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HYDROISOMERIZATION CATALYTIC REACTIONS OF n-HEPTANE ON BULK
AND SUPPORTED MoO,(H,),.. CATALYSTS

PEAKIIUHA KATAJIUTHYECKON T'HAPOU3OMEPH3AITNH n-TEIITAHA HA
MACCHUBHOM U HAHECEHHOM MoO;(H,)sc. KATAJIU3ATOPE

Benadda A., Katrib A., Barama A.* and Maire G.

LMSPC-UMR 7515 du CNRS-ECPM. University Louis Pasteur-25,
rue Becquerel-67087 Strasbourg-France
Fax: +33-3-90 27 27 61; E-mail: benaddaa@ecpm.u-strasbg.fr
*LCGN USTHB BP32 EL-ALIA 1601 1.Alger- Algérie

. Hydroisomerization catalytic reactions of n-heptane on surface MoO,(Hx)ac.phase present
as bulk or deposited on TiO, supported catalysts have been studied at reaction temperatures
between 520 to 620 K. A selectivity of more than 90% in isomerization products, mainly 2
and 3-methylhexanes and dimethylpentanes and a conversion up to 22% were obtained at
reaction temperatures between 520 to 580 K. However, at higher temperature up to 650 K, a
constant increase in conversion associated with a decrease in selectivity in isomerization
products could be observed. At 573K isomerization selectivity remains constant when the
conversion increases. The major hydrocracking products obtained at the reaction temperatures
studied in this work are C; and C4 with a rationCs/C4 close to one.

Mono and di-branched light alkane compounds are gaining interest in oil industry in
order to improve the octane number of the gasoline pool for cleaner fuels. Plé.tinum based
catalysts supported on acidic alumina or zeolites are widely used in indﬁstry 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. In this respect, several mvestlgatlons dealing with dlfferent types of catalysts for the
isomerization of n-heptane, such as Pt deposited on nanocrystalline Beta zeolite [1],
molybdenum oxicarbide [2] and partially reduced molybdenum trioxide [3] were ;él;orted_.

Katrib et al. [4-7] have developed a new MoOz(Hx)ac.catalyst as a bulk‘( or supported on
TiO,. The catalytic activity of this syét‘em for the isomérization of alkanes has been
rationalised in terms of a bifunctional mechanism. The dehydrogenﬁtidn/hydrogenation
processes take place on the delocalized m electrons along the C-axis of the Mo atoms in MoO,
deformed rutile phase, while the isomerization of the formed olefin takes place on the
Brénsted acidic Mo-O-Hx groups present on the catalyst surface. In this work, we have used
this catalytic system as a bulk or supported on TiO; to study the hydroisomerization of
n-heptane.
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The conversion and selectivity in isonierization 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 MoO,

by hydrogen at 650 K for 7 hours.

Reaction 623 603 583 563 543 523
temperature (K)
Conversion % 49.5 36.2 211 128 2.9 0.8
Isomerization | ¢, 5 79.6 92.6 93.9 100 100
seletivity % .
Cracking
selectivity % 37.7 204 74 6.1 0 0
2MH/3MH 1 1 0.94 0.9 0.9 1.3
C1 0.8 " 0.6 0 0 0 0
C2 1 0.5 0 . 0 0 0
C3 12.6 7.4 3.6 23 0 0
butanes 14.5 8.4 3.8 3.7 0 0
pentanes 1.8 1 0 0 0 0
hexanes 7.1 24 : 0 0 0 0
2MH 232 30.8 40.2 426 52.6 435
3MH 274 31.4 37.9 37.6 474 56.5
DMP 13 15 14.3 13.7 0 0
others 1.7 23 0 0 0 0

As could be observed in the figure, a conversion between 0.8 to 21% and a selectlvrty of
more than 90% to 1somer1zat10n products mamly 2 and 3-methy1 hexanes (2MH/3MH ~ 1)
and dr-methyl pentanes were obtained at reaction temperatures between 520 and 580 K.
However, at higher reaction temperatures, a constant increase in conversion in favqur of
Ahydrocracking products takes place. It is important to note that the seiectivity ratio in
'/i:some'rization products at higher than 600 K reaction-temperatures dees not change regardless
‘the conversion. The major hydrocracking products are Cs and C4 (C3/C4 ~ 0.9) at all the
reaction temperatures studied in this work. This clearly reﬂects the stablhty 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 MoOy(Hy),c. system.
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BALANCING ON THE EDGE: ISOMERIZATION REACTIONS OVER
HETEROGENEOUS CATALYSTS PRE-ACTIVATED WITH HYDROGEN

BAJIAHCHPY S HA TPAHU: PEAKITUHA H3OMEPH3AIIUH HA
I'ETEPOI'EHHBIX KATAJIM3ATOPAX, AKTHUBUPOBAHHEBIX BOJOPOJIOM

Bernas A., Kumar N., Miki-Arvela P., Laine E.*, Holmbom B.**, Salmi T. and Murzin D.Yu.

Laboratory of Industrial Chemistry, Process Chemlsty Group, Abo Akademl Umvers1ty
FIN-20500 Abo/Turku, Finland
. Fax: +358 2 215 4985; E-mail: dmurzin@abo.fi
" *Laboratory of Industrial Physics, Department of Physics, University of Abo/T urku
FIN-20014 Abo/Turku, Finland
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FIN-20500 Abo/Turku, Finland

The double 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 by catalyst pre-activation under a pressure of hydrogen.

Double bond migrétion in hydrocarbons has been a subject of considerable interest for a
number of years. Different mechanistic proposals have been advanced and it has been
demonstrated that hydrogen can promote the double bond migration reaction being an
astoichiometric component. It is however obvious that if double bond migration occurs in a
hydrogen atmosphere, the selectivity toward isomerization products is essentially diminished
due to the "parasitic" double bond hydrogenation reactions. An option is to utilize solvents
that act as hydrogen transfer agents. Very often only the products of double bond migration
are of importance. In present study we were concerned with the production of conjugated
linoleic acids (CLA). CLA was recently found to be both antioxidative and anticarcinogenic,
hence these fatty acids are of great interest in food and health research [1].

"CLA is conventionally prepared by homogeneous isomerization of linoleic acid
(cis-9,cis-12-octadecadienoic acid) under alkaline conditions. The use of a heterogeneous
catalyst for the double bond migration reaction would be of advantage from economical and
environmental point of view, since it easily can be filtered, regenerated, and reused. The
catalytic activity of Ni/H-MCM-41 mesoporous molecular sieve_catalyst at mild reaction
conditions has been recently been investigated [2]. In this study, sﬁpported metal catalysts
Ru/AlO3, PUH-MCM-41, and PA/H-Y are investigated. The catalysts were charachterized by
using X-ray powder diffraction (XRD), X-ray fluorescency, hydrogen temperature
programmed desorption (TPD), and nitrogen adsorption (BET) techniques.
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The heterogeneously catalyzed isomerization reaction was carried out in a stirred 200 ml
- jacket heated batch reactor. Preliminarv 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 hydrogenated 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 a<:1d) The isomerization reaction in a nitrogen
atmosphere was dramatlcally enhanced when the catalyst was pre—actlvated 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 of lirroleic aoi_di over Rw/AlLO;, Pd/H-MCM-41, and Pd/H-Y catalysts.

Catalyst - Hydrogen Reaction “%Conversion  “Conjugation °Hydrogenation  Selectivity Selectivity

adsorption temp.  temperature - (%) (%) .., (%) for " for
(°C) °C) ) conjugation  hydrogenation

Ru/ALO; 100 120 44 28 16 0.65 0.36
Pd/H-MCM-41 100 120 100 - 4 o ‘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 10 activation 120 23 18 6 - 0.76 0.24

“All percentages refer to mole perccntages YIncludes all CLA isomers. ‘Includes both mono-unsaturated acrds v

and stearic acids.
Conditions: raw material: 200 mg lmolelc acrd, solvent 70 ml n-decane catalyst quantity: 200 mg, catalyst'
metal loading: 5 wt-%, catalyst particle size interval: 0-180 pm, hydrogen adsorption time: 1 h, reaction time:
6h, reactron pressure: 1 atm of nitrogen, strirring rate: 800 rpm. r

It was concluded that the concentration of chemisorbed hydrogen and a chemisorbed
half-hydrogenated key intermediate on the catalyst surface have a deﬁnlte influence on A_
catalytic activity and selectivities toward conjugatron and hydrogenated products through a ;
complex connection. High hydrogen coverage favors hydrogenatron Low hydrogen coverage
favors 1somenzat10n but also reduces the conversron A compromise thus has to be made A

krnetlc model based on mechanistic consrderatrons is advanced
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IN SITU CHARACTERIZATION OF Sn-Pt/SiO; CATALYSTS USED IN LOW
TEMPERATURE OXIDATION OF CO

HUCCJIEAOBAHHUE IN SITU Sn-Pt/SiO; KATAJIN3ATOPOB
HU3KOTEMIIEPATYPHOI'O OKUCJIEHHSA CO

Borbath 1., Margitfalvi J.L., Lazar K.*, Szegedi A., Hegediis M. and Gébolos S.

Institute of Chemistry, Chemical Research Center, Hungarian Academy of Sciences
1025 Budapest, Pusztaszeri tit 59-67, Hungary
*Institute of Isotope and Surface Chemistry, Chemical Research Center
Hungarian Academy of Sciences, 1525 Budapest, POB 77, Hungary
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Low temperature oxidation of CO over alloy type Sn-Pt/SiO, catalysts with different
Sn/Pt ratios has been investigated at different CO partial pressure using Thermal Programmed
Oxidation technique and time on stream experiments. The activity of the catalyst had a
maximum, which depended on both the Sn/Pt ratio and the CO partial pressure. FTIR and
Mossbauer spectroscopy has been used to follow compositional and structural changes of
Sn-Pt/SiO; catalysts during the catalytic run. The results show that the in situ formed, highly

mobile “Sn™*-Pt ensemble” sites are responsible for high activity, while formation of
relatively stable SnOy type surface species are involved in the catalyst deactivation.

Low temperature oxidation of CO has a great academic and industrial interest. Different
catalytic systems have been developed for this reaction and Pt/SnO, and supported gold
nanoclusters showed the highest activity [1,2]. With respect.to the high activity of Pt/SnO,
catalysts the involvement of Pt-SnOj interface has been proposed [2].

Upon using Controlled Surface Reactions between hydrogen adsorbed on platinum and
tin tetraalkyls we prepared a series of Sn-Pt/SiO, catalysts containing supported Sn,Pt,
nanoclusters almost exclusively with Sn/Pt ratio up to 1.5 [3,4]. Md&ssbauer 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 K.

Based on our recent catalytic and Mdssbauer spectroscopy results {5] and the mechanism
presented in ref. 2 we have suggested that the activation of the CO molecule can be related to
(i) the atomic closeness of Pt and Sn** sites formed in situ from supported Pt-Sn nanoclusters
during the oxidation, and (ii) the CO — Sn** interaction. This suggestion has been supported -
by the results of ab initio Hartree-Fock calculations carried out for the CO — Sn" cluster,
where N= 0, +2 and +4. The results clearly showed that the C=0 bond was weakened in the
proximity of the charged tin atom. This weakening effect is proportional with the charge of
the tin atom [5].

The possible mode of activation of the CO molecule over the (} 10) surface of the PtSn

(1:1) alloy was also modeled and calculated. For the linear alignmeht of CO, i.e., when the
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CO molecule is perpendicular to the surface, no OeeeSn interaction is possible. In contrast, for
the bent structuréé; 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**- Pt” ensemble sites
in the increased activity of our alloy type Sn-Pt/SiO, catalysts in low temperature CO
oxidation.

Based on in situ Mossbauer and FTIR spectroscopic respits we suggest that in room
temperature CO oxidation the supported Sn-Pt nanoclustéfé. 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™.

. 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, QS=O 6-0.7 mms™)

(ii)  Appearance of a hlghly dispersed Sn** (sf) phase (IS"O 86-1. 12mm s )
(ili)  Formation of free platmum sites (vCO‘“’ =2086 cm’ \/CObr =1840 cm™)
(iv) Appearanc;e\ of a new alloy phase, PtSn (1:1) (IS=1.8 mm s, Q8=0.6-0.7 mm s).

It has been _(?onﬁrm_ed ‘both by in situ Mossbauer spectroscopy results and catalytic
experiments that tﬁ?, formed dispersed tin oxide phase is highly reactive. In the absence of
oxygen it can be féduccd by hydrogen even at room temperature and 82% of the originél
alloy content has been restored. The probability of the Mossbauer effect, fo (approximated by
d In(As300/A77)/dT) indicates the surface location of the involved components. In both CO
oxidation and subsequent re-activation in hydrogen a reversible PtSn < Sn** + Pt
interconversion ta;kes place at room temperature. The results of in situ FTIR spectroscopy
prov1ded 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
spec1es in the above mterconversmn The catalytlc experiments are in full accordance with the
results of spectroscopic measurements. .

In this lecture details on the preparatlon and charactenzatxon of Sn-Pt/SlOz catalysts, and
results of the actlvny tests and ab initio and density functlon calculation will be presented and
discussed.
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CATALYTIC PERFORMANCES OF Co-Fe-Cu MIXED OXIDES FOR PROPENE
AND TOLUENE OXIDATIONS

KATAJIMTHYECKHUE CBOMCTBA CMELHIAHHBIX OKCH/JIOB KOBAJIBTA,
KEJIE3A 1 MEJI1 B OKUCJIEHHUH ITPOITUJIEHA M TOJIYOJIA

Carpentier J., Laversin H., Lamonier J.-F., Siffert S. and Aboukais A.

Laboratoire de Catalyse et Environnement, EA 2598, MREID,
Université du Littoral - Cote d’Opale, 145,
Avenue Maurice Schumann, 59140 Dunkerque cedex, France
Fax: 03 28 65 82 39; E-mail: lamonier@univ-littoral.fr

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

The use of hydrotalcite precursor to prepare mixed oxides could be an interesting way to
improve the catalytic performance of oxides [1]. For toluene oxidation, K. Bahranowski et al.
[2] demonstrated the better activity of Cu, Cr double oxides derived from the hydrotalcite
synthesis. In this work, propene and toluene have been chosen as probe molecules because
alkenes and aromatics (with carbonyl compounds) are the major families in automobile
exhausts [3] especially for diesel engine and because they are commonly: emitted from
industrial processes.

Cu and/or Co and Fe layered double hydroxides (Co,xCusFe;(HT) with x =0, 0.5, 1, 1.5
and 2) have been synthesised by coprecipitation of Cu(NO3);, Co(NO3),; and Fe(NO;); with a
aqueous solution of NaOH and Na,CO; (pH = 8). The resulting slurry is heated at 55°C for
24h. After cooling, the solid is filtered, washed and dried in air at 50°C for 48h. The catalytic
performances of calcined hydrotalcites (500°C) in the propene and toluene oxidations have
been performed in a flow microreactor and evaluated studying the combustion products by
gas chromatography.

The XRD pattems of CoyFe (HT) and Co, 5Cug sFe;(HT) samples show the presence of a
well crystallised hydrotalcite phase. For x = 1, the hydrotalcite phase is present but poorly
crystallised and mixed with another phase. For x = 1.5, the solid is amorphous according to
the higher BET value (214 mz/g). For CuyFe (HT) sample, only the malachite structure
Cu,(OH),CO; is formed. In these conditions, the formation of hydrotalcite phase with copper
as unique bivalent cation in the sample is not possible.

The catalytic activities of Co,xCuxFe;(HT) samples are presented in fig.1 for the total
oxidation of propene and in fig. 2. for the total toluene oxidation. All the catalysts present a

selectivity into CO, and H,0 of 100% towards the both oxidation reactions.
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Fig. 1. Conversion curves of Fig. 2. Conversion curves of 5
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(0)x=15and (+)x=2 (0)x=15and (+)x=2

For all the catalysts, the propene conversion monotonically increases with temperature,
reaching 100% at the minimﬁm temperature of 275°C except for CuyFe; 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=05>x=1>x="15>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 acffvity of Cu,Fe,(HT) can be
explained by the lower épeciﬁc area of this sample.

For the toluene oxidation, a higher temperature is needed for a complete fe:iction in
agreement with the different stab111ty of the both reactants. Copper presence has also a
positive effect on the activity but its content is not the determuung parameter as in the case of

propene oxidation.
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CATALYTIC PROPERTIES OF NITROGEN OXIDES IN PROCESSES OF
OXIDATION TRANSFORMATIONS OF ORGANIC COMPOUNDS

KATAJIMITHYECKHE CBOMCTBA OKHCJIOB A30TA B OKHCJIMTEJILHBIX
ITPEBPAIINEHHUAX OPTAHHYECKHX COElII/IHEHIrIfI

Chornaja S., Zhizhkun S., Trusov S. and Sergeeva O.

Riga Technical University, Faculty of Material Science and Applied Chemistry
14/24:Azenes St., LV1048, Riga, Latvia
Fax: +371+7615785; E-mail: S_Zhizhkun@hotmail.com, weaselstyle@one.lv

Liquid phase catalytic oxidation by molecular oxygen is the most effective way to obtain
various oxygen containing organic compounds. The major problem in this case is selection of
both active and selective catalyst. It is shown in our previous publications [1,2] that nitrogen
oxides (NO,) are both active and selective catalysts of liquid phase oxidation of aromatic
alcohols and glucose by oxygen. The kinetics of those processes has been studied and the
mechanisms are proposed. Nitrogen oxides in oxidizable solutions are generated in a
NaNO,-HCl04-H,0O-sulfolan system

Possibility to apply catalytic system described above to two new processes is explored in
the given work.

Catalytic oxidation of hydroxypivalic aldehyde by 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 a system mentioned above has been
studied.

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

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

NaNO,, H'
2 C(CHj3)2(CH,0OH)(CHO) + O, » 2 C(CHj3),(CH,0H)(COOH) (1)
hydroxypivalic hydroxypivalic
aldehyde acid
NaNO,, H'
C(CH;),(COOH)(CH,0OH) + O, » C(CH3),(COOH), + H,0 2
hydroxypivalic dimethylmalonic
acid acid

Schema for catalytic process has been proposed.

13



P "?’he works published in a recent yeats [3.4] "show that currently dlscussed catalytlc
system is successfully utilized i in an aromatic compounds halogenization processes

“Todization and bromization has been achieved [3,4] in the following conditions:

The aromatic compound -HCIO,- NaNO,-Nal(NaBr)-O,.

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 application of
various metal ions of variable valence and NaNO, as catalysts in a following system:
substrat-HC1O4- H,0-Cl'-Me™-NaNOQ,-0,. 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 CATALYTIC AND PHYSICO-CHEMICAL
PROPERTIES OF Cu-Ce-Al-O CATALYSTS FOR SOOT COMBUSTION

BJIUSTHUE O30HA HA KATAJIMTHYECKHUE H PU3NKO-XUMHUYECKHUE
CBOMCTBA Cu-Ce-Al-O KATAJIU3ATOPOB C)KUTAHHUSI CAXKH

Decarne C., Bokova M.*, Abi-Aad E., Lunin V.V.* and Aboukais A.

Laboratoire de Catalyse et Environnement, MREID
145, Avenue Maurice Schumann, 59140 Dunkerque — France
Fax: 03-28-65-82-39; E-mail: abiaad@univ-littoral.fr
*Catalysis and Gas Electrochemistry Laboratory, Chemistry Department,
Moscow Lomonosov State University, Vorobjevy Gory, Moscow 119899, B-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 manufacturer. In this study, the catalytic combustion of carbon particles
has been investigated in the presence of Cu-Ce-Al oxides. The 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 problems. The reduction of diesel soot can be reached by impregnation of
porous ceramic filter placed through the exhaust stream with an oxidation catalyst. In this
study the ternary oxides composed of copper, ceria and alumina were chosen as catalytic
systems. All these oxides were already studied for soot or carbon black combustion [1-3] and
except alumina that is introduced as support, these oxides were active. Nowadays, ozone is
widely used in different 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.

The catalytic tests of combustion of 20wt% of carbon black mixed with 80wt% of
catalyst were studied by simultaneous Differential Thermal Analysis and Gravimetric
Thermal Analysis (DTA/TG) with a NETZSCH STA 409 apparatus. The analysis of
combustion products was performed on a Varian 3600 chromatograph, .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 75SmL/min at 298 K. during 1 hour. Ozone was

produced from oxygen in laboratory glass ozone generator.

From DTA/TG curves, the activity of the catalysts before and after ozonation 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 aggldmeratés 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 AlLO3;, CeO, and CuO catalysts small
differences were observed for the combustion temperature. When the reaction was performed
in the pfesence 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,
envirqnfnent, )

Concerning the CO selectivity of the solids, pure alumina presents a selectivity of 14%
(CO/CO+COy)). CO selectivity decreases with the increase of ceria content. Indeed, pure
ceria is totally selective in CO,. Copper intro@gction allows to have total CO;, 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 (M0o0Q3/Ce0,)

- e

PEAKIIUSI KATAJTUTHYECKOTO OKHCJIEHHUS IIPONTAJIEHA B
MPHCYTCTBHH MOJMBIEHOBOTO KATAJIM3ATOPA, HAHECEHHOT'O HA
OKCH/I LIEPHSI (M0O+/Ce0»)

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

» Laboratoire de Catalyse et Environnement E.A. 2598, MilEiD,
Univeristé du Littoral-Céte 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 the 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 ammdnium heptamolybdate'
Mo7024(NH4)s,4H;0 solution on cerium hydroxide as support Ce(OH),. The ﬁerformance 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, MoOs 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% imprégnated on ceria, decreases the activity and selectivity of the catalytic system. This
phenomenon can be explained by the decrease of catalysts specific éreas 1n the ﬁresence of
molybdenum (>1%). This can be related to the dispersion of MoO; oxide on ceria surface. |
Raman study has shown that low molybdenum loading is highly dispersed on ceria with Mo®"
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 imporiant quat_ﬁity of |
molybdenum. Otherwise, O and Mo>" ions have been evidenced by EPR after treatment
under vacuum of these latter catalysts at‘ 573K. These observations revealed a partlal ‘
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 reductlon Ceria is.more easily reduced in the presence
of low molybdenum loadings (<1%). Otherw1se it is well-known that the catalytlc activity is
related to the chemisorption afﬁmty of the oxide towards the reactant [5]. The nature of the
1ntexmed1ate 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-ceria has been evidenced by
EPR. However, the presence of coke is detected at room Atemperatu're 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 (x-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 ALO;, ZrO, CATALYSTS IN PROPANE CRACKING AND CO,
REFORMING OF CH,

OXAPAKTEPU30BAHHUE H KOKCOOTJIOXKEHHE HA Ni,Co,Mo
KATAJIM3ATOPAX, HAHECEHHBIX HA AL O3, ZrO,, B PEAKIIUAX KPEKMHT'A
' INPOITAHA 1 PU®OPMUHI'A CO, METAHOM

Goralski J., Grams J., J6zwiak W.K., Paryjczak T. and Rzeznicka I. -

Institute of General and Ecological Chemistry, Technical University of Lodz,
ul. Zwirki 36, Lodz 90-924, Poland
Fax: 48 42 631 31 26; E-mail: jgoral@ck-sg.p.lodz.pl

The CO, reforming reaction of CH,4 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
2CO«> C+CO; and CH4¢>C+2H,, respectively. This paper was focused on the changes in the
activity for the CO; reforming of CH,4 over unsupported and supported Ni catalysts. However,
in the case of the most active catalyst Ni/ZrO,-ALO; having the activity comparable to
Ni/AL,O; catalyst, the reactor was completely plugged with carbon in a few minutes. In
propane cracking the most active appeared Co-Mo/Al,O;3 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, TPSRy,, TOC,

XRD, TEM. . _
| The activity of nickel suppdrted on alumina catalysts in reaction of dry reforming of
methane is comparable with the activity for unsupported nickel and mechanical mixture of
NiO and ALQ;. It increases with temperature and is almost p;oportioﬁal to reaction time. The
increase in the activity in time is caused by the reduction of Ni/Ales 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 calcihed' at
500°C prior to the reaction, so the formation of nickel aluminate waé insignificant. The initial
activity of Ni/ZrO, 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/ALO; catalysts. It is reasonable since Ni/ZrO, catalysts have small surface area (5 m%/g)
and the reduction of these catalysts requires longer time. The activity of nickel supported on

Zr0,;-Al,0; is close to alumina supported catalysts. Howe\}ef, it decreases dramatically in
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time because, there are much smaller nickel particles on the surface, which can easily form
zirconyls under reaction conditions. Temperature programmed oxidation of the depos1ted
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/AL,O;, Co/A1203 and Co-Mo/A1203 catalysts in propane cracklng
showed that low Mo loaded system appeared_to be the most active. The amount of carbon
deposition was proportioual to thetirrle and temperature of propane cracking. In the case of
acetylene cracking at the same reactlon time - temperature conditions much higher amount of
deposited carbon appeared on catalyst surface. Zirconia supported catalysts underwent much
lower degree of carbon coatmg than those supported on alumina.
| Depending on the kind of catalyst and its pre-treatment condltlons of oxygen — hydrogen
cyclmg different XRD phases were observed: C0304, Co, CoAl,04, CoM00,4 and MoO3 [3,4].
T.he‘ crystalline MO; phase is ol)served only for Mo/ZrO; catalyst whereas, for Mo/Al,0;
catalyst an amorphous phase is anticipated. The reactivation of carbon deactivated catalysts
was performed using temperature iprogrammed oxidation with o;(ygen TPO and the conrplete
carbon removal from catalyst surface mamly as C02 was poss1ble up to 600°C. At least three
different carbon species were env1saged carbon mono atomically dispersed species, carbon
whlskers and surface graphite — hke structures conﬁrmed by TPO XRD and TEM methods
The removal of carbon in hydrogen atmosphere of S%Hz - 95%Ar stream during TPSRHz
process did not exceed 20% of total deposrted carbon on catalyst surface and the major
products were CH4 and CO The evolutlon of carbon monox1de was the result of the carbon

reformmg w1th support surface hydroxyl groups C +0OH —» CO+ % H; [5].

+ Acknowledgement: This work was supported by the Polish State Committee for Sc1ences
Research Grant PBZ/KBN/018/T09/99/1C :
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IN SITU FORMATION OF CHEMOSELECTIVE SITES IN HETEROGENEOUS
CATALYSIS: HYDROGENATION OF o,3-UNSATURATED ALDEHYDES

IN-SITU ®OPMHAPOBAHHUE XEMOCEJIEKTUBHBIX IEHTPOB B
I'ETEPOI'EHHOM KATAJIM3E: THAPUPOBAHHUE a,B-HEHACBIHIEHHLIX
AJIBAETHA0B

Hajek J., Salmi T. and Murzin D.Yu.

Labofatory of Industrial Chemistry, Abo Akademi University, Abo/Turku, Finland
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=0 bond in conjugated
system of C=0 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 leeding to in situ formation

of chemoselective sites was also proposed in several gas-phase hydrogenatlons However
selectivity increase towards unsaturated alcohol w1th time-on-stream was accompamed by
catalyst deactivation and was at the expense of select1v1ty decrease. As act1v1ty and selectmty
in fact are connected additional experimental evxdence is essent1a1 for demonstratlon of
in situ formatlon of chemoselective sites. e

In the present study llqmd-phase hydrogenation of cmnamaldehyde over supported sol-gel
Ru-Sn/SiO; catalysts was studled at 373-483 K and 25- 70 bars. The reactlon network is

presented on Fig. 1
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Fig. 1: Reaction network of cinnamaldehyde hydrogenation o'vAér sol-gel Ru-Sn/Si0; 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.
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- Fig.2. Graphic demonstration of the metal-support interfacial sites formation during the

hydrogenation of cinnamaldehyde over differently prepared Ru-Sn/SiO; 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)/Fe;O; CATALYTIC ACTIVITY IN
WATER - GAS SHIFT REACTION -

 BJIMSIHUE BOCCTAHOBJIEHHUS KATAJIM3ATOPOB Ru(K)/Fe,0; ﬁA HUX
‘ AKTHBHOCTB B PEAKITHU KOHBEPCHH CO C BOI[HHLIM IHAPOM

Jozwiak W.K., Maniecki T.P., Basmska A.*, Goralski J. and Fledorow R.*

Institute of General and Ecological Chemistry,Technical University Qf Lodz,
ul. Zwirki 36, 90-924 Lodz, Poland
Fax: 48 42 631 31 26; E-mail: wjozwiak@ck-sg.p.lodz.pl ,
*Faculty of Chemistry, Adam Mickiewicz University Poznan, ul. Grunwaldzka 6, Poland

Water gas shift (WGS) reaction (CO + H,O — CO; + H,) 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 Fe,O3, Ru/Fe,0; and potassium-promoted Ru(K)/Fe,0; catalysts for
the above reaction.

Iron(III) oxide, used as a support for Ru and Ru-K/Fe;0;, was prepared by calcination of
iron oxide-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 RuCl; 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 H, chemisorption, TPRy,, TPRco,
TPD, low-temperature N, adsorption, TG-DTA-MS, FTIR and XRD techniques. The catalytlc
activity for WGSR was measured in a flow reactor operating at atmospheric pressure at 350°C
with the molar ratio of H,O/CO = 2.5.

The catalysts calcined in air showed the presence of Fe,0; and/or RuQ,, K;0, KFeO,
phases, whereas only Fe;O4 and traces of potassium carbonate were X-ray detected in the
Ru/Fe;03 catalysts after WGS process. BET surface area of the catalysts, which ranged from
12 to 20 m%g”, 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/FeZO3 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)/Fe,O3
catalysts.

The hydrogen reduction susceptibility of iron(IIl) oxide strongly depends on heating rate
and hydrogen partial pressure in Hy-Ar stream. The reduction begins at about 200°C and
results in the appearance of two overlapped TPRy, peaks which can be attributed to the
following stages of the iron(IIl) oxide reduction 3Fe;O3 — 2 Fe;Oz — 6Fe. The presence of
ruthenium (RuQ,) substantially changes the character of reduction process and three distinct
stages are noticeable. They can be assigned to reduction of ruthenium(IV) oxide RuO, + 2H;
— Ru + 2H,0 with maximum at about 190°C, reduction of Fe,0; to Fe;0, with a maximum
at about 260°C and finally the reduction above 350°C which represents the unresolved
gradual transformation of Fe;04 — FeO — Fe. The overall process appeared to be time-
temperature-diffusion limited and strongly depends on heating rate (0.5-25°C/min" ) In such

23



PP-10 :

conditions the reduction of Fe;04 — Fe in 5%H, — 95%Ar stream was accomplished at 620
1250°C, respectively. In pure' 100% H, stream, the reduction of 3Fe,O; — 2 Fe;04 — 6Fe
proceeds in the temperature range of 200-400°C.

TPRco measurements were carried out in the gas mlxture consisting - of
5 % CO - 95 % He with trace amounts of O, and H,O (about 300 and 10 ppm, respectively).
Thus, a simultaneous determination of the catalyst reduction effects during the reactions of
CO oxidation with O, 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 O, Hy, CO; and CO recorded for Ru/Fe;O; catalysts.
Starting from the temperature of about 100°C, CO and O, are consumed while CO; is
evolved, which indicates the occurrence of the reaction CO +1/2 0, = CO,. In the range 270-
290°C, sharp peaks related to CO consumption and CO, release are interpreted as reduction of
ruthenium(IV) oxide phase RuO; + 2CO — Ru + 2CO,. From about 280°C, the evolutlon 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 Fe,O; to Fe;0,
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(Il) oxide reduction. After
completion of this stage, hydrogen appears again. A further stage of Fe;O4 reduction is
observed in the range 320-480°C. At about 500°C, simultaneous CO and CO, desorption is
observed. These desorption effects can serve as an mdlcatlon 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 CO, is related to the
decomposition of surface formate-like species, according to the schemes:
HCOOH — CO; + H; and HCOOH — CO + H,0. The evolution of hydrogen was detected
during TPD experiments in Ar stream after WGSR at 350°C. The absence of water evolution
can be explained by the subsequent step of iron(1l) oxidation: Fe?* + H,0 — Fe**-0" + H,.

. Two kinds of catalytic sites responsible for WGS reaction are postulated, one of which is
RL}(Q) located on ruthenium surface and the other belongs to Fe;O4 surface. The condition for
high. activity  is easy, reduction of a catalyst at low temperatures.
The ability of carbon dioxide and garbon monoxide to adsorb can serve as a. measure of the
concentration of active sites on the surface of iron oxide. Lower activity results in smaller
CO; and CO desorption effects and in a decrease of CO,/CO ratio.

:f;This'k work was supported by the Polish _State Committee for Scientiﬁé 'Research; grant
No. PBZ/KBN/018/T09/99/1C
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THALLIUM AS AN ADDITIVE MODIFFYING THE SELECTIVITY. -
OF Pd/SiO; CATALYSTS

TAJIIAA KAK JIOBABKA, BJIHAIOIIAS HA CEJIEKTUBHOCTD
Pd/SiO; KATAJIN3ATOPOB V
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The catalytic oxidation of glucose to gluconic acid is carried out with air or oxygen in ‘
aqueous medium in the presence of supported platinum or palladium catalysts [1-6]. In spite
of high selectivity of these systems, they have not been found useful in industry beca;ﬁse 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 modified by metals likei
Bi, Pb, Cd, TI, 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 SiO, and
modified with thallium in the reaction of liquid phase oxidation of glucose to ‘g]uconic acid
were studied. Moreover, the phase composition of bimetallic systems was determmed 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 T1 dissolved in the solution
during glucose oxidation was studied.

The catalysts modified with T1 show much better selectivity and activity in the reaction of
glucose oxidation to giuconic 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 Swt.-% Pd — Swt.-%T1/SiO, 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 — TI/SiO; 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'intd the mixture is the pfesence 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 concérning the selective oxidation of glucose

(Grant no 7 TO9B 120 21).
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CATALYTIC PROPERTIES OF M-LOADED Y203-Ce02-Zr02 SOLID SOLUTIONS -

KATAJIMTUYECKHE CBOHCTBA IIPOMOTI/IPOBAHHI)IX METAJIJIAMH
TBEPlIBIX PACTBOPOB Y203-Ce02-Zr02

Kulyova S.P., Kostyuk B.G., Lamonier J.-F.*, Zhilinskaya E.A.*, Aboukais A.* and
Lunin V.V, A

Laboratory of Catalysis and Gas Electrochemistry, Chemistry Department,
Moscow Lomonosov-State University, Moscow 119899, Russia
Fax: +7 (095) 939 45 75; E-mail: lunin@kge.msu.ru
*Laboratoire de Catalyse et Environnement, EA 2598,
Université du Littoral-Cote d’Opale, MREID,
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Influence of nature and loading of transition metal as well as type of support on activity
of M-containing xYO; s-10Ce0,-(90-x)ZrO, solid solutions (M = Cu, V or W; x = 5 or -
10 mol.%) in CO+O; 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 H, exhibited better activity than those treated with CO.
In all studied reactions, catalytic activity correlated with metal content; Cu-loaded samples -
were the most 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 efficiént
catalysts for the treatment of automotive exhausts. They are able to promote conversion of -
NO under O,-rich conditions and one of CO under O,-lean conditions due to capability of
such supports to absorb and release O, at change of composition of gas atmosphere.

The purpose of the present work was to investigate reactivity of Cu-, V- and
W-containing 5Y0; 5-10Ce0,-85Zr0; and 10YO; 5-10Ce0,-80ZrO, 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-prempltatlon technique. The catalysts with 0.5, 1 or
3 wt% of metal were prepared by impregnation of the supports with solution of
Cu(NO;3),» 6H;0 or NH,VO3 or (NHg)10H2(W207)s: 4H20 with the subsequent drying and .
calcination in air at 523, 723 and 973 K for Cu-, V- and W-containing samples, respectively.

Activity of the catalysts in the reactions CO+0, (0.24 vol.% CO and 0.12 vol.% O; in N;)
and NO+CO (0.24 vol.% each in N;) was studied in a flow reactor after their activation in situ
(calcination or reduction with CO or H, at 723 K for 1 h). Combustion of carbon black
(mechanically mixed with catalyst in proportion 1:4) was 1nvest1gated usmg DTA-TG
measurements (5 K/mm) under air flow (75 ml/min). ' ‘_

In the CO+0,; and NO+CO reactions, activity of the catalysts mcreased w1th 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 poss‘essed ‘the more reactive lattice oxygen and had enhanced

High activity of the catalysts in CO+02 reactlon was observed in a wide temperature
range It was found that O, of gas phase interacts with CO at moderate reaction temperatures,
whereas at high temperatures O, of the catalysts 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 metal:free samples. According
to TPR data, in this temperature range 0, beglns to be reversibly released from the bulk of the
supports. We suppose that 02 from gas phase, migrating into the catalysts at moderate
temperatures and filling oxygen' vacancies (Upui) formed by pre-reductron is involved in the
catalytic process at high temperatures, at which bulk O, 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
O,-lean conditions.

All the catalysts were rather active in the NO+CO reaction, giving as N-containing
products N,O at moderate temperatures and N, at high ones. Appreciable amount of N, 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 (Ce®* or Ogy) to transformation
of NO into N,. According to [4], appearance of N, at low temperatures is a result of
adsorption of NO on two sites followed by dissociation (N atom is attached to Ce®* jon and O
atom interacts with [,y). Indeed, yield of N, 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 N, begins to be formed, were found for M-loaded
< pure supports, and for all the samples for Hj-activated < CO-treated. Since surface oxygen
vacancles amount in catalysts did not depend on type of attivating agent, we concluded that
the contribution of supported metals to N, formation at low temperatures is to provide with
deeply reduced centers for NO adsorption, having more adsorption strength than Ce** ions.

The temperature of carbon black combustion was considerably decreased in the presence
of all the catalysts (e.g. by ~ 170 K for 3%Cuw/Y-10 catalyst as compared w1th non—catalytrc
ox1datron of carbon particles). The catalytic activity of the samples increased i m the followmg
range: Y-10 <Y-5 ~ W- < V- < Cu-containing catalysts The selectivity in CO, formation was
100% in all the cases.
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METAL SPECIES OF Cu/10YO, 5-10Ce0,-80ZrO, AND V/5Y 0, 5-10Ce0,-85Zr0;.
CATALYSTS ACTIVE IN CO+0; AND NO-CO REACTIONS

METAJLTHYECKHE IEHTPBI B KATAJIM3ATOPAX Cu/10YO, 5-10Ce0;-80ZrO,
" H V/5Y0,5-10Ce03-85Zr0;, AKTUBHBIE B PEAKIIUAX CO+0, M1 NO-CO

Kulyova S.P., Zhilinskaya E.A.*, Lunina E.V, Bogomolova L.D.**, Aboukais A.* and
Lumn V.V.
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The nature of metal species in the M-containing xYO; s-10Ce0,-(90-x)ZrO, catalysts
(M =Cu for x =10 or V for x = 5) was related to the catalyst behavior in NO+CO and CO+O,
reactions. The catalysts containing high metal content showed an . increased catalytic
effectiveness correlatmg to their degree of reduction (activity increased in the range:
pre-calcined in air < pre-reduced with CO < pre-reduced with H, 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 xYOl_s—IOCeOZ-(9O-‘x)Zr02 solid
solutions (x = 5 or 10 mol.%) were rather active in the NO+CO and CO+Q, reactions, and
that catalytic performances depended strongly on the conditions of activation of the catalysts
(calcination in air or reduction in CO or H; 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 CeO,-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 Cu/10YO; 5-10Ce0,-80ZrO, and
V/5Y0; 5-10Ce0,-85ZrO, catalysts. :

The metal-loaded 10Y01,5-10C602-802r02 (denoted as Y-10) and
5Y0, 5-10Ce0,-85Zr0O, (denoted as Y-5) supports with 0.5, 1 or 3 wt.% of metal were
synthesized by an impregnation technique. The solutions of Cu(NOs),» 6H,O and NH4VO;
were used for the impregnation of Y-10 and Y-5, respectively. Bulky-like large particles, such as
CuO or V;0s or another compounds, have not been detected by XRD in as-prepared samples.

Three different types of Cu** species were found in the pre—caicined at 723K Cu/Y-10
catalysts: ,-gge? ;l;ype of isolated ions on the catalyst surface (Cusurf2+) and another one in the
bulk of solids as well as éébper clusters located on the catalyst surface. .

According to the values of electron paramagnetic resonance parameters (g| = 2.24, A|| = 153G;
g1 =2.05, A, = 15G) and electronic spectroscopy data (adsorption band at ~ 12000-14000 cm’),
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isolated Cugu’~ ions had local environment of tetragonally distorted octahedra. These ions
had a high reduCibilityw— they were completely reduced to Cu’ even under soft reducing
conditions (CO, low temperature). Concentration of isolated Cugu’" ions in oxidized samples,
as well as amount of Cu’ isolated particles in pre-reduced samples, decreased with copper
content. o 4
In contrast to isolated Cugyr species, concentration of surface coppér clusters in the pre-

calcined Cw/Y-10 samples increased with metal loading. This was confirmed by increase of
intensity of the band ih’electronic spectra at ~ 32000-35000 cm’, related to the presence of
Cu** clusters on a catalyst surface [3]. In pre-_reduced catalysts, 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 H, is related
to the lesser degree of reduction of Cu?* clusters in the former case. Taking into account that
n the activated w1th H; 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 V>* state in the pre-calcined VIY-5 catalysts both isolated ions and
aggregated V-(OV), 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 EPR-parameters g| = 1.920, A|| = 160G; g, = 1.971, A; = 57G
was situated in the bulk of catalysts. Two another types with EPR parameters g = 1.910,
Al = 184G; g, =1.979, A; =70G and g| = 1. 914 Au = 192G gl =1.983, Al— 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 H; resulted in some increase of their
amount. This pretreatment also led to the formation of V*' clusters, which amount
considerably increased with vanadium ‘loading. Taking into account that the catalysts
pretreated with H, had the highest activity, we have concluded that V** clusters are the active
eotnponent of V/Y-5 catalysts. These clusters can be formed by reduction of polymerized V>*
species being present in pre-calcined samples as well as by aggregation of the isolated surface
complexes of vanadyl type during the reductlve treatment.
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CATALYTIC IMPACT OF IMPREGNATED PALLADIUM ON PROCESSES IN
PHENOL-Pd-ACTIVATED CARBON CLOTH SYSTEM

KATAJIMTUYECKOE BO3IEACTBHUE IIPOIIATKH HAJLIAMEM HA [TPOLIECCHI
B CUCTEME ®EHOJI-Pd-AKTHBUPOBAHHASI YTJIEPOTHASI TKAHb
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Behavior of metallic Pd supported on actlvated carbon cloth (ACC). by heatlng 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 catalyticb 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,v activated carbon cloths (ACC) made of micro-
sized fibers having high apparent surface areas (150042000 m?%/g) and the imifonn micropore
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 Kynol™) employed were made from carbon
fibers of 9-10 um in diameter, specific surface area of 1540 m%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 PdCl, to obtain palladium loading in the range
of 0.05-9 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 Ioadmg the Pd is located both in micropores and as aggregates 0f 0.1 to 1.5 um on the

outer surface of carbon fibers.

In inert atmosphere Pd strongly affects the phenol carbomzatlon process ‘that, in turn,
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
formation of charred residues.

n CgH50H + O = (CH50) 1 + nH20 (OCR)
C6H50H +02 CO2+H20 (CC)

Slgmﬁcant catalytic effect of Pd on phenol oxidation in phenol/Pd/ACC under ox1dat1ve
atmosphere was observed whrle the largest effect was appeared for catalysts wrth low Pd
loading. Furthermore, 1mpregnated Pd also demonstrated act1v1ty towards ox1dat10n of ACC

surface and its skeleton n 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.

[1]Matatov-Meytal Yu., Sheintuch M. Catalytlc fibers and cloths, Appl. Catal A. General, 231 (2002)
1-16.
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SEMI-COMPETITIVE MULTI-CENTERED MODEL
IN KINETIC MODELLING OF HETEROGENEOUS CATALYTIC REACTIONS
BETWEEN A LARGE ORGANIC MOLECULE AND A SMALL MOLECULE

MOJEJIb MHOTI'OLIEHTPOBOM AICOBLMH C YACTUYHOM
KOHKYPEHIMEN JUISI ONUCAHUS KUHETUKHN T'ETEPOTEHHO-
KATAJIMTUYECKHX PEAKIIUIA C OMHOBPEMEHHBIM YYACTHEM

BOJIBIINX OPIAHUYECKHX U MAJIEHBKHAX MOJIEKY.JI |
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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 i‘mporpance 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 w1dely applied in
the field of so-called classical organic chemistry, e.g. for the productlon of fine chemicals.
However in the fine chemicals applications, despite the 1ncreasmg s1gmﬁcance of
heterogeneous catalysis in this area, kinetic studies are rather sparse.
| Recent advancements in surface science clearly indicated the complex adsorptron
behaviour of large orgamc 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, WMCh 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 relativeiy 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, émmeﬁcal restrictions prevent organic molecules 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.
Kinetic treatment of such reactions

Organic species
(relatively large) |
4 hydrogen | species and incorporate several sites for an
i
|

should invoke the concepts of multi-centred

Dissociated: hydrogen

atom (relatively smail) 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
Flg 1. Principal of the seml-competltlve of  hydrocarbons and  liquid-phase
model hydrogenatioh of D-xylose to xylitol.

It was demonstrated that parameter estimation could be successfully performed.
Hoswe\;er solving the system of equations might be a challenge from the ordinary differential
equations (ODE) solver point of v1ew in contrast to more traditional reactlon-adsorptlon

- 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 isemi-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 modei, which is
 based on more physically reasonable assumptions, is superior in some cases in coniparison to
the more traditional approaches However, more lmowledge is needed to deﬁne systems,

where the kinetic modelhng w111 benefit from an application of this new model.
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RUTHENIUM-CATALYSED OXIDATION OF ALCOHOLS WITH OXYGEN

PYTEHHUEBBIE KATAJIM3ATOPBI OKHCJIEHUS CIIUPTOB KUCJIOPOAOM
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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 primar}; alcohols to aldehydes is eésént_ial for the preparation
of fragrances and food additives as well as of many synthetic -intermediates m -organic
chemistry. Traditional methods for the synthesis of aldehydes generally ir_;Vbl’vé the use of
stoichiometric amounts of inorganic oxidants such as chromium(VI) and génerate 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 ;e'xamples 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 O; (or air) catalysed by tetra-n-propylammonium perruthenate [(n-Pr);NJRuO, (TPAP) or
ruthenium oxide. Among the substrates are both saturated and unsaturated alcohols with
allylic and nonallylic double bonds. The oxidations with TPAP 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 B-citronellol give
the corresponding unsaturated aldehydes without compeﬁng' double bond attack. The time
course of oxidation indicates a complex reaction mechanism. The results on oxidation of a
test alcohol #-Bu(Ph)CHOH suggest that one electron processes do not play an important role
in the TPAP-catalysed oxidaﬁbn of alcohols. Bulk or silica-supported ruthenium oxide, RuO,,
effectively catalyse aerobic oxidation of primary alcohols to aldehydes in heterogeneous
systems. Additions of transition metals, such as Co(IlI) or Cu(I), enhance the oxidation. The
solid ruthenium catalysts are charﬁcter_ised by TGA, FTIR, XRD and XPS. '

[1]R.A. Sheldon, LW.C.E. Arends, A. Dijksman, Catal. Today 57 (2000) 157.
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CVD PREPARATION OF Ni-PROMOTED TUNGSTEN NITRIDE CATALYST AND
ITS ACTIVITY FOR THIOPHENE HDS

HOJIY‘IEHI/IE Ni-IIPOMOTHPOBAHHBIX HI/ITPI/I,IIOB BOJII)(I)PAMA
METOAOM XHMHYECKOI'O OCAXKIEHHA U3 ITAPA 1 UX AKTUBHOCTDH B
FI/II[POOBECCEPI/IBAHI/II/I THOPEHA
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Tokyo 184-8588, Japan
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Ni-doped tungsten nitride was synthesized on a Si(400) substrate and y-alumina using a
chemical vapor deposition method in a stream of WCls, NH3, H3, 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 preparation 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 WC16A
source using the CVD technique under reduced pressure. The tungsten nitride catalyst with
200 m%g" surface area was prepared as B-W,N 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¢ with a mixture of NH3, H,, 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-ALOs pellet in a gas mixture of WFe-NH3-H,-Ar (1:4:1:6) at a total flow of
48 mlmin™ using a hot-wall type CVD reactor. Thin films of tungsten nitrides were analyzed
by XRD and SEM before preparation of alumina-supported catalyst,. For the catalyst

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 XPS and CO adsorption measurements.
The activity was measured for the HDS of thlophene (feed about 20 umol min™) using a
differential mlcioreactor at 623 K and atmosphenc 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 cataly;st without tungsten nitride (C), and
tungsten nitride on alumina without mckel (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
relatlonshlp between the highest act1v1ty of A-1- catalyst and the surface composmon was
analyzed usmg XPS. The A-10 catalyst had the surface compos1t10n of W/(W + Ni) ratio at
about 0.75 (Ni : W=1 : 3). Furthermore, the distribution of trans-2-butene corresponded to
the activity of the tungsten nitride catalyst for thlophene 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 thxophene or the
dehydrogenatlon of butane to butene after the HDS and durmg the HDS of
tetrahydrothlophene to butenes.
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THE USE OF MONTMORILLONITE IN HETEROGENEOUS CATALYSIS

NUCIOJIb30BAHUE MOHTMOPHUIVIOHUTA B TETEPOT'EHHOM KATAJIN3E
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Nea Ktiria, Larissa, Greece
Fax: +30-(0)410-610803; E-mail: papargyr@teilar.gr

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 siﬁple organic molecules in order to be possible to be transformed to more complex
forms. In this way, organic synthesis, craéking of paraffines, the phenol-formaldehyde
reaction over acid clays and other reactions are possible [1].

'.The dramatic development of heterogeneous catalysis over the past several years has also
led to reconsidering the mds_t 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 suppoﬁ is montmorillonite, a smectite groﬁp
clay, in its commercial acid-treated form (K10). Many inorganic salts like ZnCl,, FeCls,
AICl; 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
unsﬁpporté& salts. It has been shown that the catalytic properties are depended on the degree
of acid treatment [11]. L

Investigationvfor 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 the 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 ZnCl, alkylation
catalysts, [15], indicated that zinc chloride adsorbed in mesopores produces the active catalyst
and that the promotion of the activity of clay supported ZnCl, catalyst is not dependent on the
structure of the clay, but could be significantly influenced by the pore-size di§tﬁbution 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 sz;lt obstructing the catalysis.
It was also suggested that the enhanced activity of the adsorbed ZnCl, 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 SiO,, TiO,/STAINLESS STEAL COMPOSITE MEMBRANES WITH ‘
INCLUSION OF Ni SALT 12-MOLYBDOPHOSPHORIC HETEROPOLY ACID

HEOPTAHUYECKHE KOMIIO3UTHBIE MEMBPAHBI }
Si0,, TiO,/HEPXKABEIOIIAS CTAJIb C BK/IIOYEHHMEM Ni-COJIA
MOJIMBAEH®OC®OPHON FETEPOINIOJIAKNCIIOTHI ¢

.Spojakina A.A., Kostova N.G., Kraleva E., Petrov L.A., Ermilova M.M.* and
Gryaznov V.M. **

. Institute of Catalysis, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
Fax: (+359 2) 9712967; E-mail: kiyky@ic.bas.bg
*Topchiev Institute of Petrochemical Synthesis, Russian Academy of Sciences
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Si0, and mixed Ti0,-SiO, 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 TiO, 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
offer advaﬁiéges of greater 'the'rmal and mechanical stability and resistance to chemicals.
Among the inorganic materials SiO,, AL,O; and TiO, 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 SiO, and TiO, containing membranes using as support a stainless
industrial membrane with intermediate TiO, layer [2].

In this report sol-gel method and multiple dipping technique have been used to support
the TiO, and SiO, on industrial macroporcus stainless steal membrane (with pore size of

200 nm). The SiO, and mixed TiO,-SiO, 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 modxﬁed employmg the Ni salt of
12-molybdophosphorlc acid (HPC) usmg dipping coatmg from aqueous solution or
coprec1p1tat10n of TiO, sol and HPC on the comp051te membrane. It was shown that
composite membranes with different pore sizes and surface areas could be regulated by
different concentfation of used sols and their multiple deposition. |

BET method, scanning electron microscopy, measures of H, and Ar permeability are used
for characterisation of the membranes. The membranes included heteropoly compounds were
tested in the thiophene conversion at 350 °C. The hydrogen was used to reduce the membranes
before contact with thiophene.

It was shown that the H, and Ar i)ermeability depends on the mémbr‘ane composition and
deposited top layer. The TiO, top layer in mixed TiOz-Si.O2 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 beginning of thé time-on-
stream no conversion of thiophene is appeared on the SiO, membrane with sqpported 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 TiO,. Thiophene conversion was three times higher using the composite
membrane the top layer of which was prepared by coprecipitation of TiO, 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.
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OXIDATIVE P-O COUPLING OF WHITE PHOSPHORUS TO ALCOHOL
IN THE PRESENCE OF SYNERGETIC Cu(II)-Fe(IlI) SYSTEM

'OKHCJHMTEJBHOE P-O COYETAHHE BEJIOTO ®OC®OPA CO CIIHPTOM B
| MPUCYTCTBUY CHHEPTUYECKOW Cu-(Il)-Fe-(Ilf) CHCTEMBI

Abdreimova R.R., Faizova F.Kh., Akbayeva D.N., Polimbetova G.S.,
Aibasova S.M., Borangazieva A.K. and Aliev M.B.

Ab6apeumoBa P.P., ®anzosa @.X., Ax6aesa [|.H., ITosumoeroBa I'.C., Anbacosa C.M,,
Bopanrazuesa A.K. u Anues M.b.

Sokolsky Institute of Organic Catalysis and Electrochemistry MES RK
D. Kunaev St., 142, 480100 Almaty, Republic of Kazakhstan
Fax: (+7-3272) 91 57 22; E-mail: abdreimioce@nursat.kz

A 'synergetic effect, in terms of the reaction rate and yield of organophosphorus
compounds, is achieved at using mixtures of Cu(Il) and Fe(Ill) salts for catalysis of the
oxidative alkoxylation of white phosphorus. Kinetic and mechanistic aspects of this
phenomenon are discussed.

| buring our previous studies on catalytic functionalisation of white phosphorus, we havé
reported tﬁat CuX; [1] and FeXj; [2] salts (X = Cl, Br, NO3;, CH3CO,, C;H;CO,, C;7H35CO3)
act as a ‘horriogenebus“ catalysts of the oxidative P-O coupling of white phosphorus with
alcohols which can be schematized as below: -

Ps+ 50,+ 12ROH — 4PO(OR); + 6H,0.

Deﬁending 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(Ill) or Cu(Il)
intermediate complexes from activated molecules of alcohol and P4, and liberated as a result
of two-electron.redox collapse of the complekes. The catalyﬁc 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 CuX; and FeXj3 catalysts are differed. In
the presence of Fe(Ill) catalyst, therefore, the oxidative alkoxylation of P4 is carried out under
relatively high temperatures (70-90°C). The reaction temperature with Cu(Il) catalyst is lower
(50-60°C) but rather high amount of Cu(Il) catalyst must be used.

Recently we have found that the reaction rate and the products yield are considerably
increased at using a Cu(I)-Fe(Ill) catalytic mixtures. For instance, upon addition the toluene
solution of P; (2.6:102 M) into solution of the CuCl, and FeCl; mixture (the sum

concentration 8-102 M) in iso-pentanol at 60°C, the maximum rate of the O, absorption and
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the greatest yields of 1 and 2 are achieved with the catalytic composmon 1ncludmg 30-40%

CuCl, and 60-70% FeCl (see Figure).

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

system: in comparison with ones

100 Rateof O absorpion . 1*® " ensured by an’ individual
S 80 . - | ip 50_3’0 com.ponents of this system has
% 604 | R @, been reported  for a variety of
'_z* ol 1- PO(OI-Am), 1103 reactions and is known as a
: 9 ~~
g 5 g ‘ synergetic effect.

207 2.1:(())_1-(()1."4;;1)2 . =) . Schematically, in the presence

0 s e e 0 i -
r p p p " ey .of the mixed Cu(Il)-Fe(I)

[Cu] in the Cu-Fe mixture (%) systems this process may be

’ | «présented as two coﬁpled catalytic

cycles, in which P4 and O, are not directly interacted with each other. The éatalytié synthesis

is accomplished through the main stages of (i) the coordination and activation of both P4 and

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

accompanied with formation of organophosphorus prdduéts (iii) the oxidation of Cu(0) by
the Fe(IIT)-component, and (iv) the oxidation of Cu(I) and Fe(Il) by oxygen.

) ' - The synergetic effect is achieved

:&‘SH due to a rational division of functions
between components of the mixed
catalytic system. The Cu(Il) ion, more

:(Cg)()(:KRgl,?)z *inclined to a two-electron redox

Fe(ll) reactions is ‘responsible for activation

and oxidative alkoxylation of P4, whereas the Fe (IIl) 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 CuX; or FeXj catalysts.

This work is supported by the research grants INTAS 00-00018 and ISTC K-754p.
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BBIBOP KATAJIM3ATOPA COIIPSIKEHHOI'O OKUCJIEHUSA OKCHJA
YFJIEPOZIA M BOJbI HA OCHOBE IIPUHIIMIIA KUHETHYECKOI'O
COIIPA)KEHUSA

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

Aonyanaena A.C., I'pusa E.A, Omannna U.B., bpyk JLI'., I'exman A.E.* u Temxun O.H.
Abdullaeva A.S., Griva E.A., Oshanina I;V., Bruk L.G., Gekhman A.E.* and Temkin O.N.
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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 PdBr, — 1,4-dioxan. The hydride
palladium complex is the common intermediate of the reactions (1) and (2), and it is
responsible for its conjugation.

Panee OpUIO IOKa3aHO, 4TO B PacTBOpPaX KOMILIEKCOB Najlajus TEPMOJHHAMHYECKH
3aTpyaHeHHas peakius (1) MoxeT ObITh MPOBEJEHA 3a CUET

H,0 + % 0, - H,0, A ()
COMpPSDKEHHS C SK303PruyYecKoit peakuuei (2) B Bune cymmapHoii peakuus (3) [1]. B xagectBe
o0lLero NHTEpMENAaTa, OTBETCTBEHHOTO 3a conpshkeHue peakuuit (1) u (2), Moxer 6bITh

CO+% 0, > CO; )

CO + H;0 + O3 - CO; + H,0, 3)
xoMmieke namranus(0), obpasyromuiics B xoze peakuuu (2) u okucisiommiica B HyO; [1].

Ha ocnoBe umeromuxcs naHHfo MBI IIPEANIONIONKHIIH, YTO coNpsDKeHMe peakiuii (1) u (2)
MOXeT ObITh OPraHM30BaHO C y4acTHeM JAPYroro MHTepMeauara — IHAPHIHOrO KOMILIEKCA
HaUTagusi, KOTOPHIA, IIO-BHIMMOMY, SABIS€TCA . NEPBHYHBHIM IPOAYKTOM pacnaja
Na/UTaMeBOT0 HHTEpMEUaTa, IpuBosmero k oopazosanuio CO; (4)..

PdX, + CO+H,0 — CO,+HPdX + HX
: (4)
HPdX + O, - XPdOOH —=— PdX; + H;0,

B kauecTBe 6a30BBIX ObUTH BHIOpaHBI KaTAINTHYECKHE CHCTEMBI Ha OCHOBE GPOMHCTOrO

. IaJUIafus, lcoropme UCIIONB3YIOTCA B MpOLECCaX OKHCIHMTENBHOTO Kapﬁonnnupoaannx
aleTHICHa B MAJICHHOBBIN AHTHIPH] [2] 1 MeTHnaneTHieHa — B UTPAKOHOBhIA am"wxpm [3]
 VKasaHHEIE CHCTEMBI HE COZIEPXAT COKATATM3aTOpoB — HoHoB Meau (I) wm xenesa (1) u

JIATaHZOB, CHOCOOHBIX crabmiu3upoBaTh coexuHeHus nawiagus (0). B cBmu ¢ 3tuM,
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KHCTIOPOZl  HENOCPE[CTBEHHO — OKHCISET — BOCCTAHOBNECHHble (OPMBI  Kataiu3aTopa,
HEePBUYHBIMH U3 KOTOPBIX, Bepoxmeé BCETO, ABIIAIOTCS THAPHIHBIE KOMIUIEKCHI TaUIAIHS.

B pesynsTaTe BapbHpOBAaHMs COCTaBA KATAIMTHYCCKOH CHCTEMBI M YCIOBHH CHHTE3R
YCTaHOBJICHO, 4TO Hambombuied ckopoctd obpasosammss CO,, mpuMepHo |MoJb/m-vac,
yliaeTcst IOCTHYb B KaTanuTHiecko# cucreme PdBr; - 1,4-nmokcan pu 30°C 1 armocdeprom
maBneHun cMecH rasoB ¢ cootHomendeM CO : Op = 0.25. CooTHomeHHs CKOpOCTei
npespamenns CO u O, a Taxxke ckopocty obpazosanus CO; B }’KaBaHHBIX ycnonmx OYEHb
ONMU3KH K CTeprOMeTpHH peaknuu (3). O6paszoBanue IepoKCHIa Bo,uopona B YCJIOBUSX
mponecca 3aHKCHPOBAHO  METOJOM HOJOMETPHYECKOT0 THTpoBaHHA. CeleKTHBHOCTh
ofpa3oBaHusl NEpPOKCHIA BOZOpoJa Ha IPOPEarMpoBABIIMK KHCIOPOX, pacCyMTaHHas B
COOTBETCTBHHM CO CTEXHOMETpHe# peakuuu (3), MPOXOOUT 4Yepe3 MaKCHMyM BO BpPEMEHH
ompiTa. MakcuMabHas JOCTHIHYTas celeKTHBHOCTH oOpasoBanus H:;0, cocrapiser 15%.
MeTomoM  XpOMaro-Macc-CIIEKTPOMETPHH B KOHTaKTH(')M paéTBope '3a¢n’1ccnponansi
OpOAYKTHL OKucieHHs 1,4-muoxcana — 1,4-1uOKCeH, 2—rnnpoxcu-i,4—nnoxcan H 3dup
MTOCNICAHETO ¢ MYPAaBEMHOM KHCIIOTOH. v

OGcyxaeTcs MEXaH|3M Iporecca ¥ Iyt npepamenus HyO,.

Pa6ota srmosiHena npu noanepxxke POOU (rpanter 01-03-32883, 02-03-06665).
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MOJIEJIMPOBAHME NOBEPXHOCTHO¥ PEAKIINY IUMEP - MOHOMEP
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COMPUTER SIMULATIONS OF THE MONOMER-DIMER TYPE SURFACE
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OKHCIIEHHE OKHCH YTIepoa Ha OBEPXHOCTSIX METAJLIOB IUTATHHOBOM I'PYIIIBI HE TOJHKO
SBISETCA BAKHBIM NPOMBIIUICHHBIM IPOIECCOM, HO CIYXXHT TaKXe Ipe/ICTaBUTENIeM
IIHPOKOTrO KJIacca peakuuif THIa MOHOMEp-IMMEp, NPOTEKAOMHX B a1COPOIMONHOM Cioe.
Onvcasne MeXaHW3Ma TaKAX PeaKkldif B paMKax METOZa YHCIEHHOTO MOJCITHPOBaHHS OBLIO
npeioxkeso 3uddom, [ymapm u BapmamM [1]1 (t.H. ZGB-Mmopmens). Kuneruka
paccMaTpHBaeMoOro Ipouecca onpeaensercs MexaHu3MoM JIsHrmiopa-XuHIIENbBYa u

BBIPpAXACTCA CICAYIOIMUMH YPABHCHUSIMH!

CO" +* - CO* 1)
0, +2* - 20° @)
CO* + 0* - CO," +2* 3)

rae * — cBoOOaHEI TOBEPXHOCTHBIH EHTP, @ HHAEKCH! ‘T° U ‘a’ OTHOCATCA K razodasHoMy u
ancopOHpOBaHHOMY COCTOSHHSAM, COOTBETCTBEHHO.

IToBelieHHE PEaKIMOHHOM CHCTEMBI 3aBHCHT OT OTHOCHTENBHOH KoHmneHTpamu CO B
razoBoii ¢aze Yco = pco/(Pcotpoz). Mozaens npenckasbiBaeT CyIIECTBOBAHHE TpeX
CTAIlMOHAPHEIX COCTOSHHUN pEaKIUH, pa3fieIeHHBIX MeXIy co0oil (a3oBHIMH IIEpeXOAaMu:
HEaKTUBHOE COCTOSIHHE ITOBEPXHOCTH, OTPABJICHHOH KHCIOpoaoM NpH Yco<Yi, HEAKTUBHOE
COCTOSIHUE IOBEPXHOCTH, OTpaBICHHON OKHCHIO yriepoga npu Yco>Ya, W COCTOAHHE
cranpoHapHo# peakmu mpH Yi<Yco<Y,. B To Bpems kak cymecrtBoBaHue ¢pa3oBoro
mepexofa, cBs3aHHoro ¢  orpaBieameM .CO mpu  Yco=Y2, HoaTBepxKAaeTcs
SKCIIEPUMEHTAIbHBIMH  HaOJIOAEHUAMH, He OOHapyKMBAaeTCs HUKaKHX CBHIETEILCTB
oTpaBiieHud kuciopomoM mpd Yco=Y;. Jnga npuBenenus mogemun ZGB B Gonee nonxoe
COOTBETCTBHE C JKCIEPUMEHTANBbHOHM CHUTyalued, B JuTepaType ObUI IpeAoXeH psl ee
BUJIOM3MCHEHHIA.

B nacrosme#t pabote paccMarpuBaercs MoaubmumupoBanHas Mozens ZGB,
OT/IHYAIOmAsAcs OT HCXogHOH Bepcud [1] H3MEHEHHBIMM @paBHIAMH  aacopOIMH.
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MozenupoBasue, Kak H B HCXOXHOM BapHaHTe, NPOBOAMIOCH MeTooM Morre-Kapio. Ipu
3TOM MeTa/lIH4ecKasi IOBEPXHOCTh M300paxanach B BUJe IPaBWIbHOM KBanpaTHOH (Z = 4)
WM TpeyronapHoH (Z = 6) pemerku pasmepoM 128x128 y3m0B ¢ nepHOAMYECKHMH
rpaHAYHBIMH YCJIOBHUSIMH. AZICOpOIHOHHEIME neHTpamu i1 Mosiekyn CO CIyXuiM CBS3H
pemieTkH (afcopbuus «MOCTHKOMY); 4TOOB! afcopOnus OsUIa BO3MOXHOM, BEIOpaHHAS CBS3b
JomkHa OBITH CBOGOIHONH. ANCOPOIMOHHBIMH LEHTPaMH Ui KHCIOPOAA CIYXHIH Y3JIbI
pemieTkd, nOpu dToM Monekyna O amcopbupoBanace Ha 1IBa coceqHHX y3na. Jlms
OCYILIECTBICHHS aicOpOIMH JOJDKHB! OBITH CBOOOAHBIME Kak 06a y3i1a, TaKk ¥ COeNUHSIONAs
X CBs3b. YCIemHas IONBITKa 'a,zxcopﬁmm JMMEPHOH MOJIEKyNBl COIPOBOXIAETCH €ee
HeMeieHHoH qucconuanueii. Ilpn samumdnu atoMa KHMCI0po/a, ancopOHpOBaHHOIO Ha y3IIe,
u Monekynsl CO, ancop6HpoBaHHOH Ha BBIXOZALIECH H3 3TOTO Y3lIa CBS3H, MEXAY HUMH
HEMEIUIeHHO NpPOHCXOAMT peakmus (3), compoBokiaromasics ' jgecopbuueis  CO,
(c ocBOOOXAEHNEM Yy3I1a U CBS3H PEIIETKH). _ |
Ha prcyHKke npecTaBICHBI Pe3yJIbTaThl MOIEIHPOBAHHS Ha TPEYTONbHOM (KpuBas 1) u

Ha KBaJpaTHO# (KpuBas 2) pemieTKax.

N

1l
|

7

P T T ]
0, 0,8 1,0
YCO

Jisa obenx pacCMOTpPEHHBIX pPEMIETOK XapaKTepHa JIMHEHHas 3aBHCHMOCTh CKOPOCTH
peakuun oT komnmeHTpauun CO B obmacTm ManbIX M YMEPEHHBIX KOHIEHTpaunMi, 4To
COTJIacyeTCs C IKCIepAMEHTAIBHEIMU H3MepeHUsMH. B o0oux ciaydasx HaOMIOZAeTcs Takxke
(a3zoBblif Mepexol NEpBOrO poOJAa, CBA3aHHBIA C OTpPaBICHHEM nonepxnocfn OKHCBIO
yriepona. KeagpaTHas pemieTka XapaKkTEPH3YETCS OTHOCHTENIBHO MEHBINECH DPeakmHOHHOM
aKTHBHOCTBIO U 00JIee HU3KHUM IIOJIOKEHHUEM [TOpOTa OTPABJICHHUS, YEM TPEYrojbHad pelerka.

i

[1]R.M. Ziff, E. Gulari, and Y. Barshad, Phys. Rev. Lett., 56 (1986) 2553.
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o METO/ PEAYKIIUHA JJI51 CACTEM HEJTMHEAHBIX
I[PI(I)(DEPEHIII/IAJIBH];IX YPABHEHHI XUMHYECKO# KHHETHKH

THE METHOD OF REDUCTION OF THE SYSTEMS OF ORDINARY
" DIFFERENTIAL EQUATIONS

AnexceeB b.B. u Koanitos H.U.
Alekseev B.V. and Koltsov N.I.

YyBamckuii I‘OCleapCTBeHHLIH yuauBepcuteT uM. V.H. YibsHosa
MockoBckwi 1ip., 15, r.Ue6oxcapsr 428015, Poccns
Daxc (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.

OHUM U3 TOAXOO0B K YMEHBIIECHHIO Pa3MEPHOCTH KMHETHYECKHX MOZENEH XHMHIECKHX
peaknuii SBISETCS IOHIXEHHE IopsaAka (peoyKuus) ONHMCHIBAIOIIMX HX CHCTEM
OOBIKHOBEHHBIX MH(PepeHIMaNbHEIX YpPaBHEHHH C MCIONB30BAHHEM CBOMCTBA pa3/iejIeHHS
BpeMeH. OJTO CBOMCTBO 3aK/IIOYacTC B TOM, YTO BeChb BPEMEHHOH HMHTEPBAI MOXKHO
pa3JeNIuTh Ha MOJHHTEPBAIEI, HA KAXIOM H3 KOTOPHIX PEATHU3YeTCs TOJIBKO YacCTh CII0KHOrO
MexaHu3Ma peaknuu. B pa6ortax [1, 2] mpemmoxeH cnoco6 peAyKIHH, TIPH KOTOPOM
OTOPacChIBAIOTCA T€ MOHOMBI ITOJTHHOMHAIBHON CHCTEMBI AU(PQEpEeHIIHATLHBIX ypaBHEHHH,
KOTOpEIe HE MPEBBINAIOT 3aJaHHOTO Iopora 3HayuMocTH. OQHAKO, KaK II0OKAa3bIBaeT aHaJH3,
IpA CPaBHEHHH MOHOMOB, CONPOBOXKAAEMOM HX HCKJIIOYEHHEM HIIM BOCCTAHOBJICHHEM,
TepsAeTcd XUMHYHOCTh CHCTEMBI. JTO MOXET MPHBECTH K CYIIECTBEHHOMY H3MEHEHHIO
CBOMCTB peRyIIHPOBAHHON CHCTEMEI [0 OTHOLIEHHIO K HCXOAHOM Monenu. B nanHo# pabote
IPHBEICH METOJ, CONEPXKAIUI APYroe MPaBHIO PEIyKIHH M NMPAMEHHUMBIH K YIPOIICHHIO
HEJIMHEeHHBIX cucTeM Au(pdepeHIHaNbHBIX YpaBHEHHMH peaKIHif, XapaKTepH3YIOLIAXCH

CJI0KHBIM KMHETHYECKHM IIOBEJICHUEM.
MaremaTtudeckas Mojenb XHMHYECKOH ‘DCakiiMM, IPOTEKAIOUIEH depes. CTaiauH
Z"‘ X, ——)Zn' a; X;, j=1...,8§ (obparumsie aNMCaHBl Pa3leNbHo, B BHIE
i1 9jiXi i1 %iXis J=L.., patu CTaJUM 3all{ pasz , e
HEOOpaTHUMBIX) €eT BH '-~ZS (a7 —a%y) € CKOPOCTH CTagui r;
IByX HEOOpaTHMBIX), HMEET BHA X; = j=17j(aji—aji), rae ¢ op cranui  7;

onpeaciIAiTCI B COOTBETCTBUH C 3aKOHOM IIEﬁCTBYIOIIH/IX MacC COOTHOINCHHAMH
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+
=k n % ” - o ;
r } = jnl,=1xi -~ 4€pE3 KOHCTaHThI CKOPOCTEH CTaaHH k j’ KOHI.IeHTpauHH X; BEUIECTB X i
B - : . ,U + . N . " . N
M CTEXHOMETpHYECKHE KOIDQUIHEHTS CTamit aj;. B xone peakuun obmee komatectso
aTOMOB KaXIOI0o BHJAA OCTACTCS INOCTOSIHHBIM. HOCKOJIBKY Kaxgoe U3 BeIHCCTB Y4acCcTBYET.

XOTs OBI B OJJTHOM 3aKOHE COXpaHCHHA YHCJIa aTOMOB, KOHLEHTPAIlHH BCEX BEIIECTB B X0/

peakluu OrpaHHYEHbl HEKOTOPOH KOHCTaHTOM: Ix,-[ < R. OcHOBHas ues HAUIEro MeETOJa

PEMYKLHK CHCTEMbI COCTOHMT B TOM, YTOOBI IPOIECC PENYKIMHA OCTABIIAN 3aKOHBI COXPAHEHHSA
" HEH3MEHHBIMH. JTa Wjles peaiusyeTcs B CEQyIOLIEM IIpaBHJIE: CTPYKTYPHOE H3MEHEHHE
CHCTEMBI NMPOUCXOIHUT TOJIBLKO B T€ MOMEHTHI BPEMEHH, KOIZa 3HAaYeHHME KakKOi-mubo u3

CKOPOCTeH CTajuii r; JOCTHraeT BENM4MHBI € (mopora 3HauumocTH). Ecmm ckopocts

JIOCTHIaeT [OPOTOBOTO 3HAYEHHS, YBENIMYHMBA’Ch, TO € 3TOT0O MOMEHTa BPEMEHH
COOTBETCTBYIOIAs CTaAud BKJIIOYACTCS B MEXaHH3M, a €C/IM CKOPOCTh YMEHBIIAETCS JI0.
IIOPOrOBOTO 3HAYEHMS, TO CTAOWs MCKIIOYAETCS M3 MexaHusMa. IIpu TakoM crocobe
PEAYKLHH B KaXIOM IIPOMEXYTKE BpEMEHH cHcTeMa IubQepeHIHaNbHbBIX YpaBHEHHMI
OCTaeTCss XUMHYECKH OCMBICIIEHHOH, COOTBETCTBYS HCXOJAHOMY MEXAHH3MY ¢ HCKIIOYEHHEM
HEKOTOPhIX 'cTam/fifL Ee pemenus 6yayT orpaHMueHHBIMH, T.K. 3aKOHBI COXPAHEHHS aTOMOB
OIPENENAIOTCS CIIMCKOM BEIIECTB M MX XHMHYECKHMMH (OpMYNIaMH M HE WU3MEHSIOTCH TIPH

HCKJIIOYEHUH WIH J00aBIECHHH KaKuX-IH00 cTamumil.

Onenxa mnorpemHOCTH A(?) =JZ (x,- ® -y (t))2 3aM€Hbl BEKTOpa pelleHHd x;(t)
HCXOIHOH CHCTEMBl BEKTOPOM pelleHHH y;(¢) peaylupOBaHHOH CHCTEMBI HMEET BHUL
A1) < e(exp(nLMS (¢t - 1, ))—1)/(L\/;1-) , TOe € - BeIMYMHA TIOpOra 3HAYMMOCTH,

L = KMRM '1, M - wMakcuManbHas MOJIEKYJSPDHOCTh CTagui MexaHusma, a K -
MakcHManbHasd K3 KOHCTaHT cKopocTed crammil. Takum o06pasoM, IIOrpemIHOCTS,
BO3HHKAOMAs IpH IEPEXOfe OT TOYHOM CHCTEMBI K peXyLIMPOBaHHOH, OLEHHBAETCA
NMUHEHHON OTHOCHTENIBHO IOPOra 3HAYMMOCTH € BEJIMYMHOH M MOXET OBITh clellaHa Kak
YTOIHO Malof IpH COOTBETICTBYIONIEM BHIOOpDE IOpOra 3HAYHMOCTH, XOTS MHOXHTENID
IPONIOPIIMOHATBHOCTH B PeabHbIX IPHUMEPAX YACTO ObIBAET GONBIINM.

PaccMoTpum TpexcramuiiHylo peaknmio X3 =X;, X1=X,, 2X3+X;—>3X3,

XapaKTCPHU3YIOIYIOCS aBTOKOIIe0aTeNLHBIM PEXHMOM HNpH BECIUYHHAX KOHCTAHT CKOpOCTefI

crammii ky =2.89, k_; =0.01, kp =0.034, k_, =0.1, k3 = 2000¢™! u navambHBIX YCIIOBHAX
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x1(0)=0.2, xp(0)=0.8, x3(0)=0. Hamu npoaHaiM3HpOoBaHbl HHTEPBAILl HE3HAYHMOCTH
cfénnﬁ JUIS peXyLHpOBaHHOM CHCTEMEI IIPH BEJIHYHHE noporalznaql}‘mocm €= 0.0bl. ITpu
3TOM YCTaHOBJIEHO, YTO BTOpas CTajs, XapaKTepusylomasdcs B o0OpaTHOM HalpaBlICHHH
CKOPOCTBIO K_9Xy , HMEET HHTEPBAJIBI HE3HAYMMOCTH HE TOJILKO B HAYAIBHBIA NMEPHO, HO M B
TEYEHHE BCErO XO[a PEaKIIHH. IT10 OOBACHAETCS TEM, YTO BO3HUKAIOIIUH B JaHHOM peakuuu
rrp_enenbnm“« MK XapaKTEPH3YETCs MATbIMH BETHIMHAMU X, BCICACTBHE 4€ro Ha
MPOTSHKEHHH KaXAOTO INEpPHOJa aBTOKoJeOaHMH CyIIEeCTBYeT HHTEPBAl HE3HAYHMOCTH

CKOPOCTH BTOpOﬁ CTaJuH B 06paTHOM HaIpasJICHAH. Pa3nuna ToyHOro M PEAYLHAPOBAHHOTO

pemeHuii Ha nHTepBaie ot 0 1o 40c Haxoxures B npeenax ot —0.0078 xo 0.0522.

Taxkum o0pa3oM, pa3pa0oTaHHBIH HAMH METOJ PEAYKIIHH MOXET OBITh NpPHMEHEH s
amanmgza  chcreM  JuGQeEepeHLMATEHBIX — YpaBHEHH XHMHYECKHX  peaKIuii,

XapakKTEePUIYIOIHXCS HEJIMHENHBIM KUHETHYECKHUM MOBCICHHEM.

Jlutepatypa
[1] Tporun A.B., Macnennuko C.H., Cniueak C.H. // Kunernka u katanus. 1995. T.36. NeS. C.658.

[2] I'anuna I' K., CouBak C.H., Baiiman A .M., Komuccapos B.J1. // JAH. 1998. T.362. Nel. C.57.
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KEPAMHYECKHE KOMITIO3UIIMOHHBIE MEMBPAHBI JIJISI
TEPMOKATAJIMTUYECKOI'O PA3JIOKEHUS CEPOBOJIOPOJA
HA BOJOPOJ U CEPY

CERAMIC COMPOSITE MEMBRANES FOR HYDROGEN SULFIDE
THERMOCATALYTIC DECOMPOSITION TO HYDROGEN AND SULFUR
. Asexcees C.10., Anexceesa O.K. u Illannp B.JL.
Alexeev S.Yu., Alexeeva O.K. and Shapir B.L.

PHII "Kypuaropckuii nactutyr", UBIOIIT, Mocksa 123182, Poccus
E-mail:alex@hepti.kiae.ru

Inorganic composite catalytic membranes for H,S thermal decomposition based on
thermostable alumina ceramic porous tubes with outer MoS, catalytic layer have been
developed in the present work. Mo-coating with thickness of lum was deposited by
magnetron sputtering. XRD data show that during treatment MoS, layer was formed which
acted as catalyst of H,S conversion, H,S 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 H28

low costs of materials.

Ha oc.none TepMOCTabHIBHBIX KEPaMHYECKHX TPYyOOK ¢ Bﬂemﬁm\a KaTATUTHYSCKHM
cloeM paspaGoTaHBl HEOPraHHYECKHe KOMIIO3HIMOHHBIC KATAMHTHYECKHE MeMOpaHBI UIf
pas3IoKeHHA CepOBOJOPO/ia Ha BOOPO U cepy. Panee GbUIO MpemIoeHo 1Ba MyTH Pa3BHTHA
KaTaMTHYCCKOro MeMOpaHHOro mponecca A pasnoxeHus H;S W oTBoZa MpOIYKTOB
peakimu [1,2]. OmuH M3 HHX NPEANONAraeT HCIOJL30BAHAE KEPAMHYECKMX HJIA JAPYTHX
HEOPraHMYECKHX IIOPUCTHIX MeMOpaH H nopomxooGpé.anoro 70)17¢ rpanjrnnponaHHoro
KaTé.rmsaTopa paznoxernus HyS [1]. B atoM cimydae Henb3s uzbexarh Takux npobiem, Kak
OoTeps KaTau3aropa B IOTOKE, CIIEKaHWE IMOpOIIKa, paspylleHue rpadyn. Jpyroi mytsh -
UCTONB30BaHHE IUIOTHBIX MeMOpaH Ha ocHoBe Pt mwmu Pd ¢onsr wmm 1uieHok,
obecreunBaromux pasnoxenne HS u ynanenmme Bogoposa [2]. M MaTepHaisl, OfHAKO,
SBJIAIOTCA O4€Hb JOPOTMMH H HE MMEIOT JOCTAaTOYHOH XMMHYecKoid crabuibHOCTH B H)S -
copepxalei cpezie IIpH BBICOKHMX TemIeparypax [3].

B nanmoi#t pabore BhIGOp MaTepuana karanusaTopa M MeMOpaHbBI OIpEEIUIC MO
CIeAyIOIMM KpaTepusm: crabuwinbHocth B HjS-comepxamueilt cpene, BBICOKas CTENEHb
pasnoxerus HpS, B TemneparypHOM muanazoHe 773-973 K, omrumanpHOE coomomeﬁne

MEXIYy pa3sMEpOM IIOp H CENEKTHBHOCTHIO (M3BECTHO, YTO, KaK IIpaBHIIO, IIPH DOCTeE
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CENEKTHBHOCTH YMEHBIIAETCS IIPOH3BOJHUTENBHOCTS H HA00OPOT), CTOMMOCTh MAaTepHAIIOB H
IIPOH3BOACTBa MEMOpaH H KaTanﬁaéTopoa, IPOMBUIUIEHHAS ,uocrymioérb MérepnaJIOB.

beumn BeiOpansl nmpousBogumsbie B Poccum (TY-3113-001-001739 01-95) TpyGuarkie
MeMOpaHBI U3 OKCHIOB ATIOMHHHS C BHYTPEHHHM IIPI&MCTpOM 6 MM ¥ BHEIIHUM JJI/IaMCTPOM
10 MM, IOCKOJIBKY OHH HMEIOT XapaKTePHCTHKH, YAOBIETBOPSIONIHE TIPUBEJICHHBIM BEIIIE
KpuTepusM B Oonblieif cTemeHH, 4YeM BCE OCTalbHBIE MeMOpaHBI, NMPOH3BOJMMEIE B
NPOMBIIUVIEHHOM MacmuTabe. JlaHHBIE 110 H3MEPEHMIO IIPOHHIIAEMOCTH IOKa3aliH, YTO
IIPOHHIIAEMOCTE M CEIEKTHBHOCTD CYLIECTBEHHO HE MEHSIOTCS NPHM HAarpeBe MJIH H3MEHEHHH
razoBoii cpensl. Hamm npensiaymine pe3ynbTaThl IOKa3all, YTO MaTepHaIb] Ha OCHOBe ALLOs
¢ W- u Mo-TIOKpHITHAMH, OCAKICHHBIMH B BaKyyMe, SBJISIOTCS IEPCHEKTHBHBIMH IS
KaTIATHYECKOH OYMCTKHM ra3oB, HaIPUMEpP, OYHCTKH BOJOpOIa ot cepoBojiopoza [4-6]. C
Y4ETOM 3T0T0 6BUIO BEHIOPaHO M HAHECEHO Ha BHEIIHIOIO ﬁéBerHocrb TpyOku Mo-nokpriTne
Tomnfmoﬁ 1 pm (MeTom MarHeETpPOHHOIO pacnbméﬁnﬂ ‘B atMocepe Ar). Ilo paHHBIM
PEHTTeHO-(a30BOr0 aHATH3A B TpOTIECCE PeaKIHH obpasoBaics cioit .Mo_Sz (mpuuem c-
BBICOKOM aﬁremeﬁ), KOTOpBHI# 3aTeM paboTan kak karanusaTtop pasnoxenns H,S.

ITpoBeneHs! pecypcame HCIIBITAHHS B TEYEHHE HECKOJIBKHX COTEH 4acoB. I/Iayqua
3aBHCHMOCTB CTeneHH pasnoxcemm cepononopona OT TeMIEpaTyphl. I'Ipn T > 773K oHa
MOXET ,Z[OCTPIFaTb 30—40%. I_[anbnenmee yBEJIMUECHHE a(bQ)eKmBnocm BO3MOXHO 3a CYeT
nogiflmennx CElIeKTHBHOCTH MeMGpaHLI TyTeM ONTHMH3ALMH MOPHCTOH CTPYKTYPHL. JlaHHbIE
cpaBHnien;Hpro aHaM3a IOKA3bIBAIOT IMPEHMYLIECTBA TpejjaraeMbix MeMbpan Mo |
oméméﬂmo K KATATATHYECKAM MeMGpaHaM Ha ocHoBe Pd n’ Pt: BricOK#it pecypc paboTsI B
cpene H,S, TepMOCTOﬁKOCTB JICUICBU3HA MAaTEpUAJIOB, BO3MOJKHOCTE paboTsl  npu
HeGOHLmnx nepenaz(ax JIaBJICHHS.
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U3YYEHUE 3AKOHOMEPHOCTEM OKUCJIEHUS BHICHINX JJUHENHBIX
OJIEGUHOB

STUDY OF REGULARITIES OF OXIDATION OF HIGHER LINEAR OLEFINES

Asmesa JL.H.
Aliyeva L.I.
WucruryT Hedrexumugeckux npoueccos um. 10.I'. Mamenammesa
Haunownanbuoit Akanemun Hayk AsepGaiimkana
yi. H. Paduesa, 30, Baxy 370025, Asep6aiimxan
Ten.: (99412) 90-24-76; ®axc: (99412) 90-35-20;
E-mail: anipcp@dcacs.ab.az; ipcp@baku-az.net

IIpoBezero uccnenoBatue peakuuu OKHCJICHHUSI BBICIIIHX mmeﬁﬁmx oneHHOB (TeKceH-1,
NeleH-1) B IPHCY TCTBHHM FOMOTE€HHBIX H F€TEPOreHH3HPOBAHHbIX: KATATM3ATOPOB. OIBITH IO
HU3YUYCHHIO 3aKOHOMEPHOCTEH peakIuu féMdreHHofO OKHCJIEHHS BBICIIMX  OJIe(MHOB
ocymecTBimucy npu 80-1 10°C, MoﬁLHOM cooTHOWEHUH onedun:runponepokcun (I Hj
=2+3:1 W TIPOXOMKMTENHHOCTH 2 4. B mpucyrcrru 2+4-10° mons/n Me-conepxarero
KaTaIM3aTopa. '

M3yyeHne BIMSHMS TEMIEPATYpPHl Ha PEakUHIo MOKasaso, 4To npu Temneparype 90°C,
Hapsily ¢ HU3KOH KOHBEPCHEH CHIPBS, CHIXKACTCS U CENIEKTUBHOCTD IPOIECCA, a MOBEIIICHHE °
temmeparypst 10 110°C mpUBOMMT K yBETHYEHHIO CETEKTUBHOCTH — 94% B Teyenue 90 MHH.
Y CTaHOBIIEHO, YTO NPH HCHONB30BAHMN PEAKIMH OKUCIEHHUS BBICIINX JHHEHHBIX ONe()HHOB
I'Tl cmemandbix katanmu3zaropoB (coemuneHus MetauioB VI u VIII rpynm) B cmecu .
OJIHOATOMHEIX ~aTH(aTHIECKUX CIHHPTOB BEAET K - YBEJIMYEHHIO KOHBEPCHHM ChIPBSL.
VIHaynHpoBaHHOE OKHCICHHME, TNPOBEACHHOE B IPHCYTCTBHH I€TEPOrCHH3MPOBAHHBIX
KaTtanu3aTtopoB — Hocutend Al,Os, neomutsr NaX, NaY,v NPONUTaHHBIC consiMH MEePEXOAHBIX
METAJUIOB [I03BOJISET CHU3UTH TeMmeparypy (60 — 80 °C) U IOBBICHTE CEEKTHBHOCT.

IIpn vHOYLMPOBaHHOM OKHCIICHUH ONe()UHOB C MACIIHBIM IbICTHIOM MaKCUMAJIbHBIH
BBIXOJ 'LENEBBIX MPOIYKTOB HaOIIOmaeTcs NpH WCMONB30BaHMH I€oimra tioa NaY co
cTenenbo ooMeHa Ha noHs! Ni 45%.

KonugecTBeHHOE ONMUCAaHME KHHETHKH IpOIlEcca OKMCIECHUS BBICHIMX JIMHEWHBIX
onepuHoB Obuio mpoBeneHo mno. MK-crexrpam. ®  mokasaHo; - 4To Gonee 60% w3
KOHBEPTHPOBAHHOTO Gi-ONE(HHA IEPEXOTUT B SIIOKCHI H peaxﬁn;f sBnseTCA HeoOpaTumMoi

peaknueii 2 mopsaka.
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PA3JIOKEHUE TPEXATOMHBIX MOJIEKYJI OTHOCHUTEJIBHO CJIABBIM
BO3JEMCTBUEM

DECOMPOSITION OF THREE ATOMIC MOLECULES BY COMPARATIVELY
WEAK INFLUENCE
Amnppees B.B.
Andreev V.V,
YyBaIncKuit rocy1apCTBEHHBIH YHHBEPCHTET,

MockoBckuit 1p., 15, Yebokcapr: 428015, Poccus
E- mail: avw@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 nauHOit pabore paccMmarpuBaroTCs 3(EKTH, BO3HHKAIOIIME BO BpPAINIAFOIHXCS
HEJIHHEHHBIX TPEXaTOMHBIX MOJEKyJax IpH BO30YXICHHH BaleHTHBIX KoJjeOaumii, B
YaCTHOCTH, [TOKa3bIBAETCA, YTO IPH 3TOM SJjpa MOJIEKYJbI IPHOOPETAIOT HEKOTOPEI MOMEHT
KOJIMYECTBA ABH)KEHHA M, CIIEOBATENILHO, Y HUX MOSBISCTCS CBA3AHHBIA C HUM MarHHUTHBIA
MoMeHT. Ha ocHOBE 3TOro sBji€HHsS MOXHO pa3paboTaTh TEXHOJOTHH pa3Balia MOJEKYI 3a

CYCT pE30HAHCA IIpH IIOMOIOA CPaBHUTCIBHO cnabbIX BHEMIHHX HMCTOYHHKOB JHEPIruu.

[Ipemnonaraercs, 9T0 raMUIFTOHHAH PaCCMATPHBAEMOM CHCTEMBI MOXKHO 3aIlHCaTh B BHJIE
H=H,+H,+H,+H,.
3nece H,, onpenensomuiics no gpopmyine

N h?
H,=——A,+U;(r),
2m

kit §

A

TpeacTaBisieT cOG0H raMUIBTOHHAH i - IO spa MoneKynsl (i =1,2,3). FamuasToEHan H,,

OINKCHIBAIOIIH I BpamEeHNE MOJIEKYIIBI B LEJIOM, OIPENCIIAECTCA TaK:

A n’ 1 of. .0 1 o
H,=-——; STy | SN0 — |+ ———+.
2(m,r” +myr, ) |sin6 00 09/ sin“0 op

B paGote nonyyeHo npubnmxenHoe peuienne ypasHenus peaunrepa.
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BJIUSTHUE )KEJIE?»OCO,IIEP)KAIIII/IX KATAJIM3ATOPOB HA TEPMUYECKOE
PACTBOPEHHUE YIJIE! B TETPAJIMHE

EFFECT OF IRON-BASED CATALYSTS ON COAL DISSOLUTION IN TETRALIN

AnjpeiikoB E.W. u Amocona U.C.
" Andreykov E.IL and Amosova LS.

HncrutyT oprasnyueckoro cunrtesa YpO PAH
ya. C. Kosanesckoi, 20, Exarepun6ypr 620219, Poccus
Temn.: (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 H, at 350-400°C. The catalytic action of iron compounds is
determined by coal rank and reaction conditions.

KatanusaTopel Ha OCHOBE COCJMHEHHH JKene3a SBIISMIOTCS INEPCIEKTHBHBIMH  JUIS |
OXH)XCHHS YIJIEH B HPHUCYTCTBHH MOJIEKY/ISIPHOTO BOZOPOIA, IIOCKOJNBEKY OHHM JOCTATOYHO
aKTHBHBI, JIEIIEBBI H 3K0JIOrHyecku 6e3omacHsi [1]. '

O¢deKTUBHOCTh KaTalH3aTOPOB OXIDKCHUS YIiel CBf3aHa C MX CIIOCOGHOCTBIO
aKTHBHPOBATh MOJIEKYJIAPHBIA BOZOPOA. B TO e BpeMms, BOZMOXHO BIUSHUE KaTalnu3zaTopa
Ha TEpPMHYECKMH pa3pblB XHMHYECKHX CBf3elf B yrie ¥ OHMOIEKYISPHYIO DPEaKIMIO
BOJIOPOJIOHOPHOTO pacTBOPHUTENS C YIVIeM, a Takke Ha aKTHBAMIO BOJIOPOJa,
SITUMHHAPOBAHHOIO U3 PaCTBOPHTEIIS.

C nenvio HccneNOBaHUSA 3THX (YHKUMH KaTaiu3aTopa H3y4eHO BIHAHHE XJIOpHIA,
cynsdata 1 cynbhuaa xKeneza Ha TEPMHUECKOE pacTBOpeHHE (6€3 MOJIEKYIIPHOTO BOIOPOIA)
razoporo u Oyporo yrme# B Terpasmue npu Ttemmeparypax 350-400°C. Ilpuponma yrms
OKa3bIBAET PEMIAIOINEE BIHMSHME HA XapaKTep KaTaIMTHYECKOrO JEHCTBHA COCIMHEHHH
xene3a. Ilpu TepmopacTBOpeHMH Gyporo yriisi KaralM3aTopbl aKTHBHUPYIOT TEPMHYECKHH
paspeiB. C-O cBA3ell, peakUMOHHAS! CIOCOOHOCTB BOJOPOANOHOPHOTO PaCTBOPHTENA
ofecneunBaeT CTaGHIM3AIMIO OOpasylOmMMXCS PajMKalOB H IOBBHINICHAE KOHBEPCHH, B ‘
COOTBETCTBHH C janabiMu  pabotsr [2]. Ilpm TepMopacTBOpeHMH ra3soBOro yrias oTH
KaTaJIM3aTOPHl He YBEINYHUBAIOT CKOPOCTh TEPMHUYECKOIrO pacmajga MaKpoOMONEKybl yris, HO
mpu  400°C cmocoGCTBYIOT —IpeBpalieHHsIM Bblcoxoménéxynﬂpﬂmx nponyKTOB c
obpazoBaHHEM 'Hepacmopnmoro OcTaTKa. OTH peaKUM# KOHKYPHPYIOT C MepeHOCOM
BOAOpPOAA OT TETpaJMHA M YMEHBIIAIOT KOHBEPCHUIO YIIIA 33 CYET CHIDKEHHS BBIXOZA
achanpTeHoB M npeachanbTeHOB. BIXoJ Macen, B cOcTaB KOTOPBIX BXOAMT NabnibHas

HHU3KOMOJIEKYJIsipHas (a3a yriis, mpu 350 u 370°C B npHCYTCTBHM KaTaIM3aTOPOB BHILIE.

JlnTepatypa

[1]1S.W. Weller, Energy Fuels, 8 (1994) 415.
[2]M.®. Iony6enueBa u ap., X¥MHA TBEPAOrO TOIUIMBA, 3 (1990) 42.
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MEXAHU3IM KATAJII/BA PEAKIII/II/I I/I3OIII/IAHATOB C HEHACBIIHEHHI)IMI/I
IMOJUMEPHBIMHU CIIMPTAMHU

THE MECHANISM OF THE CATALYSIS OF THE REACTIONS OF
ISOCYANATES WITH UNSATURATED ALCOHOLS

bagammuna 3.P., Jloapiruna B.I1. n Cros0yn E.B.
Badamshina E.R., Lodygina V.P. and Stovbun E.V.

Unctutyr npobnem xummdeckoit ¢usnku PAH
Mockogckas 061, 142432, UepHorososka, Poccus
Fax: (+7-096) 515 54 20; Efmail: 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 workmg concentratlons of catalyst are determined.

Bompoc  Mexamm3mMa ~ Karanm3a ~ NpH = B3aUMOJCHCTBMM  HM30LHAHATOB  C
THAPOKCUIICOACPXKAIMMHE COeIHHCHUIMH (peaknusa yperaHooOpa30oBaHHA) MHO-IPEXHEMY
aKTyaneH, MOCKONBKY TONOOp KAaTANHTHYECKUX CHCTEM OCYINECTBIAETCA, KaK IPaBHIIO,
3M1mpmeC‘Khi\'a nyTeM B To BpeMs Kak nporHosnp’oaaHHe Takoro noxbopa HOIDKHO OBITH
CIIEZICTBHEM z:eram;uoro nsyqemm MeXaHHU3Ma KaTalHTHYeCKuX peaxumii. Llensio maHHO#M
paﬁorm ABJIAETCA BKCHepPIMeHTaJILHOC H TeopeTHHecKoe ACCIEI0BAHAE MEXaHH3Ma H
KHHETHKH B3aHMOJEHCTBHS HBOIIHaHaTOB c m,upoxcnnconepxcamnmn COCIUHCHUAMH B
TIPHCYTCTBHH Me'rannooprannqecxoro KaTannsaTopa (coenunenue qumpexnaneHTHoro
0JI0Ba). _ » |

OKCIEPUMEHTAJIBHO . ONPENENEHO, 4YTO B  HCCIEAyeEMOH CHCTEME  KOHIEBBIC
THIPOKCAJIBHBIC ~ IPYNIBI  CYIECTBYIOT B 4YETHIPEX OCHOBHBIX  COCTOSIHHSX — —
asroacconuuposandrie (OH...OH), accomumpoBaHHBIE C T-3l€KTpPOHAMH ABOHHOM CBA3H
nuenosoro 3seHa (OH...w), - meaccomumpoBaHHble (OH), ©u .acconMHpoOBaHHBIE C
obpasyromumucs B xone peakuus yperanoBbiMH (OH...NHCOO). Bee ykazanusie Gpopms
¢GyHKIHOHANBHBIX TPYNN CHOCOOHBE! 0OPa3OBBHIBATE KOMIUIEKCHl ¢ KaTalH3aTOPOM Kak IO
TUIy AOHOpHO-akuentopuoro (JJIA), Tak u BOJIOPOJTHOTO CBSI3bIBAHML. Jns noHumanus
MEXaHM3Ma  MCCIEAYEMOH  KAaTaIMTHYECKOH  peakmuu  HeobXoammo HOJ'Iy;ICHHC

KOJIMYECTBCHHBIX [MNAHHBIX IO KOHUCHTpAIMAM BCEX THIIOB (bYHKIIHOHaJIBHBIX rpyumn B
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CHCTEME, PEaKIMOHHOM CIOCOGHOCTH BCEX TOMO- H IE€TEpOAcCOLMATOB 3THX IPYNI M MX
KOMILIEKCOB C KaTannsaTopoM.

OKCIIEpUMEHTATBHOE ~ HCCIIEJOBAHUE  KMHETHKH  DEaKUMH  HECHMMETPHYHOTO
2,4-TONYHJICHANM301{HAHATa C HEHACHIIEHHBIMH CIIMPTaMH MPH 3KBEMOJILHOM COOTHOIIECHUH
(YHKIMOHANBHEIX IpyIN B TIPUCYTCTBHH 10* — 10° moms/n RUOYTHILIAaypPHHATA 0JI0BA
MoKa3alo, 4YTO 3HayeHHe HaOmoJacMoi KOHCTaHTHI CKOPOCTH BTOpOro mopsaka (Kau)
ompenenseTcs o0meHd HCXOAHOH KOHNIEHTpanredl rHAPOKCHIBHBIX TPYII HIIH, TO XE€ CaMoe,
KOHIIEHTpalKed 00pasylomuXCcs YPeTaHOBLIX TPYIN, H OHO TEM BBIIIE, YeM MEHbIIE 3Ta
KOHILEHTpaldsi. BosHHKaloOlHe B XOAe peakUdH YPeTaHOBBIE TIPYNIbLI CIIOCOOHBI
06pa30BBIBaTI> JI0CTaTO4YHO IPOYHBIE KOMIUIEKCHI C KaTajJu3aTOpOM, BHIBOIA €r0 M3 30HBI
peaKiuu. Dror daxkt onpenenser xapakrep 3aBucumoctH (Kpy) OT KonueHTpanHH
THIAPOKCHIBHBIX TPYII.

BBINOIHEHO MAaTEMaTHYECKOE MOJETMPOBAHAE HCCIEAYEMOR PEaKIHMH ITYTEM PEIICHHS
oOpaTHOH KHHETHYECKOH 3a/1adu. Hpezmbxcena CHCTEMa YpaBHEHHH, OMHUCHIBAIOIIAA kax
B3aMMOJEACTBAE THAPOKCHIBHBIX IPYNN ¢ M30LMAHATHBHIMHA, TAK M PAaBHOBECHBIC PEAKIUH
oOpa3oBaHMsA ¥ pachmaja accOLHaroB (YHKIMOHAIBHRIX TIPyNI APYT C JPYTOM M C
Karaym3aTopoM. B paMkax Hcmonab3yeMoi MoOJeNH, YJYMTBIBAIOIIEH ITaCCHBAIMIO YacTH
KarajusaTopa B pesyiapTare oOpazoBaHus OJJA KOMIUIEKCOB C YPETAaHOBOM TpYIIIOH,
NONy4YeHBl YHCICHHBIE 3HAYEeHHMs KOHIIEHTpAWi BCEX THUMOB (DYHKIMOHAIBHBIX TPYNI H -
HW3MEHEHHE JTHX KOHIEHTpanmuid B xone peakuud. IlokaszaHo, 4YTO B HPHCYTCTBHH
Karanm3aTtopa THAPOKCHWIBHBIE TIPYIIBI [0 YMEHBIICHUIO PEaKIMOHHOM ~CrIocoGHOCTH
pacroyiaralorci B psAl: HEACCONMHPOBAHHBIE > AaCCOLMMPOBAHHBIE C T-OJIEKTPOHAMH >
acCOIMMPOBAHHbIE C YPETAHOBOM TIpYNmoi = aBTOACCOIMHPOBaHHEIE. Honyqeﬁo, YTO
OEHCTBYIOIIas KOHLEHTpalUsd KaTalH3aTopa B HCCIEAYEMBIX CHCTEMax Bapbnp;yercx B
Tpesienax (‘1—5)x10'9 MOJIB/JI, YTO MPAKTHIECKH Ha qermpé nop;_uﬁca MEHBIIEC BBEACHHOH B
PEaKI{HOHHYIO CMECh H oﬁpe,uenxércx o0wiel KOHLEHTpauued ypeTaHoBBIX Pyl

[Ipefnoxen MeXaHM3M KaTATMTAYECKOH pEaKIMH, 3aK/IOYAIOMHMACS B aKTUBALKH
TFHOPOKCHJIBHON TIpynmbl. 3a cuyer oOpa3oBaHHMS JOHOPHO-aKUENTOPHOrO KOMIUIEKCE C
HEHTPAILHBIM aTOMOM OJIOBOOPraHMYeCKoro karanuzaropa. CrenaH BBIBOA, UTO Hapsamy C
KOMILIEKCaMH YPETaHOBOM IPYNIIBI C KATaIHW3aTOpPOM COocTaBa 1:1 IPHCYTCTBYIOT KOMILIEKCHI

H cocTasa 2:1, COOTHOIIEHHEe MEXIY KOTOPRIMH OIpPEAeNieTCs KOHIEHTpalHuell ypeTaHoBbIX

rpyIm.
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COBPEMEHHBIE BLICOKO®PEKTHBHbBIE CEPHOKHCJIOTHBIE
BAHAJIMEBBIE KATAJIM3ATOPBI

ADVANCED HIGH EFFICIENT VANADIUM PENTOXIDE CATALYSTS F OR
SULPHURIC ACID PRODUCTION

Bakaes A.Sl., Bykaios B.IL., Baacos B.IL u Caiigyaumun P.A.
Bakaev A.Ya., Bukalov V.P., Vlasov S.P. and Sayfullin R.A.

3A0 «YpanrexnoreameT», Kuposrpan, Poccus
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 u mpoM3BOACTBO HMEIOT 3HaanenLHLm ONBIT B CO3NAHHH H 3KCILTyaTalluH
BaHA/WMEBBIX CEPHOKUCTOTHBIX KATATM3aTOPOB, KOTopme B GOMBIIOM 00BEME HCIIONB3YIOTCS
Goxnee 70 neT B TIPOM3BOJICTBE CEPHOM KHCIIOTHL

JIIs CepHOKHUCIIOTHBIX CHCTEM C ONWHAPHBIM KOHTAKTHPOBAHHEM CTENECHH KOHBEPCHH
JMOKCHJIa CEpBI pernéMeHmpOBaHa ua ‘yposae 97,0%, s CHCTEM C JBOMHEIM
KOHTAKTHPOBaHMEM — Ha ypoBHe 99,5%. Ilo MHeHHIO crenuanuctoB GupMEL «Monsantoy»
(CLIA) co3manHe KaTanm3aTopoB, paGorarommx mpu Temmeparype 350° C, paBHO3HA4HO
OTKa3y OT I'POMO3JIKHX IOPOTOCTOSIIIUX CHCTEM C JBOHHBIM KOHTAKTUPOBAHUEM.

3nanHus MexaHu3Ma: peakuuu okucieHus SO; B SOs, mpotekaromeil B xuakoii dase
aKTHBHOTO KOMIIOHEHTAa KaTalu3aTopa IyTeM IepeHoca KHCIOpoJa M3 ra3oBoi ¢assl,
CIOCOOCTBYIOT ~ YCOBEPIIEHCTBOBAHHIO — M3BECTHBIX ~ BaHAJMEBHIX  CEPHOKHCIIOTHBIX
KaTaqu3aTopoB. ‘

| Ha 3AO0 «lllenkoBckuii KaTalu3aTOPHEIA 3aBOJ) IMPOBENECHBI IKCIIEPHMEHTAILHBIE
paﬁo}m 110 YJIy4IIEHHIO TEKCTYPHl H HEKOTOPEIX (PH3MKO-XMMMYECKHX CBONCTB BaHAJHEBOTO
HHU3KOTEMIIEPATYPHOTO CEPHOKACIOTHOIO KaTalu3aropa HUKA-1-6, B pesynbTaTe KOTOPBIX
ynqueno Ka4YeCcTBO BBUTyCKAeMOr'0 KaTaau3aropa.

* Bricokasi 3((eKTHBHOCTh  JaHHOTO KaTalu3aTopa JOCTHTHYTa Grarozaps vcnoco6y ero
TIOJTy4eHHS, IO3BOJIAIONIEMY PaBHOMEPHO paclipeleNsTh aKTHBHBIM KOMIIOHEHT B 0ObeMe
KaTalM3aTOPHOM MacChl C BEICOKOH JUCTIEPCHOCTRIO. '

B Tabnuie 1 npuBeeHE! pe3ybTaThl SKCILTyaTanuy karanusaropa MKA-1-6 u CBI(K)
3A0 «Ypanrexnoreamer» Ha yctaHoBke POCK OAO «CubHedpts-Omckmii HII3» B
KOHTakTHOM anmapate Ka-209 nByxcraguitaoro koHTakTHpoBaHus. [Ipr 3TOM cocTas rasa Ha
[EpBO# CTaAMH KOHTAKTHpoBaHHA, % Mac.: SO, — 20; Oy — 9,5; N — 65,5; CO, — 4,9, u Ha
BTOpOi# cTanuu, % Mac.: SO, — 1,3; SOz — 0,004; O, — 6,3; N, — 86; CO, — 6,4.
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Tabmuna 1
ITapamerp JlaHHBI€ 1O CIIOSIM .

1 cnoii 2 cioit 3 cnoit 4 cnoii S5cmoit -
Tun HUKA-1-6 . :
KOHTaKTHOM (Bepxcnosy | CBI (KI) CBI (KI) HKA-1-6 HUKA-1-6
MacChl CBJI (KJT) ~
Temmnepatypa
rasa Ha 410+420 475+485 445+455 420+430 420+425
BXOJIE, °c
Temneparypa :
rasa Ha 595+606 ~ | 520+530 © 520+530 437+447 420425
BBIXOJIE, o°c '
Crenenp
OKHCIICHHA 0,65+0,7 0,8+0,88 | 0,9+0,95 | 0,95+0,96* | 0,97+0,975*
JTAOKCHIA
Cephl

* CTEMEHb OKHMCIEHMs JMOKCHA CEpbl NPHUBEEHA HENOCPEACTBEHHO IO BTOPOM CTYIEHH.
Koneunas creneHs KOHBEPCHH N0 anmnapaty cocTaBHT 99,81 — 99,84%.

'Cnenye’r OTMETHTH XOpOoHIyl0 MCXAaHMYCCKYIO IIPOYHOCTh Karajiy3aropa H

BO3MOXKHOCTb €TI0 IIPOM3BOJCTBA B BHJE IPaHyI paanntmorb npoduis (KOJbIIo, 3Be3N0UKa,
[[BETOK), YTO CHU3UT THAPABINIECKOE CONIPOTUBIICHUE CIIOS. '

Okcruryarauus auatomutoBoro karanusaropa CBJI(K-JI, K) ¢ uesuesoit mobaskoii B
CHCTEMaX MOKPOrO KaTajiu3a Ha CEpHHCTOM Iase IOCIE CXKHTaHHS CepoBOJOpOJA COCTaBa,
%06.: SO, — 6,0; O, — 11,5; CO, - 0,5; N; — 82,0 Ha OAO «ABneeBCKHI KOKCOXMMHIECKHH
3aBos» (YKpamHa) obecrneduna yCTOHUYMBYIO KOHBEPCHIO THOKCHIA CEPhl IIPH OJMHAPHOM

KOHTaKTHPOBaHHH Ha ypoBHE 99,5%.
 Taxum o06pasoM, NpeANpHATHI-NOTPeOHTENH, HCIONB3Yys HabOp OTEYECTBEHHBIX

BBICOKO3¢(EKTHBHBIX

KaTau3aTopoB

mapox CB/,

OITHMH3HPOBATh MPOLECC IPOU3BOACTBA cepﬂoﬁ KHCJIOTHI.
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PP-30 .
PALLADIUM (II) CATALYZED OLEFINS OXIDATION:
2-OXOALKYLPALLADIUM COMPLEXES AS B-HYDRIDE SHIFT
INTERMEDIATES

, OKI/ICJIEHI/IE OJIE®OMHOB KOMILUIEKCAMH IIAJIJIAI[H}I an:
' 2-OKCOAJIKHJIBHBIE KOMILIEKCHI ITAJIAJIAS KAK I/IHTEPMEJII/IATI)I

B-THAPHUIHOI'O CABUT' A
Beck LE., Gusevskaya E.V.*, Golovin A.V. and Likholobov V.A.
Bexk U.D., I'yceBckan E.B.*, I'oioBun A.B. 1 JInxono6oB B.A.
Boreskov Institute of Catalysis SB RAS, Novosibirsk, 630090, Russia
'Fax: (3832)-345076; E-mail: beck@catalysis.nsk.su
Departamento de Quimica-ICEx, Universidade Federal de Minas Gerals 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
coordlnatlon with a p-complex formation, followed by its transformation into a
s-organopalladlum 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 studled with a great many of their resultants being isolated or at least well
charactenzed in 51tu 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 B-hydride shift was the subject of our investigation.

The elementary character of this step was doubted when we succeeded to lregister a
B-oxoethylpalladium(Il) compound as an reaction intermediate du_riﬁg éthylene oxidation by
Pd(NO,)CI(CH3CN), in chloroform [1]. To generalize the stepwise decomposition of
B-oxyalkylpalladium (I) into carbonyl compounds the reactions of a-olefins (ethylene,
propylene, 1-hexene and styrene) with Pd(NOp)mCl-m(CH3CN), complexes (n=2, 3; m=0, 1,
2) in chloroform/acetic acid solutions were studied by '"H NMR and IR spectroscopy. The
main products of these reactions in CHCl; 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 nitrato- or
nitritopalladation products, whereas in the acetic acid presence b-acetoxypalladation occurs in

addition followed by the partial transformation into B-hydroxyalkylpalladium compounds
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along with acetylnitrite(nitrate). In all cases B-oxyalkylpalladium (II) serm-products

Pd-CH;-CH(OX)R (R=H, CHj, n-C4Hy, Ph; X=H, NO, NO;) as well as the corresponding
-oxoalkylpalladium intermediates Pd-CH;—C(O)R have been observed in situ; carbonyl
compounds were shown to be the end products of this transformation. We failed to register
the B-hydrogen eliminated by "H 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 (DCI, DOAc, CF;COOD). According to the charge conservation law
particle X should be ehmmated only as a posmve one (X=H) or at least forming a neutral
molecule ZNO,.; with an anion (Z—Cl OAc) possibly coordinated by Pd. "

We suppose the further decomposition of the B-oxoalkyl palladium hydrides observed via
reductive elimination with Pd(0) formed being jusf reoxidized by ZNO,.; (Z=Cl, OAc). The
possibility of Pd black oxidation by NOCI ‘or AcONO; in chloroform was shown
expenmentally resultmg in [PA(NO)CIl], or [PA(NO,)(OAc)], 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 Ne 00-15-97447) is gratefully acknowledged

[1]E.V.Gusevskaya, LE.Beck, A.G.Stepanov, V.A Likholobov, V.M.Nekipelov, Yu.l.Yermakov,
K.I.Zamaraev, J. Mol. Catal., 37, 177-188 (1986). .

61



PP-31 :
OXIDATION OF OLEFINS BY PALLADIUM NITRO COMPLEXES. ON THE ROLE
OF 1,2-GLYCOL NITRITOACETATES IN THE MECHANISM OF :
1,2-GLYCOL MONOACETATES FORMATION

OKHCJIEHHUE OJIE@VMHOB HUTPOKOMIVIEKCAMH TTAJUIAZIUSL. O POJIN
HUTPUTOAIIETATOB 1,2-I''TMKOJIEU B MEXAHU3ME OBPA3OBAHUS
1,2-I''TMKOJIb MOHOAIIETATOB

Beck LE., Konevetz D.A.*, Golovin A.V. and Likholobov V.A.
.EexK H.J., KoneBen [I.A.*, I'osioBun A.B. u JInxono60s B.A.
Boreskov Institute of Catalysis SB RAS, Pr. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia
Fax: (3832)-345076; E-mail: beck@catalysis.nsk.su
*Institute of Bioorganic Chemistry SB RAS, Pr. Akad. Lavrentieva, 8, Novosxblrsk 630090, Russia

'NMR spectroscopy was used for thorough studying the mechamsm of ethylene and
propylene oxidation by complexes Pd(NOy)mClz-mla (L=CH3CN; n=2,3; m=0+2) in the
presence of acetic acid. The sp;actroscopic studies provided evidences of the formation of
organic intennediatgs 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 iniexmediates 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 patladium 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 Ne 00-15-97447) is gratefully acknowledged.
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ACETATE INSERTION INTO PALLADIUM (II) COORDINATION SPHERE GAINS
- AN INSIGHT INTO OLEFINS OXIDATION MECHANISM '

BBEJEHHUE AIIETATA B KOOPANHAIIMOHHYIO CQEPY TINAJLIJTAMS (1)
OBJIE'YJAET U3YYEHHUE MEXAHI/IBMA OKI/ICJIEHI/ISI OJIE@HUHOB .

.Beck LLE., Konevetz D.A.*, Golovin A.V. and Likholobov V.A.
Bekk I/I._3., Kouesen JI.A.*, I'osioBuH A.B. n Jlnxonoﬁon B.A.

Boreskov Institute of Catalysis SB RAS, Pr. Ak. Lavrentieva, 5, Novosibirsk 630090, Russia
Fax: (3832)-345076; E-mail: beck@catalysis.nsk.su
*Institute of Bioorganic Chemlsuy SB RAS, Pr. Ak Lavrentleva, 8, Novosibirsk 630090, Russia

Studying catalytic transfonnatlons of orgamcs by one of. the most powerful
method — '"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
[PA(NO,)CI(CH3CN)]; (n=2; 3) in chloroform/acetic acid solutions. To check the role of
intraspheric acetate 1n the reaction mechanism, similar complexes with an acetate hgand
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 '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. o

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 p-s
transformation of the coordinated olefin to become 11m1t1ng owing to the steady—state
concentration of different Pd(II) p-complexes with various mono- and disubstituted ethylenesv
increases. The combination of an acetate and a nitrate ligands led to the decomposmon 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 Ne 00-15-9744 7). is gratefully acknowledged.
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THE SAME OXYGEN TRANSFER FROM VARIOUS NOx GROUPS INTO OLEFIN
OXIDATION PRODUCTS AS A GENERAL FEATURE FOR CATALYTIC

PA(ID)/NOx~ AND MODEL SYSTEMS

OJTHOTHITHBINA II}IPEHOC’:KI/ICJIOPOI[A OT NOx I'PYIIII PA3JIMYHOM |
MPHPOJBI B NPOAYKTHI OKUCJIIEHUA OJIE@UHOB - OBHIASI YEPTA
KATAJIMTUYECKUX Pd(II)/NOx- © MOAEJBHBIX CHCTEM
Beck L.E., Konevetz D.A.*, Fedotov M.A. and Likholobov V.A.

Bexk H.D., Konesen J.A.*, ®enoro M.A. u JInxosno60s B.A.
Boreskov Institute of Catalysis SBRAS, Pr. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia
Fax: (3832)-345076; E-mail: beck@catalysis.nsk.su
*Institute of Bioorganic Chemistry SB RAS, Pr. Akad. Lavrentieva, 8, Novosibirsk 630090, Russia

" The 7O distribution among the a-olefins ox1dat10n products by palladlum complexes
w1th nitro or nitrato hgands 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 B-palladiumalkyl nitrite or nitrate by
Markovmkov s rule respectlvely At ethylene ox1dat10n in the acetic acid presence the heavy
oxygen from the hgand was transferred 1nto acetaldehyde or ethyleneglyco] 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 alternative ways lead to
acetaldehyde with the contribution of each depending on the oxygen-transfer ligand applied.
The same nature of oxygen transfer, from the nitrite (nitrate) group into the carbonyl position
of the 1 2-g1ycol monoacetate observed earlier in catalytic propylene oxidation by
Pd(OAC),/LiNOs/HOAc [1] were shown to be characteristic of three model systems under
study, viz. Pd(NO,)CI(CH;CN),/JHOAc/olefin, Pd(NO;)CI(CH3;CN)/HOAc/olefin, and
2-acetoxyethyl nitrite/Pd”/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 Ne 00-15-97447) is gratefully acknowledged.
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UCCJIENOBAHUE BOCCTAHOBJIEHUSA INECTUBAJIEHTHOT'O OKCI/IJIA %
XPOMA B BJIEKTPOMAF HUTHOM ITOJIE

STUDY OF REDUCTION OF HEXAVALENT CHROME OXIDE ON EXPOSURE
TO MICROVAWE RADIATION

bukoy.1aros U.X., {amuues P.P., Hlynaes H.C., Kacesnosa JI.3. u Baxonnna E.W.
Bikbulatov L.H., Daminev R.R., Shulaev N.S., Kassianova L.Z. and Bahonina E.I.

Creprramaxckuif grman Y pEMCKOro rocyiapcTBeHHOro He(hTSHOTO TEXHHYECKOIO YHMBEPCHTETA
p. Oxta6ps, 2, Crepnauramax, Pecrry6nmka bamkoproctan, Poccus
daxc: (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.

Ilpy  DpoBelEHMM  TIeTEPOTEHHO-KATAIMTHYECKHX —TPOIECCOB  MOA  JeHcTBHEM
cBepxBbicokoqacToTHOro (CBY) 3nmexTpOMarHWTHOTO H3IIy4EeHHS Ha6m6naeTcx H3MEHECHHE
CTPYKTYpPBIL, XHMHYECKOTO COCTaBa, aKTHBHOCTH H CENIEKTUBHOCTH KaTaIH3aTOPOB.

‘CpaBHeHME METOJI0B BOCCTAaHOBJICHHS OKCHJA XpoMa IOKa3alo, 4IO COACPKaHHe
IIECTHBAJICHTHOTO OKCHAa Xpoma rocie o0paboTku oTpaboTaHHOrO ATIOMOXPOMOBOTO
karanuzatopa KMM-2201 (¢ wucxomueiM coxepxanumeM CrO; 0,800 % wmac) B
aNeKTpoMarHuTHOM mone (v=2450 MI'n, =8 Mun) COCTaBIAeT 0,0087 % mac., 4T0 IPUMEPHO
B 10 pas MeHBIIC YeM IpH 60JIee UTATENBHOM TPaIHITHOHHOM TEPMHYECKOM HArPEBe.

Ha prc. 1 mpuBeieHa 3aBHCHMOCTS H3MEHEHHsS KOHIEHTpaius CrO; OT [IHTENBHOCTH
Bo3zeiictBus  onekrpoMarauTHoro CBY wmsmyuenms. Ilpmsenennnie kpuseie C(t) c

JOCTAaTOYHOM CTEIEHBIO TOYHOCTHU AMMIPOKCHUMHUDPYIOTCAH 9KCIOHECHIIMATIBHOM 3aBHCHMOCTEIO

3
Pt

C(t)=c,-¢ 2*, rme Pyn - ynemsHas mompocts CBYU-msmydenus, kBT/kr; t - Bpems

o6pa60'r1cn, MHH. , YTO IIO3BOJIECT ONPECACIHTHL CKOPOCTh IIPOIECCa BOCCTAHOBIICHHSAI

3
;2
e P2yt
de P2 - 73
mecTHBaieHTHOro okcuzaa xpoma CrO; v= _E =C, Ege 2 ., Kak sBumgHo wu3
'y

MOCNIEOHET0 BBIPAXCHHA, C YBCAHYCHHUEM MOIIHOCTH JJICKTPOMATHATHOrO H3JIYy4CHHSA

3
CKOpOCTh Impouecca YBCIIHYHMBACTCA ~ Pyn_Z.. PC3YJIBT3TLI IKCIICPAMEHTOB ITOKA3bIBAIOT

YBEJIMYEHHE CKOPOCTH PeakIM¥ BOCCTaHOBIEHMs okcuja xpoma (VI) nox pericreuem CBY-

H3JIY4YCHHSA B HECKOIIBKO JECATKOB pas. KpOMC TOro, IPOBOJHUIIUCHL I3KCOECPUMEHTANBHBIC
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HCCTIEI0BAHHA aKTHBHOCTH KaTaJM3aTOPOB B PEAKIMH NETHPHPOBAHHA YIJIEBOIOPOMIOB 11011
neiicteueM CBU-u3nmyyenus Ha mpuMepe IETHIPHPOBAHUSA 6yTeﬁOB Ha IMPOMBIILICHHOM
aramusarope K-16Y (TY 38.1031.55-85) BobiscHHMIOCH, YTO AKTHBHOCTh KaTaliM3aTopa
K-16Y mapku b cocrapuna 24,63 % (Ha npolylleHHOE CHIphE), CENEKTUBHOCTD 62,64 % Mac.
(na paznoxeHHoe chipse). Habmonanock BEICOKOE cofepxaHHe B KOHTAKTHOM rase AHOKCHIA
yriaepoga (ot 6 pmo 10 % wmac.), obpasyromierocs B pe3yiabTaTe B3aHMONEHCTBUS
OTJIararolierocs Ha KaTanu3aTrope KOKca € KHCJIOPOJOM OKCHIOB METAIOB, BXOJAIIUX B
COCTaB XpOM-XKene30-IuHKoBoro katanmusaropa K-16Y, nozaeepraiomuxcs HHTEHCHBHOMY
BoccraHoBiaeHni0 B CBU-nome. D10, B CBOIO oOvepenb, MOXHO paccMaTpUBaTh Kak
TIOJIOXKUTENbHBIH 3(@PEKT, cHOCOOCTBYIOMMA BEDKHIY OTJIArarOerocs KOKCa, YBENHUCHHIO

MeXpereHepaliHOHHOT0 epHoia paboTH KaTaau3aropa.
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OIIPEAEJEHHUE CTEIEHH BOCCTAHOBJIEHHOCTH OKHUCJIOB KEJIE3A B
METAJLIOOKCHIHBIX KATAJIM3ATOPAX B 3ABUCHMOCTH OT.MX
NEKTPO®UIUYECKHX CBOHCTB '

TEST OF IRON OXIDE REDUCTION IN METAL-OXIDE CATALYSTS AGAINST
ITS ELCTRO-PHYSICAL PROPERTIES
| buxbyaaros U.X., lamunes P.P., lllynaes H.C., Kacesinosa JI.3. 1 Boxun A.H.
Bikbulatov I.H., Daminev R.R., Shulaev N.S., Kassianova L.Z and Bokin A.lL.
Crepauramakckuii Gprmuan Y pUMCKOro rocyaapcTBeHHOIO
HEQTSHOrO TEXHUYECKOTO YHHBEPCHTETA

np. Okra6ps, 2, Crepnuramak, Pecniybrinka Bamkoprocran, Poccus
®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 nanHo# paGoTe npeacTaBneHbl pe3yabTaThl HCCIEIOBAHUH O onmpeneieHuo (a3zoBoro
COCTOSHHA (CTEMEHH OKMCICHHMS) J>KENEe3COKCHIHBIX KaTaln3aTopoB o H3MEPEHHIO HX
3/1eKTpoH3NYECKHX XapakTepucThK. Kak m3BecTHO, (a3oBBIe COCTOSHHS KaTAIH3aTOPOB
H3MEHSIOTCA NOJ BO3ZEHCTBHEM peakIMOHHOH cpeasl. Hanpumep, Bce orpaboraHHbie B
nponecce NETHAPHPOBAHHSA METHIOYTEHOB JKEIE300KCHAHBIE KATATH3aTOPhl OTIHYAIOTCS OT
CBEXHX (a30BbIM COCTABOM OKHCIOB Keyeda. Hamu ObUIH HOABEPrHYTH HCCIIENOBAHHIO
0TpabOTaHHBIE KaTAIN3aTOPhl C PA3NMYHBIMH CPOKAMHU CIYXObI M TOJYYEHBI CIIEAYIOLIHE
pe3yIbTaThl.

JlaHHEBIE O 3aBHCHMOCTH Y/A€IbHOM CHIIBI BO3/ICHCTBHS Ha KAaTAIM3aTOP MArHUTHOTO 110JIs

OT COCTOAHHA MCTaJlJia IIPE€ACTaBICHEI B Tabn.1.

Tabmuna 1
Jlo pereneparmiu IMocne perenepaunn
OﬁpaSILBI F6203 FeO Fyﬂ F6203 FeO Fyn
% Macc % Macc % Macc % Macc

Caexuit 65,03 - 1,02 - - -
Ortpab. 55,04 7,77 3,88 61,86 0,183 2,86
4200 gacoB .
Otpab. 53,84 9,02 4,69 58,84 0,2 3,47
8160 vacos

VYaenbHas Ccuia ONpelieNslach OTHOIIEHHEM CHIIBI  ACHCTBYIOMIEH CO CTOPOHBI

MarHuTHOro noiyg Fy x cune TsxecTu 06pa3ua Karajm3aropa,

67




PP-35

CreneHb BOCCTaHOBICHHOCTH OKHCIIOB JKEN€3a TaKKe KOPPEIHPYET € 3IEKTPHUYECKAM
COMPOTHBIEHHEM M TiyObuHO#H npoHukHoBeHHS CBY-m3myuenus (v=2450 MIu) s

KaTanu3arop (1abm. 2).

Taﬁglfma 2
. Fe;05 FeO Conporusnenne, | ['myOuHa mpOHUKHOBEHHS,

Obpaszen % Macc % Macc - -MOm MM .-
Cexwmii 65,03 - - | 170
Ortpab. 55,04 7,77 335 50
4200 gacoB
Ortpab. 53,84 9,02 ’ 125 20
8160 yacos

Takum 06p&30M, MOXHO clejarb BBIBOA, 4YTO CYIICCTBYET 3aBHCHMOCTH
3JICKTpO(I)PI3H‘ICCKI/IX CBOICTB HCCIICAYCMBIX KaTalu3aropoB OT CTCIICHH OKHCJICHHS JKeJe3a.
Ot10 TIO3BOJHACT pa3pa60TaTL SKCIIpeCCHbIﬁ MCTOA OLICHOYHOI'0 OIpCACTICHUA Q)BBOBOI‘O

COCTOAHHA METAINIOB BXOJAMIMAX B COCTAB KaTaiau3aTopa.
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BJIMSTHUE KUCJIOPOJA HA KATAJIMTHYECKYIO AKTUBHOCTD
HHUKEJIEBBIX INIEHOK B PEAKIIMH HU3KOTEMIIEPATYPHOI'O
H30TOIHOI'O OBMEHA B MOJIEKY.JIHPHOM BOAOPOJE '

OXYGEN INFLUENCE ON CATALYTIC ACTIVITY OF NICKEL IN THE LOW
" TEMPERATURE ISOTOPE EXCHANGE IN THE MOLECULAR HYDROGEN-

Boesa O.A., Kasoponkopa K.H. u BeictpoBa Q.C.
Boeva O.A., Zhavoronkova R.N. and Bystrova O.C.

Poccnncxnn ngnKo-TeXHonomqecxnu yHm;epcheT uM. J.U. Menperneesa
Muycckas 1. 1. 9, Mocksa A-47, 125047, Poccus
®axkc: 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 Ky, in region 1( the lowest temperatures) but leads to disappearance of the reglon 2
in some cases. Activity in reglon 2 can be recovered by heating in hydrogen

Pa6GoTta mocBsmeHa ‘M3y4yeHHIO BIHUSHHSA aJICOPOMPOBAHHOTO NPH Pa3NIMYHBIX YCJIOBHAX
KHCJIOpOJa Ha KAaTAIATUYECKYI0O aKTHBHOCTh HHKENS B PEaklHH HH3KOTEMIIEPaTYpHOIro
H30TOMHOrO oOMEeHa B MOJIEKYJIIpHOM Bojopone. OOBEeKTaMHM MCCIEOBAaHHMSA CIIYXXMIIH
IUICHKH HHKEIs, HanbUIeHHble B Bakyyme 107 Topp Ha CTEHKM CTEKISHHOIO peakTopa U Ha
Hacagky u3 memd (1,5*% 1,5%0,1). Uzoronublii o6MEH H3ydYalid B HHTEpBAJIE TEMIIEPATyp
~196°C - + 20°C npu masnenun 0,5 Topp cratmyeckuM MeTonoM [1] Ha CBeXeHANBUIEHHBIX
IAeHKaxX, a TakKe Iocie aacopOumM Ha HEX Kucaoponaa npH —196°C u mpu +20°C npm
maBienun 1-2 10  Topp, ¥ mocie KOHTAaKTa IUIEHOK ¢ aTMOC(EPHEIM BO3AyXoM. Bo Bcex
clly4asix, 3a HCKIIOUCHHeM IUICHKH, HaNbUIEHHOH Ha MEIHYIO HacasKy, Iociie HallbUIeHUS
IIEHKH Ha Hell u3Mepsym ancopbumio Bojopoia npH —196°C ¢ mensio ompemeseHus
IUIOMAAM [OBEPXHOCTH. B Cilyyae IIEHKH, HAIBUICHHOM Ha MEIHYIO HAcajiKy, OHa cpa3sy e
ObUTa TOIBEpPrHyTa KOHTaKTy ¢ arMOcepHBIM BO3LYXOM B Ipoliecce  IEPEHECCHH €€ M3
HaNbUIUTENS B PEakTop, B KOTOPOM IIPOBOAMIH HUCCIEIOBaHNE, [IOCIIE Yero OHa NOoABepranach
cTaHaapTHOM: TpeHupoBKke npu 400°C B TeyeHue 2-X 4acOB, ¥ TOJBKO IOCIE 3TOrO Ha Hel
6bUTa H3MEpEHa afcopbIus Bogopoa. I1o¢r# KoHTaKTa ¢ KACIOPOIOM IUIEHKH [OBEPraiuch
OTKaYKe IpH pPa3MYHBIX TeMIlepaTrypaX, 'm Tiocle 3TOr0 Ha HUX IPOBOJHIM H3MEDPEHHE
ckopocta H; — D, o6MeHa B IIMPOKOM HHTEpBAJIE TEMIIEPATYP.

M3BecTHO[1-4], YTO H30TONHENA*'06MEH B MOJNEKYAAPHOM BOJAOPONE TNPH HH3KHX
temneparypax ( -196°C - 0°C) mpoTekaeTt Ha IEPEXOJHBIX METAIIAX, B TOM YHCIIE HA HHKEIE,
O JBYM KOHKypUpyrommM Mexanu3Mam: Mexanu3My Unu (Eley) n Mexanmsmy Pramna. O1o
IpPOSABIAETCS B TOM, YTO TeMIlepaTypHas 3aBUCHMOCTh Ky, Merayla B KoOpauHAaTax
ypaBHEHHS AppeHuyca AMeeT JBE oﬁnacm o6nacth 1 (-196°C — Tyyy) © SHEPrHed aKTHBAIHH
obmena E;=0-4 xJIx/Monk,. H: 06ﬂacrb 2 (T > Ty ) C dHeprueit axTuBaiuu oOMeHa
E; = 5-15 kJlx/momb. B o6nactu 1 mpeobnanaer Mexanusm Mmm, B obnactu 2 — Pumana.
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O6MmeH, nccnenoxannmﬁ Ha cBemeHanbmeHme TUTeHKaX Ni, mpoTekal B HOJHOM
COOTBETCTBHH C BEIIeCKa3aHHEM: E; = 0, E; = 13 kJlx/M01b, Tys; oxono —125°C. ‘

Ha 2-x mnenkax ajncopbmus O, mposeneHa Ipu ~196°C u IaBINeHHH 1072 Topp, 3arem
nJieHKa 6bl1a OTKa4aHa [pH TOM JXe Temmeparype B Teuenue 10 MuH. B pesynbrare Takoii
06paboTKE XapakTep TeMrepaTypHo# 3aBucuMocTH Ky, mieHkn IIPaKTHYECKH HE H3MEHHIICS
110 CPAaBHEHHIO CO CBE)XECHAIIBLUICHHOM IJIEHKOH.

Ha 2-x muenkax ancopbuus O; mpoeneHa IIpH +20°C ¥ [aBieHHH 10 Topp, 3atem
IeHKa 6511a oTkauana npu 200°C B Teyenue 15 muH. J[o/1s IPOYHO CBA3aHHOTO KHCJIOpOIa
cocrasuna 40% or Monocnos. Ha mepBoit 13 mieHOK nocie Takoi 06pa60TKH Habmozaanach
samb o61acts 1 B uHTepBaie —196°C - -20°C, B TO BpeMs KaK Ha 2-if IIIEHKe TeMIepaTypHas
3aBucuMocTh Ky mMesna Takoif ke XapakTep, Kak Ha CBEXCHAIIbUICHHOH IUICHKE.

Ha nnenke, HampuleHHOH Ha MEIHYIO HacajKy, M Ha JBYX IUICHKAaX, HANBUICHHBIX HA
CTEHKH peakTopa Osut OCYMIECTBIICH KOHTaKT C aTMoc(epHBIM BO3TyXOM, KOTOPHIH JUIHIICH
20 MHHYT, TIOCIIE Y€TO JIBE IIEHKH 6LUIPI OJ{BEPTrHYTHI TpeHHpOBKC npu 400°C B Teyenue 2-x
4acoB, a TpeTes — mpu 300°C B, teuenne 0,5 gaca. Pe3y/nbTaThl HCCIIENOBAHUA M30TOIIHOIO
obMeHa Ha BCeX 3-X IUICHKaX OKa3aMCh OYEHb CXOAHBIMU: B IONMPOKOM HHTEpBAje
temneparyp ot —196°C mo +80°C m3oTOnHEII OOMEH MpOTEKan C SHEprHed aKTWBALUH
6mmskoit k 0, T.e. Mo Mexauusmy Wi, OmHa M3 5THX IUIEHOK OBUIA 3aTeM IOABEpPrHyTa
nporpeBy B Bomopone mnpu 300°C B Tewenme 6,5 wgacos. IlpoBemeHHoOe mocie 3TOro
HCCJIEJIOBAaHHE H30TONHOr0 OOMeHa I0Ka3ajio, YTO HPOM3OIUIO I[IOJHOE BOCCTAHOBIICHHE
obnacTd 2, B TAKOM K€ BHJE, KaK Ha CBexeHansUieHHOH mieHke, E; = 13 xJ[k/Monb, Ty,
oko710 —120°C , a ipu T<T;, Heprus aktuBanuu oomesna E; = 0.

Utak, npu Bcex HccneOBaHHBIX crocofax IOCaaky KHCJIOpoAa Ha MOBEPXHOCTh INIEHOK
HHKens — OT Xemocopbumu mnpua -196°C 10 Hamycka arMocdepbl IpH KOMHATHOM
TeMITEpaType, OTCYTCTBYET Kakoe-THOo €ro BIUsHHE Ha KHHETHKY M30TOIMHOIO OOMEHa B
obmactu 1: sTa 00GNAcTh COXpaHAETCS BO BCEX CIIydasX, IIPHYEM COXPAHSIETCH HE TOJIHKO
xapakrep 3asucuMoctd Ky, or T, Ho u aGcomotHsie 3Hauenus Ky, KOTOphIe, B mpenenax
TOYHOCTH H3MEPEHHUIA, COBIAAAIOT cO 3HaYeHUussMu Ky, uncThix mieHok. OGnacTs 2 oxasanack
HE CTONb YCTOHYMBOM, M [OX BO3AEUCTBHEM aACOpPOHMPOBAaHHOrO IPH KOMHATHOH
TeMIIepaType KHCIOpOAa NPONagaeT, HO B 3TOM ciydae obnacts 1 mpoJjuieBaeTcst BILIOTH JI0
+80°C. OuyeBHAHO, YTO KHCJIOPOH 3aHMMaeT BCE€ IPOYHO aICOPOHPYIOIHE IIEHTPEL,
CBOGONHBIME OCTAIOTCS JIMIIb T€, HAa KOTOPHIX OOMEH MOXET IPOTEKATh 110 MexaHusmy Wiu,
TO €CTh 3TO T€ HEHTPHI, HA KOTOPBIX U KHUCJIOPOJ U BOAOPOJ CBS3aHBI HE CIIMIIKOM IPOYHO.
Te meHTpHI, KOTOpHIE OKAa3bIBAIOTCA '3aHATHIMH KHCJIOPOJOM, HE AKTHBHBI B OTHOLICHHH
Mexanu3Ma Mnu u B ‘'TOM cilydae, KOrZa OHH. 3aHATHl BOJOPOAOM Ha CBEXCHANbBUICHHBIX
IIEHKaX — Ha HUX BOZIOPOJL CBS3aH CJIMIIKOM IIPOYHO, IIO3TOMY IIPH HH3KHX TeMIepaTypax
OH HE HpHHHM&eT yqac'rml B o6mene.

.]Iurepa’rypa

[1] Xasoponkosa K.H., Bopeclcon T. K Hemmenoa B.H.// Kunervxa u Kmmm:s, 1967, 1.8, Ne4, c.841-847.
[2] XKasoporkosa K.H., Boesa O.A,, Tlemkos A B. 1 cotp.//Knnernka nkatamis, 1982, T23, Ne4, ¢.881-888.
[3]XKasoponkoBa K.H., Ileperesenuesa H.H.// Kuneruka u katanus, 1983, 1.24,Ne3; ¢.623-628.

[4] XKasoponkosa K.H., boesa O.A.,// XK. H.X., 1991, 1.36, Ne8, ¢.2001-2009.
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MEXAHW3M OTPABJIEHHS )KEJIE3OOKCHUIHBIX KATAJIM3ATOPOB
REI‘I/I,I[PI/IPQBAHI/IH XJIOP-HOHAMH

THE POISONING OF IRON-OXIDES CATALYSTS FOR DEHYDROGENATION BY
CHLORINE-IONS

Boxnu A.H., Baxenos }0.I1. n Kachbsanosa JI.3. -
Bokin A.L., Bagenov Ju.P. and Kassianova L.Z.

3A0 “KaY‘IYK”; yi. Texunyeckas, 14, Crepauramak 453110, Bamkoprocran, Poccus
Paxc: (3473) 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.

Jle3axkTuBalys KaTATU3AaTOPA MOXKET IPOUCXOTUTH 0 PA3IMYHBIM IpHaiHaM. OCHOBHBIE
MEXAHU3MBI — arjaoMepanus U oTpapieHue. IlpuunHO oTpaBneHNs MOTYT OBITH IPUMECH B
CBIpbE, KOTOPBIE H3MEHSIOT COCTAB IOBEPXHOCTH KaTaJIH3aTopa.

Hanmuuue XI0popraHMKH B YTJIEBOAOPOJHOM CHIPh€ B BHIE COEIHHEHHM h-xnop—
2-metunOyTeH-2 U 2-xn0p-2-MeTunOyTeH-3 O0OYCIOBIEHO TEXHOJIOTHEH IPOM3BOICTBA
H30MpeHa [BYXCTaJWUHHBIM JerHApHpoBaHHeM wu3oneHtaHa [1]. OHM MOryT OTpaBiATH
Karanu3aTop, obpa3ys Ha IOBEPXHOCTH XJIOPUABL, HWIH 00JierdaTrh CIeKaHHe B pe3yibTaTe
00pa3oBaHUA TETYYHX XJIIOPHIOB.

JKene300KCHAHBIE KaTaTU3aTOPh! ACTHAPHPOBAHUS B KaueCTBEe IPOMOTOPA COAEPAT OKCHJT
kams (B BHAe KapOoHara), KOTOpBI CIOCOOCTBYeT pEakiMy KHCIOPOJa -BOLSHOrO mapa ¢
YTJIEpOAUCTBIMH OTHOXEHHAMH, TO €CTh ITPOLIECCY CAMOPEreHEpalliK KaTaJmapoa [2].

B TpOMBIIIEHHOM peakTope ¢ HENOABMXKHBIM CJIOEM KaTajau3aropa ITPOHCXOIHUT
[OC/IeNIOBaTEIbHOE  OTPaBIE€HHE, MPHUBOJAIIEE K M3MEHEHHIO XHMHYECKOrO COCTaBa
Karajm3aTopa, 3a c4eT notepd Kamus. OOGBMHO CHHXKEHHE aKTUBHOCTH Karaau3aTropa
KOMIIEHCHPYETCS MOJBEMOM TEMIIEPATypPHI, 9TO B CBOIO O4epedb CIOCOOCTBYET YXYAIIECHHIO
CEJIEKTHBHOCTH HPOLECCa.

OnHOM M3 NpHYHH, CIOCOOCTBYIOIIEH MHIpallHM Kaidd W3 COCTaBa KaTalnM3aropa,
ABJIAETCS HATHIHE XJIOP-HOHOB B YITIEBOAOPOIHOM CHIPEE.

OKCICpHMEHTHl II0 ONpPEHENEHHIO BIUAHHUS XJIOP-HOHOB Ha  JIETHAPHPYIOHIYIO

AKTHBHOCTH XKCJIC300KCHAHOIO Karajiu3aropa NpoOBOAHIIACH .Me’I‘OLIOM BBCIACHHA XJIOD-HOHOB
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B YIJIEBOJOPOJHOE CBHIpBE. PCS)’IIBTaTH 3KCHCpHMCHTOB nponenemlmx npu TeMnepaType

! pa3bapieHIH

600 °C, o0beMHOH CKOpOCTH noaaym YIJI€BOJOPOIHOTO CBIpLH 1 gac™,
yrueBogopoasl : Boga 1:15 MOMB/MONB B Ipoliecce  AETHAPHPOBAHUS H30aMUJIEHOB B -
H30MpeH, MpeAcTaBieHbl Ha pucyHke 1. Kax BHIHO f13 PUCYHKa, CKOPOCTb OTpaBIICHHs
onpenensieTrcs KOHOEHTpalHeH XJIOp-HOHOB B -CHIPhE «H IPOMCXOINMT IIpH JTHOOOM €ro
COIEPXKaHUH. » » ST,

BrisBieHO, 4YTO NPHYHHAMH, BBISHIBAIONIMMH OTpPABJICHHE KaTalH3aTopa, SABISIOTCA
H3MEHEHHE XHMMHYECKOTO COCTaBa 3a CueT 00pa3oBaHMs JIETKOIETY4HX, ﬁéfkonnasxkx
CoeMHEHHH Xjopa ¢ KOMIIOHEHTaMH KaranﬁsaTopéIj" MX JaTbHEHIIas MHTPAmHs C

IIOBEPXHOCTH KaTajiM3aTropa, a TaKXe o6pa301aamie *IIPOMEXYTOYHBIX COEIMHEHHH,

KaTaTM3MPYIOLIHX NPOILece pa3prBa C—C cBs3u.

Puc.1. Bnuanne Cl-uoHOB Ha aernapupyrowylo cnocobHocrs
Mene3oOoKCHAHOro KaTanusartopa

N -

45 -

AKTUBHOCTL, % Mac.

- 20 : t ; - ; — + t t
0 10 20 30 40 50 60 70 80
Homep onwita "

[1JA. X. ApcnaHoa, JI. 3. KacesHosa. «Tesuchl Hokianos Hayrmon KOH(epeHIMmn». Yd)a Iflazl
VI'HTY. 1996. crp. 63.
[2]Y. Cerrepdunnba «IIpakTHyeckuii Kypc rereporeHHoro. karanusay». Mocksa. «Mup». 1984.
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PA3ZPABOTKA KATAJIM3ATOPOB JEIHAPUPOBAHUSI METHJIBYTEHOB

CATALYST DEVELOPMENT FOR METHYLBUTENE DEHYDROGENATION 4

Boxun A.U., Baxenos 10.1I1. u Kacusaanosa JI. 3.
Bokin A.l., Bajenov J.P. and Kassianova L.Z.
3A0 “Kayuyk”, yn. Texanueckas 14, Crepnuramak 453110, Pocens

®akc: (+7-2473) 25-33-45
E-mail: postmaster@sfugntu.bashnet.ru

The modified iron-oxide catalysts for methylbutene dehydrogenation are. produéed in
working conditions by Sterlitamak "Kauchuk" Corp. '

B Hacrosmee Bpems B Poccun, B nponSBonCTBé monpeﬂa1 OBYXCTaMHHBIM
JETHIPHPOBAHHEM H3ONEHTAHA, MPUMEHAIOT JKENE300KCHIHBIE KATalH3aTOPhI vpazn‘ntmmx
mapok: K241, K-241M, K-28, KM-1. -

Bee nepeuncnentbie KafanﬁéaTopbl MMEIOT S/l CKPHITHIX HEJOCTATKOB: MO0 BHICOKAS
THTPOCKOIIUYHOCTB, .TIH60 HENOCTATOYHAasA NPOYHOCTHh, KOTOpas NPHBOTHT VK YIUIOTHCHUIO
CJI0s KaTatM3aTopa B HPOLECCE €ro 3KCILTyaTallud, MiH HeycToHumBoe (a3oBoe COCTOSIHEE
KOMHOHCHT(SB Karajau3aropa, conpommiaxomeecx H3MeHeHI/ICM‘ XUMHYECKOIr0 cocCTtaBa IIo
Mepe YBEJMUEHHs CpOKa CITyXKOBI KaTanu3aTopoB. OBIIMM HETOCTATKOM BCEX MPHMEHSIEMbIX
KaTtaiu3aropoB ﬂBHHerH HX HHU3Kag KaTaJIHTH‘IeCKF:U[ aKTUBHOCTH, HE YIIOBHCTdeﬂIOIHaﬂ
COBPEMEHHBIM TpeOOBaHHsSM Ipoiecca. IIpofieHne TaKkOM CHTyalldM MOXET IPHBECTH K
moaHoH KOHCEpBAIIUM TEXHOJIOMH HNPOHU3BOACTBA H30IIpEHA METOLOM I[emnpnpoaannx'
MeTmI6yTeHOB. ‘ »

KaTanmsaTopsl, COJepXKalllie OKCHABI JKele3a M Kalus, TOTOBAT CMEIICHHEM
KOMIIOHGHTOB B BHJE IacT. DOpMHPOBAHHE AKTHBHEIX KOMIIOHEHTOB IPOMCXONHT B

pe3yNIbTaTe TONMOXAMHYECKHX PEaKIIyii:
K2C03 + CLF6203 -2 KFCOz + CQz; KzSiO3 + (XF203 -2 K_FCOZ + SlOz 1 [1]

W36BITOK OKHCH XKele3a, He MPOpeardupoBaBMid ¢ KapOOHATOM KaJIisl WM HENOKPBITHIHA
croeM 00pasoBaBlierocss (yeppHTa KaiMs, yXyNIIAET CEICKTHBHOCTH 3a CHET- PeaKiMH
KpPEKHHIa U KOKCOOOpa3oBaHuUA, IPOTEKAIOIIMX HA HEM.

HexoTopsie  mpoueccsl, —NPOTEKAOMPE HA  NOBEPXHOCTH.  KENE300KCHIHBIX
KaTaJu3aTOpoB B Cpele YIJIEeBOAOPOAOB, pa30aBICHHBIX BOJJHBIM IIAPOM  MOXHO

NpeACTaBATH CICAYIOIIUMHA YPABHCHAAMHA peaxunﬁ:
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Fe,03 + K;CO3 = KFeO; — Fe;04 + K;COs

3 i)

Fe + CO, NKzFeOA; Fe + CO, + H,0.
$

FesC 2 Fe+C — CO, +H,

)

CH; + Fe;04 + 2H;

ITpu BoCccTaHOBNEHMH (EPPHTA KK oﬁpasyloTcx ¢a3sl MarHeTuTa ¥ KapOOHAT Kajus.
KapGonar kanua npu 3ToM obpasyercs 3a cuer mornomeHns CO,, BhIAENAIONIErocs B
IIPOLIECCE CaMOpPEreHEpaly KaTadu3aTopa, INpHYeM (EPpPHT Kanusi BOCCTAaHABIHBAETCS
aTOMapHBIM  BOZOPOJIOM, 00pasyrommuMcs npn' nemupﬁp_oiaaﬂnn, HO 3HAYHTENbHOE
KOJIMYECTBO (peppuTa COXpaHAETCA B KaTaqM3aTOpPe CKONBKO YTONHO JOITO. B PEXHME
nemnpnponaﬁnx. |

CornacHo pesynsTataM padboT [2,3], AKTHBHOCTS 3THX KaTaJIA3aTopoB 00YCIIOBJIEeHa
TBEpABIM PacTBOPOM KpEMHHs M Xpoma B pemerke ¢peppura xamus (KiFey..,SixCryOs). B
pabore [2] hoxa.e.ano, 9T0 B IpoOlecCe IKCIUTyaTallid KaTalu3aropa OKHCh Xpoma

B3aHMOJIEHCTBYET C MATHETHTOM C 06pasoBanuieM TBepzoro pactsopa Fe'’Fe® Cr*0,.

B OKHCIMTENBHOH Cpefie Ha IOBEPXHOCTH OTHX KaTalH3aTOpPOB  IOABIAETCS
3HAYATEIPHOE KOJIMYECTBO ~CBOOONHOH OKHCH XpOMa, BBI3BIBAIOIIEH HHTEHCHBHOE
3ayrepoXxupanue. Takoe MOBe/IEHHE TIOBEPXHOCTH CaMOPEreHEPHPYIOIMXCs KaTaln3aTOpPOB
AETHIPHPOBAHHS HCKIIOYaeT BO3MOXHOCTh IPOBEICHHS OKHCIHMTCIBHOH percHepauun B
ciydae ee HeOOXOAUMOCTH.

Llenbio HAaCTOAIIErO HUCCNENOBAHMA SBIIIOCH YBEIMUYEHHE NETHAPUpYIONIeH ciocOOHOCTH
KeJIe300KCATHOTO KaTaIM3aTopa NErHAPUPOBAHKSA METHIOYTEHOB METOJOM HaIpaBICHHOTO
H3MEHEHHS €r0 CTPYKTYPhl M XHMHYECKOTO COCTaBa 3a CYET MOJHOHKAIMH CYIIECTBYIOLIETO
KaTaIM3aTopa aTFOMOXPOMOBBIM KOMIIOHEHTOM, HOJy4EHHBIM OT/E/IBHBIM IIPHTOTOBICHHEM.

B npoMBIIIEHHBIX YCIOBHAX IPUTOTOBICHO 20 TOHH HOBOTO KaTali3aTopa HOJ MapKoH
KI-20. Ha 3A0 «Kayuyk» TakxKe BBHIIYIIEH INpeIOKEHHBIH coTpyauukamMd HHWU
«SpcurTe3nMoIMpHIHpOoBaHHbIH Katamu3aTop K-241M.

 Texuuueckue XapaKTEpPHCTHKH KaTAIA3aTOPOB [PeACTaBIeHS! B TabmmIe 1.
B HacToAmuii MOMEHT HOBBIE€ KaTalW3aTOpH MPOXOAAT NMPOMBIIUIEHHOE HCILITAHHE B

fpoilecce AETHAPHPOBaHAs METHIGYTeHOB B M3onpeH Ha 3A0 «Kayayx» B r.CTepnnTaMake.
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Ta6muna 1 — TéxauUecKre XapakTepHCTHKH KaTaIH3aTOPOB JETHIPUPOBaHUs METHIOYTEHOB

Ilokxaszarenu Ilokazarenu
~ A B aKTHBHOCTH H aKTHBHOCTH H
Mexanu- : :
VY nenbHas CEJIEKTHBHOCTH B KOHBEPCHH B
Haumeno- gecKas :
DOUHOCTE nosep:zmocn,, npomnecce npoecce
BatHe P o ’ M/r JETHIPUPOBAHHUSA JEeTHIPUPOBAHUS
% Mac. : ~
METUIOYTEHOB, 3THIIOEH30Ma,
o % Mac. % Mac.
K-241 97,5 4,5 40,05-86,5 68,2-91,2
(mpoToTHm) 5
KJI-20 97,5 = 4,8 44,75-86,8 72,0-91,0
K-24IM 97,2 3,8 42.2-86,95 70,15-91,4
JluTeparypa

[1]Monuasos B.B., Annpyuikesnd M.M., ITnscosa JLM. U Jp. Kunerrka u KaTaims, , 29(1) 1988.
[2]1JLM. Ilnscoea, M.M. Auapyuikesud, I'.P. KorensHukoB u ap. Kunernka u katanus, 17 (1976)

750.

[3]JL.M. ITnscosa, M.M. Aunpymkesuy, I'.P. KorensHukos u np. Kuneruxa v xaranus, 17 (1976)

1295.
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INVESTIGATION OF THE REACTION MECHANISM OF METHYLPYRAZINE
AMMOXIDATION BY IR IN SITU

HUCCJIENAOBAHUE MEXAHM3MA PEAKIIUA OKHUCJIUTEJIBbHOI'O
AMMOHOJII/IBA METI/IJIIII/IPA3I/IHA METOJAOM HKC IN SITU

- 'Bondareva V.M., Andrushkevnch T.V., Paukshtis E.A., Paukshtls N.A. and
-~ Popova G Ya.
Bow;[ apesa B.M., AnnpymxeBud T B. Haylcanc E. A » Haykmrac H.A. u Ilonosa I'.51.

: Boreskov Instltute of Catalyms 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 adsorption 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 V°* cations strongly bound
with titania apparently owing to formation of V-O-Ti bonds [1].

The studies were carried out using vanadia-titania catalyst of the composition 20 V,0s—
80 MoOj; (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,0s5 was removed by washing in diluted HNOs (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 + O, (1:10), MP + NH; (1:15), MP + O, + NHj3 (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 (IT), pyrazine carboxylic acid (III) and amidopyrazine (IV). Absorption
bands, the structure of surface complexes and-temperature interval of their observation are
listed in the Table.

Interaction of MP or MP + O, 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 (I) appears. When temperature rise (= 175°C), the more profound

oxidation occurs and surface complex containing COOH group (III) forms.

76



PP-39

Table. = .
Sign -+« . Surface complex:-. .. - T,°C IR bands, cm™ |
I 1150 ‘ 1404
CH3 | o 1474
- v--- 0V O - 1524
i 150-230 | 1300
@ 1579
. 11610
~V—[] - VA -0~ 1695
iii | 175-230 1386
N o B
@ Y 1586
N’ ¢ 1610
| —~V—-0-—V- | 1730
v , 150-230 1331
N . 1384
@j/c/ 1577
. \ . . . o A N
N 0 ’
. «s 1605 [ S
~V-[] V-0 -
1670

At adsorption of MP + NHj3 mixture at 150°C, only | coordinately bonded MP () is
observed. Surface co_niplex containing C=0 and C-NH, groups sﬁnultaneously (V) is foﬁnd
with increase of temperature. The higher the temperature of adsorption, the more the intensity
of the bands’ correspondmg to this complex.

At adsorptlon of MP in combination with NH;3 and 02 the same surface complexes
(I and IV) were observed Note that in the presence of oxygen the formatlon of the
complex (IV) was detected already at 150°C

From the: data obtained we suppose that formation of amidopyrazine in the course of
methylpyrazine ammoxidation is realized through consecutive conversion of (I) into (II) and

further into (IV).

[1]JV.M. Bondareva, T.V. Andrushkevich, O.B. Lapina, V.V. Malakhov, L.S. Dovlitova,
A.A. Vlasov, Kinetika i1 Kataliz, 41 (2000) 736 (m Russian). - 4 .
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THE KEY INTERMEDIATES IN ASYMMETRIC EPOXIDATIONS OF ALLYLIC
‘ ALCOHOLS, CATALYZED BY VANADIUM COMPLEXES WITH A
PLANAR-CHIRAL HYDROXAMIC ACID

K/IIOYEBBIE UHTEPMEJAUATBI ACHUMMETPUYECKOI'O
INOKCUANPOBAHUA AJINJIOBBIX CIINPTOB, KATAJIM3UPYEMOI'O
KOMIUIEKCAMH BAHATUSL C XUPAJIBHOU THAPOKCAMOBOU KUCJIOTOM

Bpounaxos K.IL., Tamu E.IL., Kion T.* u boam 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 fiir 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); /
planar-chiral hydroxamic acid [2] / TBHP catalytic system is presented. The reactive intermediates
have been characterized by B3¢, *'V and 7O 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 1a was taken.

R2 TBHP

VO(OI-Pr) , (5 mol%) v
| Ligand 1 (7.5 mol %) o Ci]‘ R
R1/‘Y\OH R1/<¥/\OH - N\OH
| R2 o

1a R = t-butyl
1b R = adamantyl
The vanadium(V) complexes that form in this system at ligand/vanadium ratios 1.0...1.7 were

studied, and possible structures were proposed. The reactive intermediates were shown to be
two vanadium(V) alkylpefoxocomplexes (in a roughly 3:1 ratio) differing in the relative
positioning of V=0 group and the planar-chiral phenyl part. When geraniol as a substrate was
added, these complexes disappeared in a parallel manner and geraniol epoxide formed, so we
conclude that formation of two diastereomeric reactive complexes could account for the
asymmetric induction level observed (< 71% for 1b and < 46% for 1a).

Acknowledgement. K.P. Bryliakov is grateful to INTAS (grant YSF-006) for financial support.

[1]R.C. Michaelson, R.E. Palermo, K.B. Sharpless., J. Am. Chem. Soc. 99 (1977) 1990.
[2]1C. Bolm, T. Kiihn., Synlett 6 (2000) 899.
[3]Y. Hoshino, H. Yamamoto. J. Am. Chem. Soc. 122 (2000) 10452.
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O MEXAHU3ME I'ETEPOI'EHHO-KATAJIMTHYECKOI'O PACINEIVIEHUS
BBICOKOKHUITSIIIAX TIOBOYHBIX ITPOAYKTOB CHHTE3A I/I3OHPEHA u
OEHOJIA

MECHANISM OF HETEROGENEOUS DESTRUCTION OF IZOPRENE AND
PHENOL SYNTHESIS BY-PRODUCTS '
Byceiran B.M., Tyabunnckuii J.A., [{bikman A.C. u 3m;enkon A.B.
Busygin V.M., Tulchinski E.A., Dykman A.S. and Zinenkov A.V.
OAO «Hmxnexamckredrexum», Hixuekamck 423550, Poccus

AOOT BHUMHedTexum, XeneznonopoxHsiii np. 40, Cankt-IletepOypr
daxc 3900092; E-mail: office@ehim.spb.su

Isoprene and phenol industrial processes side products destruction over heterogenéous
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.

Pa3pa6oTka 3¢ PeKTHBHEIX KaTAIUTHYESCKHX CHCTEM I PACICIUICHAS BBHICOKOKHUIISIIAX
OTXOJOB MHOTOTOHH@XHBIX XHMHYECKHX IIPOM3BOJACTB, B YAaCTHOCTH IPOLIECCOB CHHTE3a
u3ompeHa w3 H300yTHieHa u (QopManpaeruga M (GeHoNa KYyMOJBHBIM METOMIOM, C
o0pa3oBaHHEM IIOJIE3HBIX IPOYKTOB OYEHb Ba)KHA JUIA IIOBBIIEHHS SKOHOMHYECKHX
TI0Ka3aTenel IpoIEeCcCOB.

Ilppy o>TOoM cCTaBHUTCA LeNb JACCTPYKTYPHPOBAaTh CIOXHBIE KyOOBBIE CMecH
KACTIOPOACOZIEPKAIUX TMPOAYKTOB IPESHMYLIECTBEHHO C OOpa3oBaHHEM MCXOIOHBIX HIIH
KOHEYHBIX BelmecTB. [loka3zaHo, 4WTO IS HX pas3jIOKEHWS Ienecoo0pa3Ho INPUMEHSTHh
YHHBEPCATBbHBIE AFOMOCH/IHKATHBIE KaTAIH3aTOpPbl, KOTOpHIE SBIAIOTCS KHCIOTHBIMH
KaTaJIA3aTOpaMH, MPOsBIMIONMME Kak bpencrenosckyio (b), Tak H JIstoncosckyio (L)
KHCJIOTHOCTb.

OcHOBHO#  mpoOyieMoif  HpH  TEPMHYECKOM  KaTAIMTHYECKOM  PasJIOKEHHH
BBICOKOKHIIAIIHAX [POAYKTOR SBJISETCS OTJOXEHHE KOKCa B HAvalbHBIH IEpHOJ pabOTHI
KaTaIM3aTopa, NPHBOJAINEE K OTPABIEHHIO KaTalu3aTopa H Pe3KO YMEHBIIAMOMEE €ro
s¢dpextuBHOCTh. KOKCOOGpa30BaHHE IPOMCXOIUT, IO-BHIAMOMY, Ha Hanbojiee CHIbHBIX B u
L-uentpax. [lostoMy BaxxHO monoGpaTh yCIIOBHSA, IO3BOJIAIONME YMEHBIIMTh KOIHUYECTBO
TaKMX LEHTPOB. Tak, ImpH pacIIeNIeHdN BHICOKOKHIAIMX NMOOGOYHBIX NPOJYKTOB CHHTE3a
H30MpPEHA, COCTOAIMX B OCHOBHOM U3 JMOKCAHOBBIX CIIUPTOB, INHUPAHOBHIX CIIHPTOB Y

S(l)IprOB JUOKCAHOBBIX CIIHPTOB € IC€JHBIO  YMCHBIICHHA KOKCOOGp&OB&HIfDI H,
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COOTBETCTBEHHO, YBENHYEHHMs BBIXOJA MOJE3HBIX IPOAYKTOB, IPEUIAracTCs MCIONb30BATH
MOAM(HIMPOBAHHBIE ATKOMOCHIIMKATEI ¢ YMEHBIIEHHEIM KOJIMYECTBOM CHIIBHBIX KHCIOTHEIX
uentpoB. C apyro#l CTOpOHBI, MOAABJICHHE KHCIOTHOCTH KaTald3aropa NpPHUBOAUT K
YCHJICHHIO POJIM TEPMHYECKHX MPOLIECCOB, U, KaK CIECTBHE, K YMEHBUICHHIO CENIEKTHBHOCTH
mporecca B IENOM. TakuM 06pa36M, I TPOBECHHS MpPOLIECCa Pa3IOKEHHs MOOOYHBIX
IPOIYKTOB CHHTE3a H30IpEHA AMOKCAHOBBIM METOAOM C MAaKCHMAIbHOH CENEKTHBHOCTHIO,
TpebyeTca KaTaiM3aTop C ONpeleneHHOH kuciorHocThio. IlpoBeneHo HccnenoBaHHE IO
H3YYEHHIO YCIIOBHH IIPHTOTOBJICHHS KaTalH3aTOPOB H NOOABOK pa3iIHYHBIX MOAH(HKATOPOB
Ha 3 (GeKTHBHOCTD HX JeiicTBHA. [IpH 3TOM aKTHBHOCTH CHIIBHBIX B- u L-neHTpoB B cocTase
Karanu3aTopa IOJABISETCS BBEACHHEM HA CTalMM HX CHHTE33 . PasIMYHEIX OCHOBHBIX
no6aBoK, HalpHMeD, OKCHJa KaIbLHS. AHATIOTHYHEIC HCCNIEI0BAHMA OBLIM IPOBE/CHHI IPH
H3YYEHHH Ppa3N0oXeHHs KyGOBLIx IPOAYKTOB IIporiecca nponsnoz(cma ¢deHONa KyMOJIBHBIM

METOIOM.
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OXIDATIVE METHYLATION OF BENZENE BY METHANE ON ZSM-S IN THE
PRESENCE OF NITROUS OXIDE

OKI/ICJII/ITEJILHOE METHWJINPOBAHHUE BEH3OJIA METAHOM HA IIEOJII/ITE
ZSM-5 BIIPUCYTCTBHUHU 3AKHUCH A30TA
Vereshchagin S.N., Kirik N.?., Shishkina N.N. and Anshits A.G.
Bepemarusn C.H., Knpux H.IL., Mumkuna H.H. 1 Asmnn AT.
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

Abstract

Conversion of the CH4-CsHg-N;O feed on a series of H-Na-ZSM-5 catalysts leads to
complex mixture of C;-C,-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 (CH;OH,
CH4-N,0, CsHe-N,O, CH30H-C¢Hs) is compared with that for CHs-CsHg-N,O 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 N,O
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-N,O 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

of reaction of oxidative conversion CHs-CsHg-N>O feed on ZSM-5 type zeolites.

Experimental

Zeolites H-Na-ZSM-5 (SiO,/A1;03;=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 CH3;OH, CH4-N,0, CsHs-N,O, CH;0H-C¢Hg and _(;IL;—C5I-16-N20 feeds were
carried out at atmospheric pressure and 350-450°C in a stationary cafalyst bed set-up. 'H, °C
NMR and GC-MS analyses were employed to study product composition and location of

labeled *C atoms.
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Results and discussion , ,

Conversion of the CH4-CsHs-N,O feed on a series of H-Na-ZSM-S catalysts leads to
complex mixture of alkylaromatics: tc;luene, xylenes, tn'methylbé,nzenes, 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
(CH;0H, CH4N;O, Cg¢Hs-N,O, CH3;0H-CgHg, Ci—I4-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 nonoxida}iyi ; (CH;0H, CH;OH-C5H6) and oxidative
(CH4-C¢Hg-N2O and CH4-N,O feeds) cdnd}tic;n, methyl group originating from methane
molecule in the latter case (according to 'H and 1‘3 C NMR Stﬁdies). The composition of the
alkylated aromatic hydrocarbons formed on HZSM-5 and H-Na—ZSM-S for CH4-C¢Hg-N,O
and CH;-N,O feeds was found to be similar (but not identical) to that for CH3;OH-C¢Hg
conversion on HZSM-5.

The main difference in 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+N,O, accompanied with
deep oxidation of methane. Taking into account the detailed composition of hydrocarbons
formed and *C label distribution (with PCH4-CgHg-N;O 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 N,O alkylated aromatics were produced through cross-methylation with
surface hydrocarbon residues formed from methane and benzene. In this case active
C,-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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BJINSAHUE ,Z[OIEABKI’I CYPBMBI HA COPBIIMOHHBIE: =
- CBOMCTBA JMOKCHUJA OJIOBA

EFFECT OF ANTYMONY DOPANT ON SORPTION
PROPERTIES OF TIN DIOXIDE

Bunoxyposa M.B., lep;iiokoBa JLE. n lo6poBoanckuii FO.A. - -
Yinokurova M.V., Derlyukova L.E. and Yu.A.Dobrovolsky - -

UncrutyT npo6J1eM XHMHIECKOH ébﬁmxﬁ PAH
YepuorosnoBka, MockoBckoit 0611. 142432, Poccus
®@akc: (096) 576 4009; E-mail: led@icp.ac.ru

The effect of antimony dopant (0,15%) on electrophysical and sorption: properties of
SnO, 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 SnO; crystals, specific surface and activation
energy of the conductivity. Sb dopant leads to acceleration of oxidation rates CO-to CO,.
Some forms of chemisorbed SO, are observed on the surface of both doping and undoping
samples. The temperature increasing results i in the change in the ratio of 802 forms on the
doping sample.

- Hzyuyena xemocopbuus CO u SO, Ha ShOz u SnO, ¢ gobaskoit 0,15% Sb. Ob6pasis
NOJY4YEHHl OCKACHUEM aMMHaKoM U3 ‘(l:O‘JISIHOKHCJIBIX‘ .paCTB‘OPOB ¢ TOCHEYIOmuM
pa3noXXeHHEM TI'HIpaToB B BaKyyMé 107 Topp mpu 300° B Teuenue 90 yacos. DU3HKO-
XHMHYECKHE XapaKTEPHCTHKH 060X 06pasloB GNu3ké: NM(PAKTOrpaMMBl HACHTHYHEL,
yHeIbHAsS TOBEPXHOCTh cocTaBiser 80 MY/, SHeprus aKTHBAIMH TPOBOIMMOCTH B
TeMnepaTypHoM uHTepBaie 25-200°C — 0,12 3B.

XeMOoCOpONHIO HM3yYald BaKyyMHBIM CTaTHYECKHM METOJIOM, 3JICKTPONPOBOAHOCTH —
30HJIOBBIM METOJOM Ha IOCTOSHHOM TOKE B YCTAaHOBKE C OJHOBPEMEHHOH perucTparuei
JaBIeHMs M TpoBoaMMocTH oOpasua. Tepmomecopbuuio uccnegosanu Merogom TTIIP c
Macc-CEKTPOMETPHYECKUM aHAIM30M IIPOJYKTOB.

Xemocopbuus CO u SO, Ha 060oHX oOpa3uax IPOTEKAaeT ¢ BBICOKOH CKOPOCTHIO. IIpu
25°C CO copbupyetcs Ha SnO; B He3apshkeHHOH (opMe, B TO BpeMs KaK Ha JISTHPOBAHHOM
obpasne xemocop6uus CO compoBOXITaeTcs YBETHYEHHEM JIeKTponpoBoaHocTH. C
IOBHIIEHHEM TEMIIEPATYPHI MOJIOKUTENHHOE 3apsKEHHE MOBEPXHOCTH HaOmMONaeTcs Ha
o6oux obpasuax. IIpu 150°C cop6ums CO Ha IerupoBaHHOM OOpaslie COMPOBOXIAETCSA
YacTHYHBIM BOCCTaHoBJeHHEM noBepxHocTH ¢ mepexogoM CO B CO,. Boccranomnenue
HeJIETHpOBaHHOTO 00pa3na Habmoaerca B 061acTa 60jiee BEICOKHX TEMIIEPATYP.

3akoHOMepHOCTH Xemocopbmmu SO, mpu 25°C ommpakoBEl i o6oux 06pasios,

IIpAYICM COp6llHSI HE COMPOBOXIACTCA H3MEHCHHCM BJICi(TPOHpOBO,IIHOCTIfI. IloBplmenue
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TEMIEPATypsl MPUBOJUT K YBEIHYCHHIO MONOXKHTENBHOIO 3apsHKEHHS -TOBEPXHOCTH.
DEeKTPOIPOBOAHOCTh  000HX "06pa3u03 MEeHSeTCS npoﬁopunorlansno Konnqecmy
moromenHoro rasa. OfHaKo, €CJId Ha HEJICrMpOBaHHOM oOpasne BO BCEH HCClIeXOBaHHOM
obmactn Temmeparyp Xemocopbuus SO; CONpOBOXIAETCA TOJNBKO YBEIHYECHHEM
3IeKTPONPOBOAHOCTH, TO JUIS JIETHPOBaHHOro o0pasna, Hayunas co 150°C, xapaktep
3apsOKeHHs ITOBEpXHOCTH MeHsercsa. Ilocne 3aBepmmeHHa XemocopOLMH 3a cTamHei
YBEJIHYEHHS IPOBOJMMOCTH CIIEAYET €¢ ME[UICHHOE YMEHBILIEHHE, YTO YKa3bIBAET HA HATIMYHE
HecKONbKHX (¢opM HeoOparumoii xemocopbuum SO,. MH3sydenue TepMozecopOIHu
MOATBEPAMIO HANHYAE Ha IOBEPXHOCTH IO Meﬁsmeﬁ Mepe Ipek copbnMOHHBIX dopM,
COOTHOIIEHHE KOTOPBIX 3aBHCHT OT TEMIIEpaTyphl aCOPOIHH.

Taxum o6pazom, BBeJIeHHE OGaBKH CYPbMBI B 1pemeTKy JIAOKCHZA 010Ba IPHUBOAUT K
yBemudeHm0 ckopoctd okucienus CO po CO; u u3MeHeHHI0 GopM CBSI3M COPOHPOBAHHOTO
SQz C IIOBEPXHOCTHIO.

INomy4ennsie oOpasusl OBUIM MCHONBL30BaHBI B KayecTBe pabOYHX DJIEKTPOZOB B
ANIEKTPOXHUMHUYECKHX SUCHKax Nao,5WO3/Na5GdSi4012/Sn02. [Toka3aHo, YTO BBEICHHE
cyppMbl B coctaB SnO, mOBbILAET ., KaTaTMTHYECKYI0 aKTHBHOCTh ONEKTPONA B

3JIEKTPOXMMHYECKHAX Ipoleccax AeTekTrposanns . SO, B BO3yXe.

Pa6ora BrmosnseHa npu ¢unancoBoit noaaepxke PODU (mpoekt N 01-03-97012).
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MEXAHM3M “IIOBEPXHOCTHOFO B3PbIBA” B PEAKIIUAX NO+CO H NO+H,
HA IIOBEPXHOCTH Pt(100)

MECHANISM OF “SURFACE EXPLOSION” IN THE REACTIONS NO+CO AND
NO+H; ON THE Pt(100) SURFACE

BOBK E.N. H Cmupuos MLIO.
VYovk E.I. and Smirnov M.Yu.

Unctutyr xaramusa uM. I'.K. bopeckoBa CO PAH, HoBocubupck 630090; Po;:cm[
E-mail: vovk@catalysis.nsk.su

Ha nosepxsoctr Pt(100) xaramuruueckue peakumn NO+HCO u NO+H, mportekaror B
YCIOBHAX CTPYKTYPHOH HEOIHOPOJHOCTH NMOBEPXHOCTH M C HEOHHOPOTHBIM pacIpeleleHHEM
azncopOupoBanHbIX yacTull. Ancopbims pearentoB NO u CO Ha 6onee CTaGHJmnon Pt(lOO)-hex
IIOBEPXHOCTH NPHBOAKT K €€ PEKOHCTPYKIIHM hex—)lxl ¢ oOpasoBaHHEM OCTpOBKOB (1x1),
3aI0JIHEHHBIX  a7IcopOaToOM. Oprxcanmaa ocrpomcn (hex) ¢asza ocraercs He3alOIHEHHO.
Peakrus mpu HarpeBe cMemaHHBIX CHOEB NOug+tCOugs U NOygstHags, TPUTOTOBIIEHHBIX
rocieosateNbHON ancopOruer Ha (hex) moBepXHOCTH, B 00OMX CIy4YasdX INPOTEKAeT MpH
~ 380 K; npu 3ToM B cIieKTpax TemrieparypHo nporpammupyeMoii peakuun (TTIP) Habmonarorcs
HeoObHO y3kue mHKH mpoayktoB N; m CO, wm N, u H;0. [llupuna nukoB Ha MOJOBHHE
BeicoTEl coctapmier 3-10 K. Oro sBneHMe momy4ywno HasBaHWE “TIOBEPXHOCTHOTO B3pHIBA”
IpryrHa “IOBEPXHOCTHOTO B3pHIBA~ IPEMIONOXKHTENBHO COCTOUT B TOM, YTO JIAMHTHPYIOIIEH
cTazuell B MexaHm3Me 00CHX peakiuii SBIseTcs AUCConManus ancopOupoBaHHbIX Monekyn NO,
JUIA Yero HeoOXOJWMBI BaKaHTHBIC MECTa BHYTPH OCTPOBKOB, KOTODBIE IOSBISIOTCS TOJIBKO
mocie HarpeBa Ao Temnepatypsl Aecopduuu NO (peaxmus NO+CO) wim Bonopona (peaxius
NO+H,). Ilporexkanue peakiy M yJajl€HHE C IIOBEPXHOCTH MPOAYKTOB IPHBOIMT K
NaBHHOOOPa3HOMY YBENMYEHHIO KOIMYECTBA BAKAHTHBIX MeECT, M KaKk CIEACTBHE, K
aBTOKATATHTHYECKOMY YCKOPEHHIO PEaKIIUH. :

Jlns momyueHus Gonee SICHBIX MPEACTaBIECHHH 0 MeXaHM3Me “IOBEPXHOCTHOIO B3phIBa”~
HaMH OBUTH MpoBeneHbI u3MepeHus 3¢ (eKTHBHEIX Hepruii aktuBaruu peakiuid NO+CO B
cMemanHom ancopbnuonHoMm cinoe u NO+H, B ycnoBmsx tutpoBanus NO BOIOpOAOM.
Oueprus axtusBaumu peakiuun NO+CO cocrasuna 130 kx/x/mMonb, a peakuuu NO+H, —
40 x/Ix/Monp. Takoe 3HaAYUTENbHOE pa3M4Y¥e TOBOPUT O TOM, YTO MEXAHHU3MEI
TIPOTEKAIOIINX peaKuuit oTuyaoTcs. Kpome 31010, GbU10 SKCIIEPUMEHTANBHO 0GHAPYXEHO,
YTO peaKIis NOys + Hz 'HMeEeT TEpBbIH NMOPAJOK MO HABJICHHIO pozopoza. IlomyueHnse
pasnuHs HEprHsX aKTHBALAH YKa3bIBAOT Ha TO, YTO MEXAHW3MBl OTHX NBYX peaxuui
pasmuussl. He HCKITIOYEHO, 9TO OTIHYHSA CBA3AHBI C PA3HHIEH B MopQ)onomn o6pasyromuxcs
coBMecTHBIX aacOopOIMOHHBIX CNOEB (NOygstCOay) B (NOygstHags). Ilpm coBMecTHOM
ancop6uun NO u CO obpasyrorcs nokanbHO HachimeHHbIE OCTPOBKH (NO,gstCOa45)/1x1, B
npefenax IpaHML KOTOPHIX aiCOPOMpOBAHHEIE MOJIEKYIbl XOpOIIO mepememansl [1].
Bozopox, Kak H3BECTHO, PM KOMHATHOM TeMiieparype Ha wicToi nosepxaocta Pt(100)-hex
He agcopbupyerca. OnHako, HaMu OBUIO MOKa3aHO, YTO IPH COBMECTHOM a,ncopﬁnn?l NO u
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Bosiopona Ha Pt(100)-hex, Bomopox cnoco6en'ancop6npOBaT5cx B OTPaHMYEHHOM 0611acm

BOKpYT 00pasyromuxcs ocrpoBkoB NO/1x1 [2].
Takum o6pasoM, peakuuss NO+CO mnpoTekaeT BHYTPH HCXOIHO - HACHUIEHHBIX

0cTpoBKOB (NO,ds+COags)/1x1, 1 MEXaHN3M pEaKIUH BHIIVIAIHT CJIEIYIOIHM 00pa3om:

_____

A d Nads + Oads
COads + Oads e d C02 + 2
Nags + Nags > N2+ 2

r7ie CHMBOJIOM  0003Ha4€HB! BaKaHTHBIE aICOPOIIMOHHbIE MECTA.

OcHOBBIBasch Ha ToM, 4To Ha (heX) HOBEPXHOCTH B HPHCYTCTBHH OCTPOBKOB
NO,gs/1x1 Bomopox crocobeH ancopbHpOBATHECA H ATOMEL _BOZIOpOJa 3aHHMAIOT MeCTa Ha
OrpaHHYEHHBIX Y4YacTKaxX MHOBEPXHOCTH BOKPYT OCTPOBKOB (IIpH’ 5ToM agcopbuus He
pacHpoCTpaHs€TCs BHYTPh OCTPOBKOB) MOXKHO NpeAnonaratb, 4To péaxunﬂ Mexay NOyys 1
BOJOPOZOM CTapTyeT ¢ IPaHUIbl OCTPOBKOB NO,qs/1x1. HaGJIIOIIaeMBIﬁ NEPBEIA MOPAIOK 110

BOJOPOJY YKa3hIBaeT Ha TO, YTO aTOMBI BOAOPOJIA IPHHMMAIOT HEIIOCPEACTBEHHOE YIACTHE B

MTUMHATHpYrOme# cTagud. MOXHO TpPEIIOKHTb CIEAYIOYI0 CXeMy MEXaHH3Ma DeaKLH,
KOTOpas HaXOJUTCSA B COTJIACHH CO BCEMH SKCIIEPUMEHTAIBHO Ha0MIOJaeMbIMH (haKTaMu:

© - aToM BOZOpPOAA

No.ads + Hads > Nads + OHads

OHags + Hags > HXO+2
MexaHu3M, ONMCAHHBI [AHHOM CXEMOM, BKTIOYAET CTATHH o6pésosanux H
paCXOIIOBaHI/DI TIPOME)KYTOUHOM dacThibl OHygs. ‘MoxHO npennonaran,' uro OH,ys 0Opasyrorcs
B Ka4ecTBE KOPOTKOXXHBYIIETO IPOMEKYTOUHOTO KOMILIEKCA, KOTOPBIi OBICTPO pacafaeTcs.

[1] M.Yu. Smirnov, D.Yu. Zemlyanov, V.V. Gorodetskii and EI Vovk, Formation of mixed
(NO,gs+CO,4)/(1x1) islands on the Pt(100)-(hex) surface. // Surf. Sci. 414 (1998) 409-422.

[2] E.I Vovk, M.Y. Smirnov, D.Y. Zemlyanov, NO and deuterium co-adsorption on the reconstructed
Pt(100)-hex surface: a TPR Study. // Surf. Sci. 453 (2000) 103-111.
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MEXAHHM3M AMHHUPOBAHMS METAHOJIA HA MO®HIIHPOBAHHBIX
AJIIOMOOKCHHBIX KATAJIM3ATOPAX

MECHANISM OF METANOL AMINATION ON MODIFICATED
ALUMINIUM OXIDE CATALYSTS

Bopoaaxcknii C.B. i ge Bexxn AB.
Vodolazhsky S.V. and de Vekki A.V.

Bcepoccnifckuit HayqHO-HCCIENOBATENBCKHH HHCTHTYT HE(TEXUMHUIECKHX IPOTIECCOB —
«BHHUMHedrexum»
Keneznonopoxusii np., 40, Cauxr-IlerepOypr 143 148 Poccus
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 npomnecce cuHTe3a METWIaMHMHOB H3 MeTaHona W amMuaka Ha Al,O; HaGmomaercs
ObIcTpOe HaKoIUICHHE AMMETHIIOBOro 3dupa (JIMD), KOTOpHI 3aTeM PacXoayercs B XOJ€
N-ankumpoBanus. Peakuus aikunuposaHus ammuaka s¢upoM ummeer Ha 20-30 % Gomee
BBICOKYIO CKOPOCTb M €€ JHEprus aKTHBAllHH CYIECTBEHHO HIDKE, YeM Y aHAJOTHYHON
peakuu ¢ MetaHoIoM (99 u 150 xJ[x/Moib, COOTBETCTBEHHO). DTO MO3BOJISIET FOBOPHTH O
KOHCEKYTHBHOM xap:«iKTepe TpoIecca MeTaHoJl — 3(pHUp — METHIAMHHBI Ha aJTFOMOOKCHIHBIX
KaTaju3aTopax. '

[lpn wmccnegoBaHWM 3aBHCHMOCTH BEIXOAAa INPOAYKTOB Hax m-Al,O3 OT MOIBHOrO
otHomennss NH3/CH;OH npu mocrossHHOM MapiuanbHOM [IaBIEHUW CIUpTa OOHApYXXEHO,
YTO KaK BbIXOJ aMHMHOB, TaK M KOHBEPCHS CHUPTA NPAKTAYECKH HE 3aBHCAT OT PN,”3’
HU3MEHSEMOTO B IIMPOKHX IpeAenax. OTO CBHACTENBCTBYET O OIHM3KOM K HYJIEBOMY nopsu'u(y‘
peakiuu mo NH; Ha 3ToM Karanusarope, B OTIMYHE, KCTAaTH, OT IPYTHX KaralH3aTopOB.
KUCIOTHO-OCHOBHOTO THIIA, TAKXE HCCIENOBAHHBIX HaMM. PacmpenencHue METHIaMHHOB B
TIPOAYKTaX IPH 3TOM KOHTPOJIHUPYETCS TEPMOANHAMHYECKH. »

He3aBHCHMOCTh CKOPOCTH peakuMd OT Pyys O3Ha4aeT Malyl0 BEPOATHOCTH aTaKu
ajzicopGupoBanHO# Monekynsl JIMO ammuakoM H3 ra3oBoil (asel M OTCYTICTBHE CBS3H
CKOpPOCTH aMHHHPOBaHMA CO CTEMCHBIO NOKPHITHA aMMHAKOM COCEIHAX AKTHBHBIX HIEHTPOB
IOBEPXHOCTH KatanmsaTopa. Hynemoif NOPSIOK MOXeT OOBACHATECS KapOeHHBIM
MexaHu3MoM mponecca, HO B onbitax ¢ CD3OH um NH; HaMu nokasaHo, 4To €ro MOXHO -
OTBEPTHYTH KaK 110 abComoTHON Benudune u3otomHoro >dpdexra (kp / kg 1.12), Tak: u mo

COCTaBy aMHHOB, KOTOPBIE COAEPXKAT ITOJTHOCTBIO ,ueﬁ'repnpohanﬂme MCTHIIBHBIC I'DYIIIIBL. .
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O6 anbTEPHATHBHBIX MEXAHH3MAX’ MOXHO cxazgiTL crexyiomee. I'eHepupoBaHHe
YII€BOXOPOJHBIX PAIUKAJIOB st Al,O3 HexapakTepHo, IPaKTHYECKH HECYIECTBEHHA TAKKeE
KapOOHHMH-HOHHad aKTHBHOCTh JTOro Karaiusaropa. . KimoueBoit cranued peaxuuu
AMHHHpPOBAHHs, KaK MBI 1I0JIaraeM, SBJISETCS T€HE3UC MOHHOW Iaphl Ha XapaKTepHOH i
Al,O; mape JTBIOMCOBCKMX KHCJIOTHO-OCHOBHBIX IECHTpOB 6onbmoii cunbl. KocBeHHO 3TO
TIO/TBEPXKIAETCS CHIIBHOM 3aBHCHMOCTBIO AKTMBHOCTH aTIOMOOKCHIHBIX KATATH3aTOPOB OT
KPHCTA/LTHYECKOH MOIU(HKAMH, IPOMOTOPA H TEXHONOTHH NpHroToBneHHs. Kpome Toro,
HaMH MOATBEPXKAECHa criocoOHOCTh y-AlLOs- 1, B Gombmmeii crenenn, n-Al,O; B orcyTcTBHE
ammuaka mnpoBoguts peakuuro CH3;OCH; CH; + CO + H,. IlpucyrcrBue ammMmuaka
IIO/IABIIAET 3TOT OKHMCIMTETHHO-BOCCTAHOBHTENBHEIN MPOLECC, CIEN0BATENbHO, IIEHTPhI, Er0

Bez[ynme YaCTHYHO HJIM IOJHOCTBIO OKKynupytotcs NHi.
" VuureBas BCe OOCTOATENBCTBA, HAMH IPEMTOKCH cnenyromym MEXaHM3M peaKIuH

aMHHHpOBaHH}I METaHONa Yepe3 TUMETHIOBEIH 3(1)np

NH, + O \NHz IR CH,0CH
3t ) —>» 0 : —>» 0 3
/NG /N =
AW N N
| | |

H3C O H3C —0

i CHy® l CH;

H o o
"_—‘; ‘ : —_— NH, —> / ) \‘A1+/+ CH3OH + CH3NH2

0O :
s
/ 'Elu/ \p;,j/ o

Ha nepBOM stane NH; IMCCOLUATHBHO afcopOHpyeTcs Ha MAPHOM KHCIOTHO-OCHOBHOM
JILIOCOBCKOM aKTHBHOM HeHTpe ¢ o0pa3oBaHWEM Iaphl MPOTOH — aMHI-HOH. Mostexyna
)IMB ancopOHpoBaHHas Ha TAKOM BTOPUYHOM AaKTHBHOM LIEHTpE, OJBEPraeTCs reTeposiny
o cs3u C-O ¢ 06pa3’oBaHUEM LeNeBbIX nponymoa B pe3yibTaTte 4ero akTHBHBIH IIEHTp
KaTtalu3aTopa BEICBOOOXIaeTCA.

DTa’ cxema MO03BONAET OOBACHHUTH HEKOTODBIH WHIYKUMOHHBIH IIEPHOA IPH CHHTE3e
METHIAMHHA M3 MeTaHona (I NpOJYKTHBHOTO CHHTE3a HEOGXOJMMO HAKOIUICHHE JAMD),
OTHOCHTENBHO HM3KYI0 OHEPTHIO 4KTHBALMHM (BCIGLCTBHE BHICOKO PEaKIHOHHOH
CIIOCOOHOCTH ITaphl MPOTOH — aMHA-HOH), OONBIIYIO CKOPOCTh peakiuu ¢ 4ucTeiM JIMD H,.
HaKOHEIl, BHICOKYIO 3aBHCMMOCTb aKTHBHOCTH KaTaJHM3aTOpa OT METOJA IIPUTOTOBJIEHHS (LA
OCYIIECTBJICHUS PEAKUHN HEOOXOMUM CHIIbHBIA aKTHBHBIA IIEHTD, KOTOPHIM MOI'YT SABIATHCS
NapHbIC JBOMHBIE WIIH TPOMHBIE KHCIOPOJHBIC BAKAHCHH M Je(EKTEI).
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MEXAHHU3M IIPOTEKAHUS THAPOJIMTHYECKOM PEAKIIMH
OBPA3OBAHMUAA IIOJII/IBAHAlIATOB KAJII’IH B PACTBOPAX

MECHANISM OF THE HYDROLYTIC PRECIPITATION REACTION OF THE
POTASSIUM POLYVANADATES IN SOLUTIONS *

Boakos B.JL. u IIogna.rmnaa H.B.
Volkov V.L. and Podvalnaya N.V.

WHCTHTYT XUMHH TBéplIé)I‘O Tena YpO PAH,
yn. IlepBomatickas, 91, I'CII-145, Exatepuntypr 620219, Poccus
E-mail’: v;olkov@_i_hjm.uran.ru

Hydrolytic precipitation of potassium polyvanadates is a heterogeneous autocatalytic
process. Polyvanadates precipitation from KVOs solutions is charactenzed by induction
period, which is not observed at all in the presence of VO?*. In total, this process is controlled
by the formation on the surface of polyvanadatezs of the polymer anion [V,03;.5]%, the rate of
polymerization of which is increased by VO*' cations. This result was used as physico-
chemical foundation for hydrochemical extraction of vanadium from the spent vanadlum
catalysts. =

Peaxcunx THAPOJMTHYECKOTO 00pa30BaHUA IOJIMBAHA/IATOB KM B KHCIBIX PacTBOpax
OTHOCHTCA K aBTOKaTaTuTHdeckuM. OHA XapaKTepH3yeTcs HHlIYKIIPIOHHBIM TePHOOM
o6pa3013aan 3apozbilieii TBepHO# (askl M IOCIEAYIOUMM BO3DACTAHHEM CO BpPEMEHEM
CKOPOCTH HX POCTa. MeXaHH3M JaHHOTO IPOIecca B PacTBOPaX IATH- H YETHIPEXBATCHTHOTO
BaHaNUs He H3yueH. PemieHMe 3TOro BOIpoca CHITpago OBl NOJOKHTEIBHYIO PONb IPH
BBIOOpE ONTHMATGHOTO IIyTH W3BJIEYCHHS BaHAus W3 OTpabOTaHHBIX KaTaJlH3aTOPOB
CEpHOKHCIIOTHOTO IIPOU3BO/ICTBA.

B pesynprate NMPOBENEHHBIX HCCIENOBAHUH YCTaHOBJIEHO, YTO B KHCIBIX pacTBOpax
KVO; nount VO** He TOIBKO COKpaIllaloT, HO U IIPH OMNpPENEICHHOH KOHICHTpalWH,

NPHUBOJAT K HMCUYE3HOBEHHMIO HHAYKIHMOHHOTO IIepHoAa oOpa3oBaHMs 3apoAbllled TBepHOi

da3er K V12031.5nH,0. Ha JaHHBIA TIPOIECC OKAa3hIBAET BIWAHHE M HaXOIAMHCA B
pactBope anuoH SO i' , KOTODBI# BCIEICTBHE KOMILIEKCOOOpa3oBaHHS KaTHOHOB VO
TOpMO3UT (popMHpOBaHHE Ocajka. TemreparypHasi 3aBUCUMOCTh KOHCTaHTBI CKOPOCTH pocTa
3apojbiiei OIMBaHaAaTa ONpeEsIeTCs YPaBHEHHEM k=1,76-1013e'100/ RT Cornacno MOJIeIIH
obpa3oBaHns TBepHoél (a3bl M3 NEPECHIIEHHBIX PacTBOPOB paCCManHBaeMLIﬁ Iporecc
JIMMHUTHPYETCS peakuuell TpeThero nopsaka Ha MOBEPXHOCTH HoiMBaHanara. Ha HavanpHOH
CTaJiHH PE3KO YBEIHYHMBAETCA KOHCTAHTa CKOPOCTH IpOLECca, KOTOpasd IpPH OTHOIICHUH

V¥/V>*>6 ymerpmaercs, ocrasasch Gonbme uem ais ucxoaHoro KVOs. B menom poct

3apofblIeli MONMBAHAZATa KOHTPONHPYeTcs oOpasoBaHMEM HA €ro  IOBEPXHOCTH
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IOJIMMepHOTO aHHOHa [V120315]”, CKOpPOCTH NIONMMEpH3alHH KOTOPOTO YBEIHYABAIOT
karronsl VO?'. MexaHH3M' IPOTEKAIOMMAX NpH 3TOM pPEAKUMii MOXHO TpENCTABHTH
creayromumM o6pa3oM: ,

2VO}; +H;V100 % =[(VO2):H;Vi002s]* +2M " >M,V1,05+H,0 (1)

2VO* +H, V100 3; —>[(VO)H;V10025]+2M ' >M;V12030+2H" (2)

YerslpexBaleHTHbIH BaHagui (peakmus 2) cnocoﬁcmyér 00pa3oBaHHIO HEHTPAIBHOrO
aKTHBHOTO KOMILIEKCa, KOTOpBIH YycKopseT pocT TBepaodt ¢a3pl monMBaHanara
CTEXHOMETPHYECKOIO COCTaBa M2V12'030-nH20l., B paCTBopax IATHBATCHTHOTO BaHAIUA
(peakuus 1) mpoMeXyTOUYHBIH aKTHBHBIN KOMILUIEKC HAXOAMTCA B pacTBOpPE B BHIEC aHHOHA
[(VO2):H,V19025]> ® yuacTByer B mpouecce oGpasoﬁaﬁn}I ocanxa;'vilo OOBIMHOMY MEXaHH3MY
B3aHMOJIEHCTBHS IPOTHBOIIONOXKHBIX I10 3apsay HOHOB. ‘

[NTonyyeHHbIe peﬁynLTaTLI HCTIONIB30BATH Kak  (U3HKO-XMMHYECKHE  OCHOBBHI
THAPOXMMHMYECKOTO  H3BJICYEHMA  BaHagus U3  OTpabOTaHHBIX  KaTaM3aTOpPOB
CEPHOKHCIJIOTHOTO IIPOH3BOJCTBA. YCTaHOBJECHO, YTO IPOBEICHHE IpoLecca THAPOJIH3a
CMEIaHHOTO pacTBOpa BOJHOIO H IIEJOYHOTO BHINIENAYMBaHUA NO3BONIAET 3PQEKTHBHO
OCaX/aTh COEJIMHEHHS BaHaqus Oe3 mepeBoja MOCHENHEr0 B IATHBAICHTHOE COCTOSHHE.
Koppextupys otHomenue V*'/V* B pacTBope mepen THAPONH30M IpeacTaBisercs
BO3MOKHBIM H3BJIeub 10 92 % Banamus u3 OBK. IlomyueHHBIH mpoxykT MoxeT OBITH
HCTIONIb30BAH B KAdyeCTBE BAHANHMICOAEPKAIErO peareHTa JUIi CHMHTE3a HOBBIX
KaTaIH3aTopOB.

IIpoext POOU Ne — 02 — 03 —32005.
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OKHUCJMTEJIBHBIA AMMOHOJIN3 MOHO- U JIMAJIKWIIAPUIAHOB.
HA OKCUJHOBAHAIUEBOM KATAJIU3ATOPE

AMMOXIDATION OF MONO- AND DIALKYLPYRIDINES
ON VYANADIUM OXIDE CATALYST

Bopobnes ILB., I'abapaxkunos B.3. u Cem6aen J1.X.
Vorobiov P.V., Gabdrakipov V.Z. and Sembaev D.Kh.

Hucraryr xumudeckux Hayk MOH PK, ya. 111 Yamxanosa, 106, AimmaTts! 480100 Kasaxcraﬂ
Fax: (+7-3272)-91-57-65; E-mail: almatypost@KAZPOST 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 in 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.

YcTaHOBIEHHAS HAMH KOPPENALHS KOHCTAHT CKOPOCTH 00pa3oBaHUA IHAHIUPHMHOB C
OCHOBHOCTBIO ITMKOJIMHOB B Ta30BOH (ase yKa3hIBaeT Ha BAXHYIO POJIb B3aHMOJCHCTBHUS .
HCXOJHBIX ATKWIIHPUIAHOB C KHCIOTHBIMH HEHTPaMH MOBEPXHOCTH BaHAAUMOKCHIHOIO
KaTaiM3aropa B YCIOBHAX KaTain3a. BMecTe ¢ TeM, NHMKONMHBI OTHOCATCS K HYHCIY
CH-kucnot u cnocoOHBI OTINETUIATH IPOTOH IO AEHCTBUEM CHIIBHOTO OCHOBAHHS, HAIIpUMeEP
B peaKIyy JeHTepooOMeHa. JTa peakuus MPOTEKaeT C FeTEPONIMTHYECKAM Pa3PhIBOM CBS3H
C-H u obpazoBanuem KapbannoHa u nporona. CoBraJeHne NoCIe10BaTeNbHOCTH H3MEHEHHUS
PEaKIHOHHON CIOCOOHOCTH ITUKOIUHOB MPH JAEHTEPOOOMEHE U OKHUCIIHTETHFHOM aMMOHOH3E
MO3BOJISET TPENIIONOKATh, YTO AKTHBAIUS METHIBHBIX TIPYIIl MHKOJHHOB B YCIOBHSX
reTepOreHHO-KaTATNTHIECCKON peakuuu [poTeKaeT MO aHaJOTMYHOMY MeXaHH3My. Pous
aKmenTopa NpPOTOHOB B KOHTAaKTHOH pEaKUMd MOTYT HIpaTh HYKICOQUIbHBIE HOHBI
o* noBepXHOCTH. JlIsi IPOBEpKH 3THX MPEIONIOKEHHH HaMH ObLIa NPEANPHHSTA MONbITKA
OLEHHUTH B IEPBOM NMPUOIMKEHHH BENTMYHHBI SHTAJIBIIAH OTPHIBA IIPOTOHA OT Ol-yTIEPOIHBIX

aTOMOB 3aMECTHTENCH MOHO- H JUATTKHINMPHIUHOB, CBA3AaHHBIX C KHCJIOTHBIMH HEHTPAMH
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MTOBEPXHOCTH BaHa,zmnoxcnnHoro Ka'ra.rmsaTopa H CONOCTaBHTh HX C KnHeanecngH
XapaKTePUCTHKAMH PEaKIHOHHOM CIIOCOOHOCTH COEMHEHHUHH.

I'eomeTrpuio  MoJeKya HCXG@LK_ COCIMHEHHH W OOpasyloOUXCsl B pe3yibTare
JEIPOTOHHPOBAHUA MX ATKWIHHBIX I'PYNN KapOaHHOHOB ONTUMHU3HPOBAH MeTodamu AM1 [1]
u MINDO/3 [2]. Jlnd MOZETHpOBaHHS XeMOCOPOLMH AIKWIIIHPHAWHOB HA IOBEPXHOCTH
BaHaAUHOKCHIHOTO KaTannsa;fgpa HCIIONB30BANIH TIPOrpaMMy, CO3JAHHYIO B Jaboparopum
xsanTopoii xumMur MK CO PAH, r. HoBocuOHpCK, peanu3yromlylo pacIIMpeHHBIH METox
XI10KKes, DOMOJHEHHBIH MOTCHIHAIOM OTTAJIKUBaHHA MO AHAEpcoHy [3]. BpeHéTenoncxne
KHCJIOTHBIE LIEHTPHI MOJICTUPOBAIIA KnaCTepaMn Pa3IHYHOTO CTPOCHHSA, COAEPKAIMMH OUH
MK [1Ba TeTpaaanqecxn Koop,zmHHpOBaHme voHa Basanus [4]. KucmotHsif nentp
JIptonca, mpeACTaBIAIOMUM co6on 2JIEKTPOHOAKIIENTOPHBIA BaJeHTHO-HEHACHIIIIEHHBIH
'KaTHOH BAHA[WS, MOJENMMPOBAIH KIIacTEPOM [V(OH):]**, umerommum BHI TpeXrpaHHO#
IUpaMHUBl ¢ KaTHOHOM BaHAIus B ,Bepmﬁne. ITocne “nocagxu” MOJNEKY I KapGaHHOHOB
aTOMOM a30Ta Ha IPOTOHOJOHOPHBIH ueHTp wm ueHtp Jlptouca (mo Mecry npedummra
Kncnopona) B pamkax: PMX mnpoBoaunu oummnaanmo napamemm; (mmaHBl  CBs3EH,
BaJIeHTHBIC 7§ JIBy'I‘paHHBIe YIJIBI), onpezxenmomnx TOJIOXKEHHE MOJIEKY/BI Hajl KJIaCTepOM
BenmuuuHy SHTIBPIMH JENPOTOHUPOBAHUA AITKHJIBHBIX rpyrm BEIYMCISUIR  TIO pa31mue
NOJIHBIX JHEPrui a,ucop6npOBaHme aHMOHOB K Monekyl. OHa He 3aBHCHT OT pa3mepa
KJlacTepa, MOAENUPYIOMEro OpeHCTeNOBCKH#M KHCMOTHBIH neHTp. [Ipu ero pacmmpenuu
HabIofaeTcs ofHocmeJILHoe MOCTOSIHCTBO TAKHX XapaKTEPHCTHK 3EKTPOHHON CIPYKTYDBL,
KaK paclpefeNcHue 3apsaoB ;{a ar&max, KHCJIOTHOCTD nonepxnoc’ﬁmx THJPOKCHIIBHBIX
CPyNI, 3HEPreTHYSCKAH HHTEPBAIl AE MEX/1y BBICIICH 3alIOJIHCHHOM U HU3IIEH CBOOOIHOIM

MOJIEKYJISIPHBIMH OpOHTaISAMH.

JIuTepaTypa

[1]Dewar M.J.S., Dieter K.M. J. Am. Chem. Soc 108(1986) 8075.

[2]Knapk T. Komneiorepras xumus. M.: Mup, 1990 383 c.

[3]Anderson A.B., Grimes R.W., Hong S.Y. J. Phys. Chem., 91 (1987) 4245.
[4]Kimumuyk EI'., Yyesukun H. I, Ka3ancx1m B B Knue'rm(a W Katanus, 26 (1985) 589.
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INPEBPAHIEHHUE HU3IIHUX AJIKAHOB B IIPUCYTCTBAUHA HAHECEHHBIX
HA IIEOJINTHYIO MATPUIY HAHOYACTHII METAJLJIOB

CONVERSION OF LOW-ALKANES IN THE PRESENCE OF NANOSIZED
METAL PARTICLES DEPOSITED ON A ZEOLITE MATRIX

Bocmepuxos A.B., Epmaxos A.E.*, Bocmepukosa JI.H., Mbicuk A.A.* u1 UBanos I'.B. .
Vosmerikov A.V., Yermakov A.Ye.*, Vosmerikova L.N., Mysik A.A.* and Ivanov G.V. .

Unctutyt xumuu Hedtn CO PAH, np. Akanemuueckwit, 3 Tomck 634021, Poccus
Daxc: (3822) 25 84 57; E-mail: pika@ipc.tsc.ru
*UncrutyT pusuku MetauioB YpO PAH
yi. C. KoBanesckot, 18, I'CI1-147, ExatepunOypr 620219, Poccus
daxc: (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 C,-Cy 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 and liquid
products of conversion of C,-Cy4 alkanes formed is considered. .

B HacTosmee BpeMs HEONUTHBIE KaTalnu3aTopsl THia ZSM-5 NPUMEHSIOTCS B Pa3IMYHBIX
HeTEXMMIYECKAX NIpoLeccax. MeXaHH3M IPOTEKAIOIMMX HA HHX PEAKIHH MpeBPaIeHHs
YITIEBOJOPOJOB H3ydYeH AOCTATOYHO IIOJHO ¥ IIHPOKO MPEICTABIEH B HAYYHOH JIHTEpaType.
B 10 Xe BpeMs MOAM(HMIMPOBaHHE IICOJIMTOB IEPEXOMHBIMH METAiaMH H OCOOEHHO
METa/IaMH, pa3sMep YacTHIl KOTOPHIX COCTAaBJIAET BCEr0 HECKONBKO JECATKOB HAHOMETPOB,
IPUBOIHT K HEKOTOPEIM H3MEHEHHAM B MeXaHH3Me ITPOTEKAHMS Ha HUX H3BECTHBIX PEAKLHil.
KpoMe 5TOoro, Ha CErogHsIIHMM JeHb OTCYTCTBYIOT O3KCIEPMMEHTAIBHBIE JaHHEIE,
TI03BOJISIOIIME HOCTPOMTh HAHOONee PEeaTHCTHYCCKYI0 MOJENh KaTAIUTHYECKOrO IEHCTBHS
HAaHOYAaCTHI, YTO HE JAeT BO3MOXHOCTH BECTH I€JCHANPABICHHLIA  CHHTE3
BBICOKOCEJIEKTUBHEIX KaTajlu3aTopoB. B CBfA3M ¢ 3THM ImpoBeacHHE pabOT MO H3YYECHHIO
peaKuuii INpeBpalleHHs YIIEBOAOPONOB HA ILEOJMTHBIX KaTaH3aTopaX, COJEepXKamuX
aKTHBHBIE IIPOMOTHpYIOIKME MN00aBKH B (OopMe HAHOMOPOIIKOB METAJUIOB, TO3BOJIHT
YCTaHOBHTH POJIb 3TUX MAIBIX YacCTHI{ B JIEMEHTAPHBIX CTaJMAX Mpolecca U OOBACHHUTH X
BBICOKYIO KaTATHTHIECKYIO aKTHBHOCTb.

Jlannas pa0oTa MOCBAIIEHA M3YYEHHIO MEXaHM3Ma MPOTEKaHHs PeakiMi NpeBpameHus

HH3IINAX aJIKAHOB Cz-C4 B IPHCYTCTBHH HNCOJHUTHLIX KaTaIA3aTOPOB, COACPKAIINX PA3ITHIHOC

KOJMMYeCTBO HaHomopomwkoB Ni, Zn u Pt, momydeHHBIX 31eKTpOB3pHIBHEIM (3B) u
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razo)a3HbM (F(D) cnocoﬁaMH 51 omnqaloumxcx pacupeieiCHHEM YacTHIl II0 pa3Mepam.
AKTHBHEIM HOCHTEJIEM B KAaTAIHTHYECKOH CHCTEME ABISCTCS BHICOKOKPEMHE3EMHBIH IIEOIIHT
cemeiictea nentacuia B H-¢popme ¢ cunukarHeiM Moxmynem. 60. Karamu3aTops! roToBHim
CYXHUM MEXaHHYECKAM CMEIICHHEM B IiIapOBOﬁ' " Bnﬁpaunbﬂﬁoifl MeTBHHIE IIOPOIIKOB
HCXOJHOTO IIEOJTHTA B METAUIOB B TeueHue 2 4. Konuenrpanus Hanonopouikos Ni, Zn u Pt,
HAaHECEHHBIX Ha IIEOJMTHYIO MaTpHlly, m3Mensiack ot 0,25 no 4,0 % mac. Ilpespamenue
HACHIIEHHBIX yrieBofopofoB Cp-C4 mHpOBOAMIM HAa YCTAaHOBKC IIPOTOYHOIO THIA C
HEIIOABYIKHEIM CIIOEM KaTaymsatopa (V=5 cM’) IIpH aTMOC(EPHOM [aBIEHHH, TEMIIEPAType
peaknuu  350-600 °C wu 06LeMHoi’1 ckopocti  100-400 ql IlponyxTel peakuuu
aHAIM3UPOBAIUCH rasoxpOMaTorpmbuqecng METOIOM.

Ha ocHOBaHHH IIPOBEICHHBIX HCCICIOBAHHH YCTaHOBJICHO, YTO MEXaHH3M IPOTEKAHHS
peamnﬁ: npénpamennx npenensHbIX  yraesogoponoB C-Cy éymeCTBeHHo ‘3aBHCHT OT
TPHPOJIBI ¥ crnocoba [0y eHus HaHOIIOpOIIIKOB METAUIOB H HCBH&'—IHTGHBHO — or
pactpesieNieHHsl MX YaCTHIl 10  pasMepaM. .Iloka3aHO, YTO OCHOBHBEIMH [POIYKTaAMH
npeBpameHmI HHU3IIUX QJIKaHOB C,-C4 Ha K_aTaJmsaTopax, “cozxepxcamnx Znn Pt, SIBJISIIOTCSI:
apbivxamqééxhe yrﬁesozxoponm — O€H30J, TONYOT W KCHJIONBI, & HAa' HUKEIbCOAEPIKAIHX
HCOJIHTaX MeTaH. Hpouecc o6pazosamm MeTaHa Haubosee HHTCHCHBHO U B Goliee MATKHX
ycnommx nporeKaeT Ha ueonnTax conepIKanmx ra30(ba3HLm HUKeTb, a mporece
apoMaTH3aldd — Ha 06pa3uax COEPXAIMX 3NIEKTPOB3PHIBHOA IHMHK, IO CPABHEHHIO C
Tpa,un;mormbmn KaTanusaTopamu. PaccmarpuBaercst CBsish peaxunonﬁon CIOCOOHOCTH
KaTaJmsaTopOB c Icom(pemon CTPYKTYPOH, XHMHYECKUM COCTaBOM Pa3MEpOM 4aCTHIL I/I‘
COCTOSHMEM IOBEPXHOCTH HAHOKPHCTALTHYIECKHX MaTEPHAIIOB.

PaGora BHIMONMHANACE IPH HOAIEPKKE AMepHKaHCKOFO Doupna Fpamaﬂcmx

Uccnenosanuii u Pasgutust (CRDF Reference Number REO — 10811 —NREL).
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- HNEPEHOC ITPOTOHA - OCHOBHASI CTA/INS B MEXAHU3ME ’
IMMPOMOTHPYIOIIEI'O AEMCTBUSI HUTPOKCUJIBHBIX PA/TUKAJIOB ITIPH
KATAJIUTUYECKOM PA3JOXEHNH THIPOITEPOKCH/I0B

PROTON TRANSFER IS A BASIC STAGE OF PROMOTE EFFECT OF NITROXYL
RADICALS DURING CATALYTIC HYDROPEROXIDE DECOMPOSITION

Iarapuna A.B. u Cmyposa JLA.*
Gagarina A.B. and Smurova L.A.*

HacrutryT GHOXIMHHECKOI buzuxu PAH, Poccnst
*Uncruryt xumayeckoit ¢pusuxu um. H.H. Cemenosa PAH
yi. Koceiruna, 4, Mocksa 117977, Poccust
Fax: (+7-095) 938-21-56; E-mail: kasaikina@chph.ras.ru

Hurpoxcunpeble pagukamsl (RNO+) B cOYeTaHHM € COEIMHEHHAMH IEPEXOIHBIX
MeTa/LIoB o0ecneunBaioT 3¢ (eKTHBHOE pa3ioXKeHHe THIPONEPOKCHIOB. Bricokas cKopocTs
peakiuy, OOJBIIOE YHCIO KaTaMTHYECKHX IMKIOB B pacueTe Ha OXHY MOJEKYIy
KaTaIM3aTopa, OTCYTCTBHE CTaMH J€3aKTHBAIUA KaTATM3aTopa Npd GOJBIIOM KOIHYECTBE
MOABEPTIIETOCs Pa3IOKCHUIO TMIPONIEPOKCHIA SABISIOTCA OCHOBHBIMH XapaKTEPHCTHKAMM
KaTaIuTHYecko# cucteMbl RNO+ + Me™ + ROOH. IlposiBneHueM «HEOOBHARHOCTHY
apdexkra npPoMOTHPOBAHHSA SBIAETCS BO30OHOBIEHHE paclaja TI'MIPONEPOKCHIA IpH
BeaeHnnd RNO+ B ocranoBuBmieica nporecc. OOcyxaeHHe MeXaHu3Ma IIPOMOTHPYIOIIETo
IeHcTBHS HATpOKCHIOB B cucTeme Me™ + RNO+* ocHOBaHO Ha clemyommux (akrax
OPEACTABJICHUSX O KHHETHYECKHUX 3aKOHOMEPHOCTAX KaTaIM3HPOBAHHOTO pa3IOKEHUSA
THIPONIEPOKCUAOB.

BzaumMopeitcteie yactun B kommuiekcax Me™ ...ROOH mpeamonaraeT KoopIHHALMIO
gacta ROO™ ¢ Me™ u mpoToHa ¢ JOHOPHBIME aTOMaMH JIMraH/oB. [TposBIeHHEe KHCIOTHBIX
CBOMCTB THAPOINECPOKCHAOB B KOMIUIEKCAX C COCIMHEHHSAMH METAUIOB (X€NaTHl, COJIH
OPTaHMYECKHX KHCJIOT) JOKA3aHO CIEKTPOMOTOMETPHUYECKHMH H3MEDEHHMSMH 10 AHANOTHH
3pdeKkTOB CMEIeHHd MOJOCH IOIVIOMEHHS XENaTOB METAlIOB B  NPHCYTCTBHM
THAPONEPOKCHAOB M KHcHOT (OeH3oiiHas, consHasg). CocTOSHHE KOMIUIEKCA C IIOIHBIM
MEPEeHOCOM MPOTOHA HA JIMTraHj sBisercd Haubosiee ONArONpHATHBIM IS IIOCIEHYIOIIETO
pacrazga reiponepoKCcHa. -

B cucreme Me™ + ROOH npoHCXOIHT A€3aKTHBALNS KATAIA3aTOPA M MOHAsA OCTAHOBKA
peakiuu Ha HeOGonbmioi riaybune npespamieHus ROOH. Ha npumepe xenaroB meaum
K00aJgpTa YCTAHOBIICHO, YTO J€3aKTHBAIIMA KaTaIu3aTopa MPOUCXOJHUT B pe3ylbTaTe PeaKHH

nurasgoB ¢ obpasyromumucs cBobonusMu pagukanami (ROO=, RO#).
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B MIPUCYTCTBMH HHATPOKCHJIOB pPOJIb . IMTAHAOB B HCPCHOCC HpOTOHa: CTaHOBHTCSH
HECYINECTBEHHOH. JTy poJsb  BBITIOJHSIOT hmpoxcnnmme pamukaisl.  [IpoMoTHpyromee
,HeﬁCTBHe HﬁTpOKCHHOB 06YCHOBHCHO X Yy4aCTHEM B CTaOHH HIEPEHOCA IIPOTOHA,
COTTIACOBAHHOTO C IIEPEHOCOM HIEKTPOHA MEXXY METAIOM H TIEPOKCHAOM: . |

[ROOH...Cu?"] (kommnexc) + RNO+ — RO+ + Cu'* + RNOH".

Ilo 370l mpuumHE HAOMONAETCS OXUBIEHHE) KATATM3aTOpa — BO30GHOBNEHNUE paciaja
THAPONEPOKCHAA TpH A00aBKe HHUTPOKCHIOB B  OCTaHOBHBUIYIOCS peakmuio. B

KaTAJTMHTHYECKHUX ITHKJIAX TTPHHUMAIOT YUaCTHE TaKXKC MPOXYKTHI IPEBPAIICHUST HUTPOKCHUIIOB.
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U3YYEHUE OCOBEHHOCTEN BOCCTAHOBJIEHHS - PEOKHCJIEHUS
IMPOMOTHPOBAHHBIX MAPI'AHEIICOAEPKAIIIAX KATAJIM3ATOPOB B
PEAKIIMHM OKUCJIMTEJBLHOM TUMEPH3AIINH METAHA

THE STUDY OF PECULIARITIES OF REDOX PROCESS OVER PROMOTED
MANGANESE-CONTAINING CATALYSTS IN REACTION OF OXIDATIVE
DIMERIZATION OF METHANE '

I'ananos C.H., CmupHos M. IO * Kypnna JI H.%n Clmopona 0. I/I
Galanov S.1., Smirnov M.Yu.*, L.N. Kurina* and Sidorova O.1.

Wucturyt xumun Hept CO PAH, mp. Akagemuvecknit, 3, Tomck 634021, Poccna
E-mail: galanov@xf.tsu.tomsk.su
*Tomckwuii rocyJapcTBEHHbIA YHUBEPCUTET, np. Jlennna, 36, ToMck 634050 Poccus

The influence of promotion of manganese-containing catalysts by LizPO4 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 LiMn,O4 responsible for selectlve oxidation of
methane to C,-hydrocarbons.

IIpoBenenne peakiuy OKHUCIHTENLHON JUMEPH3allHH METaHa (OI[M) 3a cy€T KHCIopoaa
KPHCTA/LTMYECKOH PEIETKY KaTalH3aTopa, OCYLIECTBIIEMOE IPH Pa3/IeIbHOM [Tojaue MeTaHa
(uumkn HapaOOTKH 3TaHa W ITWIEHA) C HOCiexywouleit nomavell kuciopona. (pereHepamus
BOCCTAQHOBJICHHOTO KaTalW3aTopa), IO3BOJSET CHH3UTHh JOJIO MPOIECCOB T'OMOTEHHOTIO,
IIOJIHOTO OKHCJIEHHA NPOAYKTOB pPEaKLUH, INPOTEKAIOMMX C YYacTHEM KHCIOpoJa ra3oBoif
¢a3pl.  Karamuzatop nomkeH 3(QQEeKTHBHO aKTHBHpOBAaTh METaH, HE IPENMATCTBOBAThH
JMMEPH3ALMHA  [POMEXYTOYHBIX  YIJIEBOJOPOAHBIX  (parMeHTOB M OBITH  JIETKO
perenepupyeMbM. DG GEKTHBHOCTH Hpoliecca (COBOKYITHOCTh BBICOKOH KOHBEPCHHM METaHa ¥
CEJICKTMBHOCTH MO 3THIEHY) NpH 3ToM OyAeT 3aBHCETh OT YJYacTHS IOBEPXHOCTHOIO H
PEETOYROro KHCJIOPO/a KaTalu3aTopa.

B pabote n3yueHO BIMAHHE KOJIHYECTBA BBOAMMOro (ocara MUTHS HA OKHCIIUTEIHHO—
BOCCTaHOBHTENIbHBIE CBOHCTBA MapraHencojepxamux cucreM. C yBelIuYeHHEM KOIHYECTBA
IIPOMOTHPYIOIEH JOOABKH MPOUCXOJUT yMeHbIIEHHE cKopocreil obpasopanms COx u
yBEIMYEHUE  CKOPOCTHM  0Opa3oBaHHA Cz-yrneBo,zIoponOB AHaiu3  CIEKTpOB
TepMonporpaMmupoBanoro okucienus (TT10) u JIAHHBIX pemrenocbaaonoro aHaNM3a
[IOKa3bIBaET, 4TO BBEJICHUE dochaTa  nuTHA ~ ymeHpmaeT  oOpa3soBaHHe
CBEPXCTEXHOMETPHYECKOI'0 KHCIOPOJa U NpH MOCICAYIOMEM €ro YBEIMYCHHH MPUBOAHT K

obGpazoBanuio ¢a3 LiMn,O4 u LiMnQO,. C poctom comepxaHus IPOMOTOpPA IPOHUCXOIMT .

CHHDKEHHE KOJHMYECTBA CBEPXCTEXHOMETPHYECKOTO KMCIOPOJa, YYaCTBYIOLIETO B PEaKIiHH,
HaGoJaeTcs pOCT AONM IPOAYKTOB CENEKTUBHOro okucieHus. IIpm ManoM copepxaHvd
dochara mutus (1 m 6 %mom) cHmkaercs ckopocTs mubdy3HH KHCIOpona, M,
COOTBETCTBEHHO, CKOPOCTh PEOKHCIIEHHS BOCCTAHOBJICHHO# IIOBEPXHOCTH KHCIIOPOAOM 00BnEMa
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KaTa/3a1opa 110, CPaBHEHHIO c anmmmya;mnsm OKCHIOM MapraHna Tlpn yBeaMYeHHH
COflepXKAHHS IpOMOTOpa, pacrer KOJIH‘-ICCTBO ¢assl Lan204 u peakiis OIM mpotekaer,
BEPOSATHO, 3a CUET KUciaopoza 3Toi (assl. IIpH npoBeCHHH HEM30TEPMHYECKOIO OKHCIICHHS
(TTIO) npennapmenbno BOCCTAHOBJ/ICHHEIX METaHOM o6pasLos Haﬁmonae'mx HOITIOMEHHE
KHC/IOPOZA B TeMIIEPATyPHOM HHTCpBaJIe 200-840 °C, a B mm:pBaJIe 840-900 °C — BrieneHue
HECTEXMOMETPHYECKOTO0 KHCIIOpoa. Bemuumna nMka yAadeHds KHMCIOPOJAa 3aBMCHT OT
COJIEpXKaHUs IPOMOTOPa U 0OPaTHO NPONOPIHOHATEHA €0 KOIMYECTBY (PHC.).
mV 487 - o C  pocrom
tocpara
_XénomHeHne

colepXaHus
JHUTAS  TPOUCXOTHUT
(bopMeI TTHKa

IIOrJIOIECHHAA Kuciaopoga IIpu

‘ ’_/\‘\F 36%Li3PO,4/MnO,
//}\v 24%Li3P0,/MnO,

PEOKHCIEHHH  KaTalM3aTopa H

_COBHT B HH3KOTEMIIEPATYPHYIO

00/1acTh, 4YTO MOXET SBIATHCS
CIIENCTBUEM HEOJTHOPOJHOCTH

SHEpreTHYeckux GopM KHCIOpoja

%L|3P04IMHOX
: IOBEPXHOCTH Kararmu3aropoB. Taxum

18%L|3PO4IMn0' |
j\&v\fe%ufo‘t/mo |

o0Opa3oM, mpomecC aKTHBAI[HH

MnO METaHa Ha MapraHenCOACpXalux

X

" Karajard3aropax CXEMATHU4YHO

300 500 700 900 TC
Puc. Cnextps! TIIO Mn — conepxatux
Karannaa"ropon Cxopocre Harpesa 20 °C/muH

MOXHO NPEACTABHTH CICAYIOLIAM
obpazom:

2 LiMn,O4 +2CHy - 2 LiMnO; + MnyO3 + 2 CH3 +H,O

MnO, + CH; — MnOgy.1y - OH + CH;-
2MnOx.1;y - OH —> MnOx+ MnO.) + H,0
" " 2CH3- = CHs
c;H6"+2"Mno = CoHy+2MnOg.y - OH
- CHe - CHi+H, |

0. 5C2H4 + 3 MnOx - COz + 3 MnO(x 1. V+ H20
Ha OCHOBaHHH NOJy4EHHBIX PE3yIbTaTOB MOXHO 3aKIIOUMTh, YTO BBEJCHHE (pocdara

JMTHS HE CHH)KAET KOJNIMYECTBO PEaKIIHOHHO-CIIOCOOHOr0 KHCIopoaa yyacTBytomero B OJIM.

CeexTHBHAA aKTHBAIlMs METAHA IIPOUCXOMMUT 3a cueT o6pa3osanus dasel LiMn,O;.
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‘HYDRODECHLORINATION OF CHLORBENZENES IN VAPOR-PHASE ON
Pd-CONTAIN ING CATALYSTS‘

I'AAPOJEXJIOPUPOBAHUE XJIOPBEH30J10B B TIAPOBOH ®A3E
HA IAJUTAJIAA COAEPKAIIAX KATAJIM3ATOPAX
Golubina E.V., Dolgova E.N., Lazareva T.S., Lokteva E.S. and Lunin V.V.
I'ony6una E.B., loarosa E.H., Jlaszapesa T.C., Jlokrera E.C. n Jlynnn B.B.
Laboratory of Catalysis and Gas Electrochemistry, Chemistry Déﬁartmexit,
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 (HDC) of 1,4-dichlorobenzene (DCB) in vapor-flow system under
H; in the presence of 1%Pd on TiO; or ZrO, at 150-220°C was investigated. The catalysts
were prepared by impregnation of the support by PdCl, followed by reduction with H,. TiO,
by Engelhart (anatase) or prepared in supercritical water from Ti isopropoxyacetate or ZrO,
commercial (pure) or prepared in supercritical water from ZrO(NOs); 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 Chlorobenzene 1,4-Dichlorobenzene
1%Pd/ZrO, 34.7 3,4 61,9
1%Pd/ZrO, * 20,2 2,4 77.4
1%Pd/TiO, 29 21 50
1%Pd/TiO, ** 13,7 4,5 81,8

* ZrO, prepared in supercritical water
** TiO, prepared in supercritical water
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/TiO, stationary concentration of chlorobenzene was higher

(20%), than in the presence of Pd/ZrO, (5%), and stationary concentration of benzene was
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equal in both cases. Therefore the rate of chlorine-to-hydrogen replacement is higher in the

presence of Pd/ZrO,. 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 INTAS (grant 710), Ministry of the Industry and Science
(State Contract 41.015.1.1.2456). E.V.Golubina acknowledges “Haldor Topsge” firm for the

financial support.
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HYDRODECHLORINATION OF TETRACHLOROMETHANE IN THE PRESENCE

OF Pd-Fe/C CATALYSTS IN THE VAPOR-PHASE

I'MAPOAEXJIOPUPOBAHUE TETPAXJIOPMETAHA B IPUCYTCTBHH Pd-Fe/C
KATAJIM3ATOPOB B ITAPOBOM ®A3E

Golubina E.V., Lokteva E.S., Lunin V.V., Turakulova A.O. and Simagina V.I.*

Toxy6una E.B., loxrena E.C., lyaun B.B., Typaxyaosa A.O. u Cumaruna B.J.*

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 u 1:4. Reaction was
carried out in the vapor-phase at 150-270°C under H,. CCl4 was introduced into quartz tube
reactor by bubbling of H, 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 C1-CS5. 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%Pd,oFego and 2,5%Pd;oFeg catalysts).

The activity and stability of catalysts were characterized by the amount of CCly
transformed on 0,1 g of catalyst when conversion varied no more than 10%. Fig.1
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 CCly proceeds on partially oxidized particles of the metal. After the

SWP the conversion falls abruptly. Such increase of activity may be caused both by the action
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of HCI produced as by-product during the reaction and carbonization of the activeé surface.

The later was shown by TEM.
Hence introduction of Fe into Pd/Sibunit catalytic system leads to the change in

selectivity of the HDC of CCl,.
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Fig.1. The amount of CCl4 transformed on 0,1 g of catalyst as a function of the temperature
' and the catalyst content.

This work was supported by RFBI (RF-01-03-33127), INTAS (grant 710) and Ministry
of Industry and Stience of Russian Federation (State contract Ne 41.015.1.1.2456)..

E.Golubina also acknowledges “Haldor Topsge” firm for the financial support.
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OKHUCJIIMTEJBHOE KAPBOHUJIMPOBAHUE TEPMHUHAJILHBIX AJIKMHOB
B PACTBOPAX KOMILIEKCOB NAJUIA/IUSA B PEXXUME ABTOKOJIEBAHUIN

TERMINAL ALKYNES OXIDATIVE CARBONYLATION IN PALLADIUM |
COMPLEXES SOLUTIONS IN OSCILLATING REGIME

I'opoacknii C.H., Kanenosa E.C., bpyk JLI'. u Temxun O.H.
Gorodskii S.N., Kalenova E.S., Bruk L.G. and Temkin O.N.

MockoBckas rocyjapcTBeHHas! akaJeMHs TOHKOH XUMHYECKOi TexHomorud uM. M.B. JlomoHOCOBa
np. Bepraznckoro, 86, Mocksa 117571, Poccus '
@axc: (095) 434-87-11; E-mail:lbruk@cityline.ru

The reaction of terminal alkynes carbonylation to esters of unsaturated acids in the
homogeneous catalytic system PdL-KI-O, in a methanol solution was found to exhibit
oscillations of the redox potential, pH, and rate of gaseous CO - O, 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(I) complexes by iodine.

XUMHMYECKHE TIIPOLECCHl, IPOMCXOASUIME B PpPEXHME aBTOKOJeOaHMM, ABISAIOTCH -
IpeIMETOM Hay4HBIX MccaeIoBaHuH co Bropoi nonosuHsl XIX Beka [1,2]. U3yyenue takux -
peakiyii BaXHO KakK U1 BBUICHCHHS MEXaHW3Ma, TaK W UL NPEACKA3aHUs CIIOKHOIO
MOBEACHHS XHMHUKO-TEXHOJIOTMYECKUX TIPOIIECCOB.

IlpencraBnsiemMas paboTa MOCBAIIEHA MCCIENOBaHUIO HEABHO OTKPBITOH [3;4] peakiuu
OKHCIUTEBHOTO  KapOOHMIWPOBAaHMS  AJKHHOB B KaTAJIMTHYECKOH  cHCTeMe
Pdl; - KI - CH3;0H, npotekaromei B konebarensHoM pexume (1).

RC = CH + 2CO + 2CH;0H + 1/20, —— CH300CRC=CHCOOCH; + H,0 (1)

OKCIIEPUMEHTBI TPOBOAMIIM B CTaTHYECKOH CHCTEME IIpU 40° C u arMocepHOM
JABIICHUHM TIPH HHTEHCHBHOM MepeMeITHBaHUU . Ta30Boi U xuakoi ¢a3. CocraB obeux a3z
KoHTponuposanu meronom [KX. B xoze skcniepiMeHTOB QUKCHPOBAIM 3HAYEHHS PA3HOCTEH
NOTEHIKANOB cTeKIAHHOTO (pH) 1 nnatuHOBOrO 31eKTPoA0B (Ept), MOrpyXXeHHBIX B pacTBOp,
10 OTHOIIEHHIO K CTAHAAPTHOMY XJIOPCEPEOPSIHOMY IIEKTPOIY M 00BHEM HOITIOUIEHHOrO rasa.
[lpu wccnenoBanum pa3auuHbIX ankuHOB ((peHmnanetwneHa(PA), merunaneruncHa(MA),
1-HOHHMHA, TIPONAPTHJIOBOTO CIUPTA, MAMETHIATHHHIKapOMHONA) ObUI0 MOKa3aHO, YTO BHJ

KoJiebaHm# BO BCEX ClIyqadax aHaJIOTH4YEH, OAHAKO UMEIOTCA OTIHYHSA B HX XapPaKTCPUCTHKAX

(aMIuIHTYAAX, MEPUOJIAaX W XapaKTepe BhIX0/a Ha PeXAM yCTOHUMBBIX KoJebanuit) (puc. 1).
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Puc. 1. I3MeHeHye noTeHIIMANa [IIaTHHOBOTO 31eKkTpona (Epy) no Bpemenu
B [IPOLIECCE OKMCIUTEIHHOTO KapOOHUIMpPOBaHHUs (eHHIaneTIeHa (a) U MeTHiIaneTniena (6)
B KOJIEOATEILHOM pEXUME.
(a) [KI]o = 0,4 M; [PdL;]o = 0,01 M; [®A]y =0,1 M; [CO]Jp : [O2]0 = 3:2;
(6) xonmenTpanuu ra3os: 50% 06. CO, 30% 06. O, u 20% 06. MA.

Ha ocHOBaHMH HMEIOMIMXCS JaHHBIX OBUI TIpOBEAEH BHIOOP CHHCKAa 3JIEMEHTaPHBIX
CTaamii, KOTOphle MOTYT peanu3oBarbes B KaTamurudeckoi cucreme Pdl, — KI — CH30H B
npucyrctBur CO, O, u RC=CH. U3 cnucka craamii, oOpa3sylomux peakUHOHHYIO CETh
mporuecca, ¢ moMoniplo nporpaMmbl ChemNet mpon3BOOMIOCH BhIpe3aHHE TMIOTETHYECKAX
MEXaHH3MOB M3ydJaeMoii peakuuu. Bcero mexanusmoB Obuio momydeHo 350. Hexotopwie
CTaIMH IOJBEPrajliCh 3KCIHEPHMEHTANbHOH mpoBepke. Dbbuia moka3zaHa BO3MOXHOCTH
okucieanus CO mo CO, B yclnoBHSX IIpoliecca B OTCYTCTBHE alKWHA. YCTaHOBJICHO
topMoxeHue nporecca gobaskamu I; u H,O, (oxucrenne Pd(I) u ruapunoB nmawiagus) u
OlICHEHHI BEpPXHHE MpeleNibl KOHIEHTpauuH [, B ycinoBHAX KoiebarensHOro mporuecca.
Onpenenena o61acTh KOHIEHTPAlHil PEareHTOB, B KOTOPOH peatH3yeTcs KoneGaTenbHBIH
pexuM. O6cyxaaercs Hanbosiee BEPOATHBIH MEXaHU3M npouecéa.

Pa6ora nposenera npu nogaepxke POOU(rpanter 00-03-32037, 02-03-06199).
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O MEXAHM3ME KATAJIMTUMECKHX PEAKIIMA APOMATHYECKHX COJIEH
AUA3OHUSA C HENTIPEAEJbHBIMHA COEJIUMHEHUSIMHA B ITPUCYTCTBUA
BHEIITHUX HYKJIEO®HJIOB

MECHANISM OF CATALYTIC REACTONS OF AROMATIC DIAZONIUM SALTS
WITH UNSATURATED COMPOUNDS IN THE PRESENCE OF EXTERNAL
' NUCLEOPHILES

I'pumyk B.JL., I'op6osoii I1.M., Bapanosckmii B.C. u I'anymax H.H.
Grishchuk B.D., Gorbovyi P.M., Baranovskyi V.S. and Ganushchak M.I.

Teprononsckuii rocyIapCTBEHHBIH MEarornyeckuii yHuBepcuteT uM. B. 'HaTioka
yn. M. KpuBonoca, 2, r. Tepaonons 46027, Yxpaunna
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.

Cucremarudecku [1] wW3ydeHBI KaTaITHYECKWE peaKOWH apOMAaTHYECKHX CoOJei
JIHA30HHS C ATKEHAMH U JUE€HAMH B IPHCYTCTBHH aHAOHHBIX PEareHTOB (XJIOpPHIBI, OPOMHIBI,
THO- H H30THOIMAHATHl, CyIbGuAb, HATPUTH, N,N-aunankungurTHokapbamater, O,0-
JuanKwiI(quapuwn)autaogocarsl, aIKHIKCAHTOTCHATH, COMM  KapOOHOBBIX  KMCIIOT,

anmbamqecme 1 apOMaTHYCCKHUE CITUPTHI, BOAA.
CH,=CR!R?

Ar-CH,CRIR?
An

AN,BF, +An
N2

— Ar-CH,-CR'=CH-CH,-An
-MBF, |CH,=CR!-CH=CH, Ar-CHy CRISCH-CH,

> Ar-CH;(R!-CH=CH,
An

HalijieHsl yCIIOBHMS THOIMAHATOAPUIMPOBAHUA OHWHENpENENbHBIX COEMHEHHH C
H30JIAPOBAHHBIMH KpaTHBIMH CBA3AMH, YAOBJIICTBOPHTEIIBHO NPOTCKAOIIETO B
KaTaTUTHYCCKHUX YCIIOBHAX C 06pa30BaHHeM MOHO- H 6HalIIIYKTOBZ

XK
AINBE, + Z XX 4 MsCN / SCN
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X= -C(0)O(CH,),0C(0)-; -C(O)O(CH,),0(CH,),0C(0)-; -C(O)O(CH,);0(CH,);,0C(0)-;
-C(O)NHCH,NHC(0)-; -CH,0CH,; -CH,SCH,-; -C(O)NHCH, - 1 1.

- Hokasano, 4T0 M3y4eHHBIE PEAKLMH SBJISIOTCA PAJMKAIBHBIME, TPOTEKAIOMMMH Jepe3
CTaAHI0 OJHOYIIEKTPOHHOTO IMEpeHoca OT Karaau3aTopa Ha KaTHOH ‘apnmmawmrm.
VcTaHOBIEHO, YTO peakumusd aHAOHAPHIMPOBAHUS SBIAETCS KojeOaTenpHOH peakimel ¢
r'a30BBIICICHHEM.

Ha ocHOBaHMH TNONyYeHHBIX OKCHEPHMEHTAIBHBIX [AHHBIX IpPEINOXeHa Haubosee
BEPOSATHAs CXeMa MCXaHH3Ma PEakUAH apOMAaTHUYECKUX COJCH JMa3sOHHS C HETPENeNbHBIMH

COCTUHCHHUAMM B IIPUCYTCTBHHA BHEIIHHAX HYKJICOQ)I/IJIOB B KATATATHYICCKHUX YCIIOBHAX.

[1]Tpumyx B.J., 'op6osoii I1.M., I'anymak H.H., [lom6posckuii A.B. // Yen. xumum, 63 (3), 269-
279 (1994). '
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HOBBIE MOHOJIMTHBIE MEMBPAHHBIE KATAJIM3ATOPBI
C MAJIBIM COAEPXKAHHUEM ITAJUIAJTAA

NEW MONOLITHIC MEMBRANE CATALYSTS
WITH LOW PALLADIUM CONTENT

I'psizaoB B.M., Epmunosa M.M., OpexoBa H.B., Mopaosuu B.I1. 4 Baznie A.*
Gryaznov V.M.", Ermilova M.M., Orekhova N.V. Mordovin V.P. and Basile A.*

HuctuTyT HedTexumuueckoro cuuresa uM. A.B. Tomuuera PAH
Jlenunckwit np., 29, Mocksa. 117912, Poccus
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, 1-87030 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/Al,0; 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.

MeMOpaHBl Ha OCHOBE CTEXMOMETPHYECKOTO CIIIaBa THTaHAa C HHKEJIEM OTJIHYaloTCH
BBICOKOH TEpMOCTaOMIIBHOCTBIO M XMMHYECKOW CTOHKOCTBIO, a Takke abCONIIOTHOM
U30UpaTEeNIbHOCTEIO B OTHOILIEHHU Bogopoaa [1], ofHaKo X BOAOPOIOIPOHUIAEMOCTH HU3KA
10 CPaBHEHHIO CO CIUIaBaMHM Ha OCHOBe Nautamusa. llensro Hacrosmed paGoTel OBLIO
CO3[aHHe YCTOHYMBBIX M BBHICOKO IPOHMIIAEMEIX IS BOJOpOoAa MeMOpaH Ha OCHOBE THTaH-
HMKEJIEBOTO HHTEPMETAUINJA IyTEM €ro JeTHpOBaHMA NaUIafHeM 3a CYeT HHUKEId 10
cofepxanms namagus 2, Su 9macc. %. Ti-Ni-Pd cmasel 06nafaloT  BBICOKOMH
ITACTAYHOCTHIO 110 CPABHEHMIO ¢ HUKENMIOM TUTaHA [2], 4TO MO3BONMIO B PaMKax JAHHOM
paGoTH! BiEpBbIE Pa3paboTaTh METOAMKY UX IIpoKaTa B Gonsry Tommuuon 30-40 MkM

HccnenoBanne MeTonmoM JHQpPakuMd PEHTTCHOBCKHX Jiydeil ¢a3oBoro cocrasa
CBEXETIPHIOTOBJICHHBIX (ONBI NOKA3aN0, YTO B OTJIMYKME OT THTAH-HHMKEJIEBOTO CIUiaBa
nedopmanus Ti-Ni-Pd crutaBoB npm npokarke IPHBOJMT K MX aMopdu3anuy TeM B Ooibine
cTeneHH, YeM Oolblie majuiaaus COIepXKHTCH B cIulaBe. Panee amopdu3upyromee AeiictBue
KOMIIOHEHTa HaONMIOJANOCh TONBKO IIPHM JIETHPOBAHHH CILIABOB djieMeHTamu IV-V rpymi.
OGHapyxeHHBI 3(dexT -OTKpFIBaeT INEpCleKTHBBl IMOMydYEeHHs LEHHBIX JUIS Kartanusa

amopdHbIX MaTepHalioB Oonplnel IUOmand, 4yeM oOpasylomuecs NpH HM3BECTHOH paHee

amop(hH3anKK 3aKaJIKOH paciiaBa.

107



PP-55

M3ydenne NpOHHIAEMOCTH MOIYYEHHBIX (ONBI. Ul BOAOPOJA II0KA3al0, YTO BBEICHHE
jaxe HeGOMbIMX KONHYECTB NALIANASA 3HAUHTEIHHO IOBHINAET BOAOPOIONPOHHIACMOCTS
HUKENHJa THTaHa, NpHYEM Haubojee NPOHMUAEMBIM .CpPEM HM3YYCHHBIX OKasajcs
Ti-Ni-Pd-9% crmu1as. Ero BozopomonpoHAnaeMocTs npH 850 K mo4TH Ha OPAIOK BHILIE, YeM
Y HENErMPOBaHHOTO NA/UTAAHEM HHTEPMETAUIH/A.

OKCHepUMEHTHI 110 AErHIPOreHH3allH UKIOreKCaHa Ha MPOMBILIEHHOM Pt-Re/ALO;
KaTalu3aTope B MPOTOYHOM DPEAKTOpE C MeMGpaHon u3 CIUIaBa Ti-Ni-Pd-9% mnoxkasanu, 4to
3HAYMTEJIbHAA YacTh 00pa30BaBIIEroCs BOAOPOAA H3BIEKAETCH MeM6paHon M3 30HBI PEAKITHH.
CremeHp mpeBpallleHHs IMKIOreKkcaHa B OeH3on nonbmlae'rcg II0 CPaBHEHHIO C

JIETHAPOreHH3AITHEN B OTCYTCTBHE MeMGpaHLI (cm. Puc.1 ) »

Cyclohexane conversion, %
Y

-/'
40 4 '/.(
304 g ’y"vmmt‘lmembrane
20 A —’.’
] KK’
10 T 1 ¥ LB T 1 T T 1
200 220 240 260 280 300 320 340

Temperature, C

Puc.1. TemneparypHas 3aBHCHMOCTh KOHBEPCHH I{HKJIOTECKCaHA
B nipucytcTBud Ti-Ni-Pd memGpanbl u 6e3 MeMOpaHsl

B oriMume OT AerHAporeHH3allid B NPUCYTCTBMHM MeMOpaH M3 CIUIaBOB Ha OCHOBE
nautagus, Oonpllas 4YacTh YAICHHOrO U3 30HBI JETHAPOTEHH3alUM BOJOpOJa He
Jecopbupyercs B MHEPTHBIN ra3 1o APYrylo CTOPOHBI MeMOpaHbl, OCTaBasCh PACTBOPCHHOM B
MemOpane. OOcyxaaercsa mpeanonaraeMblii MexanusMm nporuraeMoctd - Ti-Ni-Pd MeMGpan
JUIsSL BOKOPOJA. '

Pabora BemonHeHa npu ¢uHaHCOBOH mnoAnepkKe nporpammbl POOU "Benymme

Hay4Hble mKonsl", rpanT Ne 00-15-97423.

[1]Opexosa H.B., Epmmnosa, M.M.,, T'pssHor B.M., Kpupomanosa A.H.,. Mopmosux B.II,
Aprembes B.A. Tesucsl noxanos Poccutickoit xon(bepemmn «Mem6pam;1—95» Mockaa. 1995 c. 186.
[2]Mitose K. et al, USA Pat. 5,951,793 (1999)
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~ HOPHUCTHBIE NOJIMIIPOITUJIEHOBBIE ITOJTUMEPHBIE MEMBPAHBI',
" MOAUPHUITUPOBAHHBIE Pd, VIS KATAJIMTHYECKOI'O __YIIAJIEHI/IH ,
' KHCJIOPOAA, PACTBOPEHHOI'O B BOAE '

PALLADIUM MODIFIED POROUS POLYPROPYLENE POLYMERIC
MEMBRANES FOR CATALYTIC REMOVAL OXYGEN DISSOLVED IN WATER
I'psisnos B.M.', Jle6enena B.H., Exuzaposa A.B. u Bau aep Baapr P.*
Gryaznov V.M., Lebedeva V.I., Elizarova A.V. and Van der Vaart R.*
HucTrTyT HepTeXuMHUYecKoro cunre3a UM. A.B. TomuneBa PAH
JlenuHckuit 1p-T, 29, Mocksa 119991,
®axc (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*m/s.

VYianeHue KUCIOpOAa, pacCTBOPEHHOIO B BOJE, IMpHMeHseMOoi B Ooiiyiepax, a Taxxe B
aTOMHOM U 3JIEKTPOHHOH ITPOMBIILIEHHOCTSIX, BaXKHAs CTafus B OATOTOBKE BOABL. M3BecTHO
HECKOJIBKO CIIOCOGOB YIANEHHS KHCIOpoa U3 Bojbl. DH3HdYecKHe Cioco6bl — 3TO KMITYEHHE
BOJBI M YIaJI€HHe KUCIOPOJa CBHII-Ta30M, TpeOyromue O0IbIHX SHEpro3arpar. XUMHIECKUE
CnocoObl BKIIOYAIOT B ce0s MCIONB30BaHHE BOCCTaHOBHTENEH (HampuMep, I'HAPA3UH
THApATA), KOTOPHIH OPOT U OYEHb BPEJIEH, U IPUBO/IAT K 3arPA3HEHHUIO OKPYXKAIOIIEH CPE/BL.
B KaTaJuTHYeCKOM METOME HCIIOB3YIOT MEMOPAHHBIH MOZYNb C MIONBIMH BOJIOKHAMH, MEXIY
KOTOPHIMH TIOMEIIECHBI YaCTHIIBI HOHHO-OOMEHHOHM cMoibl ¢ HaneceHHBIM Pd. ABropamm
IpeAokKeH MeETON YAICHHA pacTBopeHHoro Kucaopoxa (PK) mu3 Boabl, KOTOpbBIH
KOMOWHHDYET yXe H3BECTHBIC METOIBI. N

Iens nannoit paboTE! — MOMyYeHHe MEMOPAHHEBIX KaTATM3aTOPOB K3 NOJIUNPOMMIEHOBBIX
(TIIT) BomokoH ¢ HaneceHHBIM Pd m Mcnonb30oBaHME MX UM KaTamuTHYecKoro yaauenus PK
u3 Boms. B pabore mcmons3oBamm nBa cmocoba Hasecemms Pd Ha Ha npegBapHTENBHO

OYHIICHHYIO MOBEPXHOCTH IIOJIUMEPA: BOCCTAHOBICHNE aMMHUa4YHOI0 KOMIIJIEKCA Pd THIApAa3HH
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rnnparom # BOCCTAHOBJIEHHE PdClz cninaMn. Kommecmo HaHeceHHoro Pd permepOBaJm
BapbHUPOBAHHEM BPEMEHH KOHTAKTa, TEMIEpaTyphl H KOHIEHTPAIMH PEarc¢HTOB. Hanecenne
IPOBOJMIA TaKuM . 06pa3oM, YTOOBI He CO3/aBaTh CONPOTHBICHHE MAacCONEPEHOCY H
MHHHMH3HpOBaTh KomuuecTBo Pd u Hy, Heo6GX0QMMOro [l MHApApPOBaHAs PACTBOPEHHOTO B
BOJIE KHCJIOpOJa. - ,

Pentrenodasoneiit anamu3 o6pasuos I1I1 BonokoH ¢ HaneceHHsIM Pd nepBemM croco6om
NOKa3aJl H3MEHEHHE pa3Mepa KPHCTAUIOB IIPH CHYKEHHH KOHIIEHTPAIlH THAPa3HH THApara.

Pd cnoi, IIOJIY‘ICﬁHBIﬁ npu BoccraHoBineHHMH PdCl;, HeBHAUM B 3JIEKTPOHHOM
MHKDOCKOTIE OTP2KEHHS H. | CTAHOBHTCH | BHIHM TONBKO B NIEKTPOHHOM MHKpOCKOTE
oﬁpamoro OTpa)k€HHs, IPOHUKHOBEHHE Pd BHYTPb nonnMepa OYEHb HE3HAYHTENHHO.
Konnenrpanus Pd, nanecensoro Ha I1I1 BonokHa BTOphIM cnocoGOM, oIpeAessnach METOJI0M

[ . ) . .
aTOMHO-a0COpOIHOHHOM CIIEKTPOCKONHMH, U He npeBbimana 1Macc%. I sonokna ¢ Pd

Vaanenve O, H3 BOAH ° NIPOBOJMIH

crefylomuM o0pasoMm: BHyT.pb‘,rvI_H Bdhoxdﬂ, ?—————bBonopozl

COOpaHHEIX B mywoK, ¢ HAHECEHHHIM Ha

BHEIIHIOIO CTOPOHY Pd nonasan Hy, a Bona

IUPKYJIMPOBaIa MEXTy BookHaMu (puc.1).
UsMeHeHHe :KOHIIEHTpaIIHI/I KHCJIOPOJIa, Puc. 1.

PacCTBOPCHHOrO B BOJC,  ONPEJCIIA

OKCI/IMCTpOM Horcasaﬂo yro H,, ﬁo,uaBaeMbiﬁ qepei«x CTCHKI/Il HHl BOJIOKOH,

Mo,umbnunponaﬂnmx Pd, a(b(beKTHBHO yz[am{er u3 Bomel PK yxe npn KOMHATHO#H
TeMnepaType (puc.2). KospdummenT macconeperoca nopsmxa 10 fcex. .

P

OCHOBBIBaHCB Ha 3THX pe3YJIBTaTaX YCTaHOBJICHO qTo 3Ta TCXHPIKa MO)KCT HpI/IBCCTI/I K

CHIKEHHIO CTOHMOCTH IPOLIECCA IPHMEPHO Ha 40% [0 CPAaBHEHMIO C M€M6paHHOH TCXHHKOH

L[erasmbnxauun a30TOM IIpH HU3KOM I[aBJIEHI/II/I

* Puc. 2. I3sMeHeHUe KOHLIEHTPALHH
. PacTBOPEHHOTO B BOJIE KHCIIOPO/a BO
BpPEMEHH:
1. moa IIT BomoxoH(Accurel) 6e3
nokpeitas T-295K-
2. pns I111 BonmoxoH (Accurel), noprm,lx ,
2-M cniocoboM, T-303K, Pd —1macc%,
3. mms I1I1 Bonokon (Accurel), MOKPHITEIX
1-M cocobom, T-303K,
Pd -1.1*10”r/cM’
apemsmuu o - 4. I BonoxoH (Selgard x50),
MOKPBITBIX BTOPEIM CIIOCOO0M, T—295K,
Pd-0.1macc%

9,0

75

6,0

45

[O],mrin

3,0-

1,5
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BJINSAHUE MQ.]IEKYJUIPHOﬁ OPTAHM3ALIMU PEAT'EHTOB HA KHHETHUKY
AHHOHHOMU NOJIMMEPHU3ALIMA APOMATHYECKHX H30IIMAHATOB

THE INFLUENCE OF MOLECULAR REAGENT ORGANIZATION ON KINETICS
OF ANIONIC POLYMERISATION OF AROMATIC ISOCYANATES
Jdasaer6aesa U.M., llIxoana B.®., C'ymepor A.M. u Haymos A.B.
Davletbaeba I.M., Sckodich V.F., Gumerov A.M. and Naumov A.V.

Kazanckuit rocyapcTBeHHBIH TEXHONIOTHICCKHH yHnBepénTeT
yn. K. Mapkca, 68, Kazans 420015, Poccns
Fax: (8432) 76 95 38; E-mail: dim@pcnit.ksu.ras.ru, vskodi@ rambler.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 observed 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 %).

Hccrnenoana aHHOHHAS HOJIAMEPH3AIHA apoOMaTHYECKHX nsounaHaT'oﬁ,
MHUIMEPOBAHHAS IIOJHOKCHITHIICHIINKOJIATOM KalHis C YHCIOM OKCH3THJICHOBBIX 3BEHBEB,
paBapM JeBatH ([IOT-9K). B kauecTBe apoMaTH4ecKuX H30IIHAHATOB INPUMEHSIUCEH
MOHOQYHKIIMOHANEHBIH  eHmwmm3onnanatr, 24-tonmywienguuzonuanar (TJU) w
nojuu3zonranatel. OCHOBHOW MacCHB KHHETHYECKHX HCCICHOBAHHN NpPOBOTHICH C
ucriosszoBarrem TJIU. TlokazaHo, yTo H30OIMaHATHBIE TPYIIIBL, B 3aBECHMOCTH OT MOJIBHOTO
cootnomenus [[1OT-9K]:[T[IM], mMoryTr BeICTpauBaThCs B MOJMH3ONHAHATHBIC LENH HIIH
3aMbIKaThCcsd B LUKITMYECKHE TPUHU3OLUHMAHYypaTHbIE HUKIBL. [IpH MOJBHOM COOTHOIICHHH
[MIST-9K]:[TAU] =2+3 dopMupyroTcs TpUM3OLMAHYpATHBIE CTPYKTYpHI, C NMOBHIICHHEM
MoJbHOH fomi T/ B ocHOBHOM 00pa3yloTCs IOJIMU30LHAHATHIL.

HaiineHo, YTO KOHCT@HTHI CKOPOCTH H3y4aeMOH PEaKIMH IMPaKTHYECKH HE HM3MEHSIOTCA
pH yBEIMYEHHH TeMIepaTypsl B uaTeppase 17-30°C. B TemneparypHoM untepsaie 30-45°C
Ha0JmozaeTcs pe3Kdil pocT CKOPOCTH pacXoJ0BaHHUs u3onHaHaTHeIX rpynm. Ilokasano, uro B
TMONAPHOM pacTBOpHTEE (alleTOH) yBEIHYEHHE KOHCTAHT CKOPOCTH peakiud Gonee
3HaYATENbHO, 4eM B HenonsapHo# cpene (CCly).

B cBA3W C MONYYCHHHIMH MOaHHBIMH OCOOBIE HMHTEpeC MPEACTABHIIH PE3yIbTaTHI

HCCIICIOBAaHUM BIIUSHUA XJIOPUZIOB MEPEXOAHBIX METAIIOB, IPEABAPUTEIBHO BBOAHMMBIX B

Maneix gosmpoBkax (0,01-0,05%) s IIOI'-9K, nHa KHHETHUECKHE 3aKOHOMEPHOCTH €ro
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p3aumoneticteus ¢ TJIA. Okasanock, 9To B YKA3aHAOM KOHIEHTPALMOHHOM HHTEpBAJe
XJIOPAIOB IEPEXOAHBIX METALIOB NPOMCXOHT HE, TOIBKO 3H3UMTENLHOE yYMEHbIICHHE
KOHCTaHTHI CKOPOCTH IMIOJMMEPH3allii, HO M MOMHOE IpPEKpallleHHe peaklud I0cie
pocrixeHus 20-40% KOHBEPCHM H3OLMAHATHBEIX IPYINI, _?ggyg;snMeTpnqecxne H3MEpEeHUS
pacteopa [IOI'-9K B anmeroHe mokasaid, 4T0 B 06J1acr£1_i Konue;npaunifl XJIOPHAOB METAILIOB
0,01-0,05% umeeTcs 3KCTPEMYM pOCTa €ro xapmepucfmecxoﬁ BA3KOCTH.

Taxum 06pa3oM, ycTaHOBIEHA KOPPEIANHS MEXAY ‘ BA3KOCTHBIMH XapaKTEPHCTHKAMH
II9T-9K # ero peaxumoHHOH CIOCOGHOCTBIO MpH  B3AHMOLEHCTBHH C APOMATHYECKHMH
M30IHaHaTaMA. MOXHO TmonaraTe, 4YTO HOJYYCHHBIE 3aKOHOMEPHOCTH CBS3aHBI C
$opMupoBaHEEM MaKpOMOJIEKyIaMK npnﬁb;{éﬁamnenrm}ikdm accolHaToB, KOTOpEIE
YBEJIMYHBAIOT CBOH pa3Mephl B pe3yibraTe onasonaﬁnx y;onaMn IEPEXOHBIX METAJIOB
LCHIPOB  KOOPAMHALMOHHOTO CBA3BIBAHHA, ynepmﬁaamﬁ;ﬁx Boxpyr cebs  cocenHue
MaKpoIlellH 3a cYeT JCeHCTBMA JOaJbHero mnopsaka. (opMmHpyioluHecs B - pe3ylsTare
' Ha/IMOJIEKy/IApHEIE 06Pa3OBaHUs OKA3BIBAIOT nﬁrﬂ61§pyromé§,neﬁcmne Ha WHHIMHPOBAHHE
KOHIIEBHIMH KATHH-ATKOTO I THBIMH I‘panIaMH AHHOHHOI ‘nvc»)nnmepnaaunn apOMaTHYECKHX

HU30IIHAHATOB.

PaGora BrmmonHeHa mnpud (HUHAHCOBOH TMOJUlepXKe TIpaHTa MuHoOpasosanus Pd

(wmdp T 00 -9.2-2106).

o
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H3YYEHHUE MEXAHHU3IMA I'HAPHPOBAHUSA U JETH/IPUPOBAHHSA :
KOMILUIEKCOB APOMATHYECKHX YIJIEBOAOPOIOB U ®YJUIEPEHA Cg C

Pt METOOM HK-CIIEKTPOCKOITNH A

Cpe

STUDY OF HYDROGENATION AND DEHYDROGENATION MECHANISM OF
AROMATIC HYDROCARBONS AND FULLERENE Cg¢ COMPLEXES WITH Pt BY
IR-SPECTROSCOPY
Hasbinos B.S1.

Davydov V.Ya.

Xumuyeckui (akynbTeT, MOCKOBCKHIA FOCYIapCTBEHHBIH YHHBEPCUTET

uM. M.B. JlomosocoBa, Mocksa 119899, Poccus,
E-mail: VYaDavydov@phys.chem.msu.ru

The mechanism of hydrogenation and dehydrogenation of aromatic compounds and
fullerene Cg complexes with Pt particles surface was investigated by IR-spectroscopy. The
hydrogenation of benzene, toluene, p—xylene, mesitylene, naphthalene, anthracene and
fullerene Cqp 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 Cgo 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.

Karanutuyeckne peakLudy THAPHPOBAaHMS apOMaTHYECKHX COSJMHEHMI Ha HAHECEHHBIX
Ha HOCHTENb MeETallaX IIPOBOAATCS IIPH CPaBHUTEIBHO BBICOKHX TeMIlEpaTypax, IIpH
KOTOPHIX TPYAHO H3y4aThb CBOMCTBAa KOMIUIEKCOB 3THX COCOUHEHHMH C IOBEPXHOCTBIO
MeTautoB. CHH)KEHHE TEMIEpaTypsl AaeT BO3MOXHOCTH HabmomaTe oOpa3oBaHHE 3THX
KOMILIEKCOB M H3YYHTh HX CBOHCTBA B PEAKIUAX THIPUPOBAHHS H J(ETUAPHPOBAHHUS METOJIOM
HH(}paKpacHOi CIIEKTPOCKOIIHH.

Ionyuenst  uWHQpaKkpacHbie CIIEKTPhI  KOMIIIIEKCOB O6eH3ona,  TOXyoOIna,
[-KCHJIOJIa, Me3uTeneHa, HadranuHa, anTpaneHa U ¢ynnepesa C ¢ ¢ Pt, HaHeceHHOH Ha
KpemueseM. [lpm ancopOuwu M3yUYeHHBIX COCIHWHEHHH HaA TOBEPXHOCTH 4dacTHI[ Pt
00pa3yloTcs IPOYHbIE KOMIUIEKCHI, KOTOphle TMAPHPYIOTCA BOZOPOAOM M3 ra3oBo#l (hasbl
J@xXe IPH KOMHATHOM TeMIepaType C IMOSBIECHHEM B CIEKTPE HOJIOC MOTJOMEHHS IPymIl
>CH,, HO KOTOpble JIETKO AETHAPMPYIOTCS I TOH X€ TEMIEpaType ¢ IOMOLIBIO
sBaKkyupoBanus. [Ipu nobaBnenun Bogopona o nasiaeHuit 400-700 Torr cHOBa MPOUCXOAUT
THIPUPOBAHHE 3THX KOMIUIEKCOB M IpPH 3BaKyMPOBAHHH - JeruipupoBanue. Llmimbt

THAPHpOBAaHUSA — JACTHAPHUPOBAHUA MOXXHO NOBTOPATE MHOI'O pas3, 4YTO CBHACTCIBCTBYCT O
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[IPOYHOCTH KOMILIEKCOB 3THX apOMaTHYECKUX COCOUHEHHH C ;ﬁonepxndcisgo tlacmix Pt. lna
foJee THKENBIX MOJEKYJT Ha(bfamkma,éﬂ’rpaue}‘la 7} tbynnepéna C 60 KOMIUIEKCHI C Pt MOXHO
THAPHPOBATH H JAETHAPHPOBATH ¢ 60NbIIEH CKOPOCTHIO NpH 60s1ee BRICOKUX TEMIIEpaTypax /10
100°C . B ' |

O6pa3oBaHue KOMIIIEKCOB apOMamqécxnx COEIMHEHHH C IIOBEPXHOCTRIO Pt mHe
conpoBoxzaaercs paspsiBoM C—C cBs3eit B MOJIEKy/lax apOMaTHYCCKHX COeIHHEHMH, Ha YTO
YKa3bIBAIOT TaK)Ke JIUTEpaTypHbIE JaHHBIC, IIOJYYEHHbIE C [OMOINBIO CKAaHHPYIOLIEH

TYHHEJIBHOH MHKPOCKOIIHH.

114



PP-59

IMPUMEHEHHUE METOJA UKC in situ IJIS I/ICCJIEIIOBAHI/IH MEXAHM3MA

MOTJIOIIEHMSA CO, U3 BJAXKHbBIX 'A30BbIX CMECEM KOMIIO3UTHBIMH
COPBEHTAMH «K;CO; B IIOPI/ICTOI/I MATPHIE»

STUDY BY FTIR in situ OF MECHANISM OF THE CO; SORTION FROM WET
GASES BY «K;CO;3 IN POROUS MATRICES»

danmnosa W.I., Ilaykmruc E.A., llaponos B.E. u Oxynes A.T.
Danilova I.G., Paukshtis E.A., Sharonov V.E. and Okunev A.G.

Hucturyr KATAIA32 HM. I’.K.Bopecxoné CO PAH,
np. JlaBpentsena 5, HoBocubupcek, Poccns
Fax: 8 3832 34 30 56; E-mail: vera@catalysis.nsk.su.

Mechanism of CO, 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 K,CO3 carbonation. Fast carbon dioxide
sorption by the sorbents proceeds via intermediates formation, which further slowly react
forming potassium bicarbonate. The difference in CO; 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.

OpnuM u3 Hawnboee NEPCHEKTUBHBIX PEreHEpPUPYEMBIX HOIVIOTHTENEH IS OYHCTKH
BiaxHelx razoB oT CO, mnpum temmeparypax -20-100°C  sBiasgercs kapOoHAT Kanus,
HMIIPETHUPOBAHHBIA B MOPUCTYIO MaTpuly [1-2]. beuio oOHapyXeHO, 4TO MpUpOIa MATPHIIBE
OKa3blBaeT 3HAYHTE/IFHOE BIIMSHHE Ha COpPOLHMOHHBIE CBOMCTBA [2], mpuyeM HauboJbInas
quHammdeckas emkocts mo CO; (o 90 mr/r copbenra) Obuia mHONy4YeHa [UIS CHCTEMBI:
K,CO3x1,5H,0/y-Al, 03 [2].

Metonom HMK-criekTpockonum .in situ A3y4eH MEXaHU3M IOTJIOMEHHS YTIIEKUCIOro rasa -
copberatamu  K;CO3x1,5H,0, K,CO;x1,5H;0/y-AlL,O;, K;CO3x1,5H,O/BepMuKkyaur u
K;CO3x1,5H,0/cubyHuT A5s UCClIeNOBaHUS BIUSHUS NPUPOABI MATpHIBl HA MEXaHU3M
nornomenus CO,. UK-cnextpsl perucrpuposamu Ha UK-®ypre cnexrpomerpe FTIR-8300
¢upmer Shimadzu B o6macT 600-6000 cM” ¢ paspemennem 4 cM™'. Tlepen permcrpanmeit
crekTpoB 06pasis! npeccoBany B tabnerkn p=20-30 Mr/cm’ ¢ CaFs; comepkanne o6pasia ~
20%. Copbmmio razos (CO; + HyO) uccnenosans B CTaIbHON IPOTOYHON KIOBETE C OKHAMH
u3 CaF, (razoBsiit 3a30p MeXJAy OKHamH MeHee 1 MM), ng3aomméﬁ MIPOBOJIUTH
pereHepaluio B TOKe l‘éBOB [P HarpeBaHHH JI0 250°C.

CopOrras yrneménorq rasa obpasuom K;CO;3x1,5H,0 u3 BraxHo# CMecn‘naqhHaeTcx c
o0Opa3oBaHus NOBEPXHOCTHOTO 6nnemambro KapOonara u Oukapbonarta kanui. JlanpHeHmee
norﬁomeHHe CO; + H;0 mpotexaer dHepe3 oO6pa3oBaHHE IIPOMEXYTOYHBIX CTPYKTYD,

HaOmoaaeMbIX 10 nosBieHuio u pocty B UK cnextpe m.m., xapakrepusyromux #oH HCO3
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(n.m. §(C-OH)=1260, 1 v¥(COO)=1435, v*(C00)=1660. cm™'), nor H30" (1160, 1690 u 3520

eM™) 1 o6esBoxennsnt K,CO3 (v (CO0)=1315 CM'I) [3] Kormem‘panm npOMe)KyTqule
CTPYKTyp OBICTPO HapacTaeT B HaYaAIBHBI TIEPHON MOTOMEHHS CO;, a 3aTeM HayuHaeT
MeJUICHHO yOBIBaTh B pe3ylbTaTre MX NEPECTPOHKH C oﬁpazonanneM KHCO; (8 UK crniekrpe
noseisEoTes L. 830, 990-1000 cM™). MexaruaMm copbrimu MOKHO Bmpaspm, KHHETHYECKOH
cXeMoii, rie obpa3oBaHHe rupokapOoOHaTa Kanus CymecTBeHHO 601ee MeUIeHHBIH mponecc,

yem nornomnenne CO; ¢ o6pasosanuem HCO;™:

K;COs3x1.5H,0 + CO; —» HCO; + H*+ K,CO; + 0.5 H,O
HCO; + H + K;CO3; - 2 KHCO; .

IlpegnoxeHHbI  MEXaHW3M  II03BOISET  OOBACHHTD  BIMSHHE  COZAEPXKAHHSA
KPUCTAUIOTHAPATHOA BOABI B COpOEHTE Ha €ro eMKOCTb. IIo-Bmmmomy, Haubonee
5(p¢pexkTHBHOE INPOTEKAaHHE pEaKIMH IOINIOMICHHS yrnexncnoi‘o_ Ta3a  KOMIIO3HTHEM
copberrom cocraBa K;CO3x1,5H,O Ha HOcHTene BHI3BaHO _;«npgnﬁﬁ;c;connaunonnbm» [4]
COCTOSSHHEM BOJBI B KPHCTAUIOTHApATE TAKOIo COCTaBa. Hpn _;6Tcyrcmun JOCTaTOYHOTO
KOJIMYECTBA KDHCTAUTH3AUMOHHOH BOIBI K IpPHUBENCHHOH ""Bﬁnuer"'cxeme ‘MEXaHH3Ma
noGasnaeTcs cramus abcopbuun H,O u3 rasosoit cl)asbi: K;CO; + xH;0 — K,CO; x xH;0,
KOTOpast JAMHTHPYET IPOLECC B LETIOM. '

OOHapyXeHO, 4YTO CKOpOCTh (POpMHMpOBaHHA IIPOMEXYTOUYHBIX COCAMHEHUH, W,
cooTBeTCTBeHHO, moriomenus CQO,, 3HAYUTENPHO YBEIHYHBAETCA INpPH BHECCHHH
K,CO3x1,5H,0 B matpuiy. B psay mccnenoBaHHBIX 00pasmoB MakCHMAaJbHYIO CKOPOCTH
nokKa3an KapOOHaT Kaius, BHECEHHbIH B mOpbl y-Al,O3;, YTO, BO3MOXHO, CBS3aHO CO.
CTPYKTYpOH IOBEPXHOCTH HOCHTENs, obecmeymBaiomieil BHICOKYIO ' AMCIIEPCHOCTH CONM U
CTaOWIM3HPYIOIIEH  NpPOMEXYyTO4YHble  coelWHeHHs. [loka3aHo, YTO ¢ . KOJMYECTBO
nornomenaoro CO; mnpH JOCTHKEHHH MAKCHMAIbHOM KOHLEHTpALMM IPOMEXYTOUHBIX
CTPYKTYp, onpeaensemoit merogom UKC, xopomo koppenupyer ¢ JHHAMUYECKOH .eMKOCTBIO
copOeHTa, H3MEPEHHOH B aficopbepe MPOTOYHOro THIA. |

Pa6oTa BemonHeHa npu ¢puHascoBO# noauepxke PODHU, rpant Ne 01-03-32437a.
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PP-60
-OCOBEHHOCTH CAMOI1®® Y31 )KUAKOCTHU B ITOPUCTOM CPEJIE C
BbBICOKOPA3BHUTOM INOBEPXHOCTBIO

THE PECULIARITIES OF LIQUID SELF-DIFFUSION THROUGH POROUS
MEDIA WITH HIGH-PERFORMANCE SURFACE
JABosmkun H.K.
Dvoyashkin N.K.
AJTEMeTheBCKHI HepTIHOM HHCTATYT
yi. Jlenuna, 2, AnmsMetseBck 423450, Poccus
Fax: (8553) 33-14-77; E-mail: Nar_Dvoyashkin @ mail.ru

HccnenoBanue moseaeHns MOJIEKYI XHIKOCTH B OPHCTHIX CpeliaX BOOOIUE M B CPEax ¢
BBICOKOPa3BHUTOH NMOBEPXHOCTHIO B YAaCTHOCTH aKTyalbHO C TOYKH 3pEHHS HEOOXOIMMOCTH
CO3JaHHA HOBBIX, Oosice 3(p(EKTHBHBIX IOPUCTBIX HEOPraHHYECKHMX MATEPHAIOB - -
KaTaInu3aTopoB, afcopOeHTOB U T.I. BechbMa MHPOpPMATHBHEIM METOAOM B HCCIEIOBAHHAX
takoro poxa ssisgercs SMP ¢ uMmynbcHeIM rpagMeHTOM MarHuTHoro mois (MI'MII),
NO3BOJMIOIIMA M3 [JaHHBIX O TPAHC/MIIHMOHHBIX IEPEeMELICHUAX MOJIEKYT XHIKOCTH B
YCIIOBHSAX TEpMOAMHAMHYecKOro paBHoBecus (camomuddysuu (CI)) u3pnexars oOIMpPHYIO
uHpopManuio 00 OCOOGCHHOCTAX CHCTEM XHIKOCTh-OpHcTas cpepa. Llens paGorer -
IIOCPEeICTBOM H3MepeHHH ko3ddunuentoB camomnudpdysuu (KCHO) meronom SIMP HI'MII
ONIPEACIUTE MOJIEKYISIPHOE COCTOSHHE J>KHAKOCTH B TIOPHCTOH Cpele M CTPYKTYpHBIE
ocobeHHocTH mocnenHeil. B kauectse auddysaHTa HCHONB30BaH OJHH M3 MPEACTBHBIX
YIJIEBOJOPOJOB - XHMHYECKHM 4YMCTBIM TpHaekaH. B kauectBe DNOpPUCTOi cpenapl -
NopoIKooOpasHble OKCHIB! MarHus: npomsmuieHHoro usrorosienus (I'OCT 4526-75) c
BEIMYMHON yHenbHOM moBepxHoctH S1=8.4 M*/r m BICOKOmMCIepcHBIA - ¢ S1=225M%r,
KOTOphlE B AanbHeieMm ynoOHo o6o3Hauate MgO(8.4) u MgO(225), cooTBETCTBEHHO.
O6pazen; MgO(225) monmyuen ruzparanueii MgO(8.4) B pactBope MgSO4 ¢ nocnemyronmm
npokammBanneM Mg(OH), npm 774K. Bemuwumny S1 onpexgensmu Meronom BIOT mo
agcopbumu Bo3nyxa. Konnentpanum o6pasmoB onpenensid MaccoBoit aonedt muddysanta
w1, KoTOpas BapbUpOBajlach B IMMPOKHX mpenenax - oT 1,0 K0 HECKONBKHX IPOLIEHTOB.
W3mepseMbIMH napameTpamu sBIsUACh GopMa Juddy3noHHBIX 3aTyXaHHH CIHHOBOTO 3Xa
A(g2) u 3bdexTuBHBIT K03hPuuuent camomuddyzun <D>, KOTOpBI onpenensuics Io
TAHT'eHCY Yrjia HakJIOHa K Hémanbnomy yuactky (g 0) xpuBoit A(g2). Ilocpencrsom
u3Meperuit <D> npu pa3iHYHBIX KOHIEHTpaMAX oOpa3snoB M TeMIepaTypax HM3MEpPEHHs

6b110 YCTaHOBJICHO, YTO IIPH ONPECACICHHBIX YCIOBHAX ~ YACTHYHOM 3alIOJTHCHHH XKHUAKOCTBIO
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[IOPOBOTO upoéTpch’TBa’; no‘cf;@frpq;io BBICOKOH | :T_éMHepaType Hsﬁaepenﬁi‘r; " JIOCTATOMHO
BBICOKOM BenumumHe S1 - .B‘ —ﬁprBOM npbchaHCTBe peanusyercs "ycuieHHas"
camoubdysus, kapax‘repnayroxﬁésic;i éhoManbifQ BHICOKHMH 3HAYEHHIMH H3MEPEHHBIX <D>,
JlerabHOE HCCIEAOBAHHE ITOTrO 3¢J(bexra noxésaﬁo, yro "ycunenHan" nupdysus
npeacTaBiieT coboi cocTosiHEE, 00yCIOBIEHHOE 6510'[15511»1 MOJIEKYJISPHEIM OOMEHOM MEXITY
)KUIKOCTBIO U €€ HACHIIEHHBIM I1apOM, JIOKATH3YIOMAMCS IIPH YaCTHYHOM 3aIOTHEHUH TI0p B
CBOOOMHON OT XXHIKOCTH YacTH IOPOBOTO IPOCTpaHCTBa. AHamu3 ¢opmbl TH(GY3HOHHBIX
3aTyXaHH#H TMO3BOIHI 3ar<mom 4YTO JUIS OKCHJIOB MarHus npbmsnnneﬁﬂoro H3TOTOBIICHUS
XapakTepHa  OwmmopucTas  CTIPyKTypa, [peAcTaBnsiomas  coboi  COBOKYIHOCTB
BHYTPHKPHCTAUIHTHBIX WM IEPBHYHBIX TOP (IYCTOTHI MEXAY IEPBHYHBIMA KPHCTAUTHKAMH
KyOuyeckoi d)OprI,r 0GbeMHEHHE B YCTONUUBYIO YaCTHIy CYIIECTBEHHO GOIBIINX
pa3MEpPOB - KPHCTAUIHT) U MEXKPUCTAJUIUTHBIE WIH BTOPHYHBIE HOPHI (IIyCTOTHI MEXIY
3THMH Kpuctaiwmatamu). Uto kacaercs MgO(225), To ¢popma 3asucumoctu A(g2) 103BoJHANA
FOBOPHTH O BBICOKOM OZHOPOMHOCTH 3TOro o0pasua, 4to, O€3yCIOBHO, IOIKHO OBITH
o6ycnoBieno HanmaueM y MgO(225) npunnunmuansao otindHo# ot MgO(8,4) Mopdonorun,
BO3HHUKAMOLIECH NPH TEPMHYECKOU 06pa60'r1<e THAPOKCHAA MarHWs INPH YKa3aHHBIX BHIIIE
YCIOBHAX. DTH Pe3yIbTaThl GBUIH NPOBEPEHHI MOCPEICTBOM IIEKTPOHHOMHKPOCKOIHIECKHX
Hccnez[oiaannﬁ Ha mopomkax MgO(8,4) u MgO(225), xoToprle MO3BOJMIN MOATBEP/IUTEH

NOJTyYECHHBIE BBIBOJbI [I0 0COOEHHOCTSM MUKPOCTPYKTYPbI H3yYEHHBIX OKCHIOB MarHus.
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MUTUAL INFLUENCE OF RARE EARTH OXIDES IN METHANE OXIDATIVE

COUPLING CATALYSIS!
B3AUMHOE BJIMSIHUE OKCHJIOB P33 B KATAJIN3E OKUCJIHUTEJILHON
- JAUMEPHU3AIIUA METAHA
Dedov A.G., Loktev A.S., Kartasheva M.N., Parhomenko K.V., Filimonov L.N. and
Moiseev L1.
JdenoB A.T., JIOKTeB A.C., Kapramesa M.H. Hapxomemco K.B., ®uiumonos U.H. n
Moncees ..

Gubkin Oil and Gas Umversny, 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 mlxture

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 Li;O 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 C,+ formation as compared to supported individual lanthana.
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* MEXAHHM3M ®OPMHUPOBAHUA CUCTEM ZnO-IIEHTACHJI —

KATAJIM3ATOPOB APOMATH3AIIA 3TAHA, IIOJTYYEHHBIX
II0 PEAKIIMH B TBEPIOH ®A3E

THE MECHANISM OF THE FORMATION OF ETHANE AROMATIZATION ZnO-
PENTASIL CATALYST PREPARED BY SOLID-STATE REACTION
Hepraues A.A., Mumun U.B., Koc*rjma B.A., Kpsuioga M.B. i Jlannayc AL
Dergachev A.A., Mishin 1.V., Kostina V.A., Krylova M.V. and Lapidus A.L.

Huctutyt opraandeckoit xumun um. H.JI. 3enunckoro PAH
JleHnHCKHIT IpOCHEKT, 47, Mocm;a 119991, Poccus
Tenedaxc: (8-095) 135-53-28; E-mail: SEKRETARY @ ioc.ac.ru

Poccuiickuii rocynapcTBeHHbI yHUBepcHTeT HeTH B Taza uM. V.M. I'yOxuna
JlenuHckuit pocnexT, 65, Mocksa 1 19991, Poccus

With the use of IR-spectroscopy and X-ray powder diffraction the solid-state interaction
of ZnO with pentasil type zeolites is investigated and the mechanism of aromatization of
C,-C4 paraffins is proposed.

* OEHMM M3 HEPCIEKTHBHBIX cn1oco6oB HPUTOTOBIICHHS METAICOJACPXKAIIUX IEOTHTOB
SABJIAETCS BBEJCHME 3JIEMEHTOB-MOIM(MHKATOPOB IyTeM TBEPAO(DA3HOTO B3AHMOEHCTBHA
coJelf WM OKCHIIOB METAJUIOB ¢ HEOINTHOH Marpurei [1].

B nmokname mpHBeNEeHBI pPe3yNbTaThl M3YYEHHS 3aKOHOMEPHOCTEH B3aMMOIEHCTBHSA
IeOJMTOB ceMelicTBa meHTacwia # ZnO ¢ NPUMEHEHHEM METOJOB PEHTreHO(a30BOro
aHamu3za ~ ¥ VIK-COEKTpOCKONMMH ~ M CONOCTABJIEHWS  KAaTAIUTHYECKOH  aKTHBHOCTH
Z1FIIEHTACHIIOB, TIOJyYSHHBIX Pa3IMYHBIME CIIOCO0aMH, B apOMaTH3AaI[HU 3TaHa U H300yTaHa.

. TloxazaHo, yro B pe3ynbrate TBepHodasHoro B3aumopeiictBus ZnO c dIeMeHTaMu
CTPYKTypbl IeHTacwia (OPMHpPYIOTCS KaTAIHTUYECKWE CHCTEMBI, IIPOSBISIOMINE BBICOKYIO
aKTHBHOCTh W CENEKTHBHOCTH B apomarm3anuu napapuaoB C,-C,. YcTaHOBIEHO, YTO 10X
BO3JCHCTBHEM BOAOPOAa M PpEaKIHOHHOW CpeJbl W3MEHSETCS COCTOSHHE I[[HHKA B
Kataausaropax ZnO-+IC€HTacHJ, YTO. BBIPAXKACTCS B pa3pylICHWH KpUCTALTHYECKOH (a3sl
MAacCHBHOIO OKCHIA LMHKAa M (OPMHPOBAHMH B KaHAIAX LEOJHMTA CHIBHBIX allPOTOHHBIX
KHCIIOTHBIX LIEHTPOB, COJIEPXKAIAX aTOMBI IIMHKA W OTBETCTBEHHBIX 32 OTPhIB THAPHI-HOHOB
OT'MONEKy mapaduHOB — KIIOYEBOH CTAANH ApOMATH3ALMH HE3KOMOJEKYIAPHBIX - ATKAHOB.
IlpenmonaraeTcs mpoMeXyTouHOe 0GpasoBaHME MONYTHAPUAHBIX (opm thma [Zn-H]", ux
TOHOXHMH‘ICCKaﬂ MHTrpanus K MOCTHKOBLIM THAPOKCHIAM ILIEONHTa C nocnézyxomnm

Faar

(bOpMHpOBaHHeM Zn-conep)l(amnx a.l'IpOTOHHBIX KHCJIOTHBIX ICHTPOB 3a  CYET

B3aHMMOJICHACTBHA 3THUX HHTEPMEIHATOB C IIpOTOHHBIMId KHCJIOTHBIMH HEHTpaMH IIEHTAaCHIIa.
[1]1A.B.Kyuepos, A.A.Cnunkus, Ycnexu xumum, 61 (1992) 1687.
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MEXAHH3M ©®OPMHUPOBAHUS TETEPOTEHHBIX KAJTBIUN-®OCO®ATHBIX
. KATAJIM3ATOPOB JUUISI PEAKITU PA3JIOKEHHS 1,3-THOKCAHOB 1
JETAAPATAIIAN TPETI/I‘IHI)IX CIII/IPTOB

‘ HETEROGENEOUS CALCIUM PHOSPHATES CATALYST FOR 1,3-DIOXANE .
" DESTRUCTION AND TERT-ALCOHOLS DEHYDRATION MECHANISM OF
FORMATION o

Jpixman A.C.

Dyckman AS.

AOOT BHNVHegpTtexum, )Kenemo,uopoxmr.m 1p.40, CaHKT-l'IeTepﬁypr Poccus
®akc 3900092; E-mail: ofﬁce@ehlm spb.su

1,3-dioxanes and tertiary alcohols cleavage over deﬁc1ent 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-nuMetun-1,3-muokcan (JIMJI)  sABIseTCS  NPOMEXYTOYHBIM  HPOLYKTOM
IIPOMBIIUIEHHOTO npouecca IIPOM3BOJICTBA HsonpeHa u3 m3o0yruneHa u gopMansaeruna. B
3HAUHTENBHON CTENCHH SKOHOMHYHOCTB NPOLECCA OIpPEAeILeTcs B(I)(bEKTI/IBHOCTB}O cramm
reTepOreHHO-KaTATHTHYECKOro pasioxerus JIM]] B HsonpeH.

Ilo Bcelt BEPOATHOCTH, pa3NoKeHHE AUOKCAHOBOTO MUKJIA MOXET MPOMCXOAUTH KaK Ha
bpencrenosckux (B) Tak u Ha JIbIOCOBCKHX (L) KHCNOTHBIX UEHTpax TIeTePOreHHOro
katamu3atopa. OueBHIHO, CeNeKTHBHOE paznoxceHne"IIMlI ¢ 06pasoBaHHeM H30IpeHa
OCYIIECTBIISIETCS IIPH PACMajiec MOJIEKYNBI MO C-O cBazam. ITosTomMy Hauboee 3(b(1)eKTnBHo
3TOT HpOLECC IOJDKEH OCYINECTBIATECS ¢ yqacTneM B- uempos IIOCKOJIBKY Ha HHUX
npeobnagaeT xeMocopOnus IHOKCaHA ocHOBHBIME O-aToMamu. Paznoxenue AMJL moxer
IPOUCXOMUTs U Ha JIBIOMCOBCKHX (L)-ueHTpai,"oszaxo' Ha L-meHTpax npeanoyYTHTENHHO
pacmenﬁmeca C-C cBM3M M Ha HHX npouecc" HAuMHAeT NPOTEKaTh HECENEKTHBHO - C
o6pasoBaHHeM H306yTHIEHa 1 Kokca. [1o-BHAMMOMY, 3¢peXTHBHOCTD IPOILIECCa PA3NOKEHH
JMJ1 B wu3onpen npenmymecmenﬂo-onpene.rme'rca HATHUMEM H KOIAYECTBOM B-nientpos,
MIPEJOCTABIAAEMBIX KUCIIOTHBIM KaTalu3aTOPOM. .

C uensio pa3paboTky 3PHEKTUBHBIX KaTATH3aTOPOB C PEryIHPYEMbIMH CBOMCTBAMH Ha
OCHOBe Kaibplui-pocdaToB NpoBeAeHO H3YyUeHHE NPUMEHSAEMBIX B IpOLECCE CHHTE3a
n3onpeHa naedexTHhXx ruapokcwianatutoB kKampmua (JI'AK), wmmelommx HemocraTok

"nedekr") Mo KaNbUMIO B CTPYKType ruapokcwianatura. Yem mensie CaO/P,Os(Moi) Tem
TYP
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6onsme "medextHocTh" JIIAK. CuuresnpoBannsie Katamusatopel JII'KA . m3yyamucek

COBMECTHBIM IIPHMEHEHHEM XHMHMYECKHX H PEHTTEHOrpaQuyecKkdx METONOE aHalH3a,
pryrHoif mopometpun ¥ HK-cnextpockomun. B pesynsrare ObLia yCTaHOBJIEHA CTPYKTypa
ar AK omuceiBacMas  popMynoit:  Cajo.Hx(PO4)s-x(OH)2x, Te 0<x<2, mpu 3ToM ayia
coxpaHeHds OanaHca 3apsIoB BMECTO OTCYTICTBYIOIIETO HOHA KalbUMSl B DEINETKY
BKJIIOYAETCA MPOTOH U YXOUUT I'HAPOKCHII-aHHOH.

Y¢TaHOBIIEHO, 4YTO TIPyNIBI HPO,? B cocraBe JI'AK mnpH cymke H IIpOKAJKe
KOHAEHCHPYIOTCA ¢ oOpasoBaHueM nonudpochaTHoHOB. Bruto NMOKa3aHO, YTO B IPHCYTCTBHH
BOJSIHOrO Mapa IpH MOBHINICHHBIX TEMIEpaTypax H3 noymgochar-HOHOB  06pasyeTcs
¢ochopHas KHCIIOTa, IPHYEM KOJMYECTBO KHCIOTHI BO3PACTacT € MOBBINICHHEM KOJIHYECTBA
nomadocdaros, #, COOTBETCTBEHHO, c yBenpfiieHneM ”n_erl)emﬂocrﬁ” obpa3ua Karaiusaropa.
KaTannmqecxm akTHBHOCTh (A) ¥ CeneKTUBHOCTH (S) Karauu3aTopa B peakiuu
pacmeruienns JIMJl B u3onpeH Bo3pacTaeT cuMOaTHO KOJHYECTBY 00Opa3yromencs KUCIIOTHI
(xomagecTBY B-1I€HTpPOB).

OtH HabmoaeHus 6;;1111»1 noaTBepxkAeHs! npu uccnenoBanud A u S JI'AK B nponecce
JIETHpaTalAl TPETHIHBIX CIIUPTOB - TPHMETHIKapOuHONa 1 auMeTHI(GeHMITKapOHHONa.

Ha ocHoBaHuMM BCero BBINIECKa3aHHOro ¥ u3ydeHus cBoictB JIAK B pasim4ubix
ycinoBusaX OpUIM pa3paboTaHBl OCHOBHBIC HPHHIMIB (GOpMHpOBaHUS KalbLUH-GochaTHBIX
KaTaIu3aTopoB ONpPEJeNeHHOH CTPYKTYpBI ¢ PEryIMpyeMbIMH KHCIOTHBIMU CBOHCTBAMH H
obnafaroniMu HabopoM ONTHMAIBHBIX aKTHBHBIX PEAKIMOHHBIX LCHTPOB, HA KOTOPBIX U
nbonéxp,um pasnoxenue JIMJ], nerunparanus TpeTHIHBIX CHUPTOB H T.A. beutn oTpaboTans!
METOBl CHHTe3a Haubonee 3¢(eKTHBHBIX KarannsaTopbn, K KotopsM oTHOcsTes JITAK
MaKCHMaIbHO# "nedekTHOCTH", 00eCTIeUnBaIOIMX IPUCYTCTBHE B €r0 COCTaBE MAKCUMAILHO
BO3MOXXHOTO ~ KOIMYeCTBA2 KHMCIHBIX — (OCOaT-MOHOB M, CIEHOBATENBHO, B-LeHTPOB.
Pa3zpaboTanHas KOHUEHIHMS IIO3BOJMJIA CO3/aTh Cepuio 3(P(EKTHBHBIX KaTaJM3aTOPOB C
nobaBkaMu pasIMYHBIX MOAHMGHKATOPOB, YIyYIIAOUWMX OMpEIENEHHBIE TEXHUYECKHE

XapaKTCPUCTHKH ITPOLECCA CHHTE3a H30MIPEHA U ACrHApaTallii CIIAPTOB.

.
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JETAIPUPOBAHUE CIIMPTOB B IIPHCYTCTBUU KATAJIM3ATOPOBHA
OCHOBE YIVIEPOAHBIX HOCI/II:EJIEPI

DEHYDROGENATION OF ALCOHOLS IN THE PRESENCE OF CATALYSTS ON:
THE BASE OF DIFFERENT CARBON SUPPORTS
Eroposa E.B., Pamennesa M.A.*, Tpycos A.HU., I'ypeena A.JO. n Aaromok C.H.
Egorova E.V., Ryashentseva M.A.*, Trusov A.L, Gureeva A.Yu. and Antonyuk S.N.
Mocxoncxax TOCyapCTBEHHAS aKaIeMHs TOHKOM XHMHYECKON TeXHOIOTHH

: uM. M.B. Jlomonocosa

HpocneKT Bepnazckoro 86, Mocksa 117571, Poccns

" daxc: (095) 434-87-11; E-mail: nhsxgt@unesco mitht.rssi.ru

*UncTaTyT Oopranudecko# xumun um. H.JI. 3enuackoro PAH
®axkc: (095) 135-53-28; E-mail: secretary @jioc.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 pabote wu3ydamuch HpPOIECCHI AETHAPUPOBAHKA METHIOBOTO H H30MPOIHIOBOIO
CNIAPTA B MPHCYTCTBHH HU3KOMPOLEHTHHX Cu- 1 Re-coxepxaimux KaTannsaTopOB Ha OCHOBE
yrIepoHBIX HocuTesne. [IpOBONMIOCH MCCIICOBAHME BIMSAHUS AKTHBHOTO KOMIIOHEHT,
NpUpOIBI HOCHTENsS M YCIOBHH Mpomecca Ha 'Hanpéaneﬂm NpEeBpallleHuii MeTaHona M
usonponanona (UI1C). U3yuenune nponeccor nemz(pnposannx JIAHHBIX CIIHPTOB MOXKET JaTh
HEHHYI0 HHGOPMAIMIO O BIMAHHM Pa3HYHBIX MapaMeTPOB HA KATAJTUTHYECKYIO PEAKIHIO.
Kpome TOoro, mpomecc KaTadWTHYECKOTO JAETHAPHUPOBAHHMS METAHOJA  SBJISETCH
IEPCIEKTUBHBIM CIIOCOOOM CHHTE3a METWIOBOro 3¢dupa MypaBr;idHoﬁ KHCTIOTHI M),
KOTOPHIA Gnarofaps CBOEH BBICOKON PEAKIMOHHON CIIOCOGHOCTH MOXET CTaTh BAXKHBIM
3BEHOM B IIpOLIeccax nonytxenm pslia HEHHBIX XAMUYIECKHUX [IPOYKTOB.

bonsiioe BiHsHNE Ha aKTHBHOCTh W CENEKTHBHOCTh TETEPOTEHHBIX KaTalIW3aTOPOB
OKa3bIBa€T IIPHPOJA HOCHTENS. B KauecTBe HOCHTENEH MCIONB30BAIM AKTHBUPOBAHHBIM
yronb Mapku CKT, yriepoiHeli KOMIO3MIHMOHHEII Marepuan CuOYyHMT
zxeMe'raJmmeoaaHHLm ymepo.u BOI[OKOHHO-prG‘laTOPI cTpyktypsl (IBY).

Pesymfra'rm POBEZICHHBIX MCCIIENOBAHMI NOKA3bIBAIOT, YTO HA YIJEPOJHOM HOCHTENE
Cubynut, B quanasone temmeparyp 150-350 °C, npespamenue meTanona npalcmqecm HE
IIPOHCXOMIHT, a npu JATBHEHIIEM TTOBEIICHHN TEMIIEpaTyphl B MPOLYKTAX HaGmonaeTcs
NOSBeHNe He3HAUATENBHEIX KONAYECTB muMeTHioBoro sdupa (JIMD), C"O‘, CO; u H,.

Hamune s¢upa o6yclIOBIEHO NPOTEKaHHEM DEAKIHMH JAETHAPATAIMH METHUIIOBOTO CIHpTA.
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[losBieHHe OKCHIOB YIepona M BOAOPOJA MOXET OBITh CBS32HO C NIPOTEKAHMEM pEeaKitHii
pa3noXeHHs ¥ [1apoBoil KoHBepcuM MeTaHona. Ha aKTanpéﬁaHHOM yrie mapku CKT 3a cuer
IPOTEKaHHs PeaKUUH AerHAPHPOBAaHKA MeTaHOIa obpasyercs M®. B npoaykrax conepxurcs
3HayuTeNIbHOE KomwdecTso JIMD. Ilpm TeMnepaTypé Bome 350 °C B pesymsTate
B3aumojieiictBuss CO u pasnoxenus M® obpasyercs meraH. Ilpu nposeneHum mpouecca B
npucyTctBaH JIBY B 061acTi HU3KMX TeMIIEpaTyp B IIPOAYKTaX peakiiu oOHapykxeHbl MO,
H,0, H; u CO,. Ilpu temneparypax Beuume 300 °C B mpomyKTax peaKuyd COAEPIKUTCS
sHaunTeNnsHOE KomudecTo CHy. CTeXHOMeTpntfecKnﬁ AHAIH3 [I0KA3aJ, YTO B JAHHOM cirydae
B MPOAYKTaX COXEPKHTCA u30bITOYHOE KOoIHyecTBO Hp, qac*rs KOTOPOI'0 PacxXolyercs Ha
obpa3oBaHue CH4 3TOT dakT MOXeET OBITH CBA3aH C BBICOKOJ a7IcOpOIIMOHHOM E€MKOCTBIO
JIBY no H,. Ilomo6HBe CBO#CTBA HOCHTENS MOIYT OKa3aTh OIAaroTBOPHOE BIIMSIHHE Ha
CTa0WIBHOCTD Karanu3aropa, MOJUIpXWBas AKTUBHBIA KOMIIOHEHT B BOCCTAHOBIEHHOM
COCTOSHHH.

I/I3yqe}me mpolecca pasioXeHus: MeraHona B mpucyTctBud Cu- u Re- conep)xamnx
KaTaJM3aTOpOB II0Ka3alo, YTO B 3aBHCHMOCTH OT BBEJEHHOIO METAIa MEHSIOTCS
ﬁéﬁpaéﬂeﬁﬁﬂ MpEBpAIEHUH HPOIYKTOB peaxﬁmx. Taxk, B IIpI/ICYTCTBI;II/I Cu-cozxepmamero
KaTanmaTopa nporekaer peaknus IICK&pGOHHJIPIpOBaHI/IH B npozIyKTax coaepxarcs METaHOII
1 CO B COOTHONIEHUH, GIM3KOM K CTEXHOMETPHUYECKOMY COOTHOIMIEHHIO JAHHBIX BEIIECTR
npu HpOTCKaHHPI peaxiuu ,uexap60HpmeOBaan M®. IIpn BHecenmn Re wMeranon
pasnaraeTcx c o6pa303aHHeM COuH;B CTeXHOMeTpnquKOM COOTHOUICHUH.

,Hem,upnpoaaﬂne H3onponnnonoro CIIMPTa B NPUCYTCTBUH MOHO- U 6nMeTanmqec1<nx
Cu Re -KaTa/IM3aToOpoB Ha OCHOBE CnﬁyHnTa npuBOIUT K oOpa3oBaHHWIO aneToHa. Kpome
TOTO, nporexaeT peakuus geruapatanuu UIIC c oGpasosanneM MIPOTIMJIEHA U BOJBL

~ Bsuio yCTaHOBJIeHo gro Re obnamaer GonbImeit JerupHpyIomed aKTHBHOCTEIO, deM Cu.
BBeueHne Re B Cu—cozxepxcanmu Karannza'rop OPUBOAUT K IIOBBIUIEHHIO €T0
nernnpnpyromen aKTHBHOCTH. IlpH [OBEIICHAH TEMITEpaTyphl npeoﬁnauaeT peaKius
nerymparaunn I/IHC

B npeBpameHnn M30IPONIUIOBOTO CUpTa OBUIO M3Y4eHO BIUSHUE KOHIEHTpauuu Re B
katam3arope. Ilpn BBenenun 0,25 % Re B (;6pa3eu 2% Cu/Cubyrut xonsepcust UIIC
Bo:svpacraerl B 1,4 pa3za, CeNEKTUBHOCTb II0 ANETOHY nosmm:aeréx or 76,6 mo 85,0 %.
IMoBenmenue KonnéHTpaunn Re npusomut x MOBHIICHHIO ACTHAPUPYIOIIEH aKTHBHOCTH
prasna, HO IIpH 3TOM -y(-JI/IJII/IBaCTCSI NPOTEKAHUE PpeaKiUu nerm:(pa'raiiﬁn. Kpome Toro,

no0aBka PEHUS cnoco6c1:Bye'r MOBBIIEHHUIO CTAOHIBHOCTH Cu-co,uepmamero KaTanu3aropa.
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KHHETHYECKOE U KBAHTOBO-XUMHUYECKOE UCCJIEJOBAHUE
BJIMSHUS IIPUPOJBI METAJLIIA M pH CPEJIBI HA IIPOIIECC
KATAJIMTUYECKOI'O OKI/ICJIEHI/ISI‘CYJIB(I)I'IT A HATPHSI KHCJIOPOJOM

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

Emeansinosa B.C., IOapamesa I'.A., )Ky6anos K.A u lllaknesa T.B.
Emelyanova V.S., Yuldasheva G.A., Zhubanov K.A. and Shakieva T.V.

Haquo-nccnenona'renbcxnn HHCTPI’I'yT HOBBIX XMMHYECKHX TEXHOJOTHH U MaTepPIaJIOB
Kazaxckuii HallMOHANBHEIH yHHBEpCHTET UM. Allb-®apabu, Pecny6muka Kazaxcran
YL Kapacan—BaTLIpa 94a, Amvater 480012, Pecrry6imuka Kazaxcran
E-mail: bobm@nursat kz

Within the framework of a semlempmcal method PM3 the mechanism of a catalytlc
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 O-O 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 O-O bond attenuation. Within the framework of a method ZINDO/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 n,-orbital of a molecule
of oxygen may be Wm,. It is set, that there is antibate dependence between the length of O-O
bond and W,

[IpoBeneHo KHMHETHYECKOE M KBAaHTOBO-XHMHYECKOE HCCIEHOBAHHE BIUSHHS TPHPOIBI
MeTauia M pH-cpembl Ha mpollecc: KATAIMTHYECKOTO OKHUCIIEHHS * CyNbQHUTa HATpus
KHCIIOPOJZIOM B IPHCYTCTBUM aMMHAKATOB KOOAIbTa, HUKEIIS, MApraHIia, XeJesa.

B pamkax nonysmnupudeckoro Metona PM3 npemnoxen mexanusm peakiuu. Ha nepsoii
- JIMMHUTHpYIOIIEH cTaguyM- oOpa3yeTrcs OKCUICHHPOBAHHBIH KOMIUIEKC, B KOTOPOM
Habmonaercs ocnabneane O-O cBssm. Ha BTOpoll - aKTHBHPOBaHHBIH KOMIUIEKC C
BUpTyalbHOH 4erBepTod S-O cBsa3plo. Ha Tperpeit cragum peakiuM OAMH H3 aTOMOB
KHCJIOpOJa CTaHOBUTCS LEHTPOM 3JIEKTPOQHILHOM aTaku I CyIbQUT-HOHOB, NPH 3TOM
cBi3b O-O pBercs oxoHuarenbHO. [lokazaHo, 4ro oOpa3oBaHHE OKCHIC€HHPOBaHHOTO
KOMIUIEKCA HWJET C BBIJCICHHEM TEIUIOTHl. OHEPrdH, BBIICICHHOH Ha IEpBOM CTanuH,
JOCTAaTOYHO Ui 00pa3oBaHUs aKTUBUPOBAHHOI'O KOMILIEKCA. o

[Tpomecc OKCHreHAHH HOCUT OOpaTHMBIH XapaKTep, MO3TOMY, YeM OoJblle BHIMIPHILI B

aHepruu (AE), TeM cuibHee paBHOBECHE CIBUTAETCS B CTOPOHY CBSA3BIBaHHA KHCIOpOZA.

Mexny xoHcTaHTOH ckopocTH peakuuu W AE Habmomaercs cumOaTHas 3aBHCHMOCTS.
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PacyeTsl NMOKA3a/HM, 9TO B OKCHTE€HMPOBAHHBIX aMMHaKaTax KobanbTa, HHKeEId, MapraHia,
Xeje3a OCHOBHOH ﬁbmrpblm B 3HEPTUH JOCTHTaeTCs 3a CIeT OCabIeH s CBs3H 0-0:

HUccnenosanune meromom ZINDO/S xapaktepa 3amonnenns MO CBHACTENECTBYET O TOM,
4T0 B oxénreHHpOBaHHHx KOMIUIEKCAX ~ MOXeT  HabJIONaThes néperLmaHﬁc
d-op6uTaneit MeTanna He TONBKO € Pa3phIXJISIONIEH T,-OpGHUTAIBIO, HO H CO CBA3YIOMEH T,-
OpOHTATIBIO MOJIEKYJIBI KHCIIOPOAA.

B pamkax meroma ZINDO/S paccqﬁTaHLI 3HAYEHHsI JJIEKTPOHHOH IUIOTHOCTH Ha
Pa3spBIXJISIOIIHUX Ty U CBA3YIOWIMX Ty-OpOUTALX, U Koo duumentst Bubepra (Wmy) nns cpazu
0-0, TOJNBKO € YHETOM CBA3YIOLIMX T,-OpOUTANIEH.

PacdeTsl noka3bIBaroT, 9YT0 MEXIY 3HaYE€HHEM 3JIEKTPOHHON IIJIOTHOCTH Ha CBA3YIOMIUX
T,-OpOUTANIAX MOJIEKYJIBI KHcopoza U AE nporiecca okcureHauun HabmoaaeTcss aHTuOaTHas
3a;3nbnM0crb, B TO BpeMs KaKk HauOONbIIMH IIEPEHOC 3IJIEKTPOHHOMH IUIOTHOCTH Ha
Pa3sphIXJISIOLINE T,-OPOHTATIH He BCeraa COOTBETCTBYeT HanbomnbueMy AE.

| BeposaTHO, 3T0 CBA3aHO C TEM, YTO 3aps/bl HAa aTOMbI MOJIEKYJIBI KACIIOPOJa MEePEHOCATCS
HEpaBHOMEPHO, W HalH4ue T,-opOHTamm obecreyrBaeT BHIpaBHMBaHHUE 3apana Baoms O-O
CBS3H. ;KOJII/I';ICCTBCHHOI‘;I‘ XapakTEpUCTHKOM [eoKamu3anun 3apsaaa BIoiab cBa3u O-O MOXHO
cuntaTh k03¢ puumeHT Bubepra W,

Usmenenne W, XOpomo KOppeupyeT ¢ u3MEHEHHEM aKTUBHOCTH METaIIOB H XOPOIIO
OTpaXaeT ‘BIHSHHE JHUIaHAOB U pH cpenbl Ha KaTATUTHYECKYIO aKTHBHOCTH KOMILJIEKCOB.
Mexny nmuaHO# cBsizn O-O u W, HabmogaeTcs aHTHOATHAS 3aBUCHMOCTb.

Pacuetsl mposeseHsl ¢ nomompro mnakera HyperChem, Release 5.0 for Windows

(HyperCube Inc., 1996).
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BJIMSTHUE AIETOHUTPIJIA HA ITPOIIECC OKUCJIEHHS TUOKCHUIA CEPBI

KHCJIOPOJIOM B ITPUCYTCTBUH 3AKPEILJIEHHBIX HA IIOJII/IAKPPIJIOBYIO
KHCJIOTY KOMILUIEKCOB KOBAJIBTA

INFLUENCE OF ACETONITRILE ON TﬁE PROCESS OF AN OXIDATIdN OF
SULFUR DIOXIDE BY OXYGEN AT THE PRESENCE OF COBALT COMPLEXES,
ANCHORED ON POLYACRYLIC ACID

EmeassinoBa B.C., IOJmaulena I'.A., ’Kybanos K.A., Kapamypsun B.O. n
)Ka.rmmﬁemna B.K.

Emelyanova V.S., Yuldasheva G.A., Zhubanov K.A., Karamyrzin B.O. and
Zhalimbetoba B.K.

Hayuno-uccenoBateIbCKuii HHCTHTYT HOBBIX XHMHYECKHX TEXHOJIOTHI U MaTEPHAIOB,
Kazaxckuii HallnoHaNLHEIH yHUBEpCHTET M. Aib-Papabu, Pecny6muka Kazaxcran.
ya. Kapacaii-Barripa, 94a, Anmmars: 480012, Pecniy6iuka Kazaxcran
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 m-bond of C-N group in oxygenated complex.

HpOBC,IICHO KHHETHYCCKOC H  KBAHTOBO-XHMHYCCKOC  HCCICAOBAHHE  BJIUSHUC

AUETOHMTPHIA Ha MpOLEcC KATAIMTHYecKoro okucienus SO no SO} Ha KoMIekcax
KobaJpTa, 3aKPEIICHHBIX Ha MOMHaKpriIoByto kucioty ([TAK).

B pamkax nomysmmupuueckoro meroga PM3 mpoBeneH pacdeT mpoCTpaHCTBEHHOTO M
9JIEKTPOHHOTO CTPOEHHS MPOMEXYTOUHBIX COCTOSHHI peakiuy KaTaINTHIECKOTO OKUCICHUSL
SO?™ xucmoponom fo SO7™.

HebBax, MeUIeHHas TUMHUTHPYIOLIAs CTaus, - CTaqus 06pa3oBaHUsA OKCUT€HHMPOBAHHOTO
KOMIUIEKCa. B OKCHTeHMpOBaHHOM KOMIUIEKCe HaOmoaeTcs IIepeHOC JIICKTPOHHOMH
mioTHocTH ¢ d-opOmrane#t Meraula Ha 7,-HCMO opbutanm Monexynsl KHCIOPOAa,
BCIEJCTBHE YETO Ha aToOMaxX KHCJIOpoJa MOSBISETCS JOBOJNBHO OONBIION OTpHIATEIbHBIH
3apsaa, a cBa3b O-O ocnabnsercs. Ilokasano, 4ro B pacTBOpe aleTOHMTPHI-BOAA OMHA
MOJIEKyJIa AleTOHUTPHIA BXOJAHMT B MEPBYIO COJHBATHYIO 000JIGYKy OKCHTCHHPOBAaHHOIO
KOMILJIEKCa, IIPH 9TOM €CTh TaKoe NOJIOKEHHE MOJIEKY/bl PacTBOPUTENS B IPOCTPAHCTBE,
KOTOpoe 00ecreuynBacT MaKCUMAaJbHOE IEpeKphIBAHHE T-CBA3CH HHUTPHWIBHOM IDYIIBI C
d-opbuTansmu kobanbTa U M-opOHMTAIAMH MONEKYJs! KAciopoja. Pacnpenenenue 3apsnos B

TaKOM KOMIIJICKCE CBHIACTCIIBCTBYET O CHJIBHO# JIeTOKIM3alMH T-IUIOTHOCTH HHTpPIJIBHOfI
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TPYNIBL  BAONb COOTBETCTBYIOIMX KOOPAMHALMOHHBIX = CBs3eH. OJTo ofyciasnuBaer
GONBIIYIO, IO CPABHEHHIO C Bonoﬁ, xaranﬁmqécxylo‘ aKTHBHOCTD anerorxmpﬁna. Bropas
cTajms - CTagus o6pasoBaHHMs aKTHBHPOBAHHOTO KOMILIEKCA ¢ YeTBEPTOH BUPTyanbHolt S-O
01.3;13"1,10, MOXeET MATH HITH Yepe3 KOMILIEKC ¢ HAPSKCHHBIM YeTHIPEXICHHBIM uHKJIoM, 178074
OJMH U3 aTOMOB MOJIEKYJbI KHCIOPOJA MOXET CTaTh IEHTPOM 3MEKTPOoGHILHON aTaky UIs
Cyns(GHUT HOHOB, HaxXOAAIIMXCS B pactBope. Ha 3Toif craxuu OTpHIATENBHBIA 3apsia Ha
aroMax O; eme yBenuumBaercs u cBs3b O-O pBercs okoH4areapHO. Hu3koTeMmeparypHsiit
PEXHM peaKknuh OOeCIeYnBacTCs, BEPOSTHO, TEM, YTO JHEPIHHM BBUIEICHHON Ha IIEpBOi
CTaJNH JIOCTATOYHO st 00pa3oBaHUS AKTHBHpOBaHHoro KOMILJIEKCa.

[Ipouecc oxcureHanuu HOCHT OOpaTUMBIN XapakTep, MO3TOMY 4YeM OoJIblle SHEpPrus
cra6unn3auni4 OKCHI€HMPOBAaHHOTO  KOMILIEKCA, TeM  CHibHEE paBHOBECHE OJDKHO
CABHTAThCSA B CTOPOHY ero obpasoBanus. Mexny AE u koHCTaHTaMu CKOpOCTH kK CyLiecTByeT

cumOaTHas 3aBHCHMOCTD.

Pacuersr HvaBelIf_DHBI ¢ nomompio makera HyperChem, Release 5.0 for Windows

(HyperCube Inc., 199‘6).‘-

v
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ZEOLITES ZSM-5 CONTAINING RARE EARTH-IONS AS CATALYSTS FOR
ORTHO-PARA CONVERSION OF H; AND H; - D; EXCHANGE

. ITIEOJIMTBI ZSM-5, COAEPXAIIIUE NOHBI P3M, KAK KATAJIN3ATOPKI
OPTO-IIAPA KOHBEPCHH H, 1 H; - D, OGMEHA
Zhavoronkova K.N. and Boeva O.A.
Kasopoukosa K.H. u Boesa 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 H, at 77 K. It was found that after standard treatment of samples
0-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. H-D, 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 H, and H,-D; exchange 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 K in H, or Hy+D; (p=1Torr) for 1-3 hours and then again evacuated
at the same temperature till p=10'6 Torr. Specific catalytic activities are given by:
K*sp=k0N/m, molecule g'lc'], Ksp=koN/S, = K*sp10'4/8,8 , molecule cm? ¢!, where ko — the
first order kinetic constant, m — mass of the sample, g, N — the number of hydrogen molecules
in the reaction volume, S, — the active surface, calculated from S, of ZSM-5 (440m’g") 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 Béing compared with that found on the rare earth metal films
evaporated in high vacuum [1]. The results are shown on fig.1 as 1:g Ksp against 1g M, (M, —
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 experimenta,‘l_meé.ns of Kp for metal
films on which o-p conversion 'goeé by the magnetic mechanism. Line 1’ 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.
8Kz IgKgp
15 20
19 F.
14 . .
"‘\ 18k
[
BE
ScLu LayY Sm‘Ci’c Plr G(il'xl‘b/Dy 17§ 1 .
i § |1 { o o M S o
12 T 7 \ & O
: Yb Nd TniEu Efo %?a % —8; '-i ‘—:‘ t,°C
[ L 1 i 1 A ‘l L l 1 A ‘ L ' N 2 N " M
Shil . 0 1 lgpa 3 5 7 9 11 13100T,K
- Fig.1igKg of REM-ﬁl'ms( e) anq sam;?les fig,Z.Temperature dgpendence of K, for
of Ln/ZSM-3 ( o ) against IgM,. Line 1 is H /ZSM—S(I). Ce/ZSM-5(2),Pr/ZSM-5(3).
the magnetic mechanism, linel* and 2 - in reaction of Hy-D» exchange.

the chemical mechanism (Eley).

These results are very much surprising because the chemical mechanism is impossible on ions
of ‘metals at such low temperature [3]. The chemical mechanism of conversion would be
confirmed if H,-D, 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 1.5kJ/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 of I-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
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PA3PABOTKA TEOPETHYECKHX OCHOB 9KCTPY3UOHHOI'O NOJYYEHUS

a-Fe203 KATAJII’I?.ATOPOB

DEVELOPMENT OF A THEORETICAL BASIS OF o-Fe;0; CATALYSTS
PRODUCTION BY EXTRUSION
Kenca A.B., Koisuosa 3.M., [lerponasioscknii U.A., Koctiouenxo B.B. n ®mwmnmun B.A.
Jensa A.V., Koltsova E.M., Petropavlovskiy I.A., Kostutchenko V.V. and Filippin V.A.
Poccuiickuit XHMHKO-TeXHOOTHYecKui yauBepenTeT uM. JI.W. Menneneesa,

Muycckas ., 9. Mocksa 125047, Poccus
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 methy! cellulose) and dispersed (particles of
a-Fe;O3 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-Fe,0j; catalyst.

Jlannas paboTa mnocBAmeHa pa3pabOTKe MATEMAaTHYECKHX MOAENeH  cramit
IIPUTOTOBJIEHUS M SKCTPY3MOHHOTO (JOPMOBAHHUSA KATAIM3ATOPHEIX HACT, KOTOPOE COCTOMT H3
HECKONBKUX cTamuit: 1) cMemrenns Teproro Hocutens (o-Fe;O3) ¢ BOMHBIMM pacTBOpaMH
TnonuMepos: nomusuHMIoBOro crupra (IIBC) u Metnmemmonossl (MII); 2) BEIIeKMBaHUS
IIPUrOTOBJIEHHOM MACTHI B TEYeHHE CYTOK; 3) POPMOBAHHA KaTATM3aTOPHON NacThl B
HOPLIHEBOM  3KCTPYAEPE; 4) cymxu 3KcrpynaTa npu Ttemmeparype 110°C; 5) TIPOKAJIKH
9KCTpyJAara npn TEMIIEparype 500°C. '

Ha cTamuy NPUTOTOBIEHHS IACTHI B CMECHTENIE PACCMATPHBAETCS MHOTOKOMIIOHEHTHAS
nByx(asnaa cucrema. IlepBas dasa ~ cruomnas, Bropas $as3a — TBepzas (JaCTHIBI OKCHAA
xene3a a-Fe,O3). Kommonentamu crutomHo# (asbl SBISIOTCS BOJAa M BOAOPACTBOPHMEIE
moyumepsl (IIBC u MII). I[Monaraem, uto B mpoliecce CMEMICHKMs YaCTHIBI OKCHIA JXKelesa
TOKPBIBAIOTCS  aACOPOLMOHHO-CONBBATHOM 000JIOUKOHM, CBOMCTBA KOTOPOH 3aBUCAT OT
HCXOJHOTO COCTAaBa CILIONIHON (askl. MaTemaThdecKkas MOJENb CTAafuH IPHTOTOBICHHS
KATaIM3aTOPHOM IIACTHI CONEPXKHT CIEAyIONIFE ypaBHEHHMs: - ypaBHeHME GajaHca ducia
gactul o-Fe,03, npeackaseiBaroiee B OO0 MOMEHT BPEMEHH CMCIIEHHS H BBUIC)KHBAHHUS
HHCIIO HaCTH, OGJIaJIa}OHInX COJIBBaTHOI/I oGonquon U OMpeeNsIoliee CpeHIA pa3Mep

COJIbBAaTHOM OGOJIO‘{KH - 3aBHCI/IMOCTB IUISI CKOpOCTH pocCTa o0BeMa CoNbLBATHOM 060)10‘11(1‘1

- A3MEHCHHUE MaCChl YaCTHI] TBCpI[Oﬁ (l)aBI:I 3a CYET ancop6mm BEIIECTB U3 CIUIOLIHOM d)a3BI,
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- ypaBHEHHE  M3MEHEHHS nnbmocm CIUIOIIHOK  (a3pl; - ypaBHEHHE PISMCHCHI/I;i'
KOHIEHTpPAuHl CBOOOIHOM, HEeCBS3HHOI Bnam ypaBHeHm U3MEHEHHS KOHLEHTparui i-x
KOMIOHEHTOB CIUIOMHOH (askr: - c:_oomoﬁ;‘égr»;é AN 00BEMHOTO COZEPKAHUA TBEPHOH a3kl
[Ipu conocraBiieHUH naHHLIX, pacCUMTaHHBIX 110 MaTeMaTHdeckoi Momenn (o6beMHOE
COREpXKaHHe TBepIOH (ashl C YUETOM HATMUMS COIBBATHBIX OGONOYEK, CPEHHME 3HAYEHHS
TOJIIEH COJIBBATHBIX O0OJIOYEK) M PEONOTHUECKHX, Ae(OPMAHOHHBIX ITOKa3aTeled HacT,
II0JTy4EeHHBIX SKCIIEPAMEHTAIBHO, OBLIH onpenencHs! QYHKIMOHAIBHBIC 3aBUCHMOCTH:

- JUTS TTACTHYECKOM IIPOYHOCTH!

P =103 exp(-14,792+1,77-10°h +81-10h? +

+15,207a, +61,113a§—2,547-107hoc2); (H
, . 4512107
- JUISL BA3KOCTH KaTaNu3aTOPHOM [aCTEL: 1 =1, exp(98at, — 36,8)(——h—— =37, 2

- [ 5IaCTHYHOCTH KaTalM3aTOPHOM MacThl:

A =4,935+3,4C% +0,236C3% - 2,524a., —0,36%h . 3)

Taxkum ob6pa3oM, Ui BCEX YCTAHOBIEHHBIX 3aBHCHMOCTEH NPOCIEKHBACTCA BIMSHHE
TOJIIMHBI COJBBATHON 000JI09KH, 3HAYEHHE KOTOPOH 3aBHCHT OT IPHUPOABI U KOHIEHTPAIMH
KOMIIOHEHTOB CIUIOUIHOH (asbl. Tak, yBenuyeHne oGbeMHOro coiepkaHus TBEpHOH (asbl
MPUBOJUT K YBEIHYCHHIO 3HAYCHUH IUIACTHYECKOH IIPOYHOCTH M BA3KOCTH; yBEIHYCHHE
TOJNIMHB! COJBBATHON OGONOYKM NMPUBOJMT K YBENMYCHHIO IIIACTHYECKOH MPOYHOCTH H
YMEHBIIEHUIO BI3KOCTH MACTHI.

Ucnone3yst ypaBHEHHS IBWXKEHUS TacThl, HEPa3phIBHOCTH IIOTOKA M PEOJIOTHYECKOE
YpaBHEHHE Ui HEHBIOTOHOBCKOH JKHAKOCTH, HaMH ObUla paspaboTaHa MareMaTHyecKas
MOJIEJIb TEUCHHs SKCTpyAara Yepes $popMylomuH KaHan GUIbepbl, Ha OCHOBE KOTOPo# ObL1a
noJlyYeHa 3aBHCHMOCTb MEXIY JaBICHHEM OKCTPY3HH H CpPElHeH CKOPOCTBIO TeYeHHH

3KCTpyAaTa:

4 exp(98a., - 36,8) 0,11129 L
I}.’=(c(:)-|-‘aVCr;,.)ln ;0 = D =| Vop

6n+27]
l1-a)——1| .(4
( a) nD @

_PaGora mommepxuBanach rpaHtamu MexayHaponHoro ¢orga INTAS Ne 97-30770
"Benymaa HayuHas 1xosa" Ne 00- 15 99009 u POOU Ne 02-03-32215.
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MEXAHHW3M KAPBOHUJIMPOBAHUS APUITAJIOTEHHUJIOB C’
NCITIOJIb30OBAHUEM KATAJIN3ATOPOB HA OCHOBE
MOJAPUIIHNPOBAHHOI'O KAPBOHIJIA KOBFAJIBTA

MECHANISM OF ARYL HALIDES CARBONYLATION OVER THE CATALYSTS
BASED ON MODIFIED COBALT CARBONYL
XKecxo T.E., Bosipcknii B.IL., Jlannaa C.A. u Huxkudopos B.A.
Zhesko T.E., Boyarsky V.P., Lanina S.A. and Nikiforov V.A.

AOOT BHUMHedrexum, XKenessonopoxusii 40, Cankr-Ilerepbypr, 193148, Poccus
Cankr-Ilerep6yprckuit rocynapcTBeHHBIM yHHBepCHTeT, OTACIEHHE XHMHH,
Yuupepcuterckuii mp., 2, 198904, IMerponsopen
Tel/Fax: 812-5604534; E-mail: zhesko@mail.spbnit.ru

Aryl halides carbonylation was studied with new modified cbbalt 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.

CuHTe3  mMPOKOrO  Kpyra  apoMarH4eCKHX  KHCIOT  KapOOHMIMPOBaHHEM
apWITAJIOTEHHJIOB B MSATKHX YCJIOBHAX C HCIOJIB30BAaHHEM OTHOCHTENBHO HEAOPOTHX M
JOCTYNHBIX KaTaJd3aTOPOB MPEICTABIAET GOIBIION NMPAKTHIECKHUHA HHTEPEC, MOCKOJIBKY 3TH
IIPOAYKTHl SIBIIOTCS PACHPOCTPAHEHHBIM CHIPhEM B IPOM3BOACTBE (apMaleBTHIECKHX
TpenaparoB, KPaCHTENIEH, CPEJICTB 3alUTHl PACTEHMH, JKUAKHX KPHCTAUIOB, MOHOMEPOB JUIs
CHHTE3a TEPMOILTACTOB.

KapGoHWIMpOBaHHE HXMPHOAPOMATHYECKOTO rajoreHHaa - OeH3WwIXnopuna - ¢
o6pasoBanreM 3¢upa (EHMTYKCYCHOH KHCIOTHI OCYIIECTBISECTCA B MSATKHX YCIOBHAX B
CIHMPTOBO-IIENOYHOM Cpele, NMPH 3TOM aKTHBALUS TAJIOTEHHAA MPOMCXOAHT B peE3yIIbTare
peakuun HykieoduibHoro 3amemenus ramorena Ha auuoH Co(CO),.. Opmaxo
apUIraJIOreHUBI, JaXKe OTHOCHTEIBHO aKTHBHBIC - OpoMOEH301 ¥ O-XJIOPHAQTAIMH - B 3THX
K€ YCNOBMSAX HE PEAKIMOHHOCHOCOOHBL. 3TO TOATBEP)KNAET H3BECTHBIH (aKT, 49TO

4 ey .
apUITaIOreHH b NPAKTHYECKH HHEPTHBI K PeaKUsAM HyKICOQHIBHOr0 3aMeleHHA.

AKTHBallAA apWITATOTEHHAOB B peakiHsax KapOOHMIMPOBAHHA C HCIONB30BAHHEM
xapOoHuIa koGanbTa BO3MOXHA B IPHCYTCTBHH COKATaIM3aTOPOB, B Ka4eCTBE KOTOPBIX
MOTYT OBITh HCIIOJIF30BAHBl AIKWITAIOIEHHIBI, a TAKXKE TaJOTEHTHAPHHBI M 3MOKCHJBL
HoBble KaTaTHTHYECKHE CHCTEMEI HAa OCHOBE MOJW(HIMPOBAHHOTO 3MOKCHAaMH KapOoHHUIa

kobGampra [1] cHOCOOHBI aKTHBHPOBaTh B DPEAKIUAX KapOOHIIMPOBAaHHS MaJIOAKTHBHEIE

apHIIranoreHuabl B HCKIIOYHUTEIIBHO MATKHX YCIIOBHSAX IIPHA JaBICHHH OKHCHU YIJIEpOIa 1 atm
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n temneparype 60° C u mo3BONSIOT nonqub c BHOOKHM BBIXOZIOM 6om,mon CIIEKTD

apOMaTH4YE€CKHX Kap60HOBBIX KHCJIOT:

Co,(CO) + A rae A - coxaraﬁmamp
ArHal + CO — ——> ArCOOR' . B —ocHOBaHHe
R'OH + B o '

AHanu3 cTaquy aKTHBAlMM apUIraJOTeHH/a 1aeT OCHOBAHHE I10JIaraTh, YTO aKTHBAIIHS
ArHal ocymecTBisieTcss O MeXaHM3MY apoOMaTH4eCKOro HYKICO(QHIBHOro 3aMelcHus. B
JTAHHOM CJIy4ae MBI MMeeM JIen0-C oOpa3oBaHHEM B pEaKkIMOHHOH cpene “inm situ” ouens
BBICOKOPEAKLHOHHOCTIOCOGHOI0 aﬁknnxo6m5f£ap66nﬁnhﬁoro aHWOHA.

O HyKIeoQHIBHOM XapakTepe KaTaJMTHYECKOM wYacTHIbl, akTHBHpyromei ArHal,
CBHJIETENILCTBYET YCKOPEHHME Ipollecca KapOOHMIMPOBaHHA  3JIEKTPOHOAKHENTOPHBIME
3aMECTHTEJISIMU B apnnranorennne ¥ TOPMOXXEHHE PEaKIUH aKIIeIITopHLIM 3aMeCTUTENIEM B
MOJIEKyTe coxaTanmaTopa TOr/Ia KaK 3/eKTPOHOIOHOPHbIHA 3aMECTHTENH B COKaTanusarope
YBEIMYMBAET AKTUBHOCTh KaTAJTUTHYECCKOH CHCTEMBI.

ﬁbnyﬁeuﬁme JIAHHBIE TI0 XEMO- M CTEPEOCE/ICKTHBHOCTH Kap60HnnﬁpOBaHHsI Pa3THYHBIX
cybcTpaToB [03BOJIOT TOBOPUTH O TOM, YTO KapGOHHnnpoaaHne ApUIITAJIOTEHHUIOB B
npncyrcrmn aJIKI/UIKoﬁaJILTOBLIX KOMILIEKCOB B CHKpTOBO-IIIeJIO‘IHOH cpele IpPOTEKaeT Mo
aHHOH-pa}II/IKaJIBHOMy Mexanusmy Sgy D

B nonbsy 3TOTO BHIBOJA CBHIAETENBLCTBYIOT H pesynbrarm HOJyYeHHBIE  IIpH

HCIIONB30BAaHUM B KauecTBe  CyOCTpaToB  OJHODJIEKTPOHHBIX aKIIeHTOpOB -
‘rv‘-6pOMHHTp066H3OJIa ¥ 1-XJIOpaHTpaxHHOHA. DTH COCAMHEHHS HE TONBKO CAMH HE BCTYIIAIOT
B peaxumo HO U SIBISIOTCS MHTHOATOPAaMH KapOOHHMIHPOBAHHS npyrnx cybcrparos (Hapsay
c Hm‘poﬁensonom u aHTanHHOHOM). Taxoe xe HHTHOMpYIOlIee BO3JAECHCTBHE OKa3bIBACT M
6KTaxnopHa(1)TannH.
" Hosoe Pa3BUTHE HCCIENOBAHHE TAKMX CHCTEM IONYYHIO B CBA3M C TEM, 4TO OHH
OKa3aJIHCE 3(1)(1)61@143}151 npH 00e3BpeXXKMBaHUH M YTHIM3ALUH XAMHYECKH nnepmmx
TUIO(HIBEHBIX SKOTOKCHKAHTOB - nonnxnopﬁmbemmos (IIXB), mmpoxo ncnom,syeMHx B
KadecTse Lmanempmcoa

[1] T.E. }Kecxo, B.I1. Bosipckuii, A.T. HHKﬁmHa ACOX 68 (1998) N1, 85.
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. KHHETHUKA 1 MEXAHHU3M OKUCJIEHUA KHCJIOPO,IIOM ..

BOCCTAHOBJIEHHBIX Mo-V-®OCDOPHBIX I‘ETEPOIIOJII/IKI/ICJIOT B
A BOJHBIX PACTBOPAX .

KINETICS AND MECHANISM OF OXIDATION OF REDUCED SPECIES OF
Mo-V-P HETEROPOLY ACIDS BY DIOXYGEN IN AQUEOUS SOLUTIONS

Kuxuna E.I'., Onsixos B.®. u Matsees K.H.
Zhizhina E.G., Odyakov V.F.and Matveev K.L. e

HncruryT karanmmsa um. I’ ;K.>Bopec1<ona CO PAH
npocn. Akanemuka JlaspentseBa, 5, HoBocuGupcek 630090, Poccus
®axkc: (3832) 34 30 56; E-mail: zhizh@catalysis.nsk.su

The rate of oxidation of reduced species of Mo-V-P heteropoly acids by dioxygen 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.

Boxubie pactBoper Mo-V-hochopHBIX reTepononuKucior 12-ro” psma CTpyKTypbl

Kerruna H34,PV,Mo015,0s (I, 2 < x

In

6) MMPOKO HCHONB3YIOTCA B KayecTBe
KaTaju3aTOpOB OKHUCIEHHS CaMbIX pa3luuHbIX cyOcTparoB Su. OxucieHHe Su 06bIMHO

. X ve
ocymecTBisior asyxcraguitno. Ha craguu (1) Su okucnsior pactsopom I B SuO 3a cuér
KHCJIOpOJIa BOMBI.

: IV (V
T/2 Su+ "/ HoO+ H36PViMo124020 — "/ SuO + HisxtmPV mV ' xmMoi2x0s0 (1)
X
D (M)

X
Ha cranun (2) BoccranoBinerHy10 Gopmy I, OKHCIAIOT KACIOPOIOM:

HyromPV Vi VVemMoi2x0gg  + /402 —>  H3nPViMoppxOs  + ™HH,0  (2)
X
(') (D

W3-3a 6OJBIIOH CTOXHOCTH COCTABA BOXHBIX pacTBOpoB Iy peakuus (2), obmast wis -
IPOLIECCOB OKUCIICHHUS Pa3NMyYHbIX Su, H3ydeHa mano. B pacteopax I 1 "Iy, xax TIOKa3aHO
merogamu OI1P, 3Mp y Sty SMP, a Takke NOTEHIMOMETPHEH, HMEIOT MECTO CIIOXHBIE
PABHOBECHS! MEX(IY T€TEPONONHARHOHAMH C PA3/IAYHBIMH X H M # KATHOHAMH VO™ u VO,
KpoMe TOro, B XoJe peakiuH (2) BO3pacTaeT KHMCIOTHOCTb pactBopa. Ily, 9T0 BEmET K
CMEIICHUIO BCEX PAaBHOBECHH.

IIpu 343 K ckopocts peaknmu (2) B obmactu koHmentpammii 0.05 M < [TI,] <
< 0.3 M Bemuka IpH X > 3 WIM IpE X = 2 B NIPHCYTCTBHH KatHoHa VO** (pumc. 1).

B uHTEpBaNe Myare = M > Myy,; CKOPOCTh peakiuu nagaet Gonee yeMm B 100 pa3. Ilopsgok

135



PP-70

peaxupn 10. "My, 61H30K K 3; mo H'-MoHaw om MeHﬁeTéa or -7 (npu [Mgy] =
= 0.05 M) no -0.4 (upu [II,] = 0.3 M). Kéxcymaacx aﬁebmﬂ axtuBaluyu (Euq) peakuuu
TOXe MEeHsSeTcsa: TIpy m > 1,9 oHa paBHa =~ 10 k/[x/mMonb, a ipy m < 1,9 Bospacraer 10 ~ 200
KIDx/MOITS (pHC. 2).

M3 [ONyYeHHBIX pe3yNbTaToB CHEAYeT, YTO peakuus (2) IpoTeKaeT yepes
IPOMEXYTOUYHBIE KOMIUIEKCH THNA [Tlpy] - [VOz’L]y - O, (IIT), B koTOPBIX M +y > 3. B xo0z1€
peaKIMy IPOUCXOIUT CMEHA €€ TAMHTHpYIomeH ctamuy. [Ipy m > 1,9 peakumo naMutupyer
IepeHoC  JMeKTpoHOB  BHyTpd Komiuiekca III; npm  3toMm Eu,n wMmana. Ilpm
m < 1,9 qumuTHpyomyuM ctaHoBUTCA obpasoBanue komiuiekca III. Ono BkmOwaeT B cebs

SHIOTEPMHYECKHE CTaJHM IUCIPONOPIMOHMpOBaHMA THHA (3) M (4), Temwrora KOTOPBIX

nobasisercd K BenuuuHe By = 10 k/[X/Mob IpH MaJIbIX BETMYKMHAX M.
2 Mgy <2 Mg+ o) ‘ 3)

Pa xIIm=3 + XIII'II:l (4)

2 Mp=2 <—

45— \
! : \
é ‘ m=15 Lin3
4.0 —— T-!-10
5.0 : T [ T [ T [ T ’ 1 - N } N [ H I H ‘ T : (I('l
1.0 12 14 16 18 20 mM 2.7 28 29 30 3.1 32
Puc. 1. 3aBucumocts lg Wo, OT creneHn Puc. 2. 3aBucumocts g Wo, ot o6parHoii
BOCCTaHOBJICHUS I IS Pa3IMYHBIX *aGCOMIOTHOM TeMItepaTyps! PH OKUCIIEHUH
0.2 M pactsopos Tl . : 0.2 M pactsopos ‘IL,, npu po, = 1 atm.
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H3OMEPU3AIIUSA s-TEKCAHA HA BBICOKO/JMCIIEPCHBIX
Pt- u Pd- KATAJIM3ATOPAX, MOIN®UITIPOBAHHBIX IIEOJIMTAMHU

ISOMERIZATION OF n-HEXANE ON HIGH-DISPERSED
. Pt- AND Pd-KATALYSTS MODIFIED BY ZEOLITES

3akapuna H.A., Iaiimepaenosa M.K. n AkyJioBa l"B ‘
Zakarina N.A., Shaimerdenova M.K. and Akulova G.V. )

MHCTATYT OpraHnvecKoro Katamsa u 3nektpoxuMuu uM. JI.B. Coxonsckoro MO u H PK-
yi. Kynaesa, 142, Anmater 480100, Ka3zaxcran

Fax: 8-3272-91-57-22 ; E-mail : orgcat@ nursatkz

A comparative study of isomerization of n-hexane over bifunctional Pt-, Pd- and
Pd-Pt-catalysts based on combination of clinoptilolite with different zeolites and
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.

N3omepu3anus H-aJIKaHOB OCYIIECTBIAETCS Ha OHYHKIMOHAIBHBIX KaTAIM3aTOpaX,
VMEIOLIUX JIBa THIIA aKTHBHBIX LIEHTPOB — METAJUIMYECKHE U KUCIOTHBIE. [IpH BapbHpoBanun
COOTHONIEHHS METAUTMYECKAX H KHCIBIX IEHTPOB ONpEIENEHHOM CHIBI MEHSeTcs
HallpaBJICHHE IIPEBPAICHHS H-aJIKAHOB Ha MeTaTHYECKAX karamm3aropax [1-3]. Ilens
HacToAMmEeH# paboTH! COCTOSIA B BHIABIECHHH 3aKOHOMEPHOCTEH IIpeBpalleHHs H-TeKcaHa Ha
Pt- wu Pd-xaranuzatopax, MOIMQHIHAPOBAHHBIX IEOJMTAMH, TIPH BapbHPOBAHHH
JIACTIEPEHOCTH ~ METAIMYECKHX  YACTHMI[ U : PACTIpE/CICHAS ~ KHCIOTHBIX  LEHTPOB.
V3oMepu3anuio H-reKcaHa NpOBOAMIA B IIPOTOYHON ycraHoBKe mnpu 250-450° C m
aTMocdepHOM IaBJICHUN Bozopoxa, MoinsHOM oTHomeHud Hp @ H-C¢H14=3,5 m obpémuoi
CKOpOCTH 1o H-rexcany 0,82 g, ’

Ha Pt- u Pd- katanuzaTopax, HaHECEHHLIX Ha MIPUPOAHBIN KIMHONTHIONAT ¢ AoOaBKaMu
neonuta NaY B 3ameménnoi ¢opme, rmpeBpalneHie H-TEKCaHa OCYIIECTBIIETCS B OCHOBHOM
0 W30MEPH3ALMOHHOMY HAIpABICHHIO. BaphupOBaHHE NpHPONBI IPEIIECTBEHHAKOB
AKTHBHBIX META/IOB M METONOB MX BBEJCHHSA B KaTalM3alop NPHBOJAT K YBEIUUCHHIO
JVCTIEPCHOCTH B DPSAy: H,PtCls, PdCl, (mpommrka) —> Pt(NH3)(NO3) (ﬁonnﬂﬁ oGMeH) -
Pd- u Pd-Pt-somm (NponmMTKa), M3MEHSeT pACIpElEleHHe KHCIOTHBIX MEHTPOB IO
tepmoaecopOuur NH3 1 moBsIaeT H30MepHU3YIONIyI0 aKTHBHOCTh .KATanmaTopoB.

Brezenve BmecTo meonuta NaY B 3amMeInéHHOM (Gopme MoneKyspHbIX cuT SAPO-5 m -
SAPO-11 B Pt-karanu3aropsl ¢ MarpMped H3 OPHPOAHOIO KIMHONTHIOINTA NPHBOJHT K -
YMEHBIICHUIO KOHBEPCHM H-TEKCAaHA, OJHAKO CEJEKTHBHOCTH I10 C6-n3omepg;i\q pai;'?ér 0T
90,9-91,4% nmo 96,5-100% npu 350-450 °C. Jlnst Pt-katanusaTopos, MOlII/I,(bI/IIIPIPOB&HHHX '
SAPO-5 u SAPO-11 xapaktepHO NOsBIEHME B CIeKTpax TepMoxecopommu NHj3 cmabex

137



PP-71

KHCJIOTHBIX LEHTPOB C MaKCHMYMOM nmecopbumun 85- 95° 1 yBe.rmqune obmero umcna
KHMCJIOTHBIX IEHTPOB. Tak, pU BBEJCHUM SAPO-5 u SAPO-11 B KaTaJu3aTophl O0INEE YUCIIO
KUCJIOTHBIX IIEHTPOB yBenuuuBaetrca B 1,3 W 4,2 pasa MO CPaBHEHHIO C KaTalM3aToOpoM,
comepxaimuM 1eoauT Y. OTHOCHTENbHOE COACPKAHHE KHCIIOTHBIX IIEHTPOB CpeIHEH CHIIbI
Bo3pactaer ¢ 51,8% nna KaTanm3aropa, Mozm(pﬂunponaﬂnoro LeoMTOM Y 1o 56,1 u 77,8%
npu Moaudunuposanud SAPO-5 u SAPO-11, cootserctrenHo. Takoe HsmeHeHHe CIIeKTpa
KUCJIOTHBIX LEHTPOB ¥ yMeHbIIeHHe pa3MepoB nop B SAPO-5 u SAPO-11 composoxaercs
CHIDKEHHEM "KOHBEPCHH H-TEKCaHa H POCTOM CENEKTUBHOCTH ¢ O0Opa30BaHHEM TOJBKO 2-H
3-METHJIreKCaHOB. ’ '

Konpepcus H-rekcana pacTéT IpH BBEAECHHHU B cocta Pt- n Pd-xaranusaropos neomnmta
ZSM-5. B sToM ciy4ae B HpoAyKrax peakuuu Hapsany ¢ Ce -M3omepaMu OOHapy>XeHbBI
60315mne KOJIMYeCTBAa TMpolaHa, H- M u300yTaHa, H- M H30NEHTAHOB, YTO MOXET
CBI/IIIeTeJIBCTBOBaTb ‘06 M3MEHEHHH MeXaHH3Ma peaxunn M YBEIWYEHHM JONM TPOIECCOB
JMMEpH3alAA — KPEeKMHIa C POCTOM KOHBEPCHM H-reKCaHa. I'Ioammeﬂne macriepcHocty Pd
TAK)XE COMPOBOXKAAETCS pPOCTOM KOHBEPCHH H-TEKCaHa KaK 3a - C4€T NOBBILICHUS
M30MEPH3YIOIIEH CMOCOGHOCTH, TaK M YCWICHHS IPOLECCOB KPeKMHra. Tak, B Ciydae
Pd-karanusaropa, noxydersoro us 3011 Pd (d = 25 A®), xonsepcus npu 250°C cocrasnsiet
72,6% o cpaBHenuio ¢ 34,8% na Pd-karamuzatope u3 PACl,. Karamusartopel, noxydeHHbIe
u3 Oumeramnuyeckux Pd-Pt-3ome#t (10-30%Pt), Taxoke Gonee aKkTHBHBI, YeM IOJyYeHHBIE
nponuTKo# Hocutens pactsopamu HyPtClg + PdCly.

MeronoM 37€KTPOHHOM MHKPOCKONHMH IOKa3aHO, 4T0 B Pd-Karanusaropax Ha OCHOBE
someit . Pd ocHOBHas Macca wacTHn HMeeT pasMepbl 25A°, KOTOphe pPaBHOMEDHO
pacmpeJeNnensl 0 HOBEPXHOCTH MaTpHubl. CONOCTaBIEHHE H30MEPHU3YIOIIEH aKTHBHOCTH
Pt- u Pd- kaTaiu3aTopoB ¢ pacrnpeleneHieM KUCIOTHBIX LEHTPOB Mo TepMoAaecopbuuu NHj
TI0Ka3ajiH, YTO HaOIIOAAeTCs KOPPEISlHs M30MEPH3YIOUIEH CHOCOOHOCTH ¢ KOJIMYECTBOM
CPEIHHX W CIabbIX KHCIOTHBIX LEHTPOB, THAPOKPEKUPYIOIIEH aKTHBHOCTH C COJEpXAHHUEM
CHIIBHBIX KMCJIOTHBIX LIEHTPOB.

Ha ocHOBanWMu aHanu3a MpOAyKTOB MpEBpAICHU H-FeKCaHa Ha pa3jIM4HBIX 110 COCTaBY,
JCHIEPCHOCTH META/UIHYECKMX YacTHL M MerojaM moxydenus Pt-, -Pd- u Pd-Pt-
KaTajH3aTopax CACNaHel BHIBOJABI O MpeobiaflaHMM  MOHOMONEKYJISIDHOTO — MIIH
OMMONEKYIIPHOTO MeEXaHM3Ma peaKkIWHd H30MEepH3alHH H-TEKCaHa B 3aBUCHMOCTH OT
NOPHUCTOM CTPYKTYPHI ,.ueonmlon, JWCTIEPCHOCTA METALIOB M DPACHpPEIENeHAs KHCIOTHBIX
UEHTPOB H3YYEHHBIX MHOTOKOMIIOHEHTHBIX CHCTeM
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0] MEXAHI/BME CEJIEKTUBHOI'O BOCCTAHOBJIEHHMS NOx ITPOITAHOM
‘B A3BBITKE KUCJOPOJA HA Cu,Zn,Al OKCHIHOM KATAJIM3ATOPE
1O JAHHBIM CIIEKTPOKMHETUYECKHUX U3MEPEHUN

THE MECHANISM OF NOx SELECTIVE REDUCTION BY PROPANE IN THE
PRESENCE OF EXCESS OXYGEN OVER Cu-Zn-Al OXIDE CATALYST BASED
ON SPECTROKINETIC MEASUREMENTS

3akopuesnasn 10.I1., Matoimaxk B.A.*, Bypaeiinas T.H. u Tperpakos B.®.

Zakorchevnaya Yu.P., Matyshak V.A.x, Burdeinaya T.N. and Tretyakov V.F.

VIHCTHTYT HedTeXuMmIecKoTo cuHTe3a uM. A.B. Tomunesa PAH
Jlennnckwmit mmp., 29, Mockea 119991, Poccus
Fax: +(095) 230 2224; E-mail: tretjakov@ips.ac.ru
*MuctutyT xumudecko#t pusuku um. H.H. Cemenosa PAH
yi. Koceiruna, 4, Mocksa 117334, Poccus
F ax: +(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
resulting from mechanical mixing of this catalyst with a commercial Fe-Cr oxide catalyst.

B nocnensmne fecATUNETHS MHOTO BHIMAaHHMS yIeNsAeTCs pa3paboTKe KaTaln3aTOpoB I
peaKkuMu CeIeKTHBHOTO BOCCTAHOBJICHHS OKCHAOB a30Ta YIJIEBOAOPOAaMH B M30BITKE
xuciopona (CKB) [1]. '

OneuM ©3 cnocoGoB co3naHus A(PQeKTHBHBIX KAaTAIHTHYECKHX CHCTEM JJIA 3TOTO
mpoliecca SBJSETCH HCIONB30BaHME S(QeKTa CHHePrH3Ma, 3aKiIIOYalolIerocs B CBEpX-
AJUIMTABHOM YBEJIMYCHHM KAaTAIMTHYSCKOH aKTHBHOCTH HA MeEXaHHYECKOH cMecH
KaTaJlM3aToOpoB IIO cpanneﬁmo C MHIOMBHIYATBHBIMH KaTaiM3aTOpaMH, BXOISIIAMM B HX
cocra [2]. Takoit s3pdext OOHAapyXeH MNpH U3YYEHHH CENEKTHBHOIO BoccTaHOBIeHHs NO
TIPONAHOM Ha MPOMBIILIEHHBIX OKCHAHBIX Kataym3aropax CTK, Ni-Cr-okcuasom, HTK-10-1,
HE COZIEPKAIUX B CBOEM cOcTaBe 6raropoaHbIx MeTawios [3]. _

Ha oOcHOBE KWHETHYECKHMX H TEPMOAECOPOIMOHHBIX H3MEpPEHMH OIpeNeIcHbl
3KCIIEPHMEHTAIBHEIE YCIIOBHS, IPH KOTOPHIX Habmroxaetcs cuHepruasM. J[ig yCTaHOBJICHHS
IPUPOIBI cm{eprmma MPOBEIEHO  HCCIIE/0BAHME: JEeTANbHOTO MEXaHH3Ma nponecca Ha
Cu,Zn,Al OKCHZHOM KaTanm3atope. OKCICPUMEHTATBHBIA MOIXOM 3AKIOYANCS B
OIHOBPEMEHHOM M3MEPEHHH CIIEKTPOB [OBEPXHOCTHHIX cOeMHEeHHH ¢ noMoisio ypee MK
CIIEKTPOCKOTIHH (nntbtbysﬁoro OTpaXeHHs # IPONMyCKaHWs) M CKOPOCTH peakuuH. [lis

BBIACHEHHS POJM aACOPOLHOHHBIX (GOPM peareHTOB B W3Y9acMOM IIPOLIECCE IIPOBOIMITHCH
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TEPMOAECOPOIIHOHHbIE  OIBITHI HeIIOCpeJIGTBCHHO B UK xioete c ouHOBpeMeHHmM
HSMepeHKCM CIIEKTPOB nonepxnocmmx COeIHEHHH.

INokasano, 4To OCHOBHOM ()OPMOH aKTHBALMK OKCHAA a30Ta SBIAIOTCS 06pasoBaHKke Ha
HOBépxnocm HUTPHUTHBIX Y - HATPATHBIX KOMILJIEKCOB. ’I/Iayqua HX TepMOCTaGHHLHoéfL,
ompezeneH Koa¢pPUIUEHT IKCTHHKIMA KojIeOaHN# HUTPATHOTO IIOBEPXHOCTHOIO KOMILIEKCA.
OG6Hapy)XeHa aKkTHBHpOBAaHHas aicopOIus nponaHa. BelAcHeHa poiib KHCIOpoJa B 3TOM
nportiecce. JecopOImu KUCIOpoia ociie ero HHINBAAYATBHOM afcopOIyy He HaOMoaeTCs.

B yCI0BHSX CENEKTHBHOTO KaTATHTHYECKOTO BOCCTAHOBJICHUS OKCHIIOB a30Ta IPOMAHOM
B H30BITKE Kncnopozfxa Ha IIOBEPXHOCTU KaTalu3aTopa 10 JaHHBIM CHEKTPOKMHETHYECKHX
M3MEpPEHUH HaOMIONAlOTCS HHTPAaTHBIE IOBEPXHOCTHBIE KOMIUIEKCBl M OKHCIICHHBIE
¢parMeHTHl nponaHa (HATPOOPTraHMYECKHE KOMIIJIGKCBI); IIpoBeseHO CpaBHEHHME CKOPOCTH
IIpEBpaIleHUs HATpATHOro komiutekca U ckopoct CKB NOx B unTepBaie 200-300°C.

,. . OKasajoch, 4TO COBNAjCHUE YKa3aHHBIX cKopocTeit HaGnromaercss Tombko mpu 200°C,

TIpW TIOBBIIICHUH TEMIIEPaTyphl CKOPOCTh NPEBpaIleHHs HUTPATHOTO KOMIIJIEKCA MPEBBIIIACT

cr_ﬁopoc;rf_, peaxuuu. STdT 5pdexT oOBACHACTCS B paMKaX MEXaHH3Ma, B KOTOPOM
KHTepmenHaTaMﬁ ABJIAIOTCS HATPATHBIN U HATPOOPraHMIECKH i TIOBEPXHOCTHBIE KOMILIEKCHEL.

- Mpdopmanus o MexaHH3ME @pollecca HCIONb3YyeTcs U OOBACHEHHS HEBBICOKOH
aKTHBHOCTH H3ywaeMmoro Karammsaropa B CKB NOx. IIpuumnpa 3akirodaercs HE TOJBKO B
5} ¢eKTHBHOM MPOTEKaHHH Ha 3TOM KaTalH3aTope pPeaKklHH ITyOOKOro OKHUCIIECHHS MPOIaHa,
HO H B TOM, 4TO B IIPHCYTCTBHH KHCJIOPOZa HATPOOPTaHHIECKHA KOMILIEKC NPEBPAIIAeTCs He
TOJIKO B MPOAYKTHI peakuuy, HO U B NOx u COs.

. Ha ocHoBe mosy4eHHbIX NaHHBIX 00CYXIAIOTCs MpUYKMHBI cuHeprusma B npouecc CKB
OpH MEXaHHYEeCKOM CMEIOIMBAHHM HM3Y4YaeMOro Karaju3aTopa C IPOMBIIUICHHBIM

katanmmsaropom CTK.

Pabota BEIOJIHEHAa 0P YacCTHYHOH ¢buHaHCOBOM  mOAZAEpKKE POO.

IMTpoext Ne 02-03-33161.
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MEXAHH3M KATAJIMTHYECKOI'O ITPOITECCA NIPEBPAIEHU S
CXKWXEHHOTI'O HE®TSHOI'OTA3A B KUJIKHE YIJIEBOJIOPOIbI

- MECHANISM OF CATALYTIC PROCESS OF CONVERSION
OF LIQUEFIED PETROLEUM GAS TO LIQUID HYDROCARBONS
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Zakumbaeva G.D., Toktabaeva N.Ph., Gorbacheva L.V.,
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Using of heterogeneous catalyst in process of alkylatiori of pentane by C,-Cs-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 alkylation. Mechanism of conversion was
explained. '

TeXHONOTHS TNPOW3BOJACTBA AIKHIAT-GEH3WHA, KAaK KOMIIOHEHTA BBICOKOOKTAHOBBIX
OEH3MHOB, OCHOBBIBAETCS B MHPOBOH IIPaKTHKE Ha IPUMEHEHHU B Ka4yecTBE KaTalM3aToOpOB
KMIKAX MHMHEPATHHBIX KHUCIOT. JTa TEXHOJOTHS TpeOyeT BBICOKHX YAENBHBIX PacxoioB
KaTajau3aTropa, JJIEKTPOIHEPTHH, SBISAETCS OJKOJOTHYecKH omacHo. C HCIHOJIb30BaHMEM
TeTEPOTeHHBIX KaTaIN3aTOPOB PEMIAIOTCA BCE STH TPYIHOCTH.

AJIKMIIAT, NOJYyYCHHBIH U3 JIETKUX ATKaHOB U ONe(HHOB B MPOIECCE AIKHIMPOBAHUSI C

IPUMEHEHHEM TBEPOTO KaTaTH3aTopa, [0 KaueCTBy He YCTYyIaeT ajJKHiIaTy, MOJyYeHHOMY B
TPaJUIIHOHHBIX IPOMBIIIUIEHHBIX MpoLeccax.
h B kayectBe KaTanM3aTOPOB MCHOJIB30OBAIUCH IEONHTCOAEPIKAIIHE CHCTEMBI C
YCHJICHHBIMH KHCJIOTHBIMH CBOMCTBAMH M DPOMOTHPOBAHHEBIE DPa3IMYHBIMH METAJLTAMH.
UcnpiTapns KaTtanu3aTOpoB NPOBOJMIMCH B TPOTOYHOH YCTaHOBKE IIPH BapbHPOBAHHH
Temmeparypsl Iponecca (200-400°C), maenenus (0,25-1,5 MIla), o6bemuo#t ckopocTu
nonayn ceipbs  (150-300 q'l). B kadecTBe CBIpbS HCHONB30OBAIM CMECh IIEHTaHA W
cxmkennoro Hegraroro raza ( CHI™ ), cocrosmero u3 C;-Cy-ankaHoB.

HaiineHo, 4ro B OPHCYTCTBHM ONTUMA&IBLHOTO KaTalW3arepa NpH BapbHPOBAHHH
JaBneHHs cMech B uaTepBane 0,25-1,5 MIla u temmeparype 200°C mpu B3auMOACHCTBHH
nenrana ¢ CHI' oOpa3syiorcst JkuaKue YrieBOAOPOIBI, a Takke onedMHBI H BoJopoAd. B
ra3oBoil ¢ase oOHapyxeHsl Herpopearuposasinve neHTal H Cy-Cy-ankanbl, onedunnl C3-Cy.

B xuakoit daze xatanmsara Haitgens! Cs-Cgi-yrneBomoponsi. Konsepeus nenaTasa ¢ pocTom
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nasnenus ot 0,25 no 1,5 MIla npoxoaut yepe3s MakCUMyM npn 0,5 MIla n cocTaBisier 55%.
C moBBIIEHHEM TEMIEpPATYