<l>. TipuquHoH 3Toro .sian.sieTCH TO, qTO 

npucyTcrnue H 2O B peaKl(HOHHOH cMecu crn6HJIH3ttpyeT KerrHHOBcKyro CTPYKTYPY 

KaTaJIH3aTOpa, B pe3yJihTaTe qero rrpoucxonuT «pa3pa6oTKa» ero aKTHBHOCTH rrocJie rrapo

B03):(yIIIHOH o6pa60TKH Me)I(.zzy OIIbITaMH H yaeJIHqeHHe ):(JIHTeJibHOCTH 3KCIIJIYaTa[(HH 

KaTaJIH3aTopa B 0TJIHqHe OT aHaJIOfHqHoro ITO COCTaBy OKCH):(HOfO KaTaJIH3aTopa. 

MccJie;a:oBaHHH pom1 H KOHl(eHTpa[(HH rrapoB B0):(hl B peaKl(HOHHOH CMeCH II03BOJIHJIH 

pa3pa6oTaTb OIITHMaJibHbie ycJIOBHH )J;JIH rroeyqeHHH CH2O. C IIOMOll(hIO MeTO;a:a H30TOIIH0ro 

o6MeHa ycTaHOBJieHO, qTo rraphl BO)J;hl .sIBJIHIOTCH He rrpOCTO pa36aBHTeJieM B peaK[(HH 

TIOM<l>, a aKTHBHhIM yqacTHHKOM ee. 

CTa6HJII,HaH aKTHBHOCTh B HH3KOIIp01(eHTHhIX KaTaJIH3aTOpax H3 rTIC Mo IIpH 

B03,UeHCTBHH BbICOKHX TeMrreparyp H peaK[(HOHHOH cpe;a:hl o6ycJIOBJieHa: 

•OIITHMaJibHOH BeJIHqHHOH KHCJIOTHOCTH KaTaJIH3aTopoB. B HH3KOIIponeHTHhIX o6pronax 

;J:a)I(e IIOCJie B03MO)KHOro pacrra,na fflK Ha COCTaBJIHIOll(He OKCH,Uhl B pe3yJihTaTe BhICOKOH 

KHCJIOTHOCTH HOCHTemI rrpoHCXO):(HT, BepoHTHO, IIOBTOpHhIH CHHTe3 rnK, oco6eHHO rrpH 

o6pa60TKe rrapaMH BO.LJ:bl. 

•coxpaHeHHeM CTpyKTypHbIX cpparMeHTOB rnK B rrponecce rrapo-B03.UYIIIHOH o6pa60TKH 

BIIJIOTh .no 873-923K, 0 qeM MO)I(HO cy,nHTb no HeH3MeHHOCTH IlOJIO)I(eHHH . IlOJIOC B 

MK-cneKTpax, 3C,[(O H TTIB; 

•MeJIKO,UHCIIepcHI,IM pacrrpe,neJieHHeM rnK Ha HOCHTeJie, ~TO 06.l'IerqaeT B3aFIMO,UeHCTBHe 

rTIK-HOCHTeJib, CTa6HJIH3HpyeT KJiaCTepbI rTIK, TepMopacrra;a: KOTOpbIX OTCYTCTByeT B 

pe)I(HMe ,[(TA ,no 873K, 06ecrreq11BaeT yrrpoqHeHHe CBH3H B CTPYKTYPHhIX cpparMeHrnx fTIK 

(TITB). 
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HCCJIE,ll;OBAHHE METO,ll;OM 13C RMP PEAKQHH METHJiliYTEHOB, 

IIPOTEKAIO~HX B IIPHCYTCJ'.BHH BOJIOKHHCTOro 
CYJih<l>OKATHOHHTA <l>HliAH K-1 

13C NMR INVESTIGATION OF METHYLBUTENES REACTIONS IN THE 
PRESENCE OF FIBAN K-1 FIBROUS SULFOCATIONITE 

T1>i-1unc.KaH JI.IO., qepqec 6.X., filaqen.KoBa JI.H., C.Ka.KoBc.Kuii E.,ll;. 
u Erua1ap0B IO.r. 

Tichinskaya L.Yu., Cherches B.Kh., Shachenkova L.N., Skakovskij E.D. 
and Yegiazarov Yu.G. 

11HCTHT)'T <pH3HKo-opraHHqecKoii XHMHH HAH Ee1iapycH 
yJI.eypraHoaa, 13 MHHCK 220072, EeJiapych 

<l>aKc: (017)2841679; E-mail: ifoch@ifoch.bas-net.by 

Methylbutenes reactions with H2O and eH3OH in the presence of FIBAN K-1 fibrous 
sulfocationite as a catalyst (35°C) have been studied with 13e NMR method. It was 
established that methylbutenes with double bond at tertiary carbon atom react only. As it was 
spectrally shown tert-amyl alcohol and its protonated form generation is intermediate stage of 
methyl-tert-amyl ether synthesis and methylbutenes isomerization. 

BoJIOKHHCTbIH cyrrh<pOKaTHOHHT <l>11EAH K-1 SIBJI..sleTCSI 3cp<peKTHBHbIM KaTaJIH3aTOpOM 

CHHTe3a MeTHJI-TpeT-aMHJIOBOro 3qrnpa (Me-O-tAm) [1] H OTHOCHTCSI K KJiaccy HOHHTOB 

rerreaoii: crpyKTYPhI. 3TO rro3BOJISleT Ha6mo,uaT1> B crreKrpax JIMP Ha6yxmero HOHHTa 

)lOCTaToqHo Y3KHe JIHHHH KaK CB060)lHbIX, TaK H rrpOTOHHpOBaHHhIX MOJieKy JI peareHTOB. B 

,uaHHOH pa6oTe npe.urrpHHSITa IlOilblTKa ou;eHHTb B03MO)l(HOCTH MeTo,ua .5IMP 13e npH 

H3yqeHHH peaKUHH rn.upaTau;HH MeTHJI6yTeHOB H HX B3aHMO)leHCTBHSI C MeTaHOJIOM, 

KaTaJIH3HpyeMhIX H-<popMoii BOJIOKHHCToro cynh<poKaTHOHHTa <l>11EAH K-1. 

MeTO)lHKa 3KCIIepHMeHTa. B CTeKJISIHHYIO aMrryJiy-«BKJia,n;hIIIl» C BHyTpeHHHM 

)lHaMeTpOM ~ 7 MM BHOCHJIH 0.5 r B03)lylliHO-cyxoro KaTHOHHTa (co.uep)l(aHHe BO.Ubl 

16-1 7% ), MaKCHMaJibHO ynJIOTH..slJIH H .no6aBJISIJIH 1 MJI peareHTa. Ilocne OXJia)l()leHHSI 

)l(H)lKHM a30T0M «BKJia.zlbIIIl» 3anaHBaJIH H IlOMeIIJ;aJIH B 10 MM a.Mnyrry JIMP. ,l(JISI 

,neii:TepocTa6HJIH3an;HH HCITOJib30BaJIH e6D6, HaXO)lSIIIJ;HHCSI Me)l()ly CTeHKaMH aMITYJibl H 

«BKJia,n;hIIIIa>>. eneKrpbI 3anHChIBaJIH Ha JIMP-crreKTpoMerpe BS-587 A (20.2 Mfn Ha SI,npax 

13e) B K0JIHlJeCTBel):H0M pe)l(HMe: C 3a,n;ep)l(KaMH Me)l()ly HMilYJibCaMH > 5T I, r.ne TI - BpeMSI 

CITHH-pemeTOlJHOH perraKcan;HH, H C HCilOJib3OBaHHeM HMIJYJihCHhlX nocne,noBaTeJihHOCTeii:, 

HCKJIIOlJaIOI.!J;HX npOSIBJieHHe 3<p<peKTa qaepxay3epa. 3KcnepHMeHThl ,npoB0)lHJIH rrpH 

TeMneparype 35°C. MoJibHOe CO0THOllieHHe MCTHJI6yTeHhl : MeTaHOJI C0CTaBJISIJIO 3 : 1. 

Ilocne 0KOHlJaHHSI peaKI.J;HH (( BKJia,n;hIIIl» OXJia)i()laJIH, BCKpbIBaJIH, .ueKaHTHp0BaJIH 
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peaKnHoHHyro )KHnKoCTL, npoMLIBaJIH HOHHT C~Ch H 3anHc1,manH pe3ynLTHPYIOIIlHH 

cneKTp. IloJIHOTY ynaneHH.sI coenHHeHHH C HOHHTa ~0HTpOJIHpOBaJIH cneKTpaJILHO. 

Pe3yn1,TaT1,r. Ilo.rry~mpHHL~ JIH_H~H B cneKTpax cocTrum.s1~H 5+ 12 rn, qTO no3B0JIHJIO 

Ha6n10naTb HHnHBH.rzyaJILH0 BC~ HcxonHLie coenHHeHH.sI H o6pa3yIOUlHecg npo.zzyKTLI. fionee 

Y3KHe JIHHHH xapaKTepHbl nmI aT0MOB yrnepona MeTHJibHbIX rpynn, a HaH6onee ymHpeHLI 

ClffHaJibl qeTBepTHqHI,JX aTOMOB yrnepona, qrn CBHneTeJILCTByeT O COOTBeTCTBYIOII.(eH 

opHeHTaD;HH MOJieKyn 0TH0CHTeJibHO <pyHKI.lH0HanI,HblX rpynn HOHHTa. 

KOJIHtieCTBeHHble C0OTHOIIIeHH.sI K0Mn0HeHTOB B CMeCH paccqHTbIBaJIH no 

HHTerpanbHbIM HHTeHCHBHOCTHM JIHHHH. Y CTaHOBJieHO, tITO B YKa3aHHblX ycnoBH.SIX onHH H3 

KOMn0HeHTOB CMeCH - 3-MeTHJI6yTeH-l (I) - He R3Mem1:eT CB0ero conep)KaHH.sI,, nBa npyrRx, 

HMeIOIIlHX B MOJieKyne nBOHHYIO CB.sI3b npH TpeTHqH0M aTOMe yrnepo.na, - 2-MeTRJI6yTeH-l 

(II) H 2-MeTHJI6yTeH-2 (III) - aKTHBHO BCTynaroT B peaKnHH H naroT tipo,nyKThl 

B3aHMoneHCTBH51 c H2O H CH3OH: TpeT-aMHJIOBbIH cnRpT (tAmOH) H Me-O-tAm. IlpH 3TOM 

cHaqana HneT peaKD;H.sI rnnparnu;HH: cHman1,I tAmOH Ha61110na10Tc.s1 B cneKTpe qepe3 1 qac 

Hapgny C CHrHaJiaMH HcxonHI>IX coenHHeHHH. OnHoBpeMeHHO HHnHBH.rzyaJihH0 q>HKCHPYIOTC.sI 

JIHHHH npoTOHHpoaaHHOH <popMbI cnHpTa: tAmOH/. PeaKI.lH51 o6paTHMa nJIH III (ero 

K0HIJ;eHTpaD;H.sI cpa3y yMeHI>IIIaeTC.sI H 0CTaeTC.sI nanee npHMepHO Ha onHoM ypOBHe) H 

Heo6paTHMa .n11.s1 II (co.nep)KaHHe HenpepbIBH0 na.naeT): 

CH3C(CH3)=CH-CH3 + H3O+ ~ CH3-CHi-C(CH3)2OH2 + ~ CHrCHi-C(CH3)2OH + H+ 

CH2=C(CH3)-CHi-CH3 + H3O+ ,71 

O6pa30BaHHe Me-O-tAm 0Tpa)KaeTC.sI B crieKTpax no.sIBJieHHeM C0OTBeTCTBYIOIIlHX 

JIHHHH tiepe3 ~ 3 qaca. Ilocne oKoHqaHH.sI peaKUHH onpe.neneHHoe no cneKTpy 

,neKaHTHpoBaHHOH )KH).lK0CTH co.nep)KaHHe tAmOH, coe,nHHeHHH I H II He H3MeH51eTC51 

0TH0CHTeJILH0 npe,llbI.llYIIlero o6pa3[(a a npHCYTCTBHH H0HHTa. OTCYTCTBHe B cneKTpe JIHHHH 

tAmOH2 + K0MneHcHpyeTc.sI yaenHqeHHOH HHTeHCHBH0CThIO cHmanoa III H 3q>Hpa. Mo)KHO 

rrpe.nnono)KHTh, qTO o6pa3oBaHHe tAmOH2 + 51BJI51eTC51 rrpoMe)KyToqHoii cTa,uHeir CHHTe3a 

3q>Hpa H H30MepH3ar.um MeTHn6yTeHOB. TaKHM o6pa30M, B pa6oTe ITOKa3aH0, qTo MeT0).l0M 

13C 51MP M0)KH0 0).lH0BpeMeHH0 0TCJie)KHBaTb H3MeHeHH51, rrp0HCX0MIIlHe C 0T.ZJ;eJibHbIMH 

K0MII0HeHTaMH CJI0)KHOH CMeCH B rrpHCYTCTBHH cyn:r,<poKaTHOHHTa reneBOH CTPYKTYPhI H 

q>HKCHpOBaTb IT0.sIBJieHHe rrpoMe)KyTOqHI,IX o6pa30BaHHH, qTo M0)KeT 6bITb HCII0Jib30BaH0 

JUUi H3ycieHH.sI MeXaHH3MOB npoTeKaIOJnHX peaK[(HH. 

[l]qepqec E.X., KoBarrettKO M.A., lllyttKesw-1 A.A., Con,n;aTOB B.C., Ern:a3apos IO.r. // 
Heq>TeXHMHSI, 2002, .N2 1, 17-20. 
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KJIACTEPI,I OCMIDI B IlPO:QECCAX JKH)(KO<l>A3HOro OKHCJIEHIDI II 

rll)(POKCllJIHPOBAHIDIYr~EBO~OPO~OB 

LIQUID-PHASE OXIDATION AND HYDROXYLATION OF HYDROCARBONS IN 
THE PRESENCE OF THE OSMIUM CLUSTERS 

Tyutchenkova L.D., Kholuiskaya S.N. u Pomogailo S.I. * 

TroT'leHKoea ~-~-, XonyncKaH C.H. and IloMorau:Jio C.H.* 

MHCTHT)'T XHMHqecKoii q>H3HKH P AH HM. H.H. CeMeHoBa 
yrr. KocI>IrHHa, ,n. 4, MocKBa 117994, Pocc1u1 

Fax: (+7-095)939-73-82; E-mail: soho@chph.ras.ru 
*MHCTHT)'T xHMHqecKoii q>H3HKH P AH, qepHororroBKa, Poccm1 

The oxidation of hydrocarbons by molecular 02 and their hydroxylation by organic 
hydroperoxides in the presence of osmium carbonyl clusters (including immobilised on 
polymer matrix) have been studied. The main products of olefin's oxidation are unsaturated 
alcohols. Oxidative dimerization of the olefin proceeds parallel without participation of 
double bonds and results in uncoupling diene formation. The activity of Os clusters in the 
ole.fin oxidation is determined by effective generation of radicals during hydroperoxide 
decomposition on the catalysts. Only in the case of immobilised catalysts the structure of Os 
clusters had been stable in the course of the reaction. 

Mccne,noBaHbl peaKUHH rn,npOKCHJIHpOBaHHH yrneBo,nopo,lJ;OB H OKHCJieHHH orreq>HHOB, 

KaTaJIH3HpoBaHHbie Kap6oHHJlhHbIMH KJiaCTepaMH Os, B TOM qJfcJie HMM06HJIH30BaHHhIMH Ha 

IlOJIHMepHblX MaTpH:uax. fH,npOKCHJIHpOBaHHe UHKJIOreKcaHa TpeT6yTHJlfH,nporrepoKCH.L(OM 

(TEfll) H3yqam1 B rrpHcyTcTBHH KJiacTepa (µ-H)Os3(µ-OH)PPh3(CO)9 (I) B 6yrnHone-1 

(50°C, Ar). OcHOBHhIM rrpo,nyKTOM peaKUHH SIBAAeTCH UHKJioreKCaHOJI. Ilpouecc 

xapaKTepH3yeTCSI BbICOKOM CKOpOCTbIO H ceJieKTHBHOCTbIO (70% no ROOH). 

KHHeTH"lleCKHMH MeTo,naMH IIOKa3aHo, qTo npeBpameHHe ocymecTBJIHeTCH B TpOHHOM 

K0MIIJieKce [Os ... nROOH ... RH] npH riacTHH npornHa MoneKyrr1,1 pacrnopHTeJIH. B 
( ,· . . 

MK ~crreKrpe OTpa6oTaHHOfO KaTaJIH3aTOpa Hcqe3aIOT IlOJIOCbI nornomeHHSI Kap60HHJibHblX 

rpynrr, "LJTO CBH,neTeJibCTByeT O IlOJIHOM H3MeHeHHH crpyKT)'pbI KJiacTepa. 

B OT (I) KJiaCTepbI (µ-H)Os3(µ-4-V PY)( CO) 1 o (II) H 

(µ-H)Os3(µ-OCNHCH2CH=CH2)(CO)10 (III), HMM06HJIH30BaHHhie Ha rroJIHCTHporre (IIC) H 

rrorrHaKpHJIOHHTpHrre (IIA) ,neMOHCTpHpOBaJIH cTa6HJihHOCTb KJiacTepHoii cTpyKT)'pbI BHYTPH 

IIOJIHMepHOH MarpH:Uhl . B OKHCJIHTeJihHbIX CHCTeMax. KaTaJIHTHqecKyIO aKTHBHOCTb 

HaHeceHHhIX (II) H (III) HCCJie,noBaJIH B peaKQHSIX OKHCJieHHSI UHKJioreKCeHa (l(f) 

MOJieKyJIHpHbIM 02 H rH~pOKCHJIHpOBaHmI l(f UHKJIOreKCeHHJirH,nporrepOKCH,nOM (l(ffll) H 
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T6rrr (C6H6, Ar, 50°C). l1_3ytieHHI,Je KaTaJIH3aTOpb1 o6Jia,n;aIOT .l(BOHCTBeHHOH <PYHKUHeH. 

OHH aKTHBHI,I B peaKUHH pa.n;,HKaJII,HOro pacna,ua rH.l(ponep0KCH,Ua II0 cxeMe: 

K ki 
Os+ nROOH ~ [Os ... nROOH] ➔ ds + RO• +OH• + (n-l)ROOH, 

1IT0 o6ycJIOBJIHBaeT HX 34>4>eKTHBHOCTI, B peaKUHH 0KHCJICHIUI Qr M0JieKyJIHpHI,IM 02. 

OueHKa K0HCTaHT, .. npoBe,l(eHHaH MeTO,U0M HHrn6HTOpOB )];JUI KaTaJIH3aTOpa (11)-ITC, ,naeT 

3HatieHHH K=l ,86 JI!MOJih, ki = 0,24 c·
1
• ABToycKopeHHI,IH xapaKTep npouecca 0KHCJieHHH Qr 

o6ycJIOBJieH HaK0IIJieHHeM Qr B xo,ue peaKUHH. C ,upyroH CTOp0HI,I, B3aHMOL'(CHCTBHe C 

rH,nponepoKCH)];0M rrpHB0L'(HT K )];OIIOJIHHTeJibHOH aKTHBaUHH KanUIH3aTOpa C o6pa30BaHHCM 

na6HJihHOrO HHTepMe,nHaTa, cnoco6Horo 0KCHreHHp0BaTh orteqmHI,I no M0JieKyIDipH0MY 

HarrpaBJieHHIO. Ilpouecc npoTeKaeT c npeHMymecrneHHbIM o6pa3oBaHHeM HeHac1,1meHHhIX 

CIIHpT0B. IlapanneJibHO ; np0HCX0L'(HT 0KHCJIHTeJibHaH )];HMepH3aUHH one<l>HHOB 6e3 

3arparHBaHHH )];BOHHbIX cBg3eH C o6pa30BaHHeM HecorrpH)KCHHhIX .l(HCH0B. IloKa3aHo, 1IT0 

IIOJIHMepHaH MaTpHua onpe,nemieT MaKpOCBOMCTBa IIOJIHMepHoro KaTaJIH3aTOpa. 
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HCCJIE)J;OBAHHE HEIIOJIHOro r A30<1>A3Horo OKHCJIEHIDI TOJIYOJIA 

rETEPOIIOJIHKHCJIOTOH - H4PM011 V040 HAHECEHHOH HA 
AJIIOMOCHJIHKAT - WAC-2 

INVESTIGATION OF PARTIAL OXIDATION OF TOLUENE IN VAPOR PHASE 
BY HETEROPOL Y ACID H4PM011 V040 SUPPORTED ON ALUMOSILICATE 

(SHAS-2) 

YMfieTKaJIHeB A.K., )J;ocyMoe K., AcuJioea r.M. u Epra1ueea r.E. 

Umbetkaliyev A.K., Dosumov K., Asilova G.M. and Ergasiyeva G.E. 

11HcTHTYT opram1qecKoro KaTa.JIH3a H :meKrpoxHMHH HM. ,ZJ;.B. CoKOJibCKoro MO HIIK 
<I>aKc: (3272) 915-722; E-mail: orgcat@nursat.kz 

The influence of heteropoly acid (HPA) - H4PM011 VO40 supported on alumosilicate 
(SHAS-2) on the yield ofbenzoic acid in reaction of partial oxidation of toluene by oxygen of 
air is investigated. According to the results obtained, conversion degree of toluene to benzoic 
acid at optimum parameters (T, W, Ct0 1) depends on concentration of HPA on SHAS-2. 
Increasing ofHPA concentrates up to 30% on SHAS-2 increases yield ofbenzoic acid. 

no JIHTeparypHbIM ,n:aHHI,IM KaTaJIH3aTOpbl rrpeBpameHH.SI apoMaTHqecKHX 

yrneao,n:opo,n:OB ,l.(OJI)KHI,I o6na,n:aTb CBOHCTSaMH rnep,l.(blX KHCJIOT. CornaCHO [1,2], 

reTepOIIOJIHKHCJIOTbl fTIK .SIBJI.SIIOTC.SI CHJibHhIMH IIpOTOHHhIMH KHCJIOTaMH, rrpeBOCXO,l.(.SllllHMH 

no c1rne 06h1qH1>1e MHHepa.JihHbie H rnep,n:n1e KHCJIOTbI (H2SO4, AhO3-SiO2) H 3<pq>eKTHBHbIMH 

KaTa.JIH3aTopaMH rrpon:eccoB OCHOBHOfO H TOHKOfO opraHHqecKoro CHHTe3a [3]. TaK, B 

CHHTe3e BHTaMHHOB H 3THJIOBOfO 3qmpa fTIK IIOKa3a.JIH ropa3,l.(O 6oJiee BbICOKYIO 

aKTHBHOCTb, qeM o6blqffI,Je Tpa.Z1:HU:HOHHbie KaTaJIH3aTOpbl [ 4,5]. 

B 3TOM coo6meHHH rrpe,UCTaBJieHhl pe3yJihTaTbl HCCJie,UoBaHH.SI BJIH.SIHH.SI 

reTeporroJIHKHCJIOThl - H4PMoll VO40 Ha BhIXO,ll 6eH30HHOH KHCJIOTbl B peaKQHH HeIIOJIHOfO 

OKHCJieHH.SI TOJIYOJia KHCJIOpO,l.(OM B03,n:yxa Ha HOCHTeJie IllAC-2. 

KaTa.JIH3aTOphI roTOBHJIH MeTo,n:oM rrporrHThIBaHH.SI IllAC-2 ( d-3~4 MM) BO,l.(Horo 

pacrnopa- H4PM011VO40. 

3KcrrepHMeHTLI rrpoBO,l.(HJIH a o6bJqHOH rrpOTOqffOH ycTaHOBKe npH aTMoccpepHOM ,l.(aBJieHHH 

(mmecKa KaTaJIH3aTOpa - 2,5 r) B HHTepBane: TeMIIeparyp - 200-350°C, 06'beMHhIX CKOpoCT.SIX -

500-3000 't-l H KOHUelITpan;HH TOJiyOJia B HCXO,l.(HOH CHCTeMe B03,n:yxa- 13,72-385 r/M3. 

IIpo,n:yKThl peaKIJ;HH HeIIOJIHOfO OKHCJieHH.SI TOJiyOJia aHa.JIH3HpOBa.JIH 

xpoMaTorpaqmqecKH no MeTO,l.(HKaM [6,7]. KpoMe TOfO, 6eH30HHYIO KHCJIOTY aHa.JIH3HpOBa.JIH 

MeTo,n:oM THTpOBaHH.SI meJioq1,10 0,1 H NaOH. 

IloeyqeHHhie pe3yJihTaThl II0Ka3aJIH, ~o B HHTepBaJie 061>eMHhlX CKOpocTeH 500-1500 t-1' 

r.n:e TOJIYOJI B HCXO,l.(HOH CMCCH COCTaBJI.SieT 20,6 r/M3
' OIITHMa.JihHOH TeMrreparypoH 

KOHBepcHH Tonyna B 6eH3oifeyro KHCJI0TY Ha 15% fTIK/llIAC-2 KaTaJIH3aTope HBJI.SieTC.SI 
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200°c. HaH60JII,IllruI CTe,neH:b rrpeBparn;eHmI TOJIYOJia B 6eH30HH)7IO KHCJIOT)' (3,89%) rrpH 

' . .:.~· 

200°c Ha 15%rI1K/lllAC-2 KaTaJIH3aTOpe )J;OCTHraeTCH rrpH 1500 t-1
. YBeJIH"tJeHHe 

061,eMHOH CKOpOCTH ,np 2~00 't-l rrpHBeJIH K CMem;eHHIO TeMneparyphl Mai<CHMaJibHOro 
·., , 

npeBpam;eHHH TOJIYOJia B 6eH30HHYIO KHCJIOT)' Ha 100°C B CTOpOHY BhICOKHX TeMrreparyp H 

pOCT)' CTeIIeHH npeBparn;eHHH TOJIYOJia B 6eH30HHYIO KHCJIOT)' ));0 6%. naJibHeHIIIee 

IIOBhIIIIeHHe 061:,eMHbIX CKopocTeii (BbIIIIe 2000 t-
1
) H TeMneparyp (BbIIIIe 300°C) Ha 

15%rI1KIIIIAC-2 KaTaJIH3aTope He npHBeJIH K pocry cTerreHH npeBpam;eHHH rnnyona a 

6eH30HffYIO KHCJIOTY. 

3aMeTHOe BJIHHHHe Ha BbIXO)J; 6eH30HHOH KHCJIOThl OKa3hIBaeT co.n;ep)I(aHHe TOJIYOJia B 

HCXO)J;HOH CMeCH B03.n;yxa. TaK, rrpH ee CHH)KeHHH OT 20,6 r/M
3 .n;o 13~2 r/M

3 
CTeIIeHb 

rrpeBpameHHH TOJIYOJia B 6eH30HffYIO KHCJIOTY Ha 15%rI1K/IIIAC-2 npH 300°C H 2000 t-l 

B03pacraeT OT 6,0 .n;o 7,56%. 

3Ha"tJHTeJihHhIH pocT CTeIIeHH npeBpameHHH TOJIYOJia .n;o 6eH30HHOH KHCJIOThl (.n;o 12,6%) 

Ha6JIIO,n;aeTCH rrpH yBeJIH"tJeHHH KOH:QeHTPa[(HH rnK ,n;o 30% Ha IIIAC-2. 

IloBbIIIIeHHe TeMrreparypbI )lO 350°C H ofrI>eMHOH CKOpOCTH ,no 3000-4000 -r·1' a TaK)Ke 

KOH[(eHrpa[(HH TOJIYOJia B HCXO)J;HOH CMeCH OT 20,6 ,n;o 48,0 r/M
3 

Ha fTTK/IlIAC-2 

KaTaJiinaTopax rrpHBe.ri:H K pe3KOMY CHH)KeHHIO CTeneHH rrpeBpam;eHHH TOJIYOJia B 

6eH30HHYIO KHCJIOT)'. B npo,zzyKTaX peaK:QHH HeIIOJIHOro OKHCJieHHH TOJIYOJia o6Hapy)KeHbI, 

KpoMe 6eH3oiiHoii KHCJIOThI, eme 6eH3aJih,n;ern.n; H CO2. 

TaKHM o6pa30M, nony"tJeHHhie pe3yJihTaThl IIOKa3hIBaIOT, qTo reTeponoJIHKHCJIOThl 

3HaqHTeJibHO yBeJIHqHBaIOT BbIXO)J; . 6eH30HHOH KHCJIOThl B peaK[(HH HeIIOJIHOro OKHCJieHHH 

TOJIYOJia KHCJIOpo,nOM - ~03,zzyxa H MOfYT 6bITh HCilOJlh30BaHhl B Kaqecrne KaTaJIH3aTopoB 

OKHCJieHHH apoManiqecKHX yrrreBo,nopo,noB. 

JluTepa-rypa 
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BJIIDIHHE HHTEB~Horo Yr JIEPOM B 3AYr JIEPOiKEHHLI~ . 

HAHECEHHbIX HHKEJIEBI,IX KATAJIH3ATOP AX HA A)];COPliU:HIO S02 

INFLUENCE OF FILAMENTOUS CARBON IN CARBONIZED 
SUPPORTED NICKEL CATALYSTS ON ADSORPTION OF S02 

. YM6eTKaJIHee A.K., EpeiKen H., ,l(ocyMoe K., MaHcypoea P.M.* u MaHcypoe 3,A.* 

Umbetkaliyev A.K., Erezhep H., Dosumov K., Mansurova R.M.*and Mansurov:Z.A.* 

'11HCTHT)'T opraHHqecKoro KaTaJIH3a H 3JieKTpoxHMHH HM. L(.B. CoKOJibCKoro MO HTTK K 
y.rr.KyHaeBa, 142, AJIMaThI 480100, Pecrry6.rrHKa Ka3axcTaH •· ,_ 

<l>aKc: (3272)915-722; E-mail: orgcat@nursat.kz . , ... . 
*Ka3axcKHH r ocy ,napcTBeHHbIH HauHoHaJibHhIH Y HHBepcHTeT HM. Arrh-<l>apa6H · 

y.rr. Kapacaii-6aTbipa, 95, ArrMaTbI 480012, Pecny6nHKa Ka3axcrnH 

The influence of carbonization of natural sorbents-clays and metal (Ni) supported on clay 

catalysts . on adsorption S02 was studied by electron microscopy (EM) and thermo 

programmed desorption (TPD) method. It was shown that catalytic carbon forms as a result of 

carbonization of natural sorbents-clays and catalysts, which increases adsorption ability of 

natural sorbents-clays to S02. 

OxpaH.a O~J,>Y)I(aIOmeii cpe,nhI, B TOM qHcne B03.[(YITIHoro 6acceiiHa, ocrnercg 0.[(HOH H3 

l:.'· 

L(rrg oqHCTKH BbI6poCHbIX fa30B np0MbIIIIJieHHbIX npe.[(npH5ITHH OT 0KHCJI0B cepbl. MoryT 
! 

6b1Tb HCIT0Jib30BaHhl npHp0.[(Hhie cop6eHTbl-fJIHHhI, HaH6onee .nerneBble H He Tpe6yromHe 

60JihlIIHX 3aTpai' B .[(06bNe H H3fOT0BJieHHH KaTaJIH3aTOp0B. 

B . 3TOM .' ~ coo6meHHH rrpe.[(CTaBJieHhI pe3yJihTaThl HCCJie,[(0BaHIUI BJIH5IHH51 

KaTaJIHTHqecKoro yrrrepo.na, 06pa3y10merocg B pe3yJihTaTe 3ayrrrepo)I(HBaHHSI npHpo.[(HhIX 

cop6eHTOB-rmrn MeCT0p0)I(.[(eHHSI Pecny6m1KH Ka3aXCTaH H HaHeceHHbIX HHKeJieBhIX 

KaTaJIH3aTOpoa Ha a,[(cop6UHIO S02. 

MeTO,[(HKa 3ayrnep0)I(HBaHHSI npHp0.[(HbIX cop6eHTOB-fJIHH H KaTaJIH3aTOp0B H 

TepMo,necop6uHH S02, a TaK>Ke XHMl_lqecKHH C0CTaB npHp0.[(HbIX fJIHH 0ITHCaHbI paHee B 

pa6oTe [1]. 

J13yqeHHIO 3aK0H0MepH0CTH H . MexaHH3M:a o6pa30BaHH51 KaTaJIHTHqecKoro yrnepo.na 

(HHTeBH.[(HOfO xrnepo,na) ITOCB5ImeH pSI.[( ofoopOB [2-4]. J13 aHaJIH3a JIHTepa1ypHbIX ,[(aHHbIX 

cne.[(yeT, 'lJT0 KaTaJIHTH'lJeCKHH yr.rrepo.n 06p&3yeTCSI rrpH KaTaJIHTHtiecKoM· ., -Pa3JI0)I(eHHH 

yrneao.nopo.noa, H 3To u3yqeHo 'lJJI.-~opp.- PAH Ey.s1HOBhIM P.A .. · H ero co~pyii~IiKaMH B 

pe3yJibTaTe MHOroJieTHHX HCCJie,[(OBaHHH npH'lJHH ,[(e3aKTHBal(HH KaTaJIH3aTOpOB pa3JIO)I(eHJUI 

yr.rreao,nopo,noB. CornacHo [2,3] o6pa30Bam1e KaTaJIHTH'lJecKoro yrnepo,n;a H.[(eT qepe3 

«MexaHH3M Kap6H.[(H0f0 l(HKJia», rrpe,n;JIO)I(eHHbIH EySIHOBbIM P.A. [5]. 

Pe3yJibTaThl HCCJie.[(0BaHHSI MeT0.[(0M 3JieKTPOHHOH MHKp0CK0ITHH (3M) II0Ka3aJIH, 'lJT0 

rrpH 3ayrnep0)I(HBaHHH nponaH-6yTaHOBOH CMeChlO npHpo,n;HhIX rJIHH H HaHeceHHhIX Ha 
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rmmy HHKeJieBbIX KaTaJIH3aTopoB a HHTepaane 723-1073 K o6pa.3yeTCSI HHTCBH,D;Hblli 

yrnepo.n, KOJIHqecTBO KOToporo 3aBHCHT OT TeMneparypoI. HaH60Jibmee KOJIHqecTBo 

o6pa.30Baamerocg HHTCBH,D;HOro yrnepo.na Ha6JIIO,D;aJIH npH 1073 K. IlOBhIIDeHHe 

TeMneparypLI 3ayrnepO)I(HBaHHSI Bblme 1073 K npHBeJIO K CHH)KeHHIO o6m;eH KOHUeHTpaUHH 

HHTeBH,D;Horo yrJiepo,n;a, no BCeH BH,D;HMOCTH, 3TO CBSI3aHo C pa.3JIO)KeHHCM 

yrnepo.nco.nep)Kamero coe.n;HHCHHSI. Ha 3M-CHHMKax 3ayrnepO)KCHHOH rJIHHbl HHTCBH,D;Hblli 

yrnepo):( npe,nCTaBJICH B BH,ne ,D;JIHHHbIX uenoqeqHI,IX CTPYKTYP, ,n;HaMeTpbl KOTOpbIX 

KOJie6JIIOTCSI B npe,neJiax OT 20 ,[(0 100 HM. Ha 3arrnepO)KeHHblX HHKCJibCO,nep)KaIJJ;HX 

o6pa.3uax HHTeBH,ZJ;HbIH yrnepo.n/ o6Hapy)KeH y)Ke B BH,ZJ;e pa.30pBaHHblX HHTeH 3HaqHTCJibHO 

MCHbillHX KaK B ,D;I-IaMeTpe (oT 8 ,n;o 50 HM), TaK H no ,n;mrne, qeM Ha caMOH rJIHHe, H 

IlOBbimeHHe KOHUeHrpaum1 OT 0, 1 % ,n;o 5% Bee' HHKeJISI B KaTaJIH3aTOpax npHBeJIO K o6m;eMy 

. pocTy co.nep)KaHHSI HHTCBH,D;HQro yrnepo.n;a. Hano 3aMeTHTb, qTo Ha 3M-CHHMKax TaK)Ke 

o6Hapy)KeH MeTaJIJI (Ni) CBSi3aHHBIH C HHTeBH,ZJ;HbIM yrnepo,noM B rnpue. 
. . 

Ilo ,naHHbIM TTI,ZJ: c 3ay!'JiepO)KeHHOH 5% Ni/rnHHbI (T a,L{c.so2=423K) .necop6HpyeTcg B 4 

pa.3a 6om,me S02, qeM C 3ayrJiepO)KeHHOH rJIHHhl, B BH,n;e .n;Byx nHKOB, qTo COOTBeTCTByeT 

,ZJ;BYM q>opMaM a,n;cop6HpOBaHHOro S02 Ha noBepXHOCTH KaTaJIH3aTOpOB. 

Ha 3M-CHHMKax 3ayrnepo)KeHHOro Ni-MHHepaJibHOro KaTaJIH3aTOpa, nocJie a.n;cop6UHH 

S02 npH 473, 6&IJIH o6Hapy)KeHbl a,n;cop6HpOBaHHble cpopMbl S02, CBSI3aHHhie KaK C 

MeTaJIJIOM (HHKeJieM), TaK H C HHTeBH,ZJ;HhIM yrnepO,[(OM B BH,n;e pbIXJihIX crpyKryp. Ilocne 

TepMo,necop6uHH, Ha 3M-CHHMKax ,D;HOKCH,ZJ; cepoI o6Hapy)KHTb He y.n;anoch, o.n;HaKO xoporno 

6oIJIH BH,D;Hhl H3MeHeHHSI crpyKTYP HHTeBH,D;HOro yrnepo.n;a. TaKoe H3MeHeHHe HHTeBH,ZJ;HOro 

yrnepo.na MO)KHO o6'hSICHHTh B03,ZJ;eHCTBHCM a,n;cop6HpOBaHHOro S02, nOCKOJibKY S02 HMeeT 

KHCJIOTHblli pa.3pymaIOIJJ;HH xapaKTep. 

TaKHM o6pa30M, nonyqeHHble pe3yJihTaThl ITOKa3bIBaIOT, qTo B KaqecTBe cop6eHTOB 

oqHcTKH raJoB OT S02 MO)KHO Hcnono30BaTh rrpHpo,n;Hoie rJIHHhI, a HX Mo.n;mpHUHpoBaHHe 

nyTeM 3ayrnepO)KHBaHHSI n03BOJIHJIO 3Ha"l!HTeJibHO IlOBhICHTh HX cop6UHOHHbie 

xapaKTepHCTHKH. 

JlnTepa-rypa 
[l]Mansurova P.M., Umbetkaliyev A.K. et al., Eurasian Chem. Tech. Journal, 2001, v.3, N!'.?2, p.119-

123. 
[2]EyRHOB P.A. 3aKOKCOBbIBaH11e KaTaJIH3aTOp0B. HoBOCH6:HpCK, HayKa, 1983, 207c. 
[3]EyRHOB P.A., qecnoKOB B.B. XHMH~ B HHTepecax ycTOiiqHsoro pa3BHTHR, 1995, N!'.? 3, c.177-186. 
[4]Mansurov Z.A., Mansurova P.M. et al., Fouth combustion symposium, Turkey, Bursa, July 19-21, 

1995, p.159-168. 
[S]EyRHOB P.A., qecnoKoB B.B. Karnmn H KarnnmaTOphI. 1998, c.91-93. 
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CEJIEKTHBHOE OKHCJIEHHE CO B H3JiLITKE BO,!J;OPOM 

SELECTIVE OXIDATION OF CO IN HYDROGEN EXCESS 

Ycaqeo H . .R., fiqeJJimua H.A., lieJiauoea E.Il., Ka1aKOB A.B., ATaJILBH O.K. u 
XapJiaMOB B.B. 

Usachev N.Ya., Pchelkina I.A., Belanova E.P., Kazakov A.V., Atal'yan O.K. and 
Kharlamov V.V. 

11HCTH1)'T opnurnqecKoii XHMHH HM. HJ(. 3eJIHHCKoro P AH 
JleHHHCKHH npocneKT, 47, fCII-2, MocKaa 119992, Poccm1 

E-mail: ny@ioc.ac.ru; cJ>aKc: (8-095) 135-53-28 

The series of Cu-, Pt- and Rh-containing catalysts in the reaction of selective CO 
. oxidation in a hydrogen-rich gas mixture have been investigated .. Oxygen conversion and 
selectivity of CO oxidation was varied from 2 to 98% and from 20 to 100%, correspondingly 
[temperature range of 60-140° C, composition of reaction gas mixture of 46% H2, 2% CO, 1 % 

· 0 2 (air), balance He, and GHSV = 35000 h" 1
]. The ratio of the rate constants of CO and H2 

-oxidation was shown to be in the range of 2-100. Compensation correlation between the 
parameters of Arrenius equations for both reactions was found. Activation energies of the 
reactions depend on the composition of the catalyst and on the method of its preparation. It 
was ' shown that activation energies of CO and H2 oxidation depend on the composition of 

· catalysts and their preparation methods. These regularities allow to predict the reaction 
conditions to achieve the maximal selectivity and conversion of CO oxidation. 

f ny6oKaJI oqHCTKa ao,nopo.nco,nep)KamHx ra.3oa OT CO Heo6xo.nHMa npH ero 

HCITOJib3OBaHHH B TOilJIHBHbIX 3JieMeHTaX. TaKyIO oqHcTKY MO)KHO npoaeCTH, HanpHMep, 

nyTeM ceneKTHBHOro OKHCJieHHSI co [1,2]. B ,naHHOH pa6oTe 113yqeHa aKTHBHOCTb CJIO)KHbIX 

OKCH,noa THna CexZro-xP4 H MnxCe(l-xP4, co,nep)KaIIJ;HX Cu, Pt mm Rh, B peaKI.lHH 

OKHCJieHHSI co B H36bITKe ao.nopo.ua [npoTOqHblH MHKpopeaKTOp, ,naaJieHHe 1 aTM., 

TeMnepazypHbIH HHTepaan 60-140°C, ra.30BaSI CMeCb - 46% H2, 2% CO, 1 % 02 (B03,nyx), 

OCTaJibHOe He, V=35000 qac"1]. KaTaJIH3aTOpbI 6bIJIH npHroTOBJieHbI pa.3JIHqHbIMH MeTO)J;aMH 

cooca)l():(eHHSI H oxapaKTepH3oaaH1>1 c noMomoro P<l> A H Tr-,DJ A. KoHCTaHThI cKopocTH 

OKHCJieHHSI co (k 1) H H2 (k2) 6hIJIH paccqHTaHbl no HHTerpaJibHbIM ypaBHCHHSIM )];AA 

6HMOJieKynSipHbIX napann~JibHbIX peaK{lHH. 

B HCCJie.noaaHHOM ,nHaila.3OHe TeMnepazyp KOHBepCHSI KHCJiopo,na Ha pa.3JilflIHbIX 

KaTaJIH3aTopax H3MeHSIJiaCb OT 2 .no 98%, ceneKTHBHOCTb OKHCJieHHSI co - OT 20 .no I 00%. 

CooTHomeHHe k1/k2 Haxo,nHJIOCb B .nHana.3oH~ 2-100. Me)K,ZJ;y napaMeTPaMH ypaaHeHHSI 

AppeHeyca (Ta6JIHI.la) ,nm1 pa.3JIHqHI,IX KaTaJIH3aTOpOB o6Hapy)KeHa KOMITeHCa{lHOHHaJI 

3aBHCHMOCTb. KaK npaBHJIO, 3HeprHH aKTHBa{lHH OKHCJieHHSI co Ha Cu-co,nep)KaIIJ;HX 

KaTaJIH3aTopax Bl>Ime (20-35 KKan!MOJih), qeM Ha Pt- H Rh-co,nep)KalI.lHX o6pa.3I.lax 

(19-22 KKa.rr!MOJib ). B OKHCJieHHH ao.nopo,na Ha6nro.nanacb o6paTHaJI KapTHHa. 11HTepecHo, 
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Ta6nm:i;a 

3HeprHH aKTHBaUHH E (KKa.rr!MOJib) H lnko;::i;IDI peaKI(HH OKHCJieHIDI co H BO,ll,OpO,ll,a Ha 
pa3JIHtfHbIX KaTaJIH3aTopax 

Mm/ KaTanH3arop OKHCJICHHe CO 0KHCJieHHe H2 
n 

E1 lnko1 E2 lnko2 
1 50% CuO/MnCe04 20.7 28.079 27.9 32.923 
2 80% CuO/MnCe04 22.1 30.218 18.3 20.999 
3 50% CuO/MnCeo.s03 27.6 37.852 19.6 23.231 
4 80% CuO/MnCeo.s03 26.1 35.980 10.1 10.837 
5 80% CuO/CeZr04 35.4 47.807 31.3 38.518 
6 1 %Pt/CeZr04 19.9 26.511 23.1 ' 28.667 
7 1 % Rh/CeZr04 21.8 30.319 17.3 22.592 
8 1 % Rh/MnCe04 21.5 28.266 29.9 35.795 
9 2% Pt/Ceo_7Zro_302 21.1 29.83 33.4 43.374 
10 2% Pt/Ceo_7Zro_302 18.8 23.881 24.7 29.668 

qro npH pocTe E1 3HaqeHHe E2 MO)KeT KaK yBeJrnqHBaTbC.sI (KaTaJIH3aTOpb1 NQ5 H 10), TaK H 

yMeHbIIIaTbC.sI (KaTaJIH3aTOpb1 NQ4 H 10). TaKoe .sIBJICHHe y)Ke OTMeqanocb B JIHTeparype ,ll,JI.sI 

KaTaJIH3aTopoB Ha OCHOBe Fe-Co cnJiaBOB [3]. KHHCTHqecime napaMeTpbI peaKUHH 3aBHC.sIT 

OT COCTaBa KaTaJilf3aTopa H cnoco6a ero npHroTOBJieHH.sI. TaK, KaTaJIH3aTOpbl N29 H 10 

OTJIHqanucb THITOM oca,ll,HTeJI.sI (NH40H-NQ9 H K2C03-N2 l 0). Ha 3THX KaTanmarnpax E1 

6JIH3KH, a E2 CHJibHO pa3JIHqaJOTC.sI. Ha6mo;::i;aeMhie H3MeHeHH.sI, Bepo.sITHO, OTpa)KaIOT 

COCTO.sIHHe aKTHBHbIX KOMilOHCHTOB 'KaTaJIHTHqecKHX CHCTCM. 3ro Il0,ZJ;TBep)K,ll,aeTC.sI 

;::i;aHHbIMH repMHqecKoro H P<I>-aHaJIH30B O rrpoueccax q>OpMHpOBaHH.sI KaTaJIH3aTOp0B H 

,ll,HCrrepCHOCTH OKCH,ll,HbIX H MCTaJIJIHqecKHX q>a3. 

TaKHM o6pa30M, HaH,ll,CHHble 3aKOHOMepHOCTH H3MeHeHH.sI KHHCTHqecKHX napaMerpoB 

peaKI(HH CB.sI3aHbl C MCXaHH3M0M ,ll,CHCTBH.sI KaTaJIH3aTOp0B H Il03B0JI.sIIOT npe,ll,CKa3blBaTb 

ycJIOBH.sI peaKI(HH ( TeMrrepaTypy H 061,eMHYIO CKOpOCTb ), npH KOTOpbIX ,ll,OCTHfaIOTC.sI 

MaKCHMaJibHbie BeJIHqHHbl KOHBepCHH H ceJieKTHBHOCTH OKHCJICHH.sI co. 

JluTeparypa 
[1] S.H.Oh, R.M.Sinkevitch. J. Catal. 142 (1993) 254-262. 
[2]Y.Hasegawa, A.Ueda, K.Kusakabe, S.Morooka. Appl. Catal. A: Gen. 225 (2002) 109-115. 
[3]M.Stancheva, St.Manev, D.Lazarov. J. Alloys and Compounds, 234 (1996) 251-255. 
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;:t;ErH;:t;P AT AIJ;Iffl CIIHPTOB HA Al20 3 H Zr02 - CO,[(EP)KA[QHX 
KATAJIH3ATOPAX H CB.ff3L KATAJIHTH'IECKHX CBOHCTB C 

3JIEKTPOHOAK[(EIITOPHLIMH CBOHCTBAMH IIOBEPXHOCTH 

DEHYDRATION OF ALCOHOLS ON THE Al20 3 AND Zr02 - CONTAINING 
CATALYSTS AND RELATION BETWEEN CATALYTIC AND ELECTRON

ACCEPTOR PROPERTIES OF THE SURFACE 

<l>uouoe A.B., liypoea M.B., TeepuTuuoea E.A., IOpoe H.IO., XapJiauoe A.H. u 
JIBmKoB B.M. 

Fionov A.V., Burova M.V., Tveritinova E.A., Yurov I.Yu., Kharlanov A.N. and 
Lyashkov V.M. 

MocKOBCKHH rocy,napcrneHHbIH yHHBepcHTeT HM. M.B. JloMoHocoaa 
JleHHHCKHe ropbl, ,Ll.l, CTp.3, rcrr-2, MocKBa 119992, Poccm1 

<PaKc: (+7-095) 939 45 75; E-mail: fionov@kge.msu.ru 

Dehydration of C2-C4 alcohols as well as electron acceptor properties of alumina and/or 
zirconia based catalysts have been studied by pulse microcatalytic technique and EPR ( or IR) 
spectroscopy of adsorbed probe molecules. It has been found that both the nature and the 
concentration of coordinatively unsaturated aluminum and zirconium ions play a role in the 
mechanism of the dehydration reaction and the activity of catalyst. 

. B HacTmnneii pa6oTe rrpoae,neHO CHCTeMaTH'lJeCKOe HCCJie,LlOBaHHe KaTaJIHTH'lJeCKHX 

caoiicTB KaTaJIH3aTopoB Ha ocHoBe Al2O3 H ZrO2 B peaKUHR ,nern,Llparnn;HH c1rnpTOB C2-C4, 

rrpe,ncrnamnoineii 3Ha'lJHTeJihHbIH HHTepec ,llJI51 reTeporeHHoro KaTaJIH3a [1 ], a TaK)Ke 

3JieKrpOHOaKuerrTOpHbIX CBOHCTB IIOBepXHOCTH. 

,llerR,nparnum1 _CIIHpTOB rrpOBO,LlHJiaCb HMIIYJibCHbIM MHKpOKaTaJIHTHtJeCKHM MeTO,llOM. 

3JieKTpOHOaKn;errTOpHbie CBOHCTBa HCCJie,noBaJiliCb MeTO,LlaMH 31lP rrapaMarHRTHblX 

KOMIIJieKCOB aHTpaXHHOHa H I1K-crreKTpOCKOilHH ,nmpq>y3HOfO OTpa)KeHH51 

a,ncop6HpOBaHHOfO OKCH,lla yrnepo,na (II). 

Ha OCHOBamrn IIOJIYtieHHblX ,naHHbIX (Ta6JI. 1 H 2) MO)KHO c,neJiaTb BblBO,ll, .tJTO KaK 

rrpHpo.na, TaK H KOHIJ;eHTpaUHSI 3JieKTpOHOaKn;errTOpHbIX n;eHTpOB OKa3bIBaIOT BJIHSIHHe Ha 

MeXaHH3M peaKD;HH H ee CKOpOCTb. A HMeHHO, K<?OP.[(HHaUHOHHO-HeHaCblID;eHHbie (KH) HOHbl 

Al3
+ KaTaJIH3HPYIOT rrpoTeKaHHe ,nern,upaTaUHH qepe3 Kap6oKaTHOHHblH MexaHH3M (aHaJIOr 

E 1 ), B TO BpeMSI KaK KH KaTHOHbI Zr4
+ - cornacoBaHHbIH MexaHH3M ( aHanor E2). B 

pe3yJibTaTe aKTHBHOCTb KaTaJIH3aTOpOB no OTHomeHHIO K BTOpHtJHbIM CilHpTaM OKa3bIBaeTCSI 

rrponopUHOHaJibHa KOHI{eHrpan;HH KH Al3
+, a no OTHOIIIeHHIO K nepBH'lJHblM CIIHpTaM -

rrponopn;HoHaJihHa KOHUeHrpaUHH KH Zr4
+. B cnyqae KaTaJIH3aTOpa 5 % MOJI. Ho2O3-ZrO2 
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6onee BblC0KruI no cpaBHel:IHIO C qffCTblM Zr02 aKTHBH0CTb, B03M0)KH0, CB.Sl3aHa C BJIHSIHHeM 

.uo6aBKH H0H0B f0JibMHSI, rrpHBO,WIID;eH K cpopMHpOBaHHIO Hea.zu:(HTHBHbIX CBOHCTB. 

Ta6mrn;a 1. Y ,neJibHasI II0BepXH0CTb 11 ::meKTp0H0aKn;enTOpHbie CBOHCTBa 
HCCJie.l(OBaHHbIX KaTaJIH3aTOpOB 

KarnnH3aTOp 

y-Al20 3 20 % MOJI. Zr02 5 % MOJI. 

Al20 3-Zr02 Ho20 3-Zr02 

SYJl' M
2
/r ·190 136 45 68 

MaKCHMYMbI 11.Il. KOMilJieKCOB co (cM-
1
) 2200 2193 2181 2183 

2210 2198 2193 2193 

Kom~eHTpaum1 KH Al3
+, ueHTpoBIM2 2.8.1017 5. 1016 - -

(H3MepeHHa.sI MeTO,noM 3IIP) 
KoHn;eHTpaum1 napaMarHHTH0ro - ' . 1.1016 1.10'7 3.1016 

K0MIIJieKca aHTpaxHH0Ha c KH Zr4
+, 

ueHTpoBIM2 
I 

Ta6JIHUa 2. 3cpcpeKTHBHbie K0HCTaHTbl CK0p0CTH k3Ql<f> (c-1r-1
) .n;ern.n;parnuHH cm1pT0B Ha 

HJytJeHHbIX KaTaJIH3aTOpax npH TeMrrepazype 623 K 

Cy6cTpaT KaTaJIH3aTOp 

y-Al20 3 20 % M0JI. Al20 3-Zr02 Zr02 5 % M0JI. Ho20 3-Zr02 

3TaHOJ1 0.07 0.08 0.4 0.8 

IlporraHon-1 · 0.4 0.5 0.6 1.3 

IlponaHon-2 2.7 2.0 1.9 4.6 

EyTaHOJI-1 0.7 0.8 1.1 2.3 

EyTaHOJI-2 6.8 3.4 3.3 11.6 

Pa6oTa BbIII0JIHeHa npH q>HHaHcoBoii rro)U{ep)KKe PCl>Cl>ll (rpaHT N2 02-03-32188) H 

11HTAC (rpaHT YSF 00-252). 

[l]Bruce C. Gates, "Catalytic Chemistry", John Wiley 8:, Sons, 1992. P.3?-1. 
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Yr JIEKHCJIOTHAR KOHBEPCIDI MET AHA HA Ni, Cr II La -CO,l(EP'.JKAII(HX _ 

.KATAJIH3ATOPAX 

CARBON DIOXIDE CONVERSION OF METHANE ON Ni-, Cr-, and 
La-CONTAINING CATALYSTS 

<l>upcoea A.A., XoMeHKO T.H. H Mopo1oea O.C. 

Firsova A.A., Khomenko T.I. and Morozova O.S. 

HHCTHTYT XHMHqecKoii <pH3HKH P AH HM. H.H. CeMeHoaa 
yn. KocLITHHa, 4, MocKBa 117334, Poccm1 

<I>aKc: + 7 - (095) - 938-21-56; E-mail: khometiko@polymer.chph.ras.ru 

Carbon dioxide conversion of methane was catalyzed by supported and bulk 
NiO-containing catalysts. Introduction of chromium ions, as well as-application of mechanical 
activation technique, both result in improvement of the catalytic properties at a lower NiO 
concentration in the sample, as compared to NiO/MgO catalyst prepared by impregnation 
technique. The catalytic activity of perovskites synthesized from La and Ni oxides was better, 
if NiO phase was in excess. As was illustrated by LRSA, TEM and TPR techniques, the 
presence of NiO phase "islands" on a MgO surface is a necessary condition for a good 
efficiency of a catalyst. 

PeaKUH.SI yrneKHCJIOTHOH KOHBepCHH MeTaHa rrpHBJieKaeT 6oJibIIIOe BHHMaHHe 

HCCJie,D.oBaTeJieH ITOTOMY' qTo .SIBJI.SieTC.SI O,ll;HOH H3 Ba:>ImeHIIIHX peaKUHH, crroco6HLIX 

y nyqIIIHTb 3KOJiorn:qecKoe COCTO.SIHHe OKpy)Kammeii cpe.n;LI. B HaCTO.Sirn,ee BpeM.SI HaH6onee 

aKTHBHLIMH KaTaJIH3aTOpaMH 3TOH peaKQHH .SIBJI.SIIOTC.SI KaTaJIH3aTOpbl NiO/MgO, COCTO.SIIn:He 

H3 MgO, Ha ITOBepxHOCTL KOTOporo MCTO.D;OM rrpomnKH HaHeceH aKTHBHbIH KOMITOHeHT 

OKCH,D. HHKeJI.SI. KaTaJIH3aTOpbl co CTpyKrypoii rrepOBCKHTa, rrpHrOTOBJieHHbie Ha OCHOBe 

o~~HJ].OB JiaHTaHa H HHKeJI.SI, TaK)Ke BeCLMa rrepcrreKTHBHbl. flpHrOTOBJieHHe KaTaJIH3aTOpOB 

MeTO,D.OM rrporrHTKH .SIBJI.SICTC.SI rpy,n:oeMKHM H corrpOBO)K,lJ;aeTC.SI o6pa30BaHHeM rp.SI3HbIX 

CToqHLIX BO)].. flpHMeHeHHe MexaHOXHMHqecKOH TeXHOJIOfHH 3HaqHTeJibHO yrrpomaeT H 

ycKOp.SieT rrpouecc CHHTe3a KaTaJIH3aTOpOB, ,D.eJia.SI ero 6onee 3KOJIOfHqecKH qHCTLIM. 

B 3TOH pa6oTe 6.bIJIH H3yqeHLI ,n:aa THrra Ni- H Ni-Cr --co,n:ep)KaJUHX KaTaJIH3arnpoB: 

( 1) rrpHrOT0BJICHH.bie MeTOJ].OM rrponHTKH MgO paCTBOpaMH HHTpaTOB HHKemI H xpoMa H3 

pacqern 3-6 Bee. % NiO H 0.25-3 aec % Cr20 3 c ,n:aJioHeHIIIHM nepeTHpaHHeM, 

rrpocyrrrnBaHHCM H npoKaJIHBaHHeM rrpH 350°C H 800°C Ha B03.n.yxe; (2) rrpHr0TOBJieHHLie 

rryTeM C0BMeCTH0ro IlOMOJia B IIIapOBOH MeJibHHUe (:meproHanp.SI)KeHHOCTb 1 BTlceK, apeM.SI -

rroMoJia 1 qac) NiO H MgO HJIH NiO, Cr20 3 H MgO, B3.SITLIX B cooTBeTcTByIOrn,Hx 

nponopum.1:x. flepOBCKHTH.bie KaTaJIH3aTOpbI fihIJIH CHHTe3HpOBaHbl H3 rn,n:poKCH,D.a JiaHTaHa H 
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OKeH,n;a HHKeJUI pa3JIHlJHOro rrpHroTOBJieHHH e rrpe,nBapHTeJibHOH MeXaHHtJeeKOH aKTHBauHeii 

(MA) H IIOeJie,n;yJOID;HM rrpoKaJIHBaHHeM rrpH 850°C. 

11eIIhITaHHe KaTaJIHTHtJeeKOH aKTHBHOeTH IIpH 800°C B IIpOTOlJHhIX yeJIOBHHX 

(peaKUHOHHaH eMeeh 43.13% CH4, 52.5% CO2, 4.08% N2 H 0.38% 0 2) rroKa3aJIO, tJTO 

KOHBepeHH CH4 He rrpeBhIIIlaeT 1.5% ,2J;JI51 HaHeeeHHhIX o6pa3UOB ( 1 Bee. % - 3 Bee. % ) 

NiO/MgO. OHa .noeTHraeT 65% TOJihKO .n;JI5I o6pa3ua 5% NiO/MgO. 

BBe,n;eHHe Bcero 0.25 Bee. % Cr2O3 B o6pa3eu 3 Bee. % NiO/MgO rrpHno.n;HT K 

yBeJIHtJeHHIO KOHBepeHH CH4 OT 1.5 .no 95%. ,ll;aJibHeHrnee IIOBhlilleHHe KOHUeHTpanHH 

Cr2O3 .no 3 Bee. % He yJiyqrnaeT eBoifeTBa KaTaJIH3aTOpa. 

KoHBepeHH CH4 Ha o6pa3Ue 3 Bee. % NiO/MgO, npHroTOBJieHHOM Mem,noM MA, 

eoeTaBHJia 96%, eeJieKTHBHOCTh no H2 H co eoCTaBHJia 96 H 90%, CO0TBeTeTBeHHO. 

IlpHMeHeHHe MeTO,lJ;OB JIOKaJihHOro peHTreHOCIIeKTpaJibHOro aHaJIH3a, npoeBetJHBaJOrn;eif 

3JieKTpOHHOH MHKpOCKOilHH H TepMorrporpaMMHpOBaHHOfO BOCeTaHOBJieHHH IlOKa3aJIO, lJTO B 

CJiyqae HaHeceHHhIX KaTaJIH3aTOp0B paBHOMepHoe pacrrpe,n;eJieHHe NiO Ha IIOBepXHOCTH 

MgO, xapaKTepHoe .nm1 HH3KOH KOHUeHTpaumi NiO (<3 Bee. %), HapyrnaeTcH rrpH 

yBeJIHtJemrn ero eo,nep)KaHJrn. Ha IlOBepXHOCTH <popMHpyIOTCH MaKpOCKOIIHlJCCKHe ( ~ 10 µM 

B ,n;HaMeTpe) OCTpOBKH <pa3hl Ni 0, HMe10meif xapaKTepHyIO TeMnepaTypy BOCCTaHOBJieHHH 

340°C. Cxo,n;Hhie CTPYKTYPhI o6pa3yIOTCH rrpH Mo,n;H<pHUHpoBaHHiI o6pa.Jna 3 Bee. % 

NiO/MgO HOHaMH xpoMa, KOTOph1e nperrHTeTBYIOT, BepouHo, XHMHtJeeKoMy 

B3aHMo.n;eifcTBHJO Me)K.ny NiO H MgO. IlpH MA paerrpe.neneHHe oKcH,n;a HHKeJIH B MgO 

HepaBHOMepHO, lJT0 TaK)Ke rrpHBO,lJ;HT K o6pa30BaHHIO 0CTpOBK0B <pa3hl NiO Ha IT0BepxH0CTH. 

AHaJIOrHlJHbie CTPYKTYPhl 6bIJIH o6Hapy)KeHhl Ha Il0BepxHoeTH Jiyqmero nep0BCKHTH0fO 

KanmHJaTopa, cocTOHrn;ero H3 poM603,n;p0:qecKoif <pa3hI LaNiO3 H <pa3hI NiO. 

Pa6orn 6hma qacTHtJHO rro.n.n;ep)KaHa no rpaHTY P<l><l>H 01-03-32803. 
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. KIIHETHKA H MEXAHH3M OKHCJIHTEJILHoro KAPJiOHHJIHPOBAHIDI 

AJIKIIHOB no =C-H CB.H3H B P ACTBOP AX KOMIIJIEKCOB IIAJIJIA,Lt;IDI 

THE KINETICS AND MECHANISM OF ALKYNES OXIDATIVE 
CARBONYLATION ON =C-H BOND IN THE PALLADIUM COMPLEXES 

SOLUTIONS 

Khabibulin V.R., Kulik A.V., Oshanina I.V., Bruk L.G., Temkin O.N., Ustynuk Y.A. *, 
and Nosova V.M.* 

Xa6u6yJIHH B.P., KyJIHK A.B., Omaumia H.B., JipyK JI.r., TeMKHH O.H., 
YcTLIHIOK IO.A.*, u Hocosa ~.M.* 

MocKOBCKruI rocy,napcrneHHrui aKa.r(eMIDI TOHKOH XHMINeCKOH reXHononm HM. M.B. JloMOHOCOBa 
rrp. Bepaa,ncKoro 86, MocKBa 117571, Pocc:mi: 

E-mail: postgrad@mail.ru 
*MocKOBCKHH rocy,napcrneHHbIH yHHBepcHTeT HM. MB. JloMoHocoBa, MocKBa, Poccm1 

The catalytic systems on the basis of Pd(II) and Pd(0) complexes were studied in the 
synthesis of alkynylcarboxylic acid esters by oxidative carbonylation of alkynes on C-H 
bond. The hypothetic mechanisms were suggested and kinetic research was carried out for 
discrimination of these hypotheses. 

KaTanHTHlleCKHe CHCTeMbl Ha OCHOBe KOMrrneKCOB Pd IIO3BOmIIOT CHHTe3HpOBaTb 

rrp0H3BO,UHbie MKHHHnKap60HOBblX KHCn0T Kap60HHnHpOBaHHeM anKHH0B no =C-H CB5I3H B 

MjJTKH,~ ycnoBHSIX. O,n;aoii H3 TaKHX CHCTeM si:Bnsi:eTCH Pd(OAc )2-PPhrn-6eH30XHHOH B 

MeTaHone: "! ,. . • 

'\ Pd(OAch, PPh3 
PhC=CH +CO+ MeOH+Q ------- Phc=ccOOMe + H2Q 

M3<l>nK (1) 
Q - n-6eH30XHHOH, H2Q - rH,llp0XHH0H. 

Ilpo,nyKTOM SIBnHeTCSI MeTHnOBblH 3qmp q:>eHHnrrpOIIHOnOBOH KHCn0Tbl (M3<I>IlK). 

6bmH BbI,nBHHYTbl rHTI0Te3bl 0 MexaHH3Me rrpo:uecca. ,ll;n» npoBepKH rHTIOTe3 

CHHTe3HpoBaHbl HOBbie KOMIIneKCbl Pd(O) C XHHOHOM H HCIIbITaHbl B peaK:UHH (1 ). 

IlpoBe,neHHbie 3KCrrepHMeHTbl C BapbHpOBaHHeM CTeneHH OKHCneHHSI nanna,nHSI B HCXO,UHOM 

coe,nHHeHHH ,UaIOT OCH0BaHHe ,l(nSI npe,nnono)KeHHSI 06 ycmcTHH K0MirneKca Pd(0) B KaTanH3e 

peaK:UHH (1) (rn6n.). 
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Ta6m1ua. 

11cxo.n.Hoecoe)UiHeHHerrarrna,uHg R-102
, MOJih/JI·q S, % 

Pd(PPh3)2Ch 0.0 .o.o 
Pd(OAc )2 + 2PPh3 4,3 58 

Pd(PPh3)4 7,0 54 

[Pd(PPh3)2 ( Q) ](H2Q)2Q 3,2 60 

[Pd(PPh3)2QhH2Q 8,0 63 

[Pd(PPh3)Qh l /2A + 1 PPh3 4,2 68 

Pd(dba)2 + 2PPh3 3,1 72 

OTHOIIIemre [Q]/[Pd] =17. 
S- ceJieKTHBH0CTh o6pa3oBaHHg M3<I>TIK Ha cpemmaueTHJieH; R- KBa3HCTaUH0HapHag 
cKopocTh o6pa3oBaHHg M3<I> TIK. 

TaKHM K0MnJieKC0M M0)KeT 6hITh Pd0(PFh3)2(CO)(Q) ( cxeMa): 

PdX 2 

1 
+CO,H 20,Q 

H
2
Q.. • -CO 2 , 2HX 

Q --ry, PdoQ ~=CPh 

M3~~( p;rOd"(Q)H 
' PhC=C-C(O)-Pd 11 (Q)H 

CH 30H 

CxeMa. MexaHH3M CHHTe3a M3<I>TIK qepe3 cTa.UHIO 0KHCJIHTeJihH0ro npHcoe,n;HHeiiHg 
4>eHHJiaueTHJieHa no C-H cBg3H K Pd(0) 

KnroqeBhIM HHTepMe)],HaT0M B 3TOH peaKUHH gBMeTcg a.JJ:KHHHJihHhlli K0MITJieKC 

rraJIJia,nHg, 06pa3yrom;Hiicg Ha CTa,nHH 0KHCJIHTeJihH0ro rrpHC0e)].HHCHffg q>eHHJiaueTHJieHa K 

coe)].HHCHHIO rraJIJia,uHg(0). I-fayqeHhl KHHenr'leCKHe 3aK0H0MepH0CTH rrpH BaphHpoBaHHH 

KOHUeHTpaUHH Bcex K0Mil0HeHT0B KaTamITHqecKOH CHCTeMhl H peareHT0B. PacqeTHhie 

KHHeTHqecKHe .n.aHHhie y,n;0BJieTB0pHTeJihH0 cornacyroTcg C 3KCnepHMeHTa.JJ:hHhIMH, qTo, C 

yqeT0M Bcex pe3yJihTaT0B, ,n;aeT 0CH0Bamte cqHTaTh npe.n.cTaBJieHHhIH MexaHH3M HaH60Jiee 

BepogTHhIM. B HaCT0SIII.lee BpeMg rrp0B0,UHTCg HCCJie)].0BaHHe peaKIJ,HH ( 1) MeT0)].0M I H H 
31 

p 

5IMP. 

3m pa6oTa 6hma no,u.uep)Katta P<I><l>H. fpaHThI: 01-03-32883, 02-03-06199. 
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MET0~LI OilPE~EJIEHIDI COCTOSIHIIH M0JIEKY JI II P N(HKAJIOB r A3A, 
)'qACTBYIOillHX B rETEP0rEHHLIX XIIMIIqECKIIX IlPEBP AIIJ;EHIDIX 

METHODS TO DEFINE THE STATE OF GAS MOLECULES AND RADICALS, 
PARTICIPATED IN HETEROGENEOUS CHEMICAL TRANSFORMATIONS 

XapJiaMoB B.w., liapMHH A.B., Maicymee II.A., Poroxmua T .C., 
lihIKOBCKHH M.II. u AuycJ>puee K.M. 

Kharlamov V.F., Barmin A.V., Makushev I.A., Rogozhina T.S., Bykovskii M.I. and 
Anufriev K.M. 

i 

OpnoBCKIIH rocy.napcTBeHHbIH TeXH1IqecK1Iii ytt1IBepc1ITeT, Open, Poccm1 

E-mail: kondr@ostu.ru 

oy,n;eM neplIO,D;IIqeCKII BBO)llITb B IIpOKaq1rnaeMbIH qepe3 peaKT~p ra3 )lOIIOJIHIITeJibHbie 

rropU:IIII («naKeTbI») M0JICKYJI peampy10m1Ix Ha II0BepXH0CTII TBep,n;oro Tena Bell(eCTB. 

,[(JIIITeJibHOCTb 1" rrpoxo)K,lleHII.sI qepe3 peaKT0p «rraKeTa» aKTIIBHbIX M0JieKyJI BbI61IpaeTC.sI H3 

ycJI0BII.sI IIX npeHe6pe)KIIMO Ma.rroro BJIII.sIHIUI Ha C0CT0.sIHIIe II0BepXH0CTII 3a BpeM.sI 't. B 3T0M 

cnyqae, IICCJie,n;y.si 3aBIICIIM0CTb aMTIJIIITY.L(bl TIYJibCaUIIH CK0p0CTII peaKU:IIII OT IIJI0TH0CTII 

« naKeTa» aKTIIBHbIX M0JieKyJI II K0HUeHTpan;IIII xeMocop61IpOBaHHhIX M0JieKyJI 

pear1Ipy10ID;IIX Bem;ecTB, M0)KeT 6bITb nonyqeHa 0,LJ;H03HaqHa.sJ IIH<pOpMaUII.sI 0 C0CTO.sIHII.sIX 

yqacTByIOID;IIX B reTeporeHHbIX XIIMIIqecKIIX npeBpam;eHII.sIX M0JieKyJI ra3a. 

11ccne,noBaHbI MexaHH3MbI reTeporeHHbIX peaKU:IIH H + H ➔ H2, CO + 0 ➔ CO2, 

rrpoTeKaIOID;IIX Ha noBepxH0CTH Me,n;H, nnaTIIHbI II JIIOMIIHOcpopoB ZnS-Cu II CaO-Mn. B 
0ilbITax 0,LJ;H0BpeMeHH0 perHCTPHP0Ba.JIII KIIHCTHqeCKIIe KplIBbie K0H[(eHTpau;IIII 

a,ncop61IpOBaHHbIX Ha Il0BepXH0CTII o6pa3Ua qacTIIU N(t), BCJIIIqlIHbl )llIHaMIIqecKoro 

3cpcpeKTa peaKU:IIII F(t) = GJ(t) II HHTCHCIIBH0CTII . pa,n;1IKaJiopeKOM61IHaU1IOHHOH 

nroMIIHecueHU:IIH I(t) = 17J(t), r,n;e G II 17 - K03<p<pHUIIeHTbI. fa3 (H2 IIJIII CO2) nplI ,n;aBneHHII 

p = 50 Ila HerrpephIBH0 npoKaqlIBaJIII qepe3 peaKT0p C o6pa3[(0M. ,[(Ba 0.L(HHaK0BhIX 

BblC0KoqacT0THhIX reHeparnpa B036y)K,D;aJIII fa30Bble pa3p.sI,D;bI B np1Icoe,n;1IHCHHbIX K 

peaKTopy pa3p.s1,n;m,1x TPY6Kax. Ka)K,LJ;bIH II3 ,n;Byx pa3p.si,noB 6hrn crnnnoHapHbIM HJIII 

IIMTIYJibCHbIM. ,[(JIHTeJihHOCTb Ka)K,lloro IIMIIYJibCa 1 c, qacTOTa RX cne,n;oBaHH.sI 0.02 c-
1
. 

11MTIYJibCHhIH pa3p.sI,n; nepH0,n;IIqecKII yBeJIIIqlIBaJI K0HUeHTPanmo n aKTIIBHhIX qaCTIIU B ra3e 

Ha BeJIHqHHY Lin (c03,n;aBan IIX «IIaKCTbI» ). Be.TJlfqlIHbl n II Lin onpe,n;eJI.sIJIII B 0TH0CIITeJibHbIX 

e,n;IIHIIUax no IIHTeHCIIBH0CTII CBeqeHII.sI aKTIIBHbIX qacTIIU B IIJia3Me pa3p.si,n;a. 

,ll;pyro:ii MeTO,n; peJiaKCaUH0HHbIX II3MepeHIIH C0CT0IIT B cpopM1IpOBaHHH « rraKeTa» 

aKTIIBHbIX qacTHU C ,LJ;JIHTeJibH0CTblO ero np0XO)K)leHII.sI qepe3 peaKTOp 0, 1 C II 

,LJ;JIIITeJlbH0CThlO cppOHTa HapacTaHH.sI IIX K0HUeHTpaUHII B peaKT0pe Lit = 10 MC. ,[(JI.sI 3Toro B 

pa3pMHYIO Tpy6Ky C Il0M0ID;blO 3JlCKTp0MarHIITH0ro KJiaIIaHa 3a O. 6 C BB0)];IIJIII 

,LJ;0II0JIHHTeJibHYIO nopa:Hro ra3a H3 6ycpepttoro 061,eMa C ,n;aBJieHIIeM 104 
Ila II 0,LJ;H0BpeMeHH0 

3a)KIIraJIH HMIIYJibCHblli pa3p.sI.L(. 

IlonyqeHHbie ,n;aHHbie CBII)lCTCJibCTBYIOT · 0 npoTeKaHIIII reTeporeHHbIX peaKU:IIH 

· H + H ➔ H2 H CO + 0 ➔ CO2 rrplI n ~ (1014 
- 1015

) CM-
3 

no MexaHII3MY peKoM61IHaU:1I1I 

<plI31IqecKII a.ucop61IpOBaHHbIX qacTHU:. O6Hapy)KeHI,I 3cpq>eKTbI 3Heproo6MeHa B CJI0e 

a,ncop61IpOBaHHbIX qacTIIU:, rrplIB0)l.sIII(IIe K pocry CKopocrn: HX reTeporeHHOH 

peKOM6Jrnaa:IIII. 
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BJIIDIHIIE MO,ll;II«l>HI(HPOBAHIDI OKCH)J;OM HH,ll;IDI HA CTPYKTYPY 

r~POKCHJILHOro IIOKPOBA H 3JIEKTPOHOAKI(EIITOPHLIE CBOHCTBA 
: ,ll;HOKCHJ(A I(HPKOHIDI 

THE INFLUENCE OF THE MODIFYING BY INDIUM OXIDE ON THE 
HYDROXYL GROUPS AND ELECTRON ACCEPTOR PROPERTIES OF 

ZIRCONIA CATALYSTS 

XapJiauos A.H. u Jlyuuu B.B. 

Kharlanov A.N. and Lunin V.V. 

MocKOBCKHH rocy,llapcrneHHbIH ynHBepc1neT HM. M.B. floMoHocoBa 

fleHHHCKHe rop1>1, 1, CT}).3, MocKBa 119992, Poccm1 

<l>aKc: (7-095)9394575; E-mail: kharl@kge.msu.ru 

,[{HOKCH,D; UHpKOHH51 B TeqeHHe HeCKOJlbKHX ,n;ec51THJICTHH rrpHBJieKaeT BHHMaHHe KaK 

34><peKTHBHbIH KaTaJIH3aTOp p51,lla peaKUHH, B qacTH0CTH rH,llpHp0BaIIH51 6yTa,llHeHa 

1,3 M0JieKyngpHhIM B0,ll0p0,ll0M, H-D o6MeHa, ceneKTHBH0fO B0CCTaH0BJieHH51 0KCH,ll0B a30Ta 

yrneB0,ll0p0,llaMH H ,llp. BbICOKM 3JieKTp0HHM rrp0B0,D;HM0CTb 0KCH,lla HH,D;mI H TBep,nbIX 

pacrnopoB Ha ero 0CH0Be (B qacTH0CTH C ,no6aBJieHHeM ZrO2 [1,2]) o6ycJIOBHJIH ero 

rrpHMeHeHHe B Kaqecrne MaTepHana ,nng ceHcopoB ra3oB-BoccTaHOBHTeneii (CO, H 2) [1,3], 

Kp0Me Toro, Ha Il0BepxH0CTH In2O3 H TBep,n;bIX pacrnopoB Ha ero 0CH0Be B03M0)KH0 

KaTaJIHTHqecKoe BOCCTaHOBJICHHe ra30B-BOCCTaHOBHTeneH xeMocopfoipOBaHHbIM 

KHCJiopo,noM. B CB513H C 3THM HCCJie,noBaHHe a,n;cop6UHOHHbIX H KaTaJIHTH"llCCKHX CBOHCTB 

6HHapHoii CHCTeMhI In2O3-ZrO2 rrpe,ncnmn51eT oco6MH HHTepec. 

ITpoBe,UeHO HCCJie,noBaHHe BJIH51HHe ,n;o6aBKH 0KCH,n;a HH,D;H51 (3-10 MOJI.%) Ha 

KpHCTaJIJIHqecKyIO CTpyKTYPY, rn,npOKCHJibHbIH IT0Kp0B H 3JICKTp0H0aKuerrTOpHbie CBOHCTBa 

,D;H0KCH,n;a UHpK0HH51. O6pa3Ubl 6bIJIH nonyqeHbI MCT0,D;0M cooc~,neHH51 H3 pacrnopa 

0KCHHHTJ)aTa UHpK0HH51 H HHTpaTa HH,D;H51 pacrnopoM NH4OH C IT0CJie,nyiomHM 

npoKaJIHBaHHeM. 

IlOKa3aHo, "l!T0 rrpHCYTCTBHe In2O3 0Ka3bIBaeT cymecTBeHH0e BJIH51HHe Ha (pa30Bbie 

rrepex0,n:E.>I, rrp0HCX0,L(SIIUHe B 6HHapHOH CHCTeMe. OTMeqeHO rrpHCYTC,TBHe TeTpar0HaJibH0fO 

H Ky6H"l!eCKOfO ZrO2 H 0TCYTCTBHe pe<J?neKCOB, C00TBeTCTBYIOIUHX In2O3. Ha 0CH0BaHHH 

aHaJIH3a o6nacTeH OKP H C,L(BHra BbIC0K0yrnoBbIX IIHK0B c,n;enaH BbIB0.ll, "l!T0 0CH0BHM -qacTb 

In2O3 JI0KaJIH3Y eTC51 B BH,ne peHTreHOaMop4>HOH (pa3bl Me)K,L(y KpHCTaJIJIHTaMH ZrO2, 

rrpe,noTBpam;M, TaKHM o6pa30M, ero cneKaHHe. 

fH,npOKCHJibHbIH IlOKpOB MO,L(H(pHUHpoBaHHOro OKCH,L(OM HH,UH51 ,L(HOKCH,L(a UHpKOHH51 

ttMeeT 0TJIH~51 OT rH,np0KCHJlbH0fO Il0Kp0Ba ~CTOfO ZrO2, OTMe"lleHO BJIH51HHe ,n;o6aBKH 

In2O3 Ha C00TH0IIIeHHe yqacTK0B II0BepXH0CTH C pa3HOH ' KpHCTaJIJIOrpa<f?HqecKOH 

opHeHTaUHeii H <J?opMHpoBaHHe Il0BepXH0CTH c 6oJibllleH KOHUeHTpauHeH )le4>eKTOB. 

MeTO,D;OM HK-crreKTpOCKOITHH a,llCOp6HpOBaHHOfO co o6Hapy)KeHO rrpHcyTCTBHe Ha 

·rronepXH0CTH 61rnapHbIX CHCTeM 3JieKTp0H0aKu;errTOpHbIX ueHTp0B 6onee CHJII:,HbIX, "l!eM 

nKU ,L(HOKCH,na UHpKOHH51. 

JluTeparypa 
[l]A,q, rypno, M.H. HBaHQBCKWI, )K<l>X, 1998, T. 72, N 2, C. 364. 
[2]D.I. Bronin, B.L. Kuzin, H. Nafe, F. Aldinger, Solid State Ionics, V.120 (1999), P.13. 
[3]T.Maunula, Y. Kintaichi, M. Inaba, M. Haneda, K. Sato, H. Hamada, Appl. Catal. B, V.15 (1998), 

P. 291. 
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MEXAHH3MbI KATIIOHHOH . .OJIHrOMEPH3AD;HH a-OJIE«l>HHOB 

. .. ~ r .. ·· 

THE MECHANISMS OF THE CATIONIC OLIGOMERISATION OF a-OLEFINS 

~BeTKOB O.H. 

Tsvetkov O.N. 

OAO "BcepoccHHCKHH Haytrno-Hccne,noBaTeJihCKHH HHCTHTYT no rrepepa6oTKe Heq>TH" 
ABHaMOTOpHasi,6,MocKBa 111116,PoccH.si 

<l>aKc (095) 361-12-85; E-mail: vniinp@insar.ru 

The mechanisms of cationic a-olefin oligomerisation in the presence of complexes AlCb 
and BF 3 render the significant influence on the ch~mical composition and on the MMD of the 
reaction products. At fast oligomerisation by the chain mechanism in the presence of 
complexes Al Cb besides target oligomers of a-olefins the small amount of paraffin and cyclic 
hydrocarbons are formed, this is connected with orie · of the .. routes of a chain breakage; for 
oligomers it is typical to have the wide MMD, ·which parameters are connected with the 
composition of a complex and the conditions of reaction. The slow oligomerisation in the 
presence of the complexes BF 3 promotes generation 'of the more homogeneous hydrocarbon 
composition and the narrower MMD of the oligomers. 

B COOTBeTCTBHH c COCTaBOM rrpOJ:(yKTOB peaKtiHH H Ha6mo,uaeMOH KHHeTHKOH peaKUHH 

MeXaHH3M KaTHOHHOH uerrHOH .. OJIHroMepH3aUHH ~-oneq>HHOB B rrpHCYTCTBHH 

pa3HOJIHraH,nHbIX KOMnneKcoB AlCh rrpe,ncTaBmieTc.si KaK nocne,uoBaTeJibHhIH npouecc, 

BKmoqarorn;Hii rrpomnHTHqecKoe HHH.lliHHpoBaHHe ue1m ~.o6p~oBaHHeM HOHHOH napbI, pocT, 

rrepe.ua'CJ)' uemr Ha MOHOMep H o6pbIB uerrH; .. rrapamieJibH0 MO)l(eT HMeTb MeCTO 

H3OMepH3aUH.sI MOHOMepHoro aJIKHJIKaTHOHa BO BHy'ipeHHHH oneq>HH. TTOMHMO OJIHrOMepoB 

a-oneq>HHOB B xo.ue peaKUHH o6pa3yeTC.sI HeK0TOpoe KOJIH'tJeCTB0 rrapaqmHOBbIX, 

UliKJIOOJieq>HHOBbIX, UHKJIO.ZJ:HOJieq>HHOBbIX H ,na)Ke arnmnapoMaTHqecKHX yrneBo,n:opo,n;o:a;. HX 
'11' 

BO~HHKHOBeHHe CB.sI3aHO C O)];HHM ,H3 MapmpyTOB ,o-6pbrna-pacTyrn;eH, KaTHOHHOH uenH, a 

HMeHHO, oTmerrneHHeM nI,npH,11;-HOHa OT o6pa30BaBineroc.si OJilff0Mepa. MMP OJIHf0MepoB, 

GHHTe3HpoBaHHbIX B rrpncyrcTBHH K0MIIJieKcoB Al Ch, · np.si:Mo 3aBHCHT OT KOHUeH'rpaUHH 
- . ' 
·KaTaJIH3aTopa, qro cB.sI3aHo c H0HHo-rrapHbIM Mexamn~oM poem uenH. KpoMe 3Toro Ha 

MMP OJIHfOMepoB OKa3bIBaIOT BJIH.sIHHe COCTaB KaTaJIHTH'tJeCKOfO ' KOMITJieKca H TeMrreparypa 

peaKUHH. 

Ilo,ti ,neiicTBHeM KoMnneKCOB BF 3 H,ueT · 6onee Me,n:neHHasI H 6onee ceneKTHBHasI 

0JIHfOMepH3aUH.sI a-oneq>HHOB, npaKTH'tJeCKH 6e3 o6pa.3oBamr.si UHKJIH"!eCKHX crpyKryp. 

MMP OJIHfOMep0B rronyqaeTC.sI 3Ha"!HTeJibH0 6onee Y3KHM C rrpeHMyrn;ecTBeHHbIM 

C0,[(ep)KaHHeM yrneBo,n:opo,n:oB C He60JibIIIOH CTeIIeHblO OJIHfOMepH38.IU{_H. 3TO fOB0pHT 0 

B03MO'.>KH0CTH np0X0)KJJ;eHH.sI 0JIHf0MepH3aUHH B npHCYTCTBHH KOMIIJieKC0B BF 3 no 

cryrreH11aT0My MeXaHH3MY. 
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ACID MODIFICATION AND CATALYTIC ACTIVITY OF NATURAL 

. , . PHILLIPSITE 

KHCJIOTHMI MO,l.l;H<l>HKAQIDI H KAT AJIHTlfllECKHE CBOHCTBA · 
IIPHPO,l.l;HOro <l>HJIJIHIICHTA. 

Tsitsishvili G.V., Tsintskaladze G.P. and Tsitsishvili V.G. 

~HUHIDBHJIJIH r .B., ijHHIU(aJia,rue r .II. H ~HUHIDBHJIJIH B.r. 

Melikishvili Institute of Physical and Organic ,Chemistry GAS 
5 Jikia str., Tbilisi 380086, Georgia 

E-mail: gamma@access.sanet.ge 

Catalytic transformation of methanol on the natural phillipsite from the Akhaltsikhe 
deposit, Eastern Georgia, and on its acidic modifications have been studied. · The highest 
dehydration activity is obtained for.the sample treated in 0.5N solution of hydrochloric acid, 
the highest yield of formaldehyde is secured by phillipsite treated in 0. lN solution; in spite of 
low crystalline phase content for the sample treated in 1 N solution, it is characterized by 
pronounced dehydration and dehydrogenation activity. 

The successful utilization of zeolite catalysts is associated with their molecular sieve and 

highly acidic properties. Catalytic transformation of methanol in presence of the oxygen 

(dehydration to dimethyl ether, DME, dehydrogenation to formaldehyde, and oxidation to 

carbon monoxide and carbon dioxide) on natural phillipsite from the Akhaltsikhe deposit, 

Tsinubani plot, (Nau6Ko.10Ca1.40Mgo.64)[Al4.20Si1 uO32]5.6H2O, and on its modified forms 

have been studied. Phillipsite-containing rock was crushed, sifted and washed, 1 mm grains 

were used. Acid treatment was carried out in solutions of hydrochloric acid, under static 

conditions, at 90°C, for 2 hours and with a solid:liquid ratio of 1 :40. Treated samples were 

washed in distilled water until no chloride anions could be detected and dried at 100°C. 

Characterization of modified samples is given in the Table 1. Powder X-ray diffraction 

patterns were obtained from a DRON-2 diffractometer, employing the Cu-Ka line and 

scanning at 1 ° per minute. IR spectra were recorded in the region 1600-400 cm·1 in a Karl 

Zeiss UR-20 spectrometer, using the KBr pellet technique. 

Table 1. Characterization of phillipsite samples 

Sample [HCl] Si/ Al Zeolite phase (XRD), % 
P 0 2.74 85 
P-0.l 0.lN 2.75 84.8 
P-0,5 0.5N 2.94 55.6 
P-1 I.ON 3.87 37.0 
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Activation and regeneration of samples before catalytic reactions was carried out in a 

flow of hot air at 250°C, for 1 hour. Catalytic reactions were carried out at temperatures in a 

range of 280-550°C, in a flow cell connected with the gas chromatograph LHM, USSR. Main 

experimental results are given in the Figure 1. 
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Fig. 1. Dependence of yield ofDME and formaldehyde on the temperature 
of catalytic reaction 

Powder XRD patterns and IR spectra of heated samples testify stability of the crystalline 

structure in a temperature range up to 250-280°C. Content of the crystalline phase is 

decreasing at higher temperatures: by 10% in a range of 300-360°C, by 13% at 360-450°C, 

and by 40% at 500°C. Intensities of the strongest lines corresponding with d-spacings of 2. 75, 

3 .18, and 7 .12A were used as reference in XRD patterns, intensity of the intertetrahedral 

oscillation band at 615 cm-1 in IR spectra was used for the same reason. 

Acid treatment in diluted solution (0. lN) evokes insignificant changes in XRD pattern 

and IR spectrum, treatment in solutions of higher concentration results in decrease of XRD 

lines intensity and in transformation of IR spectra. Acid treatment in concentrated solutions 

results in decrease of the crystalline phase content by approx. 55-60% for 2N solution, and by 

approx. 85% for 5N solution. 

Untreated phillipsite is characterized by low dehydration activity, the methanol is 

transformed in formaldehyde and carbon oxides mainly. The highest dehydration activity has 

the sample treated in 0.5N solution; the yield of DME is 80% at approx. 350°C. The highest 

yield of formaldehyde (40%) is secured at approx. 500°C by phillipsite treated in 0.lN 

solution. In spite of low crystalline phase content for the sample treated in 1 N solution, it is 

characterized by pronounced dehydration and dehydrogenation activity: 55% of DME at 

350°C, and 30% of formaldehyde at 450°C. 
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IR SPECTROSCOPIC EVIDENCE FOR THIOPHENE ISOTOPIC SCRAMBLING 

ONCaO 

H30TOIIHLIH OliMEH B THO<l>EHE, A,lJ;COPliHPOBAHHOM HA CaO, 
110 ,[(AHHLIM HK-CIIEKTPOCKOIIHH 

Tsyganenko A.A., Can F.* and Mauge F.* 

llLrrauemco A.A., Kan <I>.* u MmKe <I>.* 

Pock Institute of Physics, The University of St. Petersburg, St. Petersburg 198504, Russia 
E-mail: tsyg@photonics.phys.spbu.ru 

*Laboratoire Catalyse et Spectrochimie, UMR CNRS 6506, ISMRA, Universite de Caen, 
14050 Caen, Cedex, France 

E-mail: francoise.mauge@ismra.fr 

Studies of thiophene adsorption and transformations on solid surfaces are of a great 

importance for sulphur removal from petroleum. However up to now most of our knowledge 

on thiophene adsorption deal with sulphide catalysts, acidic oxides and zeolites. Interaction of 

thiophene with basic sites has not been investigated yet. In this work, by IR spectroscopy at 

variable temperatures the mechanism of thiophene adsorption and transformations was 

studied on CaO activated at 973 K. Adsorption of thiophene, 2,5-deuterothiophene and 

thiophene-dt has been proceeded at 170-300 K. For deuterated molecules IR analysis of 

desorbed gas was performed. 

Molecular adsorption of thiophene on CaO is accompanied by slight changes of 

vibrational frequencies of adsorbed molecules and surface hydroxyl groups. One could 

suppose that thiophene molecules form weak H-bonds of CH groups with lone electron pairs 

of oxygen atoms of surface or of basic OH groups. On the most basic surface oxygen ions of 

CaO thiophene dissociation also occurs already at 200 K, leading to the formation of new OH 

groups and 'thiophenide' C4H3S- anions, as evidenced by the spectra of isotopic compounds. 

Most of such chemisorbed thiophene could be pumped off at 300 K, however complete 

removal of surface reaction products needs evacuation at elevated temperatures. 

Analysis of the desorbed gas provides evidence for the catalytic reaction of isotopic 

scrambling of 2,5-deuterothiophene that takes place already at 220 K. This leads to the 

appearance of numerous thiophene isotopomers, including usual thiophene and completely 

deuterated thiophene-~, thus showing that isotopic exchange takes place in all four hydrogen 

position of the molecule. 

Basic oxygen atoms of CaO activated at high temperature are known to chemisorb CO 

with the formation of "carbonite" co/- ions [1] and to be active sites of the reaction of low 

347 



PP-188 
'temperature homomolecular isotopic exchange of CO [2]. To find out, if the same sites 

account for thiophene dissociation· and isotopic scrambling, experiments with preliminary 

poisoning .· of surface sites by chemisorbed CO .or by adsorption of D2O followed by 

evacuation at 723 K have been carried out. As expected, the hydroxylated surface after 

pretreatment at 723 K chemisorb neither CO, nor thiophene and has very low activity in 

isotopic scrambling reaction. However, specific poisoning of the most basic sites by CO 

adsorption at 300 K does not stop the scrambling completely. Thus, these are less basic sites 

that account for the low temperature carbonite formation and for thiophene dissociation, that 

also act as active centres of the observed reaction of thiophene isotopic scrambling. 

We believe that the established mechanism of thiophene interaction with basic oxygen 

sites could be important for other reactions of sulphur compounds catalysed by bases. 

References 
. .[l]D.S.Bystro_~, M.A.Babaeva, S.F.Gerasimov, A.A.Tsyganenko. 4-th All-Union conf. on mechanism 

of catalytical reactions. Moscow, 1986, Abstr., p. 226-230 (In Russian). 
[2] M.A.Babaeva, A.A.Tsyganenko. React. Kinetics Catal. Lett. 34, 9-14, 1987. 
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111yqEHHE KATAJIHTHlJECKOro BJIII.SIHIDI ME,ll;ll HA TEPMH11ECKHE 

IIPEBP AIQEHIDI JIHrHO~EJIJIIOJIO3HLIX MATEPHAJIOB 

THE STUDY·OF CATALYTICAL INFLUENCE OF COPPER ON THERMAL 
TRANSFORMATIONS OF LIGNOCELLULOSIC MATERIALS 

qecn:0KOB H.B., MuKoea H.M., HaiiMymuua JI:B. H Ky1neQOB fi.H. 

Chesnokov N.V., Mikova N.M., Naimushina L.V. and Kuznetsov B.N. 

11:HCTHTYT XHMHH H XHMHtJeCKOH TeXH0JIOrHH co p AH, KpaCHOHpCK, PoccmI 
KpacnoHpCKHii rocy,napcrneHHbIH yHHBepcHTeT, KpacHoHpcK, Pocc·HH 

Fax: +7(3912)439342; E-mail: bnk@krsk.infotel.ru 

The influence of copper on the process of Cu-modified cellulose, aspen wood and cedar 
nutshell carbonization with the formation of carbonaceous structure during f+Yrolysis at 
500-700°C has been studied. The variation of introduced metal state from Cu + for initial 
samples to Cu0 and Cu1

+ - ions for pyrolyzed samples has been detected by £PR-spectroscopy. 
The textural characteristics of obtained carbonaceous products have been investigated by FTIR
spectroscopy and SEM, TGA/DT A and BET techniques. Cu-containing active carbons were 
found to catalyze a-pinene hydrogenation reaction. 

O,nHHM H3 rrepcrreKTHBHbIX HarrpaBJieHHH B KOHCTpyHpOBaHHH MeTaJIJI-co,n:ep)KamHx 

yrrrepo,nHbIX KaTaJIH3aTopoB HBJIHeTCH MO,n:HCpII[(HpOBaHHe JIHrHOI(eJIJIIOJI03HbIX MaTepHaJIOB 

coe,n:HHeHHHMH rrepeX0,UHbIX MeTaJIJIOB C rrocrre.n:y10meiI Kap60HH3a[(He.H. BBO.ll:HMbie 

.n:o6aBKH MeTaJIJIOB MoryT OKa3bIBaTb KaTa.JIHTHtJeCKOe BJIHHHHe Ha rrpoueccbI TepMIItJeCK0ro 

rrpeBpameHHH JIHfH0:UeJIJIIOJI03H0ro MaTepIIarra, rrpII 3T0M 0,UH0BpeMeHH0 rrp0HCX0,n:HT H 

XHMHtJeCKM TpaHcq>opMa:UHH BBe,n:eHH0f0 MeTaJIJia. 

B KatJeCTBe HHCTJ)yMeHTaJibHbIX MeT0,U0B H3ytJeHHH BJIIIHHHH Me.l(II Ha CJIO)KHbIH 

xapaKTep crpyKrypHbIX rrpeapameHHH JIHfH0:UeJIJIIOJI03H0ro MaTepHarra ( cyJibq>HTHaH 
l .. 

:u;eJIJIIOJI03a, ,npeBeCHHa 0CHHbI, CK0prryrra Ke.npoBoro opexa) rB )(.0~~ TepMHtJeCKOH o6pa60TKH B 
~ ' :'"'. I 

TeMrrepazypHoM IIHTepaarre 250-700°C 6bIJIH HCII0Jib30BaHbI MeT0.ZlbI FTIR- (DRIFT) H 
~ . ~? f; > ~ ... 

3TIP-crreICTpOCKOIIHH. B 3aBHCHM0CTH OT ycrrOBHH . rrpe.n:o6pa6oTKH HCXO,n:Horo CbipbH, 

TeMrrepazypbl IlHp0JIH3a H K0H[(eHTpa[(HH BB0,n:HM0ro MeTaJIJia BblSIBJieHbl o6m;He 

3aK0H0MepH0CTH q>opMHpOBaHIIH Me,nb-C0,n:ep)Kam;HX yrrrepo.l(HbIX rrp0)zyKTOB. 

O6Hapy)KeHo, lJT0 B Kap6oHH30BaHHbIX o6pa3:u;ax Me,nb rrpHcyTcTByeT B MeTaJIJIHtJeCK0M 

C0CT0HHHH H B BH,n:e H0H0B Cu+1
• CoBOKYTIHOCTb 11K- H 3TIP .l(aHHI,IX--CBH).(eTeJihCTByeT 0 TOM, 

lJT0 B rrpouecce IlHp0JIH3a Cu-MO).(Hq>HUHPOBaHHhIX o6pa3:UOB :u;eJIJIIOJI03bl peaKUHH pa3pbma 

C-O-C CB113eH H peaKQHH K0H).(eHca:u;HH tJaCTHlJH0 .n:ecrpyKTHp0BaHHbIX cpparMeHTOB 

:uerrJIJOJI03bI, rrpHB0).];HllJ;He K o6pa3oBaHHIO Il0JIHK0H.l(eHCHpoBaHHbIX yrrrepO).];HbIX CTJ)YKTYP, 
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Ha"CJHHaIOTCjl npH 6onee HH3KHX TeMrrepaTypax no cpaBHeHHIO C HeMo,n;mpHn;HpOBaHHbIMH 

CHCTeMaMH. 

TG/DTA-H3Y'IeHHe rroKroano, qTo BBo,n;HMhle B uemnono3Hoe cb:rpbe ,n;o6anKH Me,n;H 

crroco6cTByroT C,Il;BHry HHTeHCHBHbIX rrponeccon · TepMopacmma B 

HH3K0TeMrreparypHyIO o6JiaCTb. 3TOT C,Il;BHf .l(Jljl Cu-co,n;ep)Kam;Hx o6pa3UOB neJIJIIOJI03 

COCTaBAAeT 50°C, a .l(Jljl o6pa3U:OB ,npeBeCHHbI OCHHbI H CK0PJIYIIbI opexoB - 15° H 20°C, 

COOTBeTCTBeHH0. 

BmumHe BBe,neHH0ro MeTaJIJia Ha y,n;em,HyIO II0BepXHOCTb Kap60HH30BaHHbIX rrpO.l(yKTOB 

33BHCHT OT rrpHpO.l(bl HCIIOJib3yeMoro HCXO)];HOro JIHrHOUeJIJilOJI03HOfO Cblpbjl. HaH60JibIIIHH 

J<p<peKT BBe,neHHOH Me.l(H 3aperHCTJ)HpOBaH .l(Jljl o6pa3U:OB cyJihq>HTHOH neJIJIIOJI03hI 

( IIOBepXHOCTb rronyqeHHOfO yrnepo,n;Horo Mm:epHana ,n;OCTHraeT 600 M2
), OTJIHt.J:aromeif cg 

HH3KHM co,n;ep)KaHHeM JIHrinrna no cpanHeHHIO c o6pron:aMH ,n;peBeCHHbl OCHHbl H CKOpJiyIIhl 

Ke,n;ponoro opexa. O,n;HaKo, 6011ee BbICOKHH BbIXO.U yrnepo,n;Horo rrpo,n;yKTa Ha6mo,n;aeTcg .llfilI 

Kap60HH30BaHHbIX o6pa3UOB C 60JibIIIHM co,n;ep)KaHHeM JIHfHHHa - ,n;peBeCHHbI OCHHbl 

(22% JIHrHHHa) H CKOPJIYilbl Ke,n;ponoro opexa (52% JIHfHHHa). 

Bne,n;eHHbie B pacTHTeJibHbie IIOJIHMepbI coe,n;HHemrn Me,n;H OKa3bIBaIOT KaTaJIHTHqecKoe 

B03,n;eHCTBHe He TOJibKO Ha peaKUHH KOH,l(eHcanHH, rrpoTeKaIOm;He rrpH TepMHqecKOM 

rrpenpameHHH 6HOMaCCbl, HO H MoryT ycKOpHTb peaKUHH ,n;eIIOJIHMepH3an1m, q>OpMHpyg 

pa3BHTYIO rropHczyro CTPYKTYPY B yrnepo,n;HoM rrpo,n;yKTe. Eonee BblCOKM y,n;eJibHM 

IlOBepXHOCTb Kap60HH30BaHHbIX Cu-3aMam;eHHbIX o6pa3UOB n:eJIJIIOJI03bl no cpaBHeHIIIO C 

JllffHOUeJIJIIOJI03HbIMH o6pa3UaMH o6ycJIOBJieHa oco6eHHOCrnMH CTpoeHHjl ueJIJIIOJI03bl H 

CKJIOHHOCTblO ee , OH-rpynn K B33HMO,l(eHCTBHIO C coe.n;HHeHHj{MH MeTaJIJIOB, qTo 

o6ecneqHBaeT 6onee paBH0MepHoe ero pacnpe,n;eneHHe B Hcxo,n;HoM o6pron:e. 

Ha 0CH0BaHHH Hccne,n;OBaHHH MeTO,n;0M CKaHHpyromeii :meKrpOHHOH MHKp0CK0IIHH 

c,neJiaH BbIBO,n; 0 BOJIOKHHCTOH crpyKzype nonyt.J:eHIIbIX yrnepo,n;HbIX MaTepHaJI0B, tIT0 

0TKpbrnaeT B03MO)KH0CTH ,n;ng CHH)KeHHjl rH.n;paBmrqecKoro conp0THBJiemrn 3arpy3KH 

KaTaJIH3aTopa, HaHeCeHHOf0 Ha TaKHe no,n;JIO)KKH. 

Ilony'l!eHbl CBe,n;eHHjl 0 BJIHj{HHH C0CTQj!fflfjl BBe,n;eHH0ro B yrnepomryro MaTpHUY 

MeTa.JIJia Ha KaTaJIHTHqecKHe CBOHCTBa B peaKUHH rH,n;pHpoBaHHjl a-TIHHeHa rrpH 

TeMnepazype peaKUHH 270°C. 

ABTOpbI Bbipa)KaIOT 6naro,n;apHOCTb 3a qmHaHCOBYIO rro,n;,n;ep)KKY B paMKax rrporpaMMbI 
«ttHKO-KOTIEPHl1KYC» (rpaHT ERBIC 15 CT98 0804) H «YHHBepcHTeTbI PoccHH» 
(rpaHT YP.05.01.021). 
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MICROPORODIFFUSIONAL CATALYTIC EFFECT 

MHKPOilOPO,ll;H<l><l>Y3HOHHhIR KATAJIHTH"lfECKHH 3<1><1>EKT 

Shabalin L.I. 

illa6anuu JI.II. 

Siberian Research Institute of Geology, Geophysics and Mineral Resources 
Potaninskaya str. 6, Novosibirsk 630099, Russia 

The author has elaborated an idea about existence of microporodiffusional catalytic effect 

(MDC- effect), manifesting itself in micropous of watercontaining mediums - micropores and 

and joints of rocks, in zeolites, biological cells, during corrosion of metals and so on 

(Shabalin, 1998). The effect is based on notion about molecular-kinetic · force of 

decondensation of the superficial layer of liquid, solid and gaseous substances (Shabalin, 

2001) and of water first of all (Shabalin, 2000). The essence of the effect is as follows: when 

molecules of substances dissolved in water enter micropores, firstly, they accelerate their 

chemical interaction with the walls of micropores (in geological metasomatic processes in the 

earth"s crust) or accelerate catalysis on zeolites at the expense of more frequent collisions of 

molecules with micropores walls and, secondly, the removing of reaction products from 

micropores is accelerating. The action of the effect is confirmed experimentally and examined 

by the example of geological processes with elaboration of new conception ore- and magma 

formation, called molecular-kinetic (Shabalin, 2002). 

References 
[1] Shabalin L.I. Self-Organization System of the Nature. Novosibirsk, 1998, 235p. 
[2] Shabalin L.I. Forse of Decondensation of the Superficial Layer of Water as a Fundamental Natural 

Phenomenon, Generating Exchange of Substances (claim for discovery). Novosibirsk, 2000, 155p. 
[3] Shabalin L.I. Forse of Decondensation of the Superficial Layer of Liquid, Solid and Gaseous 

Substances. Novosibirsk, 2001, 192p. 
[4] Shabalin L.I. Bases of molecular-kinetic conception of ore- and magma formation. Novosibirsk, 

2002. 200p. 
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BJIIDIHIIE AJIKEHA HA IlPO,EKAHHE CTA)J:IIH P-3JIHMHHHPOBAHIDI 
rH,lJ;PH,lt;A IlAJIJIA)J:IDI B KATAJIHTH11ECKOM QHKJIE PEAKQHII XEKA 

t,. i .. i_ 

THE INFLUENCE OF ALKENE ON THE PALLADIUM HYDRIDE 
P-ELIMINATION STEP IN THE HECK REACTION 

IIIMH)lT A.«l>. H CMHpHOB B.B. 

Schmidt A.F. and Smirnov V.V. 

llpKyTCKHH rocy,n;apcTBeHHbIB ymrnepcHTeT, XHMH1IeCKHH cpaKyJihTeT, 
YJI. K.MapKca, 1, llpKyTcK 664003, Poccm1 

E-mail: aschmidt@chem.isu.ru 

A kinetic study of the Heck reaction mechanism was carried out. The effect of cross
influence of alkenes during the competitive arylation reaction was found. A new mechanism 
of the palladium hydride P-elimination step in the Heck reaction was proposed. 

KaTaJIHTHl:J:eCKa.51 peaKU:HSI XeKa ( 1) o6rra,n;aeT orpOMHbIM CHHTeTH1IeCKHM IlOTeHU:HaJIOM. 
O,n;HaKO npo6JieMOH OCTaeTCSI He,ZJ;OCTaTOl:J:Ha.51 myqeHHOCTb MeXaHH3Ma KaTaJIH3a peaKU:HH, a~ 
CJie~OBaTeJibHO, H HeBO3MO)KHOCTb OCMbICJieHHOro IIOHCKa HOBblX 6onee 3q>q>eKTHBHbIX 

KaTaJIHTH1IeCKHX CHCTeM. 

ArX + CH2 = CHR o[Pd(II)] ► ArCH = CHR + HX 
CHOBaHIIe 

(1) 

IIpoBe,n;eHHOe HaMH KHHeTHqecKoe HCCJie,n;oBrume MeXaHH3Ma peaKu;HH ( 1) II03BOJIHJIO 
yTBep)l()];aTb, 1ITO JIHMHTHpyromeii: CTa,n:HeH B KaTaJIHTHqecKOM u:mme peaKu;HH XeKa SIBJISieTCSI 
P-3JIBMHHHpoBaHHe rn,n;pR,n;a narrrra,n:HSI [l]. O.n;HaKo, B peaKu;IDIX cpeHHJIHpoBaHHSI pa3.JllilllibIX 
aJIKeHOB 3Ha1IeHlliI 1IaCTHhlX rropSI,n;KOB peaKI.Um no aJIKetty B HeKOTOpbIX CJIY1Ia.5IX OTKJIOHSIJIHCb 

OT ttyJISI. IIocrre ,n:oKa3aTeJibCTBa cKopocTb orrpe,n:emno:m;ero xapaKTepa CTa,L(HH 
P-3JIHMHHHpoBaHlliI, MO)KHO C1IHTaTb, 1ITO r-I)'RCTBHTeJibHOCTh cKopocTH peaKI.(HH XeKa K 
KOHu;empau;HH aJIKeHa Bbl3BaHa ero npSIMbIM yqacrneM B 3TOH CTa,L(HH. ,[(ml rrpoBepKH 3TOro 

rrpe)UIOJIO)KeHllil 6bIJI HCIIOJib30BaH MeTo,n: KOHK)'pHpyIOIUHX peaKU:HH. B crryqae npoBe,n;eHllil 
KOHK:)'peHTHoro apHJIHpOBaHllil ,n;ayx arrKeHOB CTaHOBHTCSl BO3MO)KHbIM BJIHSIHHe O.l(HOro aJIKeHa 

Ha cTa,z.uno P-3JIHMHHHpoBaHllil B peaKu;HOHH0M MapmpyTe .npyroro. C n;eJibro rro,n;rnep)l()];eHHSI 
rro,n;o6Horo rrepeKpecTHoro B3aHM0BJIHSIHlliI 6bmo rrpoae,n;eHo KOHKJpeHTH0e cpeHHJIHpOBaHHe 
CTHporra H MeTHJIMeTaKpHJiara B pa3JIH1IHblX C0OTHOIIIeHIDIX. . L(OKa3aTeJibCTBOM HaJIH11IDI 
B3aHMOBJIHSIHlliI aJIKeHOB B KaTaJIHTHqecKOM U:HKJie peaKu;HH SIBHJiaCh 3KCTpeMaJibH8.SI 

3aBHCHMOCTh CKOpOCTH cpeHHIIHpOBaHHSI CTHporra OT KOHU:eHTJ)aI(HH MeTHJIMeTaKpIDiaTa. 3TO 
rro,n;TBep)K,ZJ;aeT J1IaCTHe MorreeyJib1 aJIKeHa B CTa.n:HH P-3JIHMHHHpoBaHlliI rH,n;pH,n;a narrrra,n:HSI 

IIpe,n;JIO)KeH HOBhIH 6HMOJieKyrrSipHblH MexaHH3M npoTeKaHHSI CTa,ZJ;Hlf 
P-3JIHMHHHpOBaHHSI (B 0TJIH1IHe OT rpa,n:HU:HOHHO' npe,nrroJiaraBmerocSI MOHOMorreKyrrSipHoro) 
C y1IaCTHeM MOJieKyJihl HCXO,l(HOro arrKeHa. 3TOT MaprnpyT aHaJ1or0:qeH H3BeCTH0MY 
MexaHH3MY CTa,l(lrn rrepeHOCa u;enH Ha HeHaChlllleHHbIH cy6crpaT, K0TOphIH xoporno 0:3yqeH B 
peaKU:HSIX noJIHMepmau:0:0: oneqnrnon. 

Pa6orn BhIII0JmeHa rrpH IIO)JJl.ep)KKe MHHHCTepcTBa o6pa30BaHHSI P<l> (rpaHT 
NQ E0S-00-03) H PoccHHCKoro cpoH,n:a cpyH,n;aMeHTaJihHhIX Hccne,n;oBaHHH 
(ilpoeKT N2 02-03-32446a). 
[l]lllMMJJ.T A.<D., CMMpHoB B.B. "Hccne,noBaHMe KMHeTMKM peaKQMM XeKa MeTo,noM 

KOHKyp11py10m.Mx peaKQMH." KMHeTHKa M KaTaJJM3, 42(6) (2001) 876-881. 
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KHHETHKA rll,L(PHPOBAHIDI liEH30JIA HA HAHECEHHbIX 

IlAJIJIMHEBhIX KATAJIH3ATOP AX B IlPHCYTCTBHH CEPHHCTblX 
COE,m,IHEHHB 

KINETICS OF BENZENE HYDROGENATION WITH SULFUR COMPOUNDS ON 
·PALLADIUM CATALYSTS 

IOpKnua O.B. 

Yurkina O.V. 

000 IlpoH3BO,[(CTBeHHoe 061,e,nHHeHHe «KHpHIIIHHeq>TeoprcHHTe3» (000 «KHHE<I>») 
r. KHpHIIIH, IleHHHrpa.:rcKoH 06nacr0:, Poccm1 

<I>aKc: (8268) 91 386; E-mail: Yurkina_O_ V@kinef.ru 

OcHOBHhIMM aarrpa.BJieHIDIMH :meprernqecKoii crparenrn: PoccHH .no 2020 ro.na IDJ.IDierc.si 

M0,[(epHH3aIUffl 0: K0peHHIDI peK0HCTPYKIUUI Heq>Tenepepa6aTbIBaIOIIu,IX IIpe,[(IIpH.sITHH, a HMCHH0: 

,nam,Heiirnee yrny6neHHe rrepepa6oTKH Heq>TH, , yBe.JllilieHHe ,noJIH rrpoueccoB BTopwnmii 

rrepepa6oTKH, pacurn:peHHe accoprHMeHTa H rroBbillleHHe Kaqecma no.n:yqaeMl>IX rrpo,nyKToB [I]. 
Y )l(ecmqeHHe 3K0JI0rwieCKHX H0pM Ha TOIIJIHB0, BB0,[(HMbIX BO Bcex pa3BHTbIX crpaaax, 

3HaqJITeJibH0 noBbilllaer 3HatJHMoCTb rH.[(porrpoueccoB, B qacmoCTII, rrpoueccoa 

rn,npoo6eccepHBaHH.sI H npoueccoB rny6oKoro rH.[(pHpoBaHH.sI apoMaTlfqeCKHX yrneno,nopo,noB. 

Pa3BHTHe TaKHX npoueccoB II03B0JilIT nonyqaTh BbIC0K0KaqecrneHHble M0TOpHbie T0IIJIHBa 

(6eH3HHbl, KepocHHbI, ,[(H3eJlbHble TO~ )I(H,[(I(He napaq>HHbl li ,npyrne). 

B ocaoBe pa3pa6oTKH rexH0JI0rHqecKoro rrpouecca Jie)l(HT rro.n6op Hau6onee 

3q>q>eKTHBHOro KaTaJIH3aTOpa. O6bl1JHO npou;ecc IIp0B0,[(.sIT B IIpHCYTCTBliH KaTaJIH3aTopoB, 

co,nep)l(amHx MeTaJIJibl IIJiaTHHOBOH rpyIIIIbl, HeCM0Tp.sI Ha HX qyBCTBHTeJibH0CTb K 

0TpaBJieHHIO cepHHCTbIMH coe,[(HHeHHSIMli, K0T0pbie B TOM HJIH HH0M Kom1qecTBe co,nep)l(aT 

Heq>T.sIHhie ,[(HCTHJIJISITbI. 

OTpaBmnomee ,[(eHCTBHe cepHHCThIX coe,[(HHeHHH 3HaqlfTeJibH0 CHH)l(aeTCSI IIpH 

HCII0Jih30BaHHH ,[(JISI IIJiaTHH0BhIX MeTaJIJI0S HOCHTeJieH, o6na,naromHx II0BhIIIIeHHOH 

IIOBepXHOCTHOH KHCJI0TH0CThlO. IlpHMeHeHHe II0,[(06HhIX KaTaJIH3aT0p0B H 0TKphIJI0 

B03M0)l(H0CTh rli,[(pHp0BaHHSI Heq>TSIHhIX ,[(HCTliJIJl.sIT0B B IIp0MhilIIJieHHhIX ycJI0BHSIX IIpH 

0TH0CHTeJihH0 HH3KHX TeMrrepazypax ( ~300°C) H ,[(aBJieHH.sIX ( 4,0-5,0Mila). 

B 3TOH CBSl3H rrpe,[(CTaBJI.sieT KaK HayqHhIH, TaK H rrpaKTHqecKHH HHTepec HCCJie;noBaHHe 

BJIH}IHHSI npHp0;Lt;hl HOCHTeJieH Ha KHHeTHKY rn,npHpoaamu1 apoMaTHqecKHX yrneBo;nbpo,noB 

Ha IIaJIJla,[(HeBhIX KaTaJIH3aTopax, HaHeCeHHhIX Ha H0CHTeJIH C pa.3JIH1JHOH KHCJI0TH0CThIO: 

Pd/y-AhO3, Pd/y-AhO3+A (A- ,no6aaKa, yBeJIHqlfBaromag KHCJI0TH0CTh HOCHTen.si), 

Pd/y-AlzO3-SiO2. 
J13yqeHHe KHHeTHKH peaKI(HH rH,[(pHp0BaHH}I 6eH30Jia np0B0,[(HJIH Ha 6e3rpa,[(HeHTHOH 

UHpKynguHoHHOH H nporoqHoH ycTaH0BKax, onHcaH~!>IX paHee [2,3]. CMecH, co,nep)l(am;He 
pa3JIHq}JhJe K0JIHqecTBa cephl, roT0BHJIH .u;o6a.BJICHHeM K ... 6eH30JIY THarrponaHa, 

reKcaHTHOJia-1 H THOq>eHa. i- · , , 

OTMeqeHO, qTQ B HaqaJihHhlli nepH0,[( BpeMeHH Ha6JIIO,[(aJIOCh pe3K0e 'CHH)l(eHHe 

aKTHBH0CTH KaTaJIH3aTopa, K0Topag cnycrn 3-5 qacoB B 3aBHCHM0CTH OT THIIa KaTaJIH3aTopa 

H co,nep)l(aHHSI cephl B 6eH30Jie BhIX0,[(HJia Ha paBH0BeCH0e IIJiaT0. 
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no ycToHqIJBOCTH K ,n:eHCTBHIO cepHHCTbIX ,. coe,n:HHeHHH , KaTaJIH3aTOpbI MO)KHO 

pacrroJIO)KHTb a pg,n:: Pd/y-AhQj.;$iO2, Pd/y-A}iO3+A (A- .n:o6aaKa, yBeJIH~Baromag 

KHCJIOTHOCTb HOCHTCJijJ), Pd/y-AhO3 = 1 :3:27. 
OTMeqeHO, qTO rpaHHUbl KH~~THqecKOH o6nacTH rrpH tH-,UpHp0BaHHH 6eH3oJia a 

rrpHCYTCTBHH cepHHCTbIX coe,n:HHeHHH 3HaqnTeJibHO pacrrIHpjJJOTCjJ. BHeIIIHe,n:Hq>q>y3HOHHbie 

q>aKTOpbI He CKa3bIBaIOTCjJ y)Ke rrpH JIHHeHHbIX CK0pocrnx. 

M,n:eHTHqHbie pe3yJibTaTbl IIOJJyqeHbl H rrpH m,n:pHp0BaHHH 6eH30Jia Ha KarnmnaTope 

Pd/y-AhO3-SiO2 Ha 6e3rpa,nneHTHOH .a:HpKyngunoHHOH ycTaHOBKe, qTO rro,n:rnep)K,Zl;aeT 

Ha)];e)KH0CTb ,n:aHHbIX, rronyqeHHbIX Ha rrpoT9qHoH ycTaH0BKe. 

B1>rne,n:eHO 3MIIHpHqecKoe ypaBHCHHe, .• 0IIHCbIBaromee xapaKTep H3MeHeHHjJ CK0p0CTH 

peaKUHH B 3aBHCHM0CTH co,n:ep)Ka:trng cepbl B 6eH30Jie. 

PaccqnTaHbl 3HaqeHHjJ Ka)Kymeif cg 3HeprHH aKTHBarurn H rrpe,n:3KCIIOHeHUHaJibHOro 

qJieH0B ypaBHCHHjJ AppeHnyca ,n:Jrn Ka)K)J;OH KOHI(eHTpaUHH cepbl B 6eH30Jie. 

CHH)KeHHe, CKOpOCTH m,npHp0BaHHjJ . 6eH3oJia rrp0HCXO.D:HT . 3a cqeT yMeHbllleHHjJ 

rrpe,n3KcrroHeHUHaJibHoro qneHa ypaBHeHHjJ Appem1yca (c 4,6 ,no 3,1 ,n:ng Pd/y-AhO3-SiO2). 

3HaqeHHjJ Ka)Kyme:0:cg 3HeprHH aKTHBal(HH B03paCTalOT He3HaqHTeJibHO C 3,6 .n:o 

10,3 K)];)K/MOJib . 

.TionyqeHHbie ,naHHbie o6'bjJCHg}OTCjJ B3aHMO,ZJ;eHCTBHCM aTOM0B IIaJIJia,[(HjJ C 3JICKTpOHO

~K[(eilTOpHbIMH UCHTPaMH (H-ueHpbI) H0CHTeJIH ITO ,ZJ;0HOpHO-aK[(enTOpHOMY MeXaHH3MY, qTQ 

rrpHB0,Zl;HT K o6pa30BaHHIO Ha aTOMax IlaJIJia,ZJ;HjJ ,neq>H[(HTa 3JieKTpOHHOH IIJI0TH0CTH, 

rrpHBO,Zl;jlll(CH K o6nerqeHHIO B3aHMO,n:eiicTBHjJ IlaJIJia,ZJ;HjJ C Herro,neJieHHOH 3JICKTp0HHOH 

rrapoH cepbl, KOTOpbIH B ycn0BHjJX peaKl..(HH 6bICTpo pa3JiataeTCjJ C o6pa30BaHHeM 

coe,n:HHeHHH nma PdSH H PdS. CBjJ3b Me)l(,n;y rranna,n:HeM H cepoiI B 3THX coe,nHHemrnx, 

01:1eBH,Zl;H0, o6ycJIOBJieHa He .n:onopno-aK[(eIITOpHbIM, a 3JICKTpOCTaTHqecKHM 

:tnaHMO,neiiCTBHeM no THilY HOHHbIX coe,nHHeHHH. B pe3yJibTaTe 3T0ro 3JieKTpOHHM 

IIJI0THOCTb OT rranna,n:Hg OKa3bIBaeTCjJ CMemeHHOH K aT0MY cepbl, qTo . npHB0,ZJ;HT K 

yBeJIHqeHHIO '.3:JieKTPOHO,neq>HUHTHOCTH II0BepXH0CTH . KaTaJIH3aTopa B [(CJI0M, B TOM qHcJie H 

coce,n:HHX aTOM0B rranna,rurn. 3TO rrpHB0.[(HT K CHH)l(CHHIO cnoco6HOCTH II0CJie,ZJ;HHX 

o6pa30BbIBaTb 3JieKTP0CTaTnqecKHe CBjJ3H C aHH0H0M cepbl. 

TaKHM o6pa30M, o6pa30BaHHe 0TPaBJICHHbIX [(eHTPOB IlaJIJia,ZJ;HjJ CHH)l(aeT crroco6HOCTb K 

OTpaBJieHHIO 0CTaBIIIHXCjJ. 3THM, BepogTH0, H o6'bjJCHjJCTCjJ' HaJIHqHe -IIJiaTO Ha KpHBOH 

3aBHCHMOCTH aKTHBH0CTH KaTaJIH3aTopa OT KOHUeHTpaUHH cepbl B Cblpbe. 

IlonyqeHHbie 3aKOHOMepH0CTH rn,n:pHpoRaHHjJ apoMaTHqecKHX yrneao.n;opo,n:oB MOryT 

6bITb HCilOJib30BaHbl rrpH rrpoeKTHp0BaHHH rrpoueccoB m.n:poo6naropa)KHBaHHjJ 6eH3HHa H 

.ZJ;H3em,Horo TOIIJIHBa. 
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[I] l.A.P. Illaxmnapoa. - OcHOBHhie HT0rH 2000 ro)J.a H nepcneKTHBhI pa3BHTHg Ha 6moKaihnee 
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<l>A30BLIE IIEPEXO,[(LI HHKEJIEBOro KATAJIH3ATOPA B PEAKD;HH 

OKHCJIEHIUI CO 

PHASE TRANSITIONS OF THE NICKEL CATALYST IN CO OXIDATION 

.ff.QnMupc1rnii B.K., liy,napuu B.JI. u ,[(uro.K B.E. 

Yatsimirsky V.K., Budarin V.L. and Diyuk V.Y. 

KHeBcKHH Hau:uommhHblH yH:uaepc:uTeT :UM. T. IIIeaqeHKO 
yn. Bna,n;HMHpcKasI, 64, K:uea 01033, YKpaHHa 

E-mail: yats@chem.univ.kiev.ua 

This work is devoted to the research of the influence of changes in phase composition in 
the system Ni-NiO-gas phase on the structure of catalyst active center and catalytic activity. 
The red-ox reactions in Ni-NiO-CO"".O2 system are investigated and the conditions of phases 
formation in surface layer of solid are determined. The catalytic action of Ni-NiO system in 
various conditions and the basic characteristics of active centers are determined. It is shown 
that the mechanism changing of the CO oxidation on NiO and NiO reduction with CO 
occurred at temperature of phase transition ferromagnetic-paramagnetic in Ni (Curie 
temperature 633K). It is established that a nickel catalyst in CO oxidation can be in two 
stationary states. At T>633K the stationary state of the catalyst corresponds to heterogeneous 
system Ni-NiO with a nickel content 0, 15-0,25 % and nickel particles size_ 45-50A. At 
T<633K the stationary state of the catalyst corresponds to one-phase system. It is shown that 
for description of catalytic action ofNi-NiO it is necessary to have information about not only 
at local level but also at supramolecular structure of system. 

Hccne.noaaHHe BJIH»HH51 q>a.30BhIX rrepexo,noa KaTaJIH3aTopa Ha MexaHH3M rrpoTeKaHH51 

peaK:U:UH .SIBJI51eTC51 O,UHHM :U3 HarrpaBJieHHH H3yqeH:U51 KaTaJIHT:UqecKoro ,ueHCTBH51. B .naHHOH 

pa6oTe HCCJie,noBaHbl rrpeBpam;eHH51 IIOBepXHOCTHOro CJ1051 HHKeJieBoro KaTaJIH3aTopa 

(HCXO.[(HI,IH o6pa.3eu NiO) a peaKQHH OKHCJiemrn co KHCJIOpO.[(OM, a TaK)Ke BJIH.SIHHe 

q>a.30BOro COCTaBa H MarH:UTHOro COCTO5IHH51 KaTaJIH3aTopa Ha MeXaHH3M OKHCJieHH51 co. 
IlpH :UCCJie,noBaH:UH OKHCJieHH51 co Ha NiO ycTaHOBJieHo, qrn CMeHa MexaH:U3Ma 

peaKUH:U npOHCXO,UIIT npH TeMrreparype KiopH H:UKeJI.SI (T=633±2K). Tipe.[(JIO)KeHa 

KHHeTHqecKasI cxeMa, OIIHCbIBaIOIIlasI peaKUHIO BbIIIJe H H:U)Ke TeMrreparypbl Kiop:u. IlpH 

T>633K B rrpouecce peaKUHH rrpoHCXO.[(HT o6pa.30BaHHe (pa.3bl MeTaJIJIHqecKoro HHKeJI51 (no 

,naHHbIM P<l>3C H MarHHTHOH BOCilp:UHMq:UBOCTH) H 0KHCJieHHe co npoTeKaeT Ha rpaHHUe 

pa.3,neµa q>a.3 Ni-NiO. TipH T<633K He npo:acxo,nHT H3MeH~HHe q>a.3oBoro cocmaa 

KaTaJIH3aTopa. O6pa.3Ubl KaTaJIH3aT0pa 5IBJ15IIOTCSI JIH6o aHTHq>eppoMarHHTHbIMH H COCT05IT 

T0JibK0 H3 NiO, n:u6o napaMarHHTHbIMH H co,uep)KaT KJiaCTepbI H3 3-5 aT0MOB HHKeJI51. 

J13yqeHa KHHeTHKa <pa.30BbIX npeapameHHH B CHCTeMe Ni-NiO-O2-CO H onpe,neneHhl 

ycJIOBH51 BO3HHKHOBeHH51 H pa.3BHTH51 q>a.3 B rrpHilOBepXHOCTHOM cnoe KaTaJIH3aTopa. 
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3q>Q_)eKTHBHbie K0HCTaHTbl CK0p0CTH 0KHCJieHH.SI MeTaJIJIHqecKoro HHKeJI.SI KHCJI0p0,[(0M 11 

B0CCTaH0BJieHH.SI NiO M0H00KCH,[(OM yrnepo,lla H 0T,[(eJibHbIX CTa,D;HH KHHeTHl.JeCKOH cxeMbl 

KaTaJIHTHl.JeCKoro 0KHCJieHH.SI co coarra,naIOT rrpH T>633K. 

IlpH HCCJie,[(0BaHHH 0KHCJieHH.SI MeJIK0,[(HcrrepcHoro HHKeJI.SI KHCJI0p0,[(0M Haii,neHO, qTo 

rrpouecc 0KHCJieHH.SI rrp0X0,[(HT B .n:aa 3Tarra. CHa-ciana Ha rroaepxH0CTH HHKeJieaoii -ciaCTHUbI 

o6pa3yeTC.SI CITJIOI.IIHOH CJIOH 0KCH,[(a pa3JIH"CJHOH T0JIIIJ;HHbl (a 3aBHCHM0CTH OT TeMrrepaTypnI). 

Ha BTOp0M 3Tarre rrp0HCX0,UHT pocT CJI0.SI 0KCH,[(a B rny6mry qacTHUbl. 

IlpH H3ytJeHHH BOCCTaHOBJieHH.SI NiO MOHOOKCH,UOM yrnepo,na B HeH30TepMHl.JCCKHX 

ycJI0BHSIX Il0Ka3aH0, lJT0 rrpouecc o6pa30BaHH.SI 3apO,UbIIIIeii MCTaJIJIHlJeCK0fO HHKeJISI CB.SI3aH 

C HX MarHHTHhIM COCTOSIHHCM. HeBblfO,UHhIM .SIBJI.SICTC.SI o6pa30BaHHe q>eppoMarHHTHOfO 

3ap0,UbII.IIa H3-3a Heo6xo,uHMOCTH cornacoBaHH.SI CITHH0B OT,UeJibHbIX aT0M0B. BJIH.SIHHe 

MarHHTHOro COCTO.SIHH.SI 3apo,n:hII.IIa Ha aepO.SITHOCT.b ero I10.SIBJieHH51 IlO,[(TBep)K,n;eHo TaK)Ke Ha 

rrpHMepe aoccTaH0BJieHHSI CHCTeMhI NiO-CuO; 

IlpHMeHeHHe HOCHTeneH (Ha rrpHMepe TepMopacnmpeHH0ro rpaq>HTa), rroaepXH0CT.b 

K0T0phIX o6na,n;aeT B0CCTaH0BHTeJibHhlMH CBOHCTBaMH; Il03B0JI.sieT yaeJIHlJHTh K0JIHlJeCTB0 

aKTHBHhIX neHTp0B, C0,llep)KamHx HHKeJih, lJTO cymecTBeirno TI0BhIIIIaeT KaTaJIHTH"CJCCKYIO 

aKTHBHOCTh HHKeneaoro KaTaJIH3aTOpa. 
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<l>H3HKO-XHMHqECKHE XAPAKTEPHCTHKH H KATAJIHTHlffiCKAH 
AKTHBHOCTh B OKHCJIEHHH CO OKCH)];HhIX CHCTEM HA OCHOBE 

iKEJIE3A ' 

PHYSICAL CHEMICAL PROPERTIES AND CATALYTIC ACTIVITY OF 
MULTICOMPONENT FERRIC OXIDE SYSTEMS IN CO OXIDATION 

Hn;HMHpCKHH B.K., MaKCHMOB IO.B. *' Cy1,a:aJICB 11.Il. *' HmeHKO E.B., rau:i:.au C.B., 
XoMeHKo H.B. u <l>uJiunnoea JI.B. 

Yatsimirsky V.K., Maksimov Yu.B.*, Suzdalev LP.*, Ischenko E.V., Gayday S.V., 
KhomenkoN.N. and Philippova L.V . . 

KHeBCKHH HaUHOHaJihHbIH YH:rlBepcHTeT HM. T. illeBqeHKO 
yn. Bna,n;HMHpcKrui, 64, KHeB 01033, YKpaHHa 

*11HCTHTYT XHMHqecKoii: cpH3HKH HM. H.H. CeMeHoBa P AH 
yn. KochirHHa, 4, MocKBa 19991, Poccirn: 

The goal of the research was systematic study of catalytic activity and volume and 
surface properties of binary oxide systems Fe-Co, Co-Cu, Fe-Cu and triple oxide system 
Fe-Co-Cu. The temperature of 100% CO conversion (T100) was taken as the measure of 
catalytic activity. Surface properties of the catalysts was studied by thermo-programmed 
desorption (TPD); volume properties were analyzed using Mossbauer spectroscopy. 

It was foun9 out that among all other studied samples the triple catalyst containing 
5,00%Fe, 4,75%Co, 90,25%Cu showed the highest catalytic activity (T100 = 100°C). 
Appearance of hysteresis on the curve T 10o against T exp may be connected with the presence 
of the low temperature form of adsorbed water (T max < 300°C). TPD spectra have shown, that 
on the surface of oxide catalysts in the course of adsorption the CO molecule converts into 
CO2. Four forms of CO2 were available on the catalyst surface; among them the a 2-form with 
Tmax=l00-140°C was found only on the catalyst surface for which T100 <140°C. We suppose 
that a2-form mainly corresponds to the conversion of CO into CO2. Using Mossbauer 
spectroscopy two forms of "clusters" were found: Fe3

+ (magn.)-1 and Fe3
+ (magn.)-2, with 

different Hin and cluster size. 

QeJiblO pa60Tbl 6bIJIO CHCTeMaTHqecKoe H3yqeHHe KaTaJIHTHqecKOH aKTHBHOCTH H 

cocTOSIHHSI ofo>eMa H rroBepxHOCTH )];BOHHhIX Fe-Co, Co-Cu, Fe-Cu H Tpoii:Ho:ti Fe-Co-Cu 

OKCH,[l;HbIX CHCTeM, TeCTHpyeMhIX B peaKl(HH OKHCJieHHSI CO. Mepo:ti aKTHBHOCTH 61>ma 

TeMrrepazypa 100%-Horo rrpeBpameHHSI CO B CO2 (T 100). CocTOSIHHe rroBepxHocTH 

KaTanH3aTopoB HJyqanach MeTO)];OM TepMo,necop6u1m (T,U). O6'heMHbie CBOHCTBa 

KaTaJIH3aTopoB aHaJIH3HpOBaJIH C IIOMOIIJ.blO Mecc6ay3pOCKOH crreKrpOCKOITHH. 

)];o6aBJieHHe K06aJibTa B CHCTeMe Fe-Co IIOBbIIIIaeT KaTa.JIHTHqecKyIO aKTHBHOCTb 

o6pa3UOB. O6pa3en 85%Fe, 15%Co HMeeT HaHBhicmyro aKTHBHOCTb (T100 = 116°C). B 

cHcTeMe Co-Cu MaKCHMaJI1>Hy10 aKTHBHOCTh rrpoSIBJISieT o6pa3en 95%Co, 5%Cu 

(T100 = 128°C). B CHCTeMe Fe-Cu HaHBblcmyro aKTHBHOCTh rroKa3aJI o6pa3eU 15%Fe, 85%Cu 

357 



, I 

PP-194 
(T 100 = 130°C). C~IO BhIC0K)'IO aKTHBH0CTh cpe,uH Bcex H3ytJeHHbIX KaTaJIH3aTopoB 

l10Ka3a.JI TpOHHOH COCTaB 5,00%Fe;· 4,75%Co H 90,25%Cu (T100 = 100°C). 

T,[( cneKTpbl Il0Ka3a.JIH, lJT0 BO,ll;a a,ucop6Hpyercg Ha ITOBepXHOCTH OKCH,UHbIX 

KaTa.JIH3aTopoB B ,UBYX q>OpMax: c· TeMneparypa.MH MaKCHMYMOB (T max) < 300°C H > 300°C. 

IlogBJieHHe rHCTepe3HCa Ha 3aBHCHMOCTH TI oo=f(T exp) Ha6mo,uaercg TOnbK0 rnr,ua, K0r,LJ;a B 

T,[( cneKrpax rrogBJrnercg Bo,ua c T max< 300°C. 

Y CTaH0BJieHo, lJT0 B rrpouecce a,ucop6UHH co Ha ITOBepXH0CTH OKCH,UHblX 

KaTa.rrHJaTopoB CO npeBpamaercg B CO2, KOTOpbIH q>HKCHpyercg BO BpeMg L(ecop6n;HH Macc

crreKrpoMerpoM. Y cTaH0BJieHo 4 q>opMbI ,uecop6HpyeMoro CO2: a1 - T m<l00°C; 

a2 -Tm= 100-140°C; Cl3 -Tm= 140-300°C; a4 -Tm >500°C. Ha IT0BepXHOCTH o6pa3D;OB, ,urrg 

K0TOpbIX IIpH T< 140°C K0HBepcHg co COCTaBJrneT 100%, o6Hapy)l(eHa T0JibKO a2-q>OpMa. 

Ilo-BH,UHMOMY, ee o6pa3oBaHHe 6JiarorrpHgrHo ,u;rn rrpouecca 0KHcrreHHg CO B CO2. 

Mecc6ay3pOBCKHe HCCJie,UOBaHHji ITOF.a3aJIH, qro B OKCH,UHOH CHCTeMe Fe-Co 

COOTHOllleHHe "KpyrrHbIX" KJiacrepoB (Fe3\Marn.)-l) H "MaJibIX" KJiacTepoB (Fe3\Mani.)-2 ) 

npH6JIH3HTeJibHO . ' O,UHHaKOB0 ,ll;Jljl Bcex o6pa3D;OB. y CaM0ro aKTHB,H0ro o6pa3u;a 

(l 5%Fe, 85%Co) i:la q>oHe 3TOro cobTHOIIIeHHg Ha6rr10,LJ;aeTc.sr MaKCHMan'.i>Hoe KOJIHqecrno 

"rrapaMarHHTHOH" COCTaBJI.sIIOI.11;eH (13%). CpaBHCHHe xo,ua KpHBOH KaTaJIHTHqecKOH 

aKTHBHOCTH C norryqeHHbIMH ,uaHHhIMH l1OKa3hIBaeT, qTo rrpH ITOSIBJieHHH "rfapaMarHHTHOH" 

COCTaBJISIIOmeii KaTaJIHTHlJCCKM aKTHBHOCTh pe3KO yBeJIHqHBaeTCSI. ,[(mI aKTHBHoro o6pa3u;a 

B OKCH,UHOH Fe-Cu CHCTeMe (F e-15%, Cu-85%) Ha6JIIO,LJ;aeTCSI MaKCHMaJibHOe KOJIHtJeCTBO 

"MaJihIX" KJiaCTepC>B (Fe
3
+(Marn.)-2) - 64%., Y BCeX OCTaJihHbIX o6pa3UOB '.HOH CHCTeMbl 

COOTHOIDeHHe 3THX ,UByx BH,UOB "KJiacrepoB" 0,UHHaK0B0e (HCKITIOtJeHHe COCTaBmreT 06pa3eu; 

Fe-50%, Cu-50%). Y o6pa3u;a (5,00%Fe; _ 4,75%Co H 90,25%Cu) c MaKCHMaJibHOH 

KaTaJIHTHtJeCKOH aKTHBHOCTblO (T 100 = 100°C) Ha:ii,ueH TOJibK0 O,UHH BH,ll; "KJiaCTepoB": 

. ,Fe3\Marn.) c Hin= 47,6 T. 
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KATAJIHTHllECKHE H A)J;COPliU:HOHHbIE CBOHCTBA Cu/ZSM-5 H Cu/ERi 

U:EOJIHTOB B OKHCJIEHHH MOHOOKCJmA Yr JIEPO,]J;A 

CATALYTIC AND ADSORPTION PROPERTIES OF Cu-CONTAINING ZEOLITES 
Cu/ZSM-5 AND Cu/ERi IN OXIDATION OF CARBON MONOXIDE 

. gQHMHpCKHH B.K., OJieKceHKO JI.fl., TeJib6U3 r.M.*, IDBeQ A.B* H KyJbMH'I H.B. 

Yatsimirsky V.K., Oleksenko L.P., Telbiz G.M.*, Shvetz A.V.* and Kuzmich I.V. 

KHeBCKHH mm;HOHaJibHbIH yHHBepcHTeT HM. T. IlleB'CJeHKO 
BJia,nHMHpcKruI, 64, KHeB 01033, YKpaHHa 

*11HCTHT)'T <pH3H'llecKoH XHMHH HAH YKpaHHbI, 
rrpocrreKT HayKH, 31, KHeB 03039, YKpaHHa 

E-mail: yats@chem.univ.kiev.ua 

Adsorption properties and catalytic activity of Cu/ERI and Cu/ZSM-5 in the reaction of 
CO oxidation by molecular oxygen were compared. The influence of zeolite structure on the 
peculiarities of metal active centres formation in the Cu/ERI and Cu/ZSM-5 obtained from the 
solutions Cu(CH3COO)2 and [Cu(NH3) 4]Cl2 was studied. The various valence states of Cu ions 
along with their binding sites in matrixes of erionite and ZSM-5 zeolites were established by 
IR spectroscopy. It was shown that in accordance with IR-data of adsorbed CO at zeolite 
systems the stability of carbonyl complexes CO with copper ions correlated with the catalytic 
activity of the Cu-containing zeolites in CO oxidation in the presence of these materials. 

CHHTeTH"lJCCKHe n;eoJIHThl gBJUIIOTCSI KJiaCCOM coe,L(HHeHHH, HOH006MeHHbIC CBOHCTBa H 

CTPYKTypa K0TOpbIX o6ycJiaBJIHBaIOT lliHpOKHe B03MO)KHOCTH HX rrpHMeHeHHSI B Kaqecrne 

HOCHTeJieH ,L(JUI KaTaJIH3aTopoB. 

Me,n;1,-co,n;ep)KamHe n;eonHThI Cu/Erionite (Cu/ERI) H Cu/ZSM-5 rroJiy'llarrH HOHHhIM 

o6MeHOM H3 pacrnopoB Cu(CH3COO)2 H [Cu(NH3) 4]Cl2. 

Cu/ZSM-5 H Cu/ERI rrpogBJUIIOT BbICOKyro KaTaJIHTH'CJecKyIO aKTHBHOCTh B OKHcneHHH 

co rrpH TeMrrepaTypax 250-300°C, rrpH 3TOM 6onee aKTHBeH Cu/ZSM-5. 11crroJih30BaHHe rrpH 

CHHTe3e [Cu(NH3) 4]Cl2 npHBO,L(HT K rroJiy'lleHHIO 6oJice aKTHBHhIX CHCTeM, KaK B cJiy-qae 

Cu/ZSM-5, TaK H Cu/ERI. 

O6pa3l(bl Cu-n;eoJIHTOB H3Y'llaJIHCh MeTO,L(0M 11K cneKTpOCK0ilHH a,n;cop61:1poBaHHOH co 

in situ. 11K-cneKrpbI a,n;cop6HpoBaHHOH co Il03BOJUIIOT H,L(CHTH<pHUHpOBaTb pa3JIH'CJHhie 

COCTOSIHHg HOH0B MC,L(H B :u;eOJIHTaX, TaK KaK 3Ha"tJeHHe Yeo B KaJ260HHJibHbIX KOMIIJieKcax 

3aBHCHT OT 3apg,n;a Me,nH, CTeneHH HOHHOCTH-KOBaJieHTHOCTH CBg3H KaTHOH-KHCJIOpo,n;, 

KOOp,L(HHal(HOHHOro C0CTOgHHg Me;:J;H H CTJ>YKTyp1,1 ee 6JimKaiimero OKpy)KCHHg, 

ffogBJICHHe Ha noBepxH0CTH n;eoJIHT0B Cu/ERI H Cu/ZSM-5 XHMH"lJeCKH cBg3aHHhIX cu+ 

l(CHTp0B a,ncop6n;HH co gBJraeTCSI pe3yJihTaT0M TepMOBaKYYMHOH o6pa60TKH Il0BepXHOCTH 

359 



PP-195 
HJIH . rrpe,nBapHTem,HOH ee o6pa60TKH B TO Ke H2, a TaK)Ke B03MO)KH0 3a CtJeT BOCCTaHOBJieHH51 

B xo,n;e a,n;cop6nmi co. Pa.Hee rrpoBe,l(eHHI>Ie HaMH HCCJie,l(OBaHH51 IIOKa3aJIH [I], tJTO 

B0CCTaH0BJieHHe HO HOB Me,n;H Cu
2
+ ,[(0 Cu+ Ha rronepXH0CTH [(e0JIHT013 rrp0HCX0,[(HT TaK)Ke B 

nponecce KaTaJIHTHtJeCKOH peaKIJ;HH 0KHCJieHH51 co. 
Pa3HHUa B KaTaJIHTHtJeCKHX CB0HCTBaX Me,l(b-[(e0JIHTHbIX CHCTeM CB513aHa C HaJIHllHeM 

pa3JIHllHbIX COCT05IHHH H0H0B Me,n;H H HX pa3JIHllHbIM pacrrpe,n;eJieHHeM B u:eoJIHTaX, llT0, B 

CB0IO 0llepe,[(h, M0)KeT BJIH51Tb Ha MexaHH3M a,ucopfiI.lHH co Ha 3THX KaTaJIH3aTopax B 

rrponecce OKHCJieHH.sI CO. Oco6eHHOCTH COCT05IHH.sI HOHOB Me,l(H, T.e. HaJIHllHe crra6bIX 

accon.0:aTOB (KJiaCTepoB) HOHOB Me,[(H B KaHanax MaTpHU:bI neoJIHTa ZSM-5 H cymecTBoBaHHe 

H30JIHp0BaHHbIX H0H0B Me,n;H B CTpyKrype u:eoJIHTa B cnyqae Cu/ERI .sIBJI.sieTC.sI 0,[(HOH H3 

rrpHtJHH pa3HOH KaTaJIHTHtJecKo:ii aKTHBHOCTH Cu/ERI H Cu/ZSM-5 B OKHcrreHHH CO. 

Crre.nyeT OTMeTHTb, tJTO Ha 6onee aKTHBHbIX B OKHCJiemrn co KaTaJIH3aTopax peanmyeTC.sI 

6orree crra6ocB.sI3aHHa.sI cpopMa a.n;cop6HponaHHoro CO Ha aKTHBHbI~ u:eHTpax Cu+. 

[1] OneKceHKO JI.TT., Jiu11M11pcK11ii B.K., Ky3hMHlf 11.B., 3y6 B.R. Teop. 3Kcn. XMM., 2000, T.36, .N23, 
c.301. 
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Tel.: (3832) 341064 
Fax: (3832) 34056 
E-mail: via@catalysis.nsk.su 

AKY JIOBA raJJuna BuKTopoeua 
l1HCTHTYT opraHWieCK0fO Karnmna H 
JJieKTpoxHMHH HM. L(.B. CoKOJibCKoro MO H HPK 
yn. KyHaesa, 142 
480100 AnMaTM 
Ka1axcTau 
Tel.: (3272) 916790 
Fax: (3272) 915722 
E-mail: orgcat@nursat.kz 

AJIEKCEEB liopuc BacHJibeBH'I 
qysalllCKHH rocy )lapcTBeHHbIH 
YHHBepCHTeT HM. 11.H. Y Jib51H0Ba 
MocKOBCKHH rrp., 15 
428009 qefioKcapbI, qyBalllH51 
Poccust 
Tel.: (8352) 49-79-62 
E-mail: borisal@chuvsu.ru 

AJIEKCEEB Cepreii l0pbeeu11 
PHIJ; "KyptJaTOBCKHH HHcT1-nyT11

, 

l1HCTHTYT B0.U0PO.UH0H :mepreTHKH H 
flJI83MCHHblX TeXHOJIOrHH 

nn. Kypqarnea, 1 
123182 MocKea 
POCCHSI 
Tel.: (095) 1969349 
E-mail: alex@hepti.kiae.ru 

AJIElliKOBA Mapuua MuxaiiJioeua 
l1H'CTHT)'T opraHHlJeCK0ro KaTaJIH3a H 

JJieKTpoxHMHH HM. L(.B. CoKoJII.cKoro MO H HPK 
y 11. KyHaeea, 142 
480 l 00 AJIMaTI,I 
Ka1axcrau 
Tel.: (7 3272) 916724 
Fax: (7 3272) 915722 
E-mail: orgcat@nursat.kz 

AJIIIEBA Jleiiny(j>ep If Mpau Kbllbl 
l1HCTHT)'T He4>TeXHMH'leCKHX npoueccoB 
HM. IO.f. MaMe)larrHeea HAHA · 
yn. H. Pa4>ueea, 30 
370025 BaKy 
A1ep6aii*aH 
Tel.: (99412) 90-34-10 
Fax: (99412) 90-35-20 
E-mail: anipcp@dcacs.ab.az 
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AMOCOBA Uuua Cepreeeua 
l1HcTHT)'T opraHH'IecKoro CHHTeJa YpO P AH · 
yn. C. KoeaneecKoii, 20 
620219 EKaTepHH6ypr 
PoCCHH 
Tel.: (3432) 49-35-35 
Fax: (3432) 74-11-89 
E-mail: cc@ios.uran.ru 

AH)lPEEB BceeoJio.Q BJ1a.QHMupoeu11 
qyBalllCKHR rocy ,llapcTBeHHbIH 
ymrnepcHTeT HM. 11.H. Y Jib51Hosa, Ka<l>e.llpa YHTC 
MocKOBCKHH rrp., 15 
428015 qe60Kcap1,1, qysalllH51 
PoCCHH 
E-mail: avv@chuvsu.ru 

AH)lPEHKOB Eereuuu Uocu(j>oeuq 
l1HCTHT)'T opraHHtJecKoro CHHTeJa YpO PAH 
y 11. C. KosarrescKOH, 20 
620219 EKaTepHH6ypr · 
PocCHH 
Tel.: (3432) 49-35-35 
Fax: (3432) 74-11-89 
E-mail: cc@ios.uran.ru 

APTEMOB Apceuuii BaJiepbeBH'I 
MocKOBCKHH rocy.n:apcTBeHHbIH YHHBepCHTeT 
)IH3aHHa H TeXH0JI0fHH 

yn. CauoBHH'IeCKM,33 
113 806 MocKsa 
PoccnH 
Tel.: (095) 237-01-01 
Fax: (095) 237-04-08 
E-mail: ippolitov@igic.ras.ru 

AXME)J:MIHOBA Pauca AxrnMoeua 
K83aHCKHH rocy )lapCTBeHHbIH 

TeXH0JI0fH'IeCKHH ymrnepCHTeT 
y JI. K. MapKca, 68 
420015 K83aHb, TarnpcrnH 
Poccust 
Tel.: (8432)194214 
Fax: (8432)365323 
E-mail: achra@kstu.ru HJIH achra@rambler.ru 

liAliAEBA Uuua AJJL6epToeua 
000 « KoMrraHH51 KarnxHM» 
yn.fHJI51pOBCKOro,31 
I 07996 MocKea 
PoccuH 
Tel.: (095)-284-88-97 
Fax: (095)-284-82-59 
E-mail: catachem@mtu-net.ru 

liAMMlliUHA 3JibMHpa PawaToeua 
11HCTHT)'T npo6JieM XHMH'IeCK0H <l>H3HKH p AH 
J1HCTHT)'TCKHR np., 18 
142432 qepHOfOJIOBKa, MOCKOBCKM. 0611. 

PoccHH 
Fax: (096)515 54 20 
E-mail: badamsh@icp.ac.ru 



liAJl(EHOB IOpuu IleTpOBHlf 
3AO "Kay'lyK" 
yn. TexHH'leCKrul, 14 · 
453110 CTepmrraMaK, EawKopTOcTaH 
PocCHH 
Tel.: (3473) 29-40-26 
Fax: (3473) 25-33-45 
E-mail: postmaster@sfugntu.bashnet.ru 

liAJl(HPOBA HaHJUI rHJibMYTilHHOBH3 
BcepoccHHCKHH HMH yrneso.n:opo.n:Horo 
CblpMI 

yn. H. Epwoea, 35A 
420045 Ka.Jam,, TarnpcrnH 
PoccHH 
Tel.: (8432) 72-17-16 
Fax: (8432) 72-40-93 
E-mail: VNIIUS@tbit.ru 

liAPhllllHHKOBA HaTaJJbH AHaTOJJbeBHa 
000 «Tom,j{TTHKay'lyK», U3Jl 
Y Jl. HOB03RBO.llCKrul, 8 
445007 ToJU,RTTH 
PoccuH 
Tel.: (8482)29-90-42; (8482)29-98-0 l 
Fax: (8482)70-15-18 
E-mail: czl@rubber.avtograd.ru 

liAXOHHHA EJieHa MropesHa 
CTepJlHTaMaKCKHH qmmmn y <pHMCKOro 
rocynapCTBeHH0ro Heq>TRHOro Texmt'leCK0ro 
ymrnepcHTeTa 
np. 0KTR6pR, 2 
453118 CTepJIHTaMaK, IiawKopTOCTaH 
Poccus 
Tel.: (3473) 24-24-78 
Fax: (3473) 24-24-08 
E-mail: nshulaev@sfugntu.bashnet.ru 

liEKK HpeHe 3roHOBHa 
HHCTHTYT KaTanma 
HM. r.K. Iiopec1<osa CO PAH 
npocn. AKa,n. JlaepeHTbesa, 5 
630090 HoBOCH6HpCK 

PoccHH 
Tel.: (3832)39-73-55 
E-mail: beck@catalysis.nsk.su 

liEJIOB reHH3ilHH neTpOBHlf 
HHCTHTYT npo6neM x1<1Mw.iecKoH cpH3HKH PAH 
MHcnnyTCKHH npocn1, 14 
142432 qepHOfOJIOBKa, MocKOBCKrul o6JI. 
PoccuH 
Tel.: (096)-522-2642 
Fax: (096)-515-5420 
E-mail: gbelov@cat.icp.ac.ru 

liEJIOYCOB Banepuii BacHJJbeBHtt 
Hay'IHO-Hq;Jie,UOBaTeJibCKHH HHCTHTYT CTaJIH 
yn.)zy6HHHCKru1,8la 
127411 MOCKBa 

PoCCHH 
Tel.: (095) 484-64-92 
Fax: (095) 485-43-95 
E-mail: mail@niistali.ru 
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liECilAJIOBA HaTaJIHH liopucoeHa 
HHCTHTYT HecpTeXHMHlJeCKOro CHHTe3a 
HM. AB. TomHeea PAH 
JleHHHCKHH npocn., 29 
l 19991 MocKBa 
PoccuH 
Tel.: (095)9554130 
Fax: (095) 230 22 24 
E-mail: bnb@ips.ac.ru 

liOKHH AJJeKceu Hsanosutt 
3AO "KayttyK'.' 
yn. TeXHH'leCKaR, 14 
453110 CTepnHTaMaK, Eaw1<oprncrnH 
PoccuH 
Tel.: (2473) 29-42-04 
Fax: (2473) 25-33-45 
E-mail: postmaster@sfugntu.bashnet.ru 

liOHMPEBA BaJJeHTHHa MuxaiiJJOBHa 
HHcTHTYT KaTanH3a 
HM. r.K. EopeCKOBa co PAH 
np. AKa,n. JlaepeHTbesa, 5 
630090 Hoeornfo1pc1< 
PoccHH 
Tel.: (383)-39-72-96 
Fax: (383)-34-30-56 
E-mail: valent@catalysis.nsk.su 

liOPOBKOB Bmcrop IOpbeBH'I 
HHCTHTYT opraHWieCKOH XHMHH 
HM. H.)],. 3eJIHHCKoro PAH 
JleHHHCKHH npocn., 47 
11 7913 MocKBa 
Poccus1 
Tel.: (095)938-36-26 
Fax: (095)135-53-28 
E-mail: borovkov@ioc.ac.ru 

liOPOHIIH AHi.peii llaaHOBH'I 
HHCTHTYT KaTaJIHJa 
HM. r.K. EopeCKOBa co PAH 
npocn. AKa,n. JlaepeHTbeea, 5 
630090 HoBOCH6HpcK 
PoccuH 
Tel.: (3832) 397310 
Fax: (3832) 343056 
E-mai I: boronin@catalysis. nsk. su 

liPAHHU.KHH reuHai.uit AJJeKceeauq 
EenopyccKHH rocy.llapcTBeHHbIH 
YHHBepCHTeT 

y Jl. JleHMHrpa,ncKrul, 14 
220050 MMHCK 
lieJJapycb 
Tel.: (017) 2 26 49 98 
Fax: (017) 2 26 49 98 

liPOBKHH AJJeKcaHJlP IOpieauq 
OAO "Boc1<peceHc1<11e MMHepaJlbHhie y.uo6peHMR11 

y JI. 3aBO,lJ.CKrul, 1 
140200 BocKpeceHCK, MocKOBCKrul o6JI. 
PocCHH 
Tel.: (09644) 4-23-49 
Fax: (09644) 2-69-51 
E-mail: david@vmu.voskresensk.ru 



liPYK Jlee rpuropbeeu11 
MOCKOBCKWI rocy,llapcTBeHHWI aKa,ueMIUI 
TOHKOH XHMHlfeCKOH TeXH0Jl0rHH 
HM. M.B. JloMOHOCOBa 
rrpocn.BepHa.llCKoro,86 
117571 MocKea 
PoccHH 
Tel.: (095)4348641 
Fax: (095)4348711 
E-mail: lbruk@cityline.ru 

liPLIJI.B.KOB KoucTaurnu IleTpoeu11 
11HCTHTYT KaTanH3a HM. f.K. EopecKoea CO PAH 
rrp. JiaepeHTLeea, 5 
630090HOBOCH6HpCK 
PocCHH 
Tel.: (3832) 341877 
Fax: (3832) 343766 
E-mail: bryliako@catalysis.nsk.su 

liYKAJIOB BunJJuii IlpoKonLeeu11 
3AO "YpanTexHoreHMeT" 
y rr. 3HrerrLca, 19 
624140 KHpoerpa,u 
Poccusi 
Tel.: (34357) 40-960 
Fax: (34357) 40-960 
E-mail: UTM@utm.ru, MCHI@tlms.ru 

liY Jir AKOB PaMHJJb raJJHcJ,OBHlf 
H.HCTHTYT Hetl>TeXHMHH H KaTanH3a AH PE H YHIJ, P AH 
npocn. OKT.R6pJ1, 141 
450075 Y <J>a, fialllKOpTOCTaH 
PoccHH 
Tel.: (3472)312750 
Fax: (3472)312750 
E-mail: ink@anrb.ru 

liYPOBA Mapm1 BuKTopoeua 
MocKOBCKHH rocy napcTBeHHI,IH 
ymrnepCHTeT HM. M.B. JlOMOHOCOBa 
XHMHqecKHH <paKyJibTeT 
JleHHHCKHe ropLI, n.1, CTp. 3 
119992 MocKea 
PoCCHH 
Tel.: (095)9393278 
Fax: (095)9394575 
E-mail: mvburova@rambler.ru, 
mvburova@mail.ru 

liYXTIUIPOB Banepuit Heauoeu11 
11HCTHTYT KaTanH3a HM. r.K. EopecKosa CO PAH 
rrpocrr. AKa,u. JiaspeHT&eaa, 5 
630090 HoeocH6HpcK 
PoccuH 
Tel.: (3832)341771 
Fax: (3832)34 30 56 
E-mail: vib@catalysis.nsk.su 

liblqKQB BuK"rop l0pbeeu11 
:{1HCTH'ryT XHMH'IeCKOH <J>H3HKH 

HM. H.H. CeMeHosa PAH 
yn. Koc1,1rnHa, 4 
117334 MocKsa 
Poccua 
Tel.: (095)939-75-47 
E-mail: bychkov@polymer.chph.ras.ru 
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BAPrA«l>THK Muxaun Hai"aHOBHlf 
11HCTHTYT o6meii H HeopraH11qecK0H XHMHH 

HM. H.C. KypHaKoea PAH 
JleHHHCKHH npocn., 31 
119991 MocKsa 
PoccuH 
Tel.: (095)995 4865 
Fax: (095)954 1279 
E-mail: mvar@igic.ras.ru 

BAP JIAMOB BJJa,nHMHp TpocJ,uMoBHlf 
H.HCTHTYT npo6rreM XHMHqecK0M <l>H3HKH P AH 
11HCTHTYTCKHH npocn., 14 
142432 qepHOfOJIOBKa, MocKOBCKasr o6JI. 
PoccHH 
Tel.: (095) 720-49-59 
Fax: (096) 2-515-54-20 
E-mail: Varlamov@icp.ac.ru 

BACHJihEBA Hennu _AJJeKcaH.llP'OBHa 
HHCTHTYT Karn1u13a 
HM. f.K. EopecKosa CO PAH 
npocn. AKa,u. JlaepeHThesa, 5 
630090HosocH6HpcK 
PoccuH 
Tel.: (3832) 34-45-53 
Fax: (3832) 34-30-56 
E-mail: nel@catalysis.nsk.su 

BEPEIUArHH Cepreit HuKoJ1aeeu11 
J1HCTHTYT XHMHH H XMMH'leCKOH 

TexHorrornM CO PAH 
npocn. K. MapKca, 42 
660049 KpaCHOSlpCK 

PocCHH 
Tel.: (3912)-439431 
Fax: (3912)-43943 I 
E-mail: snv@krsk.infotel.ru 

BHJih.L(AHOB A1aT «l>apu.aoeuq 
BcepoccHHCKHH HHH 
yrnesonop0.llHOfO ChlpbSI 

yn. H. Eplllosa, 35A 
420045 Ka3aH&, TarnpcTaH 
PoccuH 
Tel.: (8432) 72-17-16 
Fax: (8432) 72-40-93 
E-mail: VNIIUS@tbit.ru 

BHHOKYPOBA Mapuua BHKTopoeHa 
HHCTffTYT npo6JieM XHMHqecKOH 
(pH3HKH PAH 
HHCTHTYTCKHH npocneKT, 18 
142432 lfopHOfOJIOBKa, MoCKOBCKaJI o6n. 
PocCHH 
Fax: (096) 576 4009 
E-mail: led@icp.ac.ru 

80.L(OJIAJKCKUH Cepreii Bac1tJ1beew1 
AOOT "BHH:HHe<J>TeXHM" 
)l{ene3HO,llOpmKHI,IH np., 40 
143148 CaHKT-ITeTep6ypr 
Poccaa 
Tel.: (812) 560 95 77 
Fax: (812) 560 95 77 
E-mail: devekki@yandex.ru 



BOMHKHHA On1>ra BJJa,LtHMHposaa 
T oMCKHH rocyJlapcrseum,1ii yunaepcnTeT 
npocn. JleHHHa, 36 
634050 TOMCK 
Poccust 
Tel.: (3822)426312 
Fax: (3822)426195 
E-mail: vodyankina_o@mail.ru . 

BOPOliLEB IIaeeJJ liopucoeH'I 
11HCTHT)'T XHMH'lleCKHX ttayK 
HM. A.Ii. IieKTypoea MO HPK 
yrr. W.YarrHxauosa, 106 
480100 ArrMaTbI 
K83axcTaH 
Tel.: (3272)-91-30-41 
Fax: (3272)-91-57-65 
E-mail: ics_rk@hotmail.com 

BOPOHOBA ryJJbHapa AJJbcj>pH,llOBHa 
T OMCKHH flOJlHTexm1qecKHH y1-rnaepcHTeT 

npocn. JleHHHa, 30 
634034 ToMCK 
PoccHst 
Tel.: (382-2)415-474 
Fax: (382-2)415-865 
E-mail: voronovag@mail2000.ru 

BOCMEPHKOB AneKcau,Ltp BJia.LtHMHpOBH'I 
YIHCTHTYT XHMHH Hecprn CO P AH 
ITpocn. AKa.neMwiecKHH, 3 
634021 TOMCK 

PoccHH 
Tel.: (382 2) 25 80 21 
Fax: (382 2) 25 84 57 
E-mail: pika@ipc.tsc.ru 

r AJIAHOB Cepreu HeaHOBH'I 
ToMCKHH rocy)lapcTBeHHbIH YHHBepCHTeT 
npocn. JleHHHa, 36 
634050 TOMCK 
PoccnH 
Tel.: (3832)420386 
E-mail: galanov@xf.tsu.tomsk.su 

rEii):l:EPHX AJJeKceit BceeoJ10.LtoBH11 
11HCTHTYT opramt:'lleCKOW XHMHH 
HM. H.,U. 3errHHCKOro PAH 
JleHHHCKHi:i: npocn., 4 7 
119991 MocKsa 
PoccHH 
Tel.: (095)1355359 
Fax: (095)1355359 
E-mail: rix@ioc.ac.ru 

rEXMAH AneKCRH,llp Ecj>HMOBH'I 
11HCTHT)'T o6meH H HeopraHH'IeCK0H XHMHH 
~M. H.C. KypHaKoaa PAH 
JleHHHCKHH npocn., 3 1 
119991 MocKea 
PoccnH 
Tel.: (095) 9554865 
Fax: (095) 9541279 
E-mail: gekhman@igic.ras.ru 
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rHJILMAHOB XaMHT XaMHCOBH'I 
OAO «Hin1meKaMCKHeqnexHM» 
423570 Hm1meKaMCK, TaTapcraH 
PocCHH 
Tel.: (8432) 720324 
Fax: (8432) 720324 
E-mail: segorova@rambler.ru 

r JIA,LU(HH AneKceit IOpbeBH'I 
YIHCTHTYT KaTarrma 
HM. f.K. IiopecKosa CO PAH 
npocn. AKa,n. JlaspeHTbeaa, 5 
630090HoBOCH6HpCK 
PoCCHH 
Fax: (3832)34 30 56 
E-mail: gladky@catalysis.nsk.su 

fOJI0,[(0B BaneHTHH AJ1eKcau.Qpoem1 
YIHCTHT)'T opraHH'IeCK0ro KaTaJIH3a H 
3JleKTp0XHMHH HM. ,U.B. CoKOJibCKoro MO 11 HPK 
yn. Kyuaeea, 142 
480100 AnMaTbI 
Ka3aXCT8H 
Tel.: (3272)91-67-24 
Fax: (3272)915-722 
E-mail: orgcat@nursat.kz 

fOJIYliHHA Eneua Bna,llHMHpoeua 
MocKOBCKHH rocy)lapcrseHHbIH y1-nrnepcmeT 
HM. M.B.JloMOHOCOBa 
X11MH'lleCKHH $aKyJJbTeT 
JleHHHCKHe ropbl, )].. I, CTp0eH. 9 
I 19992 MocKsa 
Poccust 
Tel.: (095)9393337 
Fax: (095)9394575 
E-mail: golubina@kge.msu.ru 

rOPliYHOB AuaTonuu Hsauoen'I 
fHU P<I> focy.uapcrneHHbIH HHH XliMIUf 11 

TeXHOJ10rliH 3J1eMeHTOOpraHliqecKHX 

coe)lHHCHliH 
rnocce 3Hry311acrns, 38 
111123 MocKBa 
PoccnH 
Tel.: (095) 273-79-88 
Fax: (095) 273-13-23 
E-mail: eos@eos.incotrade.ru 

rOPO,[(EQKHH Bna.QHMHp Bna.LtHMHposu'I 
l1HCTffTYT KaTarrH3a 
HM. r.K. IiopeCKOBa co PAH 
npocn. AKa.n. JlaspeHTbeaa, 5 
630090 HosocH6HpCK . 
PoCCHH 
Tel.: (3832)39-73-15 
Fax: (3832)34-30-56 
E-mail: gorodetsk@catalysis.nsk.su 



roPO)J;CKHH Cepreif HHKOJJaeBHlf 
MocKOBCKWI rocynapcTBeHHWI aKa.neMH.11 

TOHKOH XHMHt.JeCKOH TeXHOJIOrHH 

HM. M.B. JlOMOHOCOBa 

npocn.Bepua,ncKoro,86 
117571 MocKBa 
PoccHH 
Tel.: (095)4348641 
Fax: (095)4348711 
E-mail: lbruk@cityline.ru 

rPHW:YK Iior.aau )J;MHTpueeu11 
TepHOilOJibCKHH rocy .napcTBeHHhIH 
ne.narorn:qecKHH ymrnepcHTeT 
M. KpHBOHOCa, 2 
46027 TepHOilOJib 

YKpauua 
Tel.: (0352)33-30-01 
Fax: (0352)33-55-50 
E-mail: baranovsky@tspu.edu.ua 

rYMEPOB AcxaT MyxaMenHHOBHlf 
Ka3aHCKHH rocy .uapcrneHHhIH 
TeXHOJIOntt.JeCKHH yHHBepc1neT 

Kacpe.npa XHMHt.JeCKOH KH6epHeTHKH 
yn. K. MapKca, 68 
420015 Ka:3aHh, TarnpcrnH 
PoccHH 
Tel.: (8432) 90 35 86 
Fax: (8432) 76 95 38 
E-mail: vskodi@rambler.ru 

)],ABJIETiiAEBA llJJbCHH MyJJJJ3SIHOBH3 
Ka3aHCKHH rocy ,ZlapcrneHHhIH 
TeXHOJ10rw-1eCKHH YHHBepCHTeT 
Kacpe.llpa TCK 
yn. K. MapKca, 68 
420015 Ka3aHh, TarnpcrnH 
PoccHSI 
Tel.: (8432) 19 42 14 
Fax: (8432) 76 95 38 
E-mail: dim@cnit.ksu.ras.ru 

,ll;ABhl)J;OB BJJa,aHMHp HKOBJJeBHlf 
MocKOBCKHH rocy.uapcrneHHhlH YHHBepCHTeT 
HM. M.B. JloMOHOCOBa 
XHMHt.JeCKHH cpaKyJihTeT 
JleHHHCKHe ropbI 
119899 MoCKBa 
PoccHH 
Tel.: (095) 939 19 26 
E-mail: VYaDavydov@phys.chem.msu.ru 

)J;AMHHEB PycTeM Pu4>osu11 
CTepJIHTaMaKCKHH cpHJIHaJI 
y cpHMCKOro rocy ,ZlapCTBeHH0ro 
Hecpumoro TeXHHtJeCK0ro yHHBepCHTeTa 
np. OKTj{6p.11, 2 
453118 CTepmnaMaK, .oaUIKOpTOCTaH 
PoccHH 
Tel.: (3473) 24-33-88 
Fax: (3473) 24-24--08 
E-mail: nshulaev@sfugntu.bashnet.ru 
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)],AHHJIOBA IfpHH3 reHH3,llbeBHa 
HHCTHTYT KaTanJfaa 
HM. f.K. .6opecKosa CO PAH 
np. AKa,n. JlaspeHTLesa, 5 
630090 HosocH6J.1pcK 
PoccuH 
Tel.: (3832) 39 73 59 
E-mail: vera@catalysis.nsk.su 

)],BOHIDKHH HapuMau KaMHJJOBHlf 
Am,MeTbCBCKHH HecprnHOH HHCTHTYT 
yJI. JleHHH8, 2 
423400 AJibMeTbescK, TarnpcrnH 
PoccHH 
Tel.: (8553) 31-00-46 
Fax: (8553) 23-14-77 
E-mail: nar_dvoyashkin@mail.ru 

,ll,E BEKKH Au,apeii BacHJJbeBHlf 

AOOT "BHI111HecpTeX.HM" 
)KeJTe3HO.llOpmKHhlH np., 40 
143148 Camcr-TieTep6ypr 
PoccuSI 
Tel.: (812) 560 95 77 
Fax: (812) 560 95 77 
E-mail: devekki@yandex.ru 

,ll,E,ll,0B AJJeKceu reoprnesu11 
PocCHHCKMH rocynapCTBCHHbIH YHHBepCHTCT 
HCcpTH H raJa HM. H..M. fy6KHHa 
Kacpe.upa OHX 
JleHHHCKHH npocn., 65 
119991, MocKsa 
PoccHH 
Tel.: (095)1358436 
Fax: (095) 1358436 
E-mail: inorchem@gubkin.ru 

,ll,EPr A qEB AJJeKCaH,ap AJJeKC3H.llpOBHlf 
HHCTHTYT opraHHqeCK0H XHMHH 
HM. H.)],. 3eJIHHCKOro PAH 
JleHHHCKHH npocneKT, 47 
119991 MocKsa 
PocCHSI 
Tel.: (095) 13 77098 
E-mail: SEKRETARY@ioc.ac.ru 

)],lKEMifJIEB Y ceuu MeMeTOBH'I 
HHCTHTYT HCcpTCXHMHH H KaTaJIH3a 

AH P.6 H YHU p AH 
npocneKT OKT.116p.11, 141 
450075 Ycpa, oal.UKOpTOCTaH 

PoccHH 
Tel.: (3472) 312792 
Fax: (3472) 312750 
E-mail: ink@anrb.ru 

)J,MHTPHEB )J,MHTpHH BHKTOpOBHlf 

MocKOBCKWI rocy ,llapcTBeHHWI aKa,neMH.11 
TOHK0H XHMHqecKOH TeXH0Jl0rMH 
HM. M.B. floMOHOCOBa 
npocn.BepHa,ncKoro,86 
117571 MocKea 
PoCCHH 
Tel.: (095)4348141 
Fax: (095)4348711 
E-mail: evst@postman.ru 



.L(OliPOBOJILCKH:fi IOpuii AnaTOJILeouq 
I1HCTHTYT rrpo6neM XHMHl.feCK0H q>H3HKH PAH 
I1HCTHTYTCKHH rrp., 14 
142432 llepHOfOJIOBKa, MocKOBCKrul o6JI. 
PoccHH 
Tel.: (096) 522-16-57 
E-mail: dobr@icp.ac.ru 

.L(YliKOB KoncTaHTHH AJJeKcanJtpoouq 
I1HCTHTYT KaTaJIH3a 

HM. r.K. 6opecKOBa co PAH 
npocrr. AKM. JlaapeHTheaa, 5 
630090 HoaocH6HpCK 
PoccHH 
Tel.: (3832)-34-46-07 
E-mail: dubkov@catalysis.nsk.su 

.L(LIKMAH AptcaJlHH CaMyHJIOBHl.f 
AOOT "BHI1I1HeqmxHM11 

)Kene3HO)lOpmKHhlH np., 40 
193148 CaHKT-TTeTep6ypr 
Poccust 
Tel.: (812)3200091 
Fax: (812)3200092 
E-mail: dyk@peterlink.ru, az@peterlink.ru 

EBCTHrHEEBA EJJena MuxaitJJoona 
MoCKOBCKruI rocy.uapcTBeHHrul aKarteMHSI 

TOHKOH XHMHl.feCKOH TeXHOJIOfHH 

HM. M.B. JloMOHOCOBa 
npocrr. BepHa.llCKoro,86 
117571 MocKea 
Poccust 
Tel.: (095)4348141 
Fax: (095)4348711 
E-mail: evst@postman.ru 

ErOPOBA EKaTepHHa 8JI3JlHMHpOBHa 
MocKOBCKaSI rocy.uapCTBeHHaSI aKa.ueMH.SI 

TOHKOH XHMHl.feCKOH Tex1fon6rn11 

HM. M.B. JloMOHOCOBa 
rrpocrr. BepHartCKoro, 86 
117571 MocKaa 
PoccuH 
Tel.: (095) 246-48-23 
Fax: (095) 434-87-11 
E-mail: nhsigt@unesco.mitht.rssi.ru 

ErOPOBA Csernana Po6epTOona 
KaJaHcKHH rocy;iapctneHH&JH 
TeXHOJI0rHt.teCKHH ymrnepCHTeT 
y n. K. Map Kea, 68 
420015 KaJaHI,, TarnpcrnH 
PoccuH 
Tel.: (8432) 720324 
Fax: (8432) 720324 
E-mail: Segorova@kstu:ru, Segorova@rambler.ru 

EJIH3APOBA·AJ1J1a BJta)lHMHpOBHa 
I1HCTHTyT He<t>TeXHMHl.feCKOfO CHHTe3a 

HM. AB. Torrl.fHeea PAH 1 

JleHHHCKHH rrpocrreKT, 29 
I 19991 MocKaa 
PoccHH 
Tel.: (095)955-43-87 
E-mail: lebedeva@ips.ac.ru 
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EJIHCEEB OJJer JleoHHJlOBHtt 
11HCTHTYT opraHHtieCK0H XHMHH 
HM . H. ,n. 3enHHCKoro P AH 
JlemrncKHH npocn. , 4 7 
119991 MocKea 
Poccus 
Tel.: (095) 1356338 
E-mail: albert@ioc.ac.ru 

EJIOXHH BJJaJlHMHp Heanoeuq 
11HcnnyT KaTanHJa 
HM. r.K. 6opecKOBa co PAH 
npocrr. AKart. JiaapeHTheBa, 5 
630090 HoBOCH6HpCK 

PocCHH 
Tel. : (3832)344770 
Fax: (}832)343056 
E-mail: elokhin@catalysis.nsk.su 

EMEJIL.HHOBA BaJieHTHHa CTenanosna 
Hayl.fHO Hccne)loBaTeJibCKHH ttHCTHTYT HOBhIX 
XHMHl.feCKHX TeXH0JI0rHH H MaTepHan0B 
Kapacait liaTb1pa, 95a 
480012 AnMaTbI 
Ka1axcTan 
Tel. : (3272)-69-55-91 
Fax: (3272)-63-56-80 
E-mail: bobm@nursat.kz 

EPMHJIOBA Maprapun Meepoena 
11HCTHTYT HeqnexHMHl.feCKOro CHHTe3a 
HM. A.B. Torrt.tHeaa PAH 
JiemmcKHH rrpocn., 29 
1 19991 MocKaa 
PocCHH 
Tel.: (095)9554378 
Fax: (095)2302224 
E-mail: ermilova@ips.ac.ru 

)KABOPOHKOBA KceHHH HutcoJiaeena 
PocCHHCKHH XHMHKO-TeXHOJIOrHl.feCKHH 

ym10epCHTeT HM . .[(.11. MeH.ueneeaa 
MHyCCJ<rul IlJI0IUa.llh, 9 
12504 7 MocKaa 
PoccnH 
Tel.: (095) 496-69-38 
Fax: (095) 490-75-23 
E-mail: lija7@cityline.ru 

)KEHCA AnJtpeu BHqecJJaeoeuq 
PocCHHCKHH XHMHKO-TeXHOJIOrHqecKHH 

ymrnepcHTeT HM. ,[(.11. MeH)leneeaa 
MeycCKruI IlJIOIUa.Ilh, 9 
125047 MocKBa 
PocCHH 
Tel.: (095) 9786589 
Fax: (095) 9786589 
E-mail: kolts@muctr.ed.u.ru 

)KECKO TaTLHHa EorenLeoua 
AOOT "BHI1HHeq>TexHM11 

)KeJie3HO,lOpo:>KHblH np., 40 
193148 CaHKT-TTeTep6ypr 
PoccnH 
Tel.: (812)5604534 
Fax: (812)5604534 
E-mail: zhesko@mail.spbnit.ru 



)KH)];OMHPOB reopruii Muxaiinoeu-r 
HHCTHTYT KaTa.JUf3a 
HM. f.K. EopecKoea CO PAH 
npocn. AKa,u. JiaepeHTLeea, 5 
63 0090 HoeocH6HpcK 
PoCCHH 
Tel.: (3832)341064 
Fax: (3832)343056 
E-mail: Zhi@catalysis.nsk.su 

)Kff)KHHA Enena reoprueena 
HHCTHTYT KaTaJIH3a 
HM. r.K.EopeCKOBa co PAH 
npocn. AKa,u. JiaepeHTLeea, 5 
630090 HOBOCH6HpCK 

PocCHH 
Tel.: (3832)341063 
Fax: (3832)343056 
E-mail: zhizh@catalysis.nsk.su 

3A)KHr AJIOB Banepuii AJJeKceeeuq 
HHCTHTYT cop6UHH " npo6JieM 3H,.ll03K0JI0rHH 
HAH Y KpaHHLI 
YJI. HayMoea, 13 
03164 KHee 
YKpauna 
Tel.: (044)4529330 
Fax: (044)4529327 
E-mail: zazhigal@ispe.kiev.ua 

3AKAPHHA Hennu AcKapoena 
HHCTHTYT opraHHtJeCKOro KaTaJIH3a H 

3JieKTpoxHMHH HM. L(.B. CoKoJILcKoro MO H HPK 
yn. Kyttaesa, 142 
480100 ArrManr 
Ka1axcTaH 
Tel.: (3272)-916790 
Fax: (3272)-915722 
E-mail: orgcat@nursat.kz 

3AXAPOB Hean Heanoeuq 
HHCTHTyT KaTaJIH3a 

HM. r.K.EopecKoea co PAH 
npocn. AKa.u. JlaepeHTLeea, 5 
630090HoBOCH6HpCK 

POCCHH 
Tel.: (3832)34-10-64 
Fax: (3832)343056 
E-mail: ivan@catalysis.nsk.su 

3EJIHHCKHH CTaHnCJJae HnK.onaeeu-r 
J1pKyTCKHH rocy,n;apCTBeHHblH YHHBepCHTeT 
K. MapKca, 1 
664003 HpKyTCK 
PoCCHH 
E-mail: 35854l@mail.ru 

3HHEHKOB AH.llpeii BnaJlHMHpoeuq 
AOOT "BHHHHeq>TeXHM" 
)l{ene3HO)l0po:iKHbl~ np., 40 
143148 CaHKT-I1eTep6ypr 
PoccuH 
Tel.: (812) 560 95 77 
Fax: (812) 560 95 77 
B-mail: devekki@yandex.ru 
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3YEB 10puii Cl>eJlopoBH'I 
Ka1aHCKHH HHCTHTYT 6HOXHMHH H 6HO<l>H3lfKH 

Ka1Hl..{PAH 
a/sr 30 
420111 Ka1aH1>, TaTapcTaJI 
POCCHH 
Tel.: (8432) 38 72 66 
Fax: (8432) 38 75 77 
E-mail: zuev@mail.knc.ru 

HEPAUJEBA Paiixan Xacauoeua 
KaJaxCKHM HaUHOHaJILHblH YHHBepCHTeT 
Kapacaii EaTLrpa, 95a 
480012 AJiMaTbl 

Ka1axcTaH 
Tel.: (3272)-63-56-80 
Fax: (3272)-63-56-80 
E-mail: bobm@nursat.kz 

MBAHOB AneKceii AneKceeeu-r 
I1HCTHTYT KaTaJIH3a 
HM. r .K. EopeCKOBa co PAH 
npocn. AKa,u. JlaspeHTLeea, 5 
630090 HosocH6HpcK 
PoccHH 
Tel.: (3832) 34-46-82 
E-mail: aaivanov@catalysis.nsk.su 

MBAHOBA Hpuna Hropeena 
MocKOBCKHH rocy .uapcTBeHHbIH 
y1-rnecpcHTeT HM. M.B. JloMOHOCOBa 
JleHHHCKHe ropbl 
XHMHtJeCKHH <t>aKyJihTeT 
1 19992 MocKea 
PocCHH 
Tel.: (095)9393570 
Fax: (095)9328846 
E-mail : iiivanova@phys.chem.msu.ru 

HBAH'IEB Cepreit CTenanoeuq 
CaHKT-f1eTep6yprCKHH <l>HJIHaJI HHcni:TyTa 
KaTaJIH3a HM. f.K. EopecKoea CO PAH 
npocn. L(o6pomo6oea, 14 
197198 CaHKT-f1eTep6ypr 
PoccHH 
Tel.: (812) 2380890 
Fax: (812) 2330002 
E-mail : ivanchev@SM2270.spb.edu 

Jf PHCOBA KanHTOJJHHa HuKoJJaeBHa 
000 "KoMnaHHSI KaTaxHM" 
Yn.fHn~pOBCKoro,31 
107996 MocKBa 
PoccnH 
Tel.: (095)-284-82-42 
Fax: (095)-284-82-59 
E-mail: catachem@mtu-net.ru 

HCMArHJIOB 3un4>ep PuwaToBH'I 
vlHCTHTyT KaTaJIH3a 

HM. f.K. EopecKoea CO PAH 
npocn. AKa,n;. JiaspeHToesa, 5 
630090 HoBOCH6HpCK . 

PoccHH 
Tel.: (383 2) 341219 
Fax: (3832) 397352 
E-maH: zri@catalysis.nsk.su 



HCYDOBA Jl106oeL AJJeKcaHJlpoeHa 
J1HCTH1)'T KaTaJIH3a 

HM. f.K. EopecKoaa CO PAH 
npocn. AKa.n:. JiaapeHTheBa, 5 
630090 HoaocH6HpCK 
PoccHH 
Tel.: (3832) 343763 
Fax: (3832) 343056 
E-mail: isupova@catalysis.nsk.su 

HTKY JIOBA UJoJJnau CeM6aesHa 
l1HCTliTYT opraHHlleCKOfO KaTaJIH3a H 

:meKTpoxHMHH HM. L(.B. CoKOJihCKOro MO H HPK 
yn. KyHaena, 142 
480 I 00 AnMaThI 
Ka1axcTaH 
Tel.: (3272)-916826 
Fax: (3272)-915722 
E-mail: orgcat@nursat.kz 

KA3AHCKHH BJJa.aHMHp Iiopucoen11 
l1HCTHTYT opraHH'-IeCK0H XHMHH 

HM. H.L(. 3enHHCKoro PAH 
JleHHHCKHH npocn., 47 
117913 MocKea 
PoccnH 
Tel.: (095)137 74 00 
Fax: (095)135 53 28 
E-mail: vbk@ioc.as.ru 

KAffqEB BacHJJHif BacHJJLeeu11 
l1HCTHTYT KaTaJIH3a 

HM. r.K. liopeCKOBa co PAH 
npocn. AKa.n:. JiaapeHTF.eaa, 5 
630090 HoBOCH6HpCK 

Poccnsi 
Tel.: (3832)-397286 
Fax: (3832)-343056 
E-mail: vvk@catalysis.nsk.su 

KAJIHHKHH AJJeKcaHJlp BacuJJ&een11 
l1HCTHTYT KaTaJIH3a 
HM. r.K. 6opeCKOBa co PAH 
npocn. AKa.n:. JiaspeHTheaa, 5 
630090HoaocH6HpcK 
PoccuH 
Tel.: (383)397286 
Fax: (383)343056 
E-mail: profcom@catalysis.nsk.su 

KAMAJIOB rep6epT Jle0Hosu11 
<l>li3HKO·XHMHqecKHH HHCTHTYT 

HM. A.B. 6orarcKoro HAHY 
JllOCT,UOpq>CKrul )l0pora, 86 
65080 O.n:ecca 
YKpaHHa 
Tel.: (0482) 65-30-46 
Fax: (0482) 65-30-46 
E-mail: gerbert _ kamalov@ukr.net 
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KADJIAH AHaToJIHH Mouceeeu11 
l1HCTHTYT XHMJfqecK0H q>H3HKH 
HM. H.H. CeMenoaa PAH 
y.1. Koc1,1nrna, 4 
117977 MocKaa 
PoccHH 
Tel.: (095)939-72-75 
Fax: (095)939-45-75 
E-mail: knn@kge.msu.ru 

KAPAM.HH ,ll.epeHHK Pa11uKoeu11 
EpeaattcKHH HHH "OnacmonHMep" 
np. AprnaKyIDII..l, 127 
375007 EpeaaH 
ApMeHHH 
Tel.: (374-1)44-32-20) 
Fax: (374-1)48-80-90) 
E-mail: proa359@stalker-tc.am 

KAPACHK AH.llpeit AHaToJJ&eeu11 
l1HCTHTYT opraHHqecKOH H q>H3Hl{eCKOH 

XHMHH HM. A.E. Ap6y3osa PAH, KHU 
yn. Ap6y3oaa, 8 
420088 KaJaHh, TarnpcrnH 
PoccuH 
Tel.: (8432)-75-23-92 
Fax: (8432)-75-22-53 
E-mail: karasik@iopc.kcn.ru 

KACAHKHHA On&ra TapacosHa 
l1HCTHTYT XHMH\JeCKOM q>H3HKH 

HM. H.H. CeMeHosa PAH 
yn. Koe,F.irHHa, 4 
t 17977 MocKea 
PoccuH 
Tel.: (095)9397169 
Fax: (095)9382156 
E-mail: kasaikina@chph.ras.ru 

KACL.HHOBA JIHJJHH 3aitHyJJnoeHa 
3AO "KayqyK" 
yn. TeXHHtJeCKrul, 14 
453110 CTepmnaMaK, 6arnKopTOCTaH 
Poccusi 
Tel.: (3473) 29-40---26 
Fax: (3473) 25-33-45 
E-mail: postmaster@sfugntu.bashnet.ru 

KAI.(MAH Eereuuu AJJeKcaH.upoeu11 
MocKOBCKrul rocy.n:apcTBeHHrul aKa,n:eMHjl 
TOHKOU XHMHtJeCK0H TeXH0JI0rHH 
11M. M.B. JloMonocoaa 
npocn.BepHaJlCKoro,86 
117571 MocKaa 
PoCCHH 
Tel.: (095)2676380 
E-mail: katsman@aha.ru 

KBOHPJHH.JJ 
l1HCTHTYT KaTaJIH3a 
11M. r.K. EopeCKOBa co PAH 
npocn. AKa.n:. JlaBpenTLeaa, 5 
630090 HoaocH6HpcK 
PocCHSI 
Tel.: (3832) 397264 
Fax: (3832) 343056 
E-mail: kvon@catalysis.nsk.su 

·, 



KHBEJIH TaMapa HuKoJJaesHa 
3AO "IUeJIKOBCKHH KaTa.JIH3aTopHbIH 3aeo.z:t" 
y11. 3aBO)lCKa.R, 2 
141000 IUeJIKoeo 
PoccuH 
Tel.: (095) 745-05-52 
Fax: (095) 745-05-52 
E-mail: catalyst@flex.ru 

KHIIPHAHOBA JIH)IHH AHJ1peesHa 
HHCTHT}'T ctiH3H11eCKOH XHMHH 

MM. JI.B. I11-1cap)KeBcKoro HAHY 
npocn. HayKH, 31 
03039 KHee 
YKpauHa 
Tel.: +38044 265-54-14 
Fax: +38044 265-62-16 
E-mail: instphch@ukrtel.com 

KJIIOEB MuxaHJJ BacnJ11.eou11 
HeaHOBCKHH rocy .uapcTBeHHbIH 
YHHBepCHTeT 

yJI. EpMaKa, 39 
153025 HeaHoeo 
PoccuH 
Tel.: (0932)-37-37-03 
Fax: (0932) 32-66-00 
E-mail: Duraushe@yandex.ru 

KJIJIMKHHA AJJJJa HncoHOBHa 
HHCTHTYT XHMHlleCKOH q>H3HKM 

HM. H.H. CeMeHoea PAH 
y11. KochirHHa, 4 
119991 MocKea 
PoccuH 
Tel.: (095)939-73-7 l 
Fax: (095)137-82-84 
E-mail: klyamkina@center.chph.ras.ru 

KH.R3EB AJJeicceu Cepreeeuq 
HttcTHTYT XHMHH tte<PTM CO P AH 
np. AKa,aeMHllCCKHH, 3 
634021 ToMcK 
PoccuH 
Tel.: (3822)426312 
Fax: (3822)258457 
E-mail: kas854@mail.ru 

Kor AH Bu1crop Mup0Hosu11 
HHCTHTYT OJ)I'aHH'IeCKOH XHMHH 

HM. H,J:{. 3emrncKoro P AH 
JleHHHCKHH npocn., 47 
117913 MocKea 
PoccHH 
Tel.: (095) 1358910 
Fax: (095) 1355328 
E-mail: kogan@gagarinclub.ru 

KOKOPHH AJJeKcaH,np IIJ11.u11 
HHCTHTYT XHMHlleCKOH ctimHKH 
HM. H.H. CeMettoea PAH 
y JI. KocbirHHa, 4 
i 19991 MocKaa 
PoCCHH 
Tel.: (095) 1376130 
Fax: (095)1376130 
E-mail: kokorin@chph.ras.ru 
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KOHHH rpuropuit AJ1eKcaHJ1poeu11 
HHCTHTYT XHMl-ft{eCKOH ctiH3HKH 

HM. H.H. CeMeHoea PAH 
yJI. KocbirHHa, 4 
119991 MocKea 
PoccuH 
Tel.: (095) 9397189 
Fax: (095) 9382156 
E-mail: konin@polymer.chph.ras.ru 

KOilTIOr Hroph BaJJeHTHHOBffll 
Me)K)lyHapo,llblH TOMorpaq>HlleCKHH: 
ueHTpCOPAH 
yn. HttcTHTYTCKa.R, 3a 
630090 HoeocH6HpcK 
PoccuH 
Tel.: (3832)33356 l 
Fax: (3832)331399 
E-mail: koptyug@tomo.nsc.ru 

KOilLIJIOB AJJeKcaHJip l0p1.esn11 
BcepoccHHCKHH HHH 
yrneeo.uopo.nHoro cb1pM1 
yn. H. Eprnoea, 35a 
420045 Ka.3aHb, TarnpcraH 
PoccuH 
Tel.: (8432) 72-17-16 
Fax: (8432) 72-40-93 
E-mail: VNIIUS@tbit.ru 

KOPQTqEHKO BacHJJHH HuKoJJaeeuq 
MOCKOBCKHH rocy .uapcTBeHHbIH 
ymrnepCHTeT HM. M.B. Jio~OIIOCOBa 
XHMH'IeCKHH q>aKyJlbTeT 
JleHHHCKHe ropbl, 
I 19899 MocKBa 
PoCCHH 
Tel.: (095)9392276 
Fax: (095)9328846 
E-mail: vassili_k@mail.ru 

KOCTHHA Bapeapa AJJeKceeeHa 
l1HCTHTYT opraH1111ecKOH XHMHM 

HM. H.)J:, 3emmcKoro PAH 
JleHHHCKHH npocn., 47 
119991 MocKea 
PoccuH 
Tel.: (095)-9383516 
E-mail: albert@ioc.ac.ru 

KQqY6EH .Ll:MHTpnii HeaHOBH'I 
l1HCTHTYT Karnmna HM. r.K. EopecKoea CO PAH 
npocn. AKa,a. JlaepeHT1>eea, 5 
630090Hoeoc116HpcK 
PoccuH 
Tel.: (3832) 34 47 69 
Fax: (3832) 34 30 56 
E-mail: kochubey@catalysis.nsk.su 

KPACHHKOB Cepreit 8JJaJIHCJ1aooeu11 
.51 pocnaBCKHH rocy napCTBeHHblH 
TeXHHllCCKHH YHI1Bepc11TeT 

MOCKOBCKHH npocn., 88 
150023 .51poc11ae11b 
PoccuH 
Tel.: (0852) 44-05-29 
E-mail: krasnikov.ystu.chem@rambler.ru 



KPLIJIOB Oner BaneHTHHOBH'I 
l1HCTHTYT XHMHtieCKOH cpH3HKH 

HM. H.H. CeMeHoBa P AH 
y JI. KoCbirHHa, 4 
119991 MocKaa 
PoccHB 
Tel.: (095) 939-7168 
Fax: (095) 938-2156 
E-mail : korchak@chph.ras.ru 

KPbIJIOBA Anna l0p1>eena 
l1HCTH1yr opraHHt{eCK0ti XHMHH HM. H.,U. 3eJIHHCKOfO P AH 
JleHHHCKHH npocn., 4 7 
119991 MocKBa 
Poccm1 
Tel.: (095)-1356393 
E-mail: albert@ioc.ac.ru 

KPblJIOBA Hpuna 8JI3llHMHpoena 
MocKOBCKHH rocy.uapcTBeHHbIH 
YHHBepCHnrr HM. M.B. JloMOHOCOBa 
XHMH'ICCKHH cpaKyJlhTeT 
JleHHHCKHe rop1,1, .u.1, CTp.3 
119992 MocKsa 
PoccuH 
Tel.: (095) 939-33-22 
Fax: (095) 932-88-46 
E-mail: krylova@kge.msu.ru 

KY3HEQOB BJia.l{HMHp Jl1>eoeu11 
11HcTHTYT KaTaJIH3a HM. r.K. 6opecKosa CO PAH 
npocn. AKa,n. Jlaspettnesa, 5 
63 0090 HosocH6HpcK 
PoccHH 
Tel.: (3832) 343765 
Fax: (3832) 343056 
E-mail: kuznet@catalysis.nsk.su 

KY3HEU.OB liopuc HHKOJiaeeu11 
11HCTHTYT XHMHH H XHMHl.JeCKOH 

TexHonornH CO P AH 
yn. K. MapKca, 42 
660049 KpacHosi:pcK 
PoccHH 
Tel.: (3912) 494894 
Fax: (3912) 439342 
E-mail: bnk@icct.ru, inm@icct.ru 

KY3HEIJ,OBA Hpuna Hm~oJiaeeua 
11HCTHTYT npo6JieM K0MnJieKCH0ro 0CB0eHHSI He.np PAH 
KplOKOBCKHH TynHK, 4 
1 11020 MocKsa 
PoccHH 
Tel.: (095) 2188039 
Fax: (095) 3608960 
E-mail: iren-kuznetsova@mail.ru 

KY3HEU.OBA HaTaJihH HuKonaeeua 
MocKOBCKHH rocy )lapcTBeHHbIH 
YHHBepCHTeT HM. M.B. JlOMOHOCOBa 
XHMHt{eCKHH cpaKyJibTeT 
JleHHHCKHe ropbI, .n. l, CTp.3 
l 19899 MocKaa 
PoccuH 
Tel.: (095)939 4575 
Fax: (095)939 4575 
E-mail: knn@kge.msu.ru 
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KY3HEU.OBA Huua Heauoena 
11HCTHTYT KaTarrH3a 
HM. f.K. EopecKosa CO PAH 
npocn. AKan.. JlaspeHTbesa, 5 
630090 HOBOCH6HpCK 

PoccuH 
Tel.: (3832) 39 73 53 
E-mail: kuznina@catalysis.nsk.su 

KY3HEU.OBA TaT1>HHa reoprneeHa 
HHCTHTYT KaTaJIH3a 
HM. f.K. IiopecKosa CO PAH 
npocn. AKan.. JlaspeHTbeBa, 5 
630090 HosocH6HpcK 
Poccm, 
Tel.: (3832) 343764 
Fax: (3832) 343056 
E-mail: tania.kuznetsova@catalysis.nsk.su 

KY3bMHH AneKceu EerenbeBH'I 
11HCTHTYT HCcj)TeXHMH'IeCKOfO CHHTe3a 
HM . A.B. Ton•rnesa PAH 
JiemrncKHH npocn., 29 
119991 MocKsa 
PocCHH 
Tel.: (095)9554152 
E-mail: kuzmin@ips.ac.ru 

KY3bMHHA Pauca Meanoena 
CapaTOBCKHH rocy.uapCTBeHHblH ymmepCHTeT 
ACTpaxaHcKasi, 83 
410026 Caparna 
POCCHSI 
Tel.: (4852)52-50-07 
E-mail: kuzminaraisa@mail.ru 

KY JIHK AJieKcaH.llp BuKTopoeuq 
MoCKOBCKaSI rocy napcTBeHHaSI aKa,J.IeMml 
TOHK0H XHMHt{eCKOH TeXH0JI0rHH 
HM. M.B. JloMoHocosa 
npocn.BepHMCKoro,86 
117571 MocKBa 
PoccuH 
Tel.: (095)4348641 
Fax: (095)434871 l 
E-mail: avkulik@yahoo.com 

KYPHHA Jlapuca HuteoJiaeeua 
T OMCKHH rocy .uapcTBeHHblH YHHBepcHTeT 
np. Jlemrna, 36 
634050 ToMcK 
PoCCHH 
Tel.: (3822) 426312 
Fax: (3822)416295 
E-mail: vodyankina_o@mail.ru 

KYPKHHA EJieHa Cepreeeua 
MocKOBCKHH rocy.n.apcTBeHHblH 
ymrnepcHTeT HM. M.B ... JloMoHocosa 
<llaKyJihTeT BM11K 
JleHHHCKHe rop1,1 
119899 MocKsa 
PoccuH 
Tel.: (095) 939-40-79 
Fax: (095) 939-25-96 
E-mail : Kurkina@cs.msu.su 



KYP JUIH,ll.C.KAJI IIHHa HcaaKoeua 
<I>e.nepam.Hoe focy.napcreeHHOe ymrrapHoe npe.unpwrme 
Haytmo-Hccne.uoeaTen1>cKHH HHCTHT)'T "CHHTe3" c KE 
yn. YrpelIICKWI, 2, a/sr. 56 
109088,MocKea 
PoccuH 
Tel.: (095) 279-8459 
Fax: (095) 279-4684 
E-mail: aglazunov@mtu-net.ru 

KYCTOB JleoHH.Ll Moi:tecTOBH'I 
11HCTHTYf opramNeCK0H XHMHH HM. H.,U. 3eJIHHCKOfO P AH 
JleHHHCKHH npocn., 47 
I 19991 MocKBa 
PoccuH 
Tel.: (095) 137 29 35 
E-mail: LMK@ioc.ac.ru 

JIABPEHOB AJJeKcani:tp BaJJeHTHHOBH'I 
OMCKHH cfmJIHaJJ 11HCTHT)'Ta KaTaJJH3a 
HM. r.K. EopecKoea CO PAH 
yn. Heq>Te3aBO.llCKWI, 54 
644040 OMCK 

PoccuH 
Tel.: (3812) 66 43 14 
E-mail: lavr@incat.okno.ru 

JIAMliEPOB AJJeKcau.ap A.aom,4>0BH'I 
KaJaHcKHH rocy .uapcrneHHbIH 
TCXHOJIOrHtJeCKHH YHHBepCHTeT 

y JI. K. MapKca, 68 
420032 KaJaHb, TarnpcTaH 
PoccHH 
Tel.: (8432) 36 58 92 
Fax: (8432) 36 58 92 
E-mail: Segorova@kstu.ru, Segorova@rambler.ru 

JIATTH)J;YC AJJb6epT JlbBOBH'I 
11HCTHTYT opraHH'-IeCK0H XHMHH 
HM. H.,U. 3enHHCKoro PAH 
JleHHHCKHH npocn., 4 7 
117913 MocKna 
PoccHSI 
Tel.: (095) 938 3675 
Fax: (095) 135-53-03 
E-mail: albert@ioc.ac.ru 

JIE6E,JJ:EBA BaJJeHTHHa UeaHOBHa 
11HCTHTYT He$TeXHMH'-ICCKOf0 CHHTe3a 
HM. AB. TontJHeea P AH 
JleHHHCKHH npocn., 29 
119991 MOCKBa 

PoccuH 
Tel.: (095)955-43-87 
Fax: (095)230-22-24 
E-mail: lebedeva@ips.ac.ru 

JIEBAHOB AJJeKcaH.LlP BJJa.1:uiMnpoenq 
MOCKOBCKHH rocy .n:apCTBCHHI,IH ymrnepcHTeT 
HM. M.B. JloMOHOCOBa 
XHMHtteCKHH $aKyJibTeT 
JleHHHCKHe ropbI, .n:. l, CTp.3 
119992 MocKsa 
POCCHSI 
Tel.: (095) 939-36-85 
Fax: (095) 939-45-75 
E-mail: levanov@kge.msu.ru 
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JIEBAHOBA Ceernaua BacHJJheeua 
CaMapcKHH rocy.uapcTBCHHblH TeXHHtJCCKHH 
Y HHBepCHTeT 

yn. Kyii6MllleBa, 153 
443010 CaMapa 
Poccu.H 
Tel.: (846)-2335255 
E-mail: kinterm@sstu.edu.ru 

JIEBHH Oner 8JJa.LlHMHpoeuq 
000 (( HoeoKyH6billleBCKHH 3aB0.ll 
KaTaJIH3aTOpOB» 
446207 HoBOKyH6hillleBCK, CaMapCKcUI o6JI. 
PoCCHSI 
Tel.: (84635)98695 
Fax: (8462)336426 
E-mail: nzk@satcomtel.ru 

JJHH raJJHHa Hsauoeua 
HHCTHT)'T He$TeXHMH~eCKOro CHHTe3a 

HM. AB. TontfHesa PAH 
JleHHHCKHH npocn., 29 
117912 MocKBa 
PoccHH 
Tel.: (095) 954-13-95 
Fax: (095) 230-22-24 
E-mail: lin@ips.ac.ru 

JIHCA qEHKO AHJlpeif Anttpeeeuq 
Hayirno-HCCJIC,UOBaTeJihCKHH HHCTHTYT 
qJH3HKH HM. B.A <I>oKa 

CaHKT-TleTep6yprcKHH rocy .uapcrneHHhIH 
YHHBCpCHTCT 

yn. YJibSJ.HOBCKa.sl, 1 
198504 CaHKT-TleTep6ypr 
PoccHH 
Tel.: (812) 4284564 
Fax: (812) 4287240 
E-mail: lisachen@photonics.phys.spbu.ru 

JIHXOJIOliOB 8JJa)lHMHp AJJeKcanttposnq 
OMCKMH q>HJIHaJI 11HCTHTYTa KaTamna 
HM. r.K. EopeCKOBa co PAH 
y Jl. He<J>Te3aBO)lCKcUI, 54 
644040, OMCK 

PocCHSI 
Tel.: (3812)664450 
Fax: (3832)342453 
E-mail: likhvl@catalysis.nsk.su 

JIOKTEB AJJeKceii CepreeBHlf 
PocCHHCKHH rocy.uapCTBeHHblH YHMBepCHTeT 
He$TH M ra3a UM. 11.M. fy6KHHa 
Ka4>e;:xpaOHX 
JleHHHCKHH npocn., 65 
119991, M0CKBa 

PoccHH 
Tel.: (095)1358436 
Fax: (095) 1358436 
E-mail: inorchem@gubkin.ru 



JIOKTEBA EKaTepuua Cepreeeua 
MocKOBCKHH rocy .napcTBeHHbIH 
YHHBepClffeT HM. M.B. JIOMOHOCOBa 
XHMHqecKHH <t,aKyJibTeT 
JleHHHCKHe ropbl, l, CTpoeH. 9 
l 1 1222 MocKea 
PoccuH 
Tel.: (095)9393337 
Fax: (095)9394575 
E-mail: les@kge.msu.ru 

JIYHHH Banepuii BacHJJbeBHlf 
MoCKOBCKHH rocy ,ZiapcTBeHHbIH 
yHHBepcHTeT HM. M.B. JlOMOHOCOBa 
XHMHqecKHH <t,aKyl1bTeT 
JleHHHCKHe ropbl, I, CTpoeH. 9 
111222 MocKsa 
PocCHH 
Tel.: (095)939 35 71 
Fax: (095)939 4575 
E-mail: vvlunin@kge.msu.ru 

JlblCOBA Auua AJieKcaHJipoena 
Me)K.ZiyHapO.ZlHbIH ToMorpaqiw-1ecKHti 
ueHTP CO P AH 
y11. J1HCTHTYTCK3Jl, 3a 
630090 HoeocH6HpCK 
PoccnH 
Tel.: (3832) 333561 
Fax: (3832) 331399 
E-mail: lysova@tomo.nsc.ru 

MA3r APOB AxMeT MaJrapoeulf 
BcepoccHHCKHH HHH yrneso.nop0.ZlH0ro CMpbSI 
y11. H. Epumsa, 35a 
420045 Ka:1aHI,, TaTapcTaH 
PoccuH 
Tel.: (8432) 72-72-99 
Fax: (8432) 72-40-93 
E-mail: VNIIUS@tbit.ru 

MAJIKH.MAH BennaMHH Hocn<f>oeuq 
YHH:XHM c onhITH. 3aeo)loM 
yn. 8 MapTa, 5 
620014 EKaTepHH6ypr 
PoccHH 
Tel.: (3432)71-23-43 (71-23-91) 

MACJIEHHH.KOB CTaHHCJJae BnaJJ.HMnpoeulf 
HmKeropO.ZICKHH rocy )lapcTBeHHbIH 
ymrnepCHTeT HM. H.H. Jlo6a'--leBCKOro 
XHMHtJeCKHH <f>aKyl1bTeT 
np. farapHHa, 23/5 
603600 HH)KHHH Hosropo.11. 
PoCCHH 
Tel.: (8312)657225 
E-mail: masv@uic.nnov.ru 

MATBEEB AnaTOJJHii BJ1a.llHMHpoeu11 
MeiK,nyttapo.11.HhIH ToMorpaq>H11ecKHH 
ueHTpCOPAH 
y11. vlHCTHTYTCKaSI, 3a 
630090 HoBOCH6HpCK 

PoccHH 
Tel.: (3832)333561 
Fax: (3832)331399 
E-mail: matveev@tomo.nsc.ru 
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MA TbllllAK Banepuii AH.llpeeeu11 
HHCTHTYT XHMHqecKoH <f>HJHKH HM. H.H. CeMeHoea PAH 
y JI. Kocbmrna, 4 
117334 MocKsa 
POCCHH 
Tel.: (095)-939-71-89 
E-mail: matyshak@polymer.chph.ras.ru 

MEPHHOBA BeponuKa BaJJepbeena 
Ka3aHCKHH rocy .napcTBeHHblH 
TeXH0JI0rHlfeCKHH ymmepCHTeT 
y 11. K. MapKca, 68 
420015 Ka:1a1-1b, TarnpcrnH 
PoccuH 
Tel.: (8432)194-214 
Fax: (8432)36-53-23 
E-mail: lymkina@mail.ru 

MEIIJKOBA Hpnna HuKoJJaeeua 
HHCTHTYT XHMHlfeCKOH <t,HJHKH 

HM H.H. CeMeHosa PAH 
y 11. KOCbirHHa, 4 
1 19991 MocKsa 
PoccHH 
Tel.: (095) 939-73-73 
Fax: (095) 137-82-84 
E-mail: lnov@center.chph.ras.ru 

MHPrOPO,ll;CKAR. AJIJJa lieH~HOHOBHa 
H1-1cTHTYT opramf'-1ecK0H H <t,HJHqecKoH 
XHMHH HM. A.E. Ap6yJosa KHU 
yn. AKa,n. Ap6yJosa, 8 
420088 Ka:1aHb, TaTapCTaH 
PocCHH 
Tel.: (8432) 75-22-93 
Fax: (8432) 752253 
E-mail: vos@iopc.kcn.ru 

MHTHH AHTOH BnKToposuq 
MocKOBCKHH rocy.11.apcTBeHHbIH 
YHHBepCliTeT HM. M.B. JlOMOHOCOBa 
XHMHtJeCKHH q>aKyJihTeT 
JleHHHCKHe ropbl, )l. 1, CTp. 3 
1 19992 MocKsa 
PoccuH 
Tel.: (095)-9393618 
Fax: (095)-9393618 
E-mail: ankashin@org.chem.msu.ru 

MHXAHJIEHKO EJiena JleoHH.llOBHa 
HHCTHTYT KaTanHJa HM. r.K. liopecKoea CO PAH 
npocn. AKa,n. JiaspeHT&esa, 5 
630090 HosocH6HpCK 
PoccHH 
Tel.: (383 2) 37 67 
Fax: (383 2) 34 30 56 
E-mail: milena@catalysis.nsk.su 

MUXAHJIHIIEHKO AuaTOJJHH HrnaTbeBHlf 
PoCCHHCKHH XHMHKO-TeXH0JlQrHqecKHH 
yHHBepcHTeT HM. )J;.H. MeH)leneesa 
MHyCCKaJl TIJIOIUaJlb, 9 
125190 MocKea 
PoccHH 
Tel.: (095) 978-86-00 
Fax: (095) 978-86-00 
E-mail: mikhayl@muctr.edu.ru 



MUXAJIEHKO UpuHa UeaHoeHa 
Po~CHHCKHH ymrnepCHTeT .llPY)l{6bJ Hapo.ll0B 
Kaq>e,llpa q>H3. H K0JI. XHMHH 

yn. MHKJiyxo-MaKJirui,6 
I 117198 MocKBa 
PoccHH 
Tel.: (095) 952-07-4 
Fax: (095) 952-07-45 
E-mail: imikhalenko@mx.pfu.edu.ru 

MHlllAKOB UnbH BnatinMupoeuq 
lif HCTHTYT KaTaJIH3a 

HM. r.K. EopecKoea CO PAH 
npocn. AKa,u. JlaapeHTbeaa, 5 
630090 HOBOCH6HpCK 

PoccnH 
Tel.: (3832)-34-49-01 
E-mail: mishakov@catalysis.nsk.su 

MOUCEEB UJJLH l.focu4>oenq 
HHCTHTYT o6m.eil u HeopraHHt:ieCKOM XHMHH 
HM. H.C. KypHaKoaa PAH 
JleHHHCKHH npocrr., 31 
119991 MocKBa 
PoccnH 
Tel.: (095) 9521203 
Fax: (095) 9541279 
E-mail: iimois@igic.ras.ru 

MQJiqAHOB BH1crop Bmcropoenq 
HHCTHTYT KaTaJIH3a 
HM. r.K. EopeCKOBa co PAH 
npocn. AKa,u. JlaapeHTheaa, 5 
630090HoBOCH6HpCK 

PoccHH 
Tel.: (3832) 344553, 344901 
Fax: (3832) 343056 
E-mail: molchanov@catalysis.nsk.su 

MOHAKOB IOpuf.i liopucoew1 . 
lif HCTHTYT opraHWieCK0H XHMHH YHU P AH 
npocn. OKT}l6p}l, 71 
450054 Y <t>a, EaIUKOpTOCTaH 
PocCHH 
Tel.: (3472)-35-61-66 
Fax: (34 72)-35-61-66 
E-mail: monakov@anrb.ru 

MOP030B Jlee HuKonaeeuq 
lif BaHOBCKHH rocy .uapcTBeHHblH 
XHMHKO-TeXHOJIOrHlleCKHH ymrnepCHTeT 
np. <l>. 3HreJibca, 7 
153460 lifBaHOBO 

PoccnH 
Tel.: (0932) 32-74-10 
E-mail: tis@icti.ivanovo.su 

MOP030BA OnLra CepreeeHa 
HHCTHTYT XHMHt:ieCKOH 4>H3HKH 

HM. H.H. CeMeHoaaPAH 
yn. Kochmma, 4 
119991 MocKBa 
PoccHH 
Tel.: (095)939-7195 
Fax: (095)938-2156 
E-mail: om@polymer.chph.ras.ru 
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MOPBKOBA Ceernaua CapuMoeua 
Am,MeTbeBCKHH Heqmmoii HHCTHTYT 
yn. Jlemma, 2 
423400 AJihMeTbeBCK, TarnpcTaH 
PoccnH 
Tel.: (8553)31-00-46 
Fax: (8553)23-14-77 
E-mail: Nar _Dvoyashkin@mail.ru 

MY3hIKAHTOB BHTaJJHH CTenaHOBHlf 
lif HCTHTYT KaTaJIH3a 

HM. r.K. EopecKoea CO PAH 
ITpocn. AKa,n. JlaepeHTbeaa, 5 
630090HoBOCH6HpCK 

PocCHH 
Tel.: (3832)39-73-08 
E-mail: muzykantov@catalysis.nsk.su 

MYlllHHA EoreHHH ApoHOBHa 
11HCTHTYT He<l>TeXHMHlleCKOro CHHTe3a 
HM. A.B. Ton1meea PA.H 
JleHHHCKHH npocn., 29 
119991 MocKea 
PoccuH 
Tel.: (095) 955 41 76 
Fax: (095) 230 22 24 
E-mail: mushina@ips.ac.ru 

HE)J:OPE30BA IloJJHtta MnxaitnoeHa 
l1HCTHTYT XHMHt:ieCK0H q>H3HKH 

HM. H.H. CeMeHoaa PAH 
y 11. KochlrHHa, 4 
119991 MocKBa 
PocCHSI 
Tel.: (095)939-73-71 
Fax: (095)137-82-84 
E-mail: pned@center.chph.ras.ru 

HEHAM)J:EHKO Banennm reoprueouq 
MocKOBCKHH rocy ,llapcTBeHHbll1 
yHHBepCHTeT HM. M.B. JlOMOHOCOBa 
XHMHlleCI<HH q>aKyJlbTeT 
JleHHHCKHe ropbl 
1 19899 MocKea 
PoCCHH 
Tel.: (095)9392276 
Fax: (095)9328846 
E-mail: nen@acylium.chem.msu.ru 

HEXAEBA JIHJJ.HH AJJeKceeena 
lifHCTHTYT He<l>TeXHMWieCKOfO CHHTe3a 
HM. A.B. TontJHeea PAH 
JleHHHCKHH npocn., 29 
1 19991 MocKBa 
PoccuH 
Tel.: (095)9554125 
Fax: (095)2302224 
E-mail: Nekhaev@ips.ac.ru 

HOBHKOB AneKcaHJJ.P AeToHOMOBHl.f 
TOMCKH11 nOJIHTeXHJil:leCKHH YHHBepCHTeT 
np. JleHHHa, 30 
634034 TOMCK 
PoccuH 
Tel.: (3822)-415-443 
Fax: (3822)-415-235 
E-mail: tomskaleks@mail.ru 



HOBHKOBA EJJeHa BJJaitHMHpoena 
11HCTHTYT npo6neM XHMWieCK0H cl>H3HKH p AH 
142432 qepHOroJIOBKa, MocKOBCKIDI o6JI. 
PoccHSI 
Tel.: (096)-522-2642 
Fax: (096)-515-5420 
E-mail: novik@cat.icp.ac.ru 

HOBOKlllOHOBA Jlio,nMHJJa AJJeKcan.npoeua 
11HCTHTYT XHMH'lecK0H q>H3HKH HM. H.H. CeMeHosa PAH 
yn. KocLirnHa, 4 
1 19991 MocKBa 
PocCHSI 
Tel.: (095)939-73-73 
Fax: (095)137-82-84 
E-mail: lnov@center.chph.ras.ru 

HOCKOB AJJeKcaH.np CnnanoeHlf 
11HCTMTYT KaTaJIH3a HM. f.K. EopecKoBa CO PAH 
npocn. AKa,u. JlaspeHTbesa, 5 
630090 HoeocH6HpcK 
PocCHSI 
Tel.: (3832)34 18 78 
Fax: (3832)34 18 78 
E-mail: noskov@catalysis.nsk.su 

HOCKOB IOpHH renHa)lbeBHlf 
Hay'IHO-HCCJle)lOBaTeJlbCKHH 
qunHKO-XHMH'leCKHH HHCnrryT 
HM. JI . .51. Kapnosa 
y n. BopoHuoso none, 10 
103064 MocKea 
Poccm1 
Tel.: (095)9161719 .uo6. l-l 8 
E-mail: noskov@cc.nifhi.ac.ru 

OPEXOBA HaTaJJbH BceeoJJo.noena 
11HcnnyT Heq>TeXHMH"'-IeCKOro CHHTe3a 
HM. AB. Ton1.rnesa PAH 
JlemrncKHii npocn., 29 
1 19991 MocKea 
PoccuH 
Tel.: (095)9554378 
Fax: (095)2302224 
E-mail: orekhova@ips.ac.ru 

OPJIHK CeeTJiaHa HHKHTH'IHa 
11HCTHTYT <}>H3HtJeCKOH XHMHH 

MM. JI.B. IlHcap:>KeBcKoro HAHY 
npocn. HayKH, 31 
03039 KHeB 
Ytepauna 
Tel.: (044)265 66 78 
Fax: (044)265 62 16 
E-mail: ipcukr@sovam.com~ 
Sorlyk@Yahoo.co. uk 

OCTPOBCKHH BHKTOp Ecj>HMOBHl.f 
HaytJHO-HCCnenoeaTeJlbCKHW 
<l>H3HKO-XHMH'leCKHW HHCTHTYT 

HM. JI . .51. Kapnosa 
BopOHUOBO none, 10 
103064 MocKea 
PoccuH 
Tel.: (095) 932-4788 
Fax: (095) 975-2450 
~-mail: vostrov@cc.nifhi.ac.ru 
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nABJIOBA CeeTJJana HuKoJJaeena 
HHCTHTYT KaTanHJa 
HM. r.K. EopeCKOBa co PAH 
npocn. AKa,u. JlaepeHTbeBa, 5 
630090 HoBOCH6HpCK 
PocCHH 
Tel.: (3832) 342672 
Fax:(3832)343056 
E-mail: pavlova@catalysis.nsk.su 

nAHOB re11HaJJ.HH HeaHOBH'I 
11HCTHTYT KaTanH3a HM. r.K. EopecKosa CO PAH 
npocn. AKa,u. JiaspeHTbesa, 5 
630090HOBOCH6HpCK 
PoccuH 
Tel.: (3832)-34-44-52 
Fax: (3832)-34-30-56 / 46-87 
E-mail: panov@catalysis.nsk.su 

nAPMOH BaJJeHTHH HHKOJJaeBH'I 
HHcTHTYT KaTanH3a HM. r.K. EopecKosa CO PAH 
npocn. AKa.zr. JiaspeHTbeea, 5 
630090 HOBOCHfatpCK 
PoCCHH 
Tel.: (383 2) 34 32 69 
Fax: (383 2) 34 32 69 
E-mail: parmon@catalysis.nsk.su 

nA TMAP 3,nHCOH CBSITOCJiaBOBHl.f 
Y:ysallICKHH rocy)lapcTBeHHbIH ymrnepCHTeT 
11M. 11.H. Y JIMIH0Ba 
MocKOBCKHH npocn., 15 
429900 UHBHJibCK, liyaalllIDI 
PoccuH 
Tel.: (8352)498738 
Fax: (8352)428090 
E-mail: edi@chuvsu.ru 

nAYKIDTHC EerenHu AJJeKcan.11posulf 
HHcTHTYT KaTanHJa HM. r.K. EopecKosa CO PAH 
npocn. AKa.n. JlaspeHTr,esa, 5 
630090 HoBOCH6HpCK 
PoCCHH 
Tel.: (3832)-397281 
Fax: (3832)-343766 
E-mail: vera@catalysis.nsk.su 

IIAXOMOB HHKOJiaH AJJeKcan.npoBHlf 
11HcTHTYT KarnnHJa HM. r .K. EopecKosa CO P AH · 
npocn. AKa.zr. JiaspeHThCBa, 5 
630090 Hosocu6HpcK 
PoccHH 
Tel.: (3832)345453 
E-mail: pakhomov@catalysis.nsk.su 

nECKOB HHKOJJ8H BJJa)lHMHpOBHlf 
MocKOBCKHH rocy .11apcTBeHHblH 
YHHBepCHTeT HM. M.B .. JIOMOHOCOBa 
<t>aKyJILTeT BMHK 
JleHHHCKHe rophl 
119992 MocKBa 
PoccuH 
Tel.: (095) 939-40-79 
Fax: (095) 939-25-96 
E-mail: peskov@cs.msu.su 



OECTYHOBA 0KC8H8 naeJJOBHa 
HncnnyT KaTamf3a 
HM. r.K. EopeCKOBa co PAH 
npocn. AKa.n. Jlaepenn,eea, 5 
630090 HOBOCH6HpCK 

PoccuH 
Tel.: (3832)-342563 
Fax: (3832)-343056 
E-mail: oxanap@catalysis.nsk.su 

OETPOB Hean RKoeJJeBHlf 
HHCTHTYT yrm1 H yrnexHMHH CO P AH 
CoeeTcKHH npocn., 18 
650099 KeMepoeo 
PoccHH 
Tel.: (3842) 36 80 22 
Fax: (3842) 21 18 38 
E-mail: chem@kemnet.ru 

OETPOB Jlee BacHJJbeBHlf 
HHCTHTYT npo6JieM XHMHqecKOH 
q>H3HKH PAH 

I1HCTHTYTCKHH npocn., 14 
142432 qepHOfOJIOBKa, MoCKOBCKM o6JI. 
PoccuH 
Fax: ( 096)-515-54-20 
E-mail: petrov@icp.ac.ru 

OHBOBAPOBA Jfpuna 8JJaJIHMHpoeua 
I1HCTHTYT KaTaJIH3a 

HM. r.K. EopecKoea co P AH 
npocn. AKa.n. JlaepeHTI»eea, 5 
630090l10BOCH6HpCK 

PoccHH 
Tel.: (3832)341878 
Fax: (3832)341878 
E-mail: pivo@catalysis.nsk.su 

OUKEPCKHH Hropa. 3.nyap.noeuq 
I1HCTHTYT 1-ieqne- H yrneXHMHlJeCK0fO CHHTe3a 

I1pKyTCKHH rocy .napcTBeHHbIM YHHBepcHTeT 
a/51 124 
664033 I1pKyTCK 

PoccuH 
Tel.: (3952) 46-16-86 
Fax: (3952) 46-22-00 
E-mail: Pikersky@mail.ru 

IlO)J:BAJihHAR HaTaJJLH BJJaJIHMHpoeua 
I1HCTHTYT XHMHH rnep.noro TeJia 
YpOPAH 
yn. TiepBOMaMCKM, 91 
620219 EKaTepHH6ypr 
PoccuH 
Tel.: (3432)493009 
Fax: (3432)744495 
E-mail: volkov@ihim.uran.ru 

TIO)J:OJihCKHH IOpuii RKoBJJeeuq 
I1HCTHTYT Heq>TeXHMHlJeCKOfO CHHTe3a 

HM. A.B. Tonqueea PAH 
JlemrncKHH npocn., 29 
119991 MocKBa 
PoccHH 
Tel.: (095) 955 43 81 
Fax: (095) 230 22 24 
E-mail: podolsky@ips.ac.ru 
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UO)J:1,JJllEBA OJJbra IOpbeeua 
l1HCTHTYT KaTaJIH3a HM. r.K. EopecKoBa CO PAH 
npocn. AKa.n. JlaepeHTbeea, 5 
630090 HOBOCH6HpCK 

PoccHH 
Tel.: (3832)397357 
Fax: (3832)397352 
E-mail: pod@catalysis.nsk.su 

nOJIHKAPOB Hean BacHJJLeBHlf 
I1HCTHTYT Heq>TeXHMHtJ:eCKOfO CHHTe3a 

HM. A.B. TontJ:Heea PAH 
JlemrncKHH npocn., 29 
117912 MocKea 
PoccHH 
Tel.: (095) 955-43-27 
Fax: (095) 137-43-20 
E-mail: polikar@ips.ac.ru 

nOJIYliEHIJ;EBA Maprapurn <l>e.llopoena 
l1HCTHTYT Heq>Te- H yrJiexHMHtJ:eCKOro CHHTe3a 

l1pKyTCKMM rocy.napcrneHHbIH YHHBepCHTeT 
a/51 124 
664033 l1pKyTCK 

PoccHH 
Tel.: (3952) 46-16-86 
Fax: (3952) 46-22-00 
E-mail: pikersky@mail.ru 

nonOBA Huna MuxaiiJJOBHa 
l1HCTMTYT opraHMtJ:eCK0fO KaTaJIM3a 11 

3neI<TpoxHMMH HM. ,[{.B. CoKonI»cKoro MOH HPK 
yn. Kynaeea, 142 
480100 AnMaTI»r 
Ka1axcTaH 
Tel.: (3272) 91-66-32 
Fax: (3272) 91-57-22 
E-mail: orgcat@nursat.kz 

nonOBA raJJHHa SIKOBJJeBHa 
I1HCTHTYT Karn11113a HM. r.K. EopecKoea CO PAH 
npocn. AKa.n. JlaepettTbeea, 5 
630090 Hoeocu611pcK 
PoccHH 
Tel.: (393)-39-72-96 
Fax: (3832) 34 30 56 
E-mail: gyap@catalysis.nsk.su 

nPOCBHPHH Hropb IleTpOBHlf 
l11-1crnTyT KaTaJIMJa HM. f .K. EopecKosa CO PAH 
npocn. AKa,n. Jlaepe1-1neea, 5 
630090 Hoeocu611pc1< 
PoccuH 
Tel.: (3832)-39-72-86 
Fax: (3832)-34-30-56 
E-mail: prsv@catalysis.nsk.su 

nYTH.JIOB AJJeKC8H.llP BaJJeHTHHOBHlf 
L(enapTaMeHT pa3BHTHJI TeXHOJIOrHH 
MHHHCTepcTBO np0MbilllneHH0CTH, HayKH H TeXH0JI0rHH 
Pocc11iiicKOH Cl>e)lepau11u 
MHyCCKM TTJI., 3 
125993 MocKea 
PoccHH 
Tel.: (095) 229 32 69, (095) 229 18 79 
Fax: (095) 229 60 54 
E-mail: science@user.cdromclub.ru 



IlYIDKHH AuaTOJJHH HnKoJJaeeutt 
MocKOBCKHH rocy .uapcrneHHhlH 
ymrnepCHTer HM. M.B. JloMOHOCOBa 
XHMHqecKHH qiaKyJJhTeT 
JleHHHCKHe ropbl 
119899 MocKsa 
PoccuH 
Tel.: (095) 939 15 43 
Fax: (095) 939 19 51 
E-mail: anpushkin@rambler.ru 

PEYTOBA 0JILra AuTonosua 
OMCKHH rocy .uapcTBeHHbIH YHHBepCHTeT 
XHMHqeCKHH qiaKyJihTeT 
rrpocrr. MHpa, 55a 
644077 0MCK 

PoccHH 
Tel.: (3812)642485 
Fax: (3812)642410 
E-mail: reutova@univer.omsk.su 

PEIDETEHKO TaTbHHa BaJJeHTHHoeua 
11HCTHTYT KaTam13a 

HM. f.K. EopecKosa CO PAH 
rrpocrr. AKa.u. JlaspeHThesa, 5 
630090 HosocHfatpCK 
PoccuH 
Tel.: (383-2)-34-26-70 
E-mail: t_reshetenko@mail.ru 

PEIDETHHKOB Cepren HsaHOBHlf 
11HCTHTYT KaTamna 
HM. r.K.EopeCKOBa co PAH 
npocrr. AKa.u. JlaspeHeThesa, 5 
630090 HosocHfotpcK 
PoccuH 
Tel.: (3832)331618 
E-mail: resh@catalysis.nsk.su 

PHIIIHHA Jlaypa A6paMoena 
J1HCTHTYT XHMHqeCKOH Q)H3.HKH 

HM. H.H. CeMettosa PAH 
yn. Kocb1rnHa, 4 
11 7977 MocKsa 
PoccHH 
Tel.: (095) 939-73-79 
Fax: (095) 137-82-84 
E-mail: rishina@online.ru 

P03,LVIJIOBCKAH TaTLHHa AJJeKcan.Qpoena 
11HCTHTYT TeXHHqecKoH XHMHH YpO PAH 
y JI. JleHHHa, 13 
614990 TTepMb 
PoccuH 
Tel.: (3422)124434 
Fax: (3422)126237 
E-mail: cheminst@mpm.ru 

P030BCKHH AJieKcaH.!lP jlKoeJieBHlf 
11HCTHTYT HeqiTeXHMHqecK0f0 CHHTe3a 
HM. A.B.TorrqHesa PAH 
JleHHHCKHH rrpocrr., 29 
117912 MocKBa 
roccHH 
Tel.: (095)954-13-95 
Fax: (095)230-22-24 
E-mail: rozovsk@ips.ac.ru 
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POMAHOBA Pa1uH rycManoeua 
Ka3aHCKHH rocy.uapcTBeHHhIH 
TeXHOJI0fHqecKHH yHHBepCHTeT 
Kaqie,upa AXCMK 
yn. K. MapKca, 68 
420015 Ka3aHb, TarnpcTaH 
POCCHH 
Tel.: (8432) 194266 
Fax: (8432) 720324 
E-mail: rrg@kstu.ru 

POCCHHCKOB Eerenuu BJ1a.!lHMHposu11 
OAO "T10MeHCKaJ1 tte<IJnrnrut KOMrramrn" 
lUHITOK, 18/2 
115093 MocKsa 
POCCHH 
Tel.: (095) 745-89-57 
Fax: (095) 960-24-37 
E-mail: EVRossiyskov@tnk.ru 

POCTOBO.-HKOBA TaTbstHa HuKoJiaeeua 
MOCKOBCKHH rocy .napcTBeHHblH ymrnepCI.fTeT 
HM. M.B. JlOMOHOCOBa 
XHMH~JeCKHH q1aKyJI1TeT 
JleHHHCKHe ropbl 
119899 MocKsa 
PoccuH 
Tel.: (095)9393498 
Fax: (095)9328846 
E-mail: rtn@kinet.chem.msu.ru 

PY )];EHKO AJJeKcaHAP IlpoKO<l>beBHlf 
MocKOBCKHH rocy)lapcTBeHHbIH YHHBepcrneT 
HM. M.B. JloMOHOCOBa 
XHMHl.feCKHH qiaKyJJbTer 
JlemrncKHe ropbI 
119899 MocKsa 
PoccuH 
Tel.: (095) 939 15 43 
Fax: (095) 939 19 51 
E-mail: anpushkin@rambler.ru 

CABEJibEBA raJiuua An.!lpeeena 
11HCTHTYT opramtl.fecKoro Kanuuna H 
:rneKTpoxHMHH HM. ,U.B. CoKOJibcKoro MOH PK 
yn. Kyttaesa, 142 
480100 AnMaTbl 
Ka1axcTaH 
Tel.: (3272)91-64-74 
Fax: (3272) 91-57-22 
E-mail: orgcat@nursat.kz 

CA)];EHOBA Map~an Auyap6eKoena 
11HCTHTYT opraHHl.feCK0ro KaTaJJH3a H 
3JJeICTp0XHMHH HM. ,U.B. CoKorrr,cKoro MO 11 HPK 
yn. Kyttaesa, 142 
480100 AJIMaTbl 
K33axcTaH 
Tel.: (3272)91-66~32, 91-64-73 
Fax: (3272)915-722 
E-mail: orgcat@nursat.kz 



CA,LJ:OBCKA.ff EKanpuHa MuxaiiJJOBHa 
l1HCTHT)'T KaTaJIHJa 

HM. r.K. EopecKoeaCO PAH 
npocn. AKa,n. JlaspeHnesa, 5 
630090 HOBOCH6HpCK 

PoccuH 
Tel.: (3832)343679 
Fax: (3832)343056 
E-mail: sadovsk@cata1ysis.nsk.su 

CA,LJ:hIKOB Bna.LlHCJJae AneKcaHJlpOBHlf 
I1HCTHTYT KaTanHJa HM. r.K. EopecKoea CO PAH 
npocn. AKa,n. JlaepeHTheea, 5 
630090 HOBOCH6HpCK 

PocCHH 
Tel.: (3832) 34 37 63 
Fax: (3832) 34 30 56 
E-mail: sadykov@cata1ysis.nsk.su 

CAJIAHOB AJJeKceii HnKoJiaeeuq 
J.1HCTHTYT KaTaJIHJa HM. r.K. EopeCKOBa co PAH 
npocn. AKa.n. JlaspeHTI>eea, 5 
630090 HoaocH6HpcK 
PoccuH 
Tel.: (3832) 34-42-55 
E-mail: salanov@catalysis. nsk. su 

CAMOXHH Ilaeen BJJaJlHMHpOBHlf 
J.1HCTHTYT tteqnexHMH'-IeCKOro CJ-fHTeJa 
HM. A.B. TonlfHeaa PAH 
JleHHHCKHH npocn., 29 
117912 MocKea 
PoccnH 
Tel.: (095) 955-41-14 
Fax: (095) 230-22-24 
E-mail: samokhin@ips.ac.ru 

CAPMYP3HHA AJIMa raiicaHOBHa 
KaJaxCKHH ttal..(HOHaJihHhIH yHHBepcHTeT 
HM. Arr1,-<l>apa6H 
yn. KapacaH EaT1,1pa, 95a 
480012 ArrMan1 
Ka1axcTaH 
Tel.: (3272)927026 )l.21-28 
E-mail: olga@lorton.com · 

CAYPAMliAEBA Jll-0.LlMHJia HeaHoeua 
I1HCTHT)'T XHMHlfeCKHX HayK 
HM. A.Ii. EeKTypoea MO H HPK 
yrr.111. YanHxaHoea, 106 
480100 AnMarn 
Ka1axcTan 
Tel.: (3272) 91~30-41 
Fax: (3272) 91-57-65 
E-mail: pochtennaya@yahoo.com 

CACl>HP PoMaHHa EsreHbeena 
PocCHHCKHH YHHBepCHTeT )lpy:>K61,1 Hap0JJ.0B 
Kacpe,npa <I>KX 
yn. Op,n:>KOHHKH,n3e, 3 
1117198 MocKBa 
PoccuH 
Tel.: (095)955-07-14 
E-mail: jserov@sci.pfu.edu.ru 
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CEMEH,LJ:jIEBA HaTaJibH JleOHH.LlOBHa 
MocKOBCKHH rocy,napcrneHHhlH YHHBepCHTeT 
HM. M.B. JlOMOHOCOBa 

<l>aKyJILTeT BMHK 
JleHHHCKHe rop1,1 

119992 MocKea 
PoccuH 
Tel.: (095)939-40-79 
Fax: (095)939-25-96 
E-mail: NatalyS@cs.msu.su 

CEPOB IOpuii Muxaiinoeuq 
PoccuikKHH ymrnepCHTeT .npy)K6bI Hap0)l0B 
yn. MHKJiyxo-MaKJiasI, 6 
1117198 MocKea 
PoccuH 
Tel.: (095) 952-07-45 
Fax: (095) 952-07-45 
E-mail: jserov@sci.pfu.edu.ru 

CUJll,1.JEHKOBA OJ11>ra HuKoJiaeeHa 
J1HCTHTYT XHMHlleCKOH qJHJHKH 

HM. H.H. CeMettosa PAH 
y JI. Koc1,mrna, 4 
119991 MocKsa 
PoccHH 
Tel.: (095) 9397189 
Fax: (095)9382156 
E-mail: matyshak@polymer.chph.ras.ru 

CUMArHHA BaJJeHTHHa HJJbHHHlfHa 
11HCTHT)'T KaTanHJa HM. r.K. EopecKOBa co P AH 
npocn. AKa,n. JlaepeHTLesa, 5 
630090 Hosoc116HpcK 
PoccuH 
Tel.: (3832)342336 
Fax: (3832)342336 
E-mail: simagina@catalysis.nsk.su 

ClfMEHnOBA HpHHa HeaHOBHa 
J.1HCTHTYT KaTaJIHJa HM. r.K. EopecKoea CO PAH 
npocn. AKa,n. JlaapeHTheBa, 5 
630090 HoeocH6HpcK 
PoccHH 
Tel.: (3832)-344109 
Fax: (3832) 34 30 56 
E-mail: Yurieva@catalysis.nsk.su 

CUHEB MuxauJI IOpbeBHlf 
J1HCTHTYT XHMHlfeCKOH cpH3HKH 

HM. H.H. CeMeHoea PAH 
y JI. KOChlrHHa, 4 
119991 MocKea 
PocCHH 
Tel.: (095) 9397547 
Fax: (095) 939 7417 
E-mail: sinev@center.chph.ras.ru 

CKBOPnoe HHKOJ18H KoHCTSHTHHOBH'I 
CaHKT-Ilerep6yprcKni1 rocy ..uapc-rseHHhIH 
TeXHOJIOrH'-leCKHH HHCTHT)'T 
MocKOBCKHH np., 26 
198013 CaHKT-Ilerep6ypr 
PoccnS? 
Tel.: (812)-259-47-42 
Fax: (812)-316-31-44 
E-mail: devekki@yahoo.com 



CJIABHHC:KAH EJJeHa MapK0BHa 
11HCTHT)'T KanUIH3a HM. f.K. 6opecKoea CO PAH 
npocn. AKan. JiaepeHTheea, 5 
630090 HoBOCH6HpCK 

PoccHH 
Tel.: (3832) 34 17 51 
Fax: (3832) 34 18 78 
E-mail: lesla@catalysis.nsk.su 

CJIIIHhKO MapHHa MuxaitJJOBHa 
J.1HCTHTYT XHMH'IeCKOH cj>H3HKH 

HM. H.H. CeMeHoea PAH 
yJI. Koc1,inrna, 4 
117334 Moc1rna 
PoccuH 
Tel.: (095)-9397504 
E-mail: slinko@polymer.chph.rus.ru 

CMlfPHOB MuxaHJJ IOpbeBHlf 
HHCTHTYT KaTaJIH3a 

HM. r.K. EopecKosa CO PAH 
npocn. AKa,u. JiaepeHTheea, 5 
630090HoeocH6HpCK 
PoccHH 
Tel.: (3832)397286 
Fax: (3832)343056 
E-mail: smirnov@catalysis.nsk.su 

CMlfPHOB BJJa,llHMHp Bna,llHMHpoeu11 
HpKyTCKHH rocy,llapcTBeHHhlH ymrnepCHTeT 
XHMH'teCKHH cj>aKyJ11>TeT 
yn. K. MapKca, 1 
664003 HpKyTCK 
PoccuH 
Tel.: (3952)-462856 
E-mail: aschmidt@chern.isu.ru 

CMIIPHOB BJJa,llHMHp BJia,llHMHpOBHlf 
MocKOBCKHH rocy,llapcTBeHHhIH ymrnepCHTeT 
HM. M.B. JlOMOHOCOBa 

XHMH'teCKHH cj>aKyJihTeT 

JleHHHCKHe rop1,1 

119899 MocKea 
PoccuH 
Tel.: (095)9393498 
Fax: (095)9328846 
E-mail: srnirnov@kinet.chern.msu.ru 

CMYPOBA Jlu.nuH AJJeaccau;ipoaua 
HHCTHTYT XHMH"leCKOH <f>H3HKH 

HM. H.H. CeMeHoea PAH 
yJI. KocLinma, 4 
117977 MocKea 
PoccuH 
Tel.: (095)9397169 
Fax: (095)9382156 
E-mail: kasaikina@chph.ras.ru 

CHhITHHKOB IlaeeJJ BaJJepbeBH'I 
HHCTHTYT KaTaJIH3a 
HM. f.K. 6opecKoea CO PAH 
npocn. AKa,n. JiaepeHTLeea, 5 
630090 HoeocH6HpCK 
PoccHH. 
Tel.: (3832) 344789 
Fax: (3832) 343056 
~-mail: pvsnyt@catalysis.nsk.su 
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COJiOJIEB BJJa.llHMHp Heauoeuq 
HHCTHTYT KaTaJIH3a 
HM. r.K. EopeCKOBa co PAH 
npocn. AKa,u. JiaepeHTDeea, 5 
630090 HOBOCH6HpCK 
PoCCHH 
Tel.: (3832)-344607 
E-mail : sobolev@catalysis.nsk.su 

COJi.SIHHH BJia.llHMHp AJJe1ecau,upoeu11 
HttcTHTyT KaTaJIH3a 
HM. f.K. EopecKoea CO PAH 
npocn. AKa,u. JiaepeHTLeea, 5 
630090 HOBOCH6HpCK 
POCCHH 
Tel.: (3832)34 43 06 
Fax: (3832)34 30 56 
E-rhail: sobyanin@catalysis.nsk.su 

COKOJIOBA HaTaJJHH IlaeJJosua 
HHCTHTYT $H3H"leCKOH XHMHH PAH 

JleHHHCKHM np., 31 
11 9991 MocKBa 
PoccHH 
Tel.: ~095) 955 46 52 
Fax: (095) 952 53 08 
E-mail: glazunov@lmm.phyche.msk.su 

COJIOMOHHK Hropb rpHropbeB1t11 
HHCTHTYT opraHH"leCK0H XHMHH 

HM. H.)l 3e1111HcKoro PAH 
JleHHHCKHli npocn. , 4 7 
1 19991 MocKea 
PoccHH 
Tel.: (095)1356338 
E-mail: sig@ioc.ac.ru 

COJI.SIHHKOB BH'leCJJae MapKOBHlf 
HHCTHTYT npo6neM x11MH1IecK0H $H3HKH PAI-I 
HHCTHT)'TCKHH npocn., 14 
142432 qepHOroJIOBKa, MocKOBCKa.R 0611. 

PoccuH 
Fax: (096) 515-54-20 
E-mail: petrov@icp.ac.ru 

COilHH BJJa.llHMHp 4>e,llopoBHlf 
Ka3aHCKHH rocy.n:apCTBeHHblli 
TeXHOJI0rH.lJeCKHH YHHBepClffeT 
Ka$e.n:pa AXCMK 
y JI. K. Map Kea, 68 
420015 KaJaHh, TarnpcTaH 
PoCCHH 
Tel.:(8432) 194266 
Fax: (8432) 720324 
E-mail: rrg@kstu.ru 

CilHPH,ll,OHOB AJieKceit AJJetcceeslilf 
HHCTHTYT KaTaJIH3a ... 
HM. r.K. 6opeCKOBa co PAH 
npocn. AKa,u. J1aapeHT&eaa, 5 
630090 HOBOCH6HpCK 

PoccHH 
Tel.: (3832)39 73 09 
Fax: (3832)343056 
E-mail: pub@catalysis.nsk.su 



CTAPOBEPOB .ll:MHTpHH 8H'lCCJl8BOBH'l 
PoCCHHCKHH XHMHKO-TeXHOJIOrHtJeCKHH 
yHHBepcHTeT HM. )J,.Jil. Mem1eneeea 
MHyCCKruI IIJI., 9 
12504 7 MocKBa 
POCCHH 
Tel.: (095)978-95-54 
Fax: (095)9733136 
E-mail: stardv@muctr.edu.ru 

CTAPOKOHI, EsreHHH BJ18JlHMupoen1J 
11HCTHT)'T KaTaJIH3a HM. r.K. EopecKoea CO PAH 
npocn. AKa.zI. JlaepeHTbesa, 5 
630090 HOBOCH6HpCK 
POCCHH 
Tel.: (3832)344607 
Fax: (3832)343056 
E-mail: starokon@catalysis.nsk.su 

CT APU:EB AHaTOJIHH HuKoJJaesulf 
11HCTHTYT KaTaJIH3a 
HM. r.K. EopecKoaa CO PAH 
npocn. AKa.zI. JlaspeHTbeBa, 5 
630090 HoBOCH6HpCK 
PocCHH 
Tel.: (3832)34 33 14 
Fax: (3832)34 30 56 
E-mail: startsev@catalysis.nsk.su 

CT APU:EBA Jllo.llMHJia HKoeJJesHa 
11HCTHTYT KaTaJIH3a 

HM. r.K. EopeCKOBa co PAH 
npocn. AKa.II. JlaepeHTheBa, 5 
630090HOBOCH6HpCK 
PoccuH 
Tel.: (383 2) 34 12 97 
Fax: (383 2) 34 12 97 
E-mail: star@catalysis.nsk.su 

CTAXEEB AJJeKcaH.llP IOpbeBH'l 
11HCTHTYT opraHHtJeCK0H XHMHH 
HM. H.)J,. 3eJIHHCKoro PAH 
JleHHHCKHH npocn., 4 7 
I 19991 MocKsa 
PocCHH 
Tel.: (095)-135-6342 
Fax: (095)-13 7-293 5 
E-mail: st@ioc.ac.ru 

CTETIAHOB AJ1eKcaHJIP rpuropbeBH'l 
11 HCTHTYT KaTaJIH3a 
HM. r.K. EopecKoaa CO PAH 
npocn. AKa.II. JlaapeHTbeBa, 5 
630090HOBOCH6HpCK 
PocCHH 
Tel.: (383 2) 397350 
Fax: (383 2) 34 30 56 
E-mail: a.g.stepanov@catalysis.nsk.su 

CTPH)KAKOBA IOJIHH AJ1eKcau.11poeHa 
CaMapcKHH rocy)lapcTBeHHbIH 
TeXHHtJeCKHH ymrnepCHTeT 
yn. Kyii6Mmeaa, 153 
443010 CaMapa 
PoccuH 
Tel.: (8462)-335255 
E-mail: kinterm@sstu.edu. ru 
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CY Jll,!\1AH 3c<f>upb Muxaiinosua 
TeepCKOH rocy,11apcTBeHHbIH 
TeXHHlfeCKHH YHHBepCHTeT 
y 11. A. HHKHTHHa, 22 
170026 Teepb 
PoccuH 
Tel.: (0822)449317 
Fax: (0822)449317 
E-mail: sulman@online.tver.ru 

CIOPAKWHH AH.llpeu BJia.L{HMuposnq 
11HCTHTYT npo611eM XHMHtJecKoti <fiH3HKH PAH 
HHCTHTYTCKHH np-T, 14 
142432 qepHOfOJIOBKa, MocKOBCKru! o6II. 
PoccnH 
Tel.: (096-52)21783 
E-mail: action@icp.ac.ru 

T AJIHCMAH EJ1eHa JlbBOBHa 
000 "KoMnaHHj{ KarnxHM" 
yn. fHJI~pOBCKoro,31. 
I 07996 MocKea 
PoccHH 
Tel.: (095)-284-82-42 
Fax: (095)-284-82-59 
E-mail: catachem@mtu-net.ru 

T APAliAHhKO BaJiepuu EereHbeBH'-1 
HHCTHT)'T XHMHH H XHMHlfeCK0H TeXH0JI0rHH co p AH 
np. K. MapKca, 42 
660049KpaCHO~pCK 
POCCHH 
Tel.: (3912)-494897 
Fax: (3912)-439342 
E-mail: veta@icct.ru, veta@krsk.info 

TEMKHH OJ1er HayMOBH'I 
MoCKOBCKruI rocy )lapcrne1mrui aKa,JlCMlUI 
TOHKOH XHMHlfeCK0H TeXH0Jionrn HM. M.B. JloMOHOCOBa 
npocn.BepHa.IICKoro,86 
117571 MocKsa 
Poccm:1 
Tel.: (095)4348641 
Fax: (095)4348711 
E-mail: lbruk@cityline.ru 

TETEHOBA OJ1bra AJ1eKcan.L{pOBHa 
J1HcTHTYT rexHHtJecKoit XHMHH YpO PAH 
yn. JleHHHa, 13 
614990 CTepMb 
PocCHH 
Tel.: (3422)124434 
Fax: (3422)126237 
E-mail: cheminst@mpm.ru 

THXOHOBA JIHJIHH IlaoJJoona 
YiHCTHTyT npHKJia.IIHbIX npo6JieM 
<l>H3HKH H 6HO<fiH3HKH HAHY 
yn. CnyiK6osa, 3 
03142 KHeB 
YKpaHna 
Tel.: (380) 44-423 0845 
Fax: (380) 44-423 0845 
E-mail: tikh@svitonline.com 



TKA 'IEHKO QJJer IOpbeBH'I 
MocKOBCK!lll rocy.aapCTBeHHruJ aKa,n:eMHjl 
TOHKOH XHMWJeCK0H TeXH0Jionrn HM. M.B.JloMOHOCOBa 
Ka<}>e.apa <1>mw:1eCKOH XHMHH 
npocn. BepHa,n:cKoro,86 
117571 MocKsa 
PoCCHH 
Tel.: (095) 434-81-41 
E-mail: out@pochtamt.ru 

TOKMA 'IEB Au.apeit MuxaitJIOBH'I 
Hay1:1HO-HCCJie.aoeaTeJ1bCKHH <}>H3HKO-XHMH1:leCKHH 
HHcrnryT HM. JI.JI. Kapnosa 
BopoHuoao none, 10 
103064 MocKsa 
PoccuH 
Tel.: (095)9173903 .n:06. 1-15 
Fax: (095)9752450 
E-mail : tokm@chat.ru 

TOKT AliAEBA Ha,/leiK,Jla <l>e.L1opoe11.a 
11HCTHTYT opraHH1:leCKoro KaTaJIH3a H 
3JieKTpoXHMHH HM. JJ:.B. CoKOJihCKoro MO H HPK 
yn. KyHaesa, 142 
480100 AnMarn 
Ka1axCTaH 
Tel.: (3272) 91-68-26 
Fax: (3272) 91-57-22 
E-mail: orgcat@nursat.kz 

TOPOCilH rarnK OeaHeCOBH'I 
r ocy napcTBeHHbIH HH)KeHepHhIH 
yHHBepCHTeT ApMeHHH 
yn. TepHHa, 105 
375000 EpeBaH 
ApMeHHH 
Tel.: (374 1) 52 48 32 
Fax: (374 1) 561551 
E-mail: hau@dolphin.com 

TPEThDKOB BaneHTHH <l>uJJunnoeuq 
11HCTHTYT He<}>TeXHMH1:leCKOro CHHTe3a 
HM. AB. Ton1mesa PAH 
JleHHHCKHH npocn., 29 
119991 MocKsa 
POCCHH 
Tel.: (095)9554271 
Fax: (095)2302224 
E-mail: tretjakov@ips.ac.ru 

TPH<l>OHOB Cepreu BJJa.llHMHpoeuq 
OAO « Hm1rneKaMCKHe<}>Tex11M» 
423550 HJ.rn<HeKaMcK, TarnpcTaH 
PoccHH 
Tel.: (8555) 379860 
Fax: (8555) 379860 
E-mail: serg-trifonov@mtu-net.ru, 

TPYCOB AJieKcaH.llP UeaHOBHlf 
MoCKOBCK!lll rocynapcrseHHruI aKa,n:eMHH 
TOHKOH XHMH1:leCK0H TeXH0JI0nrn. 
HM. M.B. JlOMOHOCOBa 

npocn. BepHa,n:cKoro, 86 
117571 MocKsa 
PoccuH 
Tel.: (095) 246-48-23 
E-mail: nhsigt@unesco.mitht.rssi.ru 

383 

TPYXAH Cepreii HuacoJJaeeuq 
HncTHTYT KaTaJIH3a , 
HM. r.K. 6opeCKOBa co PAH '
npocn. AKa,n:. JiaepeHTheBa, 5 · 
630090 HosocH6HpcK 
PoccuH 
Tel.: (3832) 344769 
Fax: (3832) 343056 
E-mail: trukhan@catalysis.nsk.su 

TYKAEBA IOJJHH TuMypoeua 
Jlpoc11ascKHH rocy .aapcrnemu,1i1 
TeXHH1:leCKHH YHHBepCHTeT . 
MOCKOBCKHH np., 88 
150053 JlpocJiaBJib 
PoccuH 
Tel. : (0852) 44-68-45 
Fax: (0852) 44-87-93 
E-mail: bazurin@mail.ru 

TYHr AT APO BA Ceernatta AJieaccatt.llpoeua 
HHCTHTYT opraHWieCK0ro KaTaJIHJa H 

3JieKTpoxHMHH HM. JJ:.B. CoKOJibCKoro MOH HPK 
yn. KyHaesa, 142 
480 l 00 AnMaTbI 
KaJaxcrau 
Tel.: (3272)91-66-32, 91-64-73 
Fax: (3272)915-722 
E-mail: orgcat@nursat.kz 

Thl'IHHCKAD JIIOLlMHJJa IOJJbeeua 
HttcnnyT <}>H3HKO-opraHH1:leCKOH XHMlUI 

HAH6 
y n. CypraHosa, 13 
220072MHHCK 
oeJrnpyCb 
Tel.: (017)28423 71 
Fax: (017)2841679 
E-mail: ifoch@ifoch.bas-net.by 

YMliETKAJIHEB Acacap KaLlblpoeuq 
11HCTHTYT opraHH11eCK0ro KaTaJ1H3a H 

1neKTpoxHMHH HM . .[(.8.CoKoJTbCKoro MOH PK 
y n. Kynaesa, 142 
480 l 00 AJIMarn 
KaJaxcraH 
Tel.: (3272)91-66-32, 91-64-73 
Fax: (3272)915-722 
E-mail: orgcat@nursat.kz 

YCA 'IEB HHKOJl3H ilKOBJICBH'I 
11HCTHTYT opram111eCK0H XHMHH 

HM. H.)J., 3emrncKoro PAH 
JleHHHCKHH npocn., 4 7 
119992 MocKaa 
PoccuH 
Tel.: (095) 137-63-52 
Fax: (095) 135-53-28 .. 
E-mail: ny@ioc.ac.ru 



<l>JIH~ BHTaJJHii Pa(J,aHJJOBHlf 
MocKOBCKWI rocy,napcTBeHHWI aKa,ueMHSI 
T0HK0H XHMHqecK0H TeXH0JI0rHH 
HM. M.B. JloMOHOCOBa 
np.BepHa.llCKOro,86 
117571 MocKea 
PoccHH 
Tel.: (095)4347331 
Fax: (095)4348711 
E-mail: vflid@cityline.ru 

<l>POJIOB Ba.llHM MuxaiiJIOBHlf 
11HCTHTYT He<pTeXHMl-f'IeCKoro CHHTe3a 
HM. A.B. TonqHeea PAH 
JleHHHCKHH npocn., 29 
119991 MocKea 
PoccHH 
Tel.: (095) 955-41-94 
Fax: (095) 230-22-24 
E-mail: frolov@ips.ac.ru 

XAiilfliY JIHH BHJJbt18p 

Moc~OBCKWI rocy ,napcTBeHHaJI aKa,ueMHH TOH KOH 
XHMH'IeCKOH TeXH0JI0rHH HM. M.B. JloMOI-lOCOBa 
AJITy<pLeBcKoe urncce, 82 
127349 MocKea 
PoccHH 
E-mail: postgrad@mail.ru 

XA~JKHEB CanaM6eK Ha u6oeHlf 
11HCTHTYT He<pTeXHMH11ecKoro CHHTe3a 
HM. A.B. To11q11eea PAH 
JiemrncKHH npocn., 29 
117912 MocKBa 
PoccnH 
Tel.: (095)955-43-05 
Fax: (095)955-43-05 
E-mail: ecotek@dol.ru 

XAHPY JIHH Cepreit Pmt,oou'I 
11HCTHTYT KRTaJIH3a HM. r.K. EopeCKOBa co PAH 
flpocn. AKa,u. JiaepeHT1>eea, 5 
630090 HoeocH6upcK 
PoccuH 
Tel.: (383-2)-34-26-70 
Fax: (383-2)-39-73-52 
E-mail: sergk@catalysis.nsk.su 

XAJIHJIOB Jleouap.ll Myxu6oBHlf 
11HCTHTYT He<pTeXHMHH H Karnnma AH PE H YHU: P AH 
npocn. OKrn6pS1, 141 
450075 Y <pa, EamKopTOCTaH 
PoccHH 
Tel.: (3472)313527 
Fax: (3472)312750 
E-mail: ink@anrb.ru 

XAPJIAMOB BJJa.llHMHp <l>e.llopoeuq 
OpnoscKHH rocy ,napCTBeHHbIH 
TeXHH'IeCKHH YHHBepcHTeT 
Kacpe.upa <pH3HKH 
HayropcKoe mocce, 29 
302020 Open 
PoccHH 
Tel.: (0862) 419844 
Fax: (0862) 416684 
E-mail: kondr@ostu.ru 

XAP JIAHOB Att,llpeii HHKonaeeuq 
MocKOBCKHH rocy .napcteeHHhIH y1meepCliTeT 
HM. M.B. JloMoHocosa 
XHMHtieCKHH cpaKyJihTeT 
JleHHHCKHe ropbl, )l.1, CTp.3 
119992 MocKea 
POCCHH 
Tel.: (095)939-33-22 
Fax: (095)939-45-75 
E-mail: kharl@kge.msu.ru 

XOJI~EEBA OKcana AnaTOJJbeoua 
l1HCTHTYT KRTaJIH3a HM. r.K. EopeCKOBa co PAH 
npocn. AKa,u. JiaepeHT1>eea, 5 
630090 HOBOCHOHpCK 

PoccHH 
Tel.: (3832)344573 
E-mail: khold@catalysis.nsk.su 

XOJIYHCKAR CneTJJaHa HHKoJJaeBua 
l1HCTHTYT XHMHqecKoi-i q>H3HKH HM. H.H. CeMeHoea PAH 
yn. Koc1>1rnHa, 4 
117977 MocKea 
PoccuH 
Tel.: (095)9397382 
Fax: (095)9382156 
E-mai I: soho@chph.ras.ru 

L(APEB BacuJiuii HnKonaesnlf 
l1HCTHTYT 3JieMeHToopraHHlfeCKHX coe)lHHeHHH 

HM. A.H. HecMCHHOBa PAH 
y JI. BaBHJJOBa, 28 
119991 MocKea 
PoccHH 
Tel.: (095)-1352548 
Fax: (095)-1356471 
E-mail: tsarev@ineos.ac.ru 

L(BETKOB OJJer HmcoJ1aesw1 
OAO "BcepoccHHCKHH HaytIHo-11ccne.n.oeaTeJI1>cK11ii 
HHCTHTYT no nepepa60TKe Heq>TH 11 

y JI. ABHRMOTOpHaR, 6 
111116 MocKea 
PoccuH 
Tel.: (095)361-27-10 
Fax: (095)361-12-85 
E-mail: vniinp@insar.ru 

L(HHUKAJIA~3E reopruit IleTposuq 
l1HCTHTYT <l>HJHqecKOH H opraHHtfeCK0H XHMHH 

HM. n. MeJIHKHlliBHJTH AH fpy3HH 

y JI. ,[{>KHKHSI, 5 
3 80086 T6HJIHCH 

rpy3HR 
Tel.: (9532) 221771 

. Fax: (9532) 333268 
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E-mail: gamma@access.sanet.ge 

L(HD;HlllBHJlll Bnai.uMup r~oprneeuq 
11HCTHTYT q>H3Ht!CCKOH H opramNeCK0H XHMHH 
HM. TI. MemfKHlliBHJTH AH f PY3HH 
yn. ,[{>KHKHj{, 5 
380086 T6HJIHCH 
fpylHH 
Tel.: +99532 330274 
Fax: +99532 333268 
E-mail: gamma@access.sanet.ge 



l.lHD;HillBHJIH reoprnu Bna,llHMHpoeuq 
11HCTHTYT <l>HJHqecKoii H opraHHqecK0H XHMHH 
HM. IT. MeJIHKHillBHmf AH f py3HH 

yJI.,l()KHKHR, 5 
380086 T6HJIHCH 

rpylHH 
Tel.: +99532 330274 
Fax: +99532 333268 
E-mail: gamma@access.sanet.ge 

D;O,L(HKOB MapK BeHHaMHHoeuq 
11HCTHTYT He<f>TeXHMH'-leCKOro CHHTeJa 
HM. A.B. Tonq11eea PAH 
JleHHHCKHH npocn., 29 
119992 MocKaa 
PoccuH 
Tel.: (095) 955-42-39 
E-mail: tsodikov@ips.ac.ru 

D;hir AHEHKO AJJeKceu AneKceeeHlf 
HayqHQ-HCCJie)lOBaTeJII,CKHH HHCTHTYT 

<f>H3HKH HM. B.A. <l>oKa 

CaHKT-I1eTep6yprCKHH rocyJiapCTBeHHbIH ymrnepCHTeT 
y JI. Y JlbRHOBCKru!, l 
198504 CaHKT ITeTep6ypr, ITeTpo.nsopeu 
PoccuH 
Tel.: (812)4284579 
Fax: (812)4287240 
E-mail: tsyg@photonics.phys.spbu.ru 

4EIIAHKHH EereHuii rpuropbeBHit 
HHCTHTYT CTPYK'fYPH0H MaI<p0KHHeTHKH H 
npo6neM MaTepHanose.nemIg P AH 
142432 lJepHOroJIOBKa, MoCKOBCKaSI o6n. 
PoCCHH 
Tel.: (095)962-80-06 
Fax: (095)962-80-40 
E-mail: echep@ism.ac.ru (grig@ism.ac.ru) 

tIEPHABCKHH IleTp AneKcaH,llpOBHlf 
MocKOBCKHM rocy.uapcTBeHHbIH YHHBepCHTeT 
HM. M.B. JloMOHOCOBa 
XHMHtteCKHH <f>aKyJihTeT 
JleHHHCKHe ropr,1 
119899 MocKsa 
PoccuH 
Tel.: (095) 939-49-13 
Fax: (095) 932-88-46 
E-mail: chern@kge.msu.ru 

tIEPH.ffBCKHii Banepnii Cepreeeu11 
l1HCTHTYT KaTaJIHJa HM. r.K. Bopec1<oea CO PAH 
npocn. AKan. JlaapeHTheea, 5 
630090HosocH6HpcK 
PoccuH 
Tel.: (3832)-344607 
E-mail: cher@catalysis.nsk.su 

tIEPH.ffK MHX8HJ1 IOpbCBHlf 
11HCTHTYT XHMHH H XHMHqecK0H TeXH0JI0rHH co P AH 
np. K. MapKca, 42 
660049 KpaCHORpCK 

PoccuH 
Tel.: (3912)-494897 
Fax: (3912)-439342 
E-mail: chemyak77@inbox.ru 

I ~• \ , 
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tIECHOKOB Hu.coJJau BacunbeBHlf 
11HCTH1YT XHMHH H XHMWJeCKOH TeXHOJIOnlH CO P AH 
AKa.lleMropo.uoK 
660036KpacHOS1pcK 
PoccuH 
Tel.: (3912) 49 53 99 
Fax: (3912) 43 93 42 
E-mail: cnv@icct.ru 

tIHXHtIHH ,L(MHTpHH repaCHMOBHlf 
<l>H3HKO-XHMqecKHH HHCTHTYT 
HM. A.B. EoraTcKoro HAHY 
JT10cr.nop<f>c1<rui .nopora, 86 
65080 O,necca 
YKpauHa 
Tel.: (0482) 61-82-23 
Fax: (0482) 61-82-23 
E-mail: chdmg@te.net.ua 

tIYrPEEB AH,llpeu JlbBOBHlf 
11HCTHTYT $HJHqecKOH XHMHH HM. JI.JI. Kapnosa 
BopOHUOBO TI0Jie, 10 
I 03064 Moc1<ea 
PocCHH 
Tel.: (095)9173903 ,uo6. 1-15 
Fax: (095)9752450 
E-mail: andrei@cc.nifhi.ac.ru 

lllAHMEP,L(EHOBA MHJiaHa KaHaToeHa 
11HCTHTYT opraHHqecKoro KaTaJIH3a H 
:rneK'fpoxHMHH HM. J]..B. Co1<011r,c1<oro MOH HPK 
yn. KyHaesa, 142 
480 100 AJIMarn 
KaJaxcTaH 
Tel.: (3272) 916790 
Fax: (3272) 915722 
E-mail: orgcat@nursat.kz 

lllAilOBAJIOBA Jlapuca JiopucoeHa 
l1HCTffTYT opraHHqecKoro KaTaJIH3a H 

:rneKTpoxHMHH HM. ,lJ..B. CoKOJILCKOro MO 1-1 HPK 
y11. KyHaeea, 142 
480100 AnMarn 
KaJaxcTaH 
Tel.: (3272)91-68-26 
Fax: (3272)91-57-22 
E-mail: orgcat@nursat.kz 

lllEJIHMOB Jiopuc HHKOJ1aeeu11 
l1Hcnnyr oprrutwtecK0H XHMHH HM. H.J].. 3e111-1Hc1<oro PAH 
JleHHHCKHH npocn., 47 
119991 MocKsa 
PoccuH 
Tel.: (095) 135 53 07 
Fax: (095) 135 53 28 
E-mail: bns@ioc.ac.ru 

lllHJIHHA MapuHa. l1J1bHHH1JHa 
MoCKOBCKHH rocy ,n.apCTBeHHblH YHHBepCHTeT 
HM. M.B. JlOMOHOCOBa 
XHMHqecKHH <l>aKyJILTeT 
JleHHHCKHe ropbl 
119899 Moc1<ea 
PoccHH 
Tel.: (095)-9393498 
Fax: (095)-9328846 
E-mail: mish@kinet.chem.msu.ru 



UJHJIOB AJJeKcan.np EerenbeBHlf 
11Hcrn:ryT 6HOXHMWieCKOH <l>HJHKH p AH HM. 3MaHy3JUI 
yJI. KoCblfHHa, 4 
119991 MocKaa 
PoccuH 
Tel.: (095)939-72-43 
E-mail: elka@sky.chph.ras.ru 

UJIIPOKOB IOpuu reoprneeHlf 
XHMHKO-TeXHOJIOrWieCKHH YHHBepCHTeT 

yJI. <l>. 3HreJibCa, 7 
153460 J1BaHOBO 

PoccHH 

UJKO)UJ-q BaJJeHTHHa <l>e,LJ;opoena 
Ka.JaHCKHH rocy .napcTBeHHhIH 
TeXH0Jiorw1ecKHH ymrnepCHTCT 
y JI. K. MapKca, 68 
4200 j 5 KaJaHh, TaTapcTaH 
PoccHSI 
Tel.: (8432) 19 42 14 
fax: (8432) 76 95 38 
E-mail: vskodi@rambler.ru 

UJMA 1.JKOBA Depa Unpoena 
11HCTHTYT Karnmna 
HM. r.K. EopeCKOBa co PAH 
npocn. AKa.a. JiaapeHTbeaa, 5 
630090 HoBOCH6HpCK 

Poccust 
Tel.: (383 2) 39 73 12 
Fax: (383 2) 34 30 56 
E-mail: vera@catalysis.nsk.su 

llJMEJIEB IIJJbSI reHH3,llbeBHlf 
Ka.JaHCKHH rocy.napcrneHHbIH 
TeXHOJIOrfflICCKHH YHHBepCHTeT 
Kaq>e.llpa AXCMK 
yJI. K. MapKca, 68 
420015 Ka.Jam,, TaTapcTaH 
Poccust 
Tel.: (8432) 720324 
Fax: (8432) 720324 
E-mail: rrg@kstu.ru 

llJMil)(T AJJeKcaH.LJ:P <l>e.!lopoeuq 
11pKyTCKHH rocy.napcTBeHHhlH YHHBepCHTeT 
y JI. K. Map Kea, 1 
664003 lfpKyTCK 

Poccuu 
Tel.: (3952)-462856 
E-mail: aschmidt@chem.isu.ru 

llJMH,ll;T <l>e.nop KapJIOBHlf 
11pKyTCKHH rocy.uapcTBeHHbIH ymrnepCHTeT 
yJI. K. MapKca, 1 
664056 J1pKyTCK 

PocCHSI 
Tel.: (3952)46-03-14 
E-mail: aschmidt@chem.isu.ru 
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llJY JIAEB HnKoJiaii Cepreeeu~ . , 
CTepJIHTa.MaKCKHH <l>HJIHaJI ' 
Y !J>HMCKOro rocy.napCTBeHH0ro Heq>TSIHOro 
TeXHHt{eCK0ro ymrnepCHTeTa 
np. OKT}l6p}I, 2 
453118 CTepmnaMaK, EamKoprncrnH 
Poccuu 
Tel. : (3473) 24-24-78 
Fax: (3473) 24-24-08 
E-mail: nshulaev@sfugntu.bashnet.ru 

IOJI)J;AllJEBA ryJJbHapa A6.1l-P3UJH)lOBHa 
Hayt-IHO HCCJie)IOBaTeJibCKHH HHCTHTYT H0BhlX 
XHMHt{eCKHX TeXH0JI0f'HH H MaTepHaJI0B 
yn. KapacaH I:iaTb1pa, 95a 
480012 AnMarn 
KaJaxcnn 
Tel.: (3272)-69-55-91 
Fax: (3272)-63-56-80 
E-mail : bobm@nursat.kz 

IOPKIIHA OJJbra BJJa.lJ,HMHpoena 
000 "TipoHJBO.llCTBeHHOe O61,e.nHHefIHe 
"KHpHllIHHe!J>TeoprcHHTeJ" 
187110 KHpHllIH, JleHHHrpa,ucKaR 0611. 
Poccu11 
Tel.: (8268) 91-432 
Fax: (8268) 91-386 
E-mail: Yurkina_O_ V@kinef.ru 

iffO)(OBCKIIH BHKTOp )(,MHTpneBHlf 
PoccHHCKHH YHHBepcHTeT .llPY)K6hI H.apo.nos 
Kaq>e,apa <l>HJXHMHH 
yn. MHKJiyxo-MaKJia}l,6 
1117198 MocKea 
PoccuSI 
Tel.: (095)9550714 
Fax: (095)9520745 
E-mail: jserov@sci.pfu.edu.ru 

.HXBAPOB )(,MHTpHH rpuropbeBH"I 
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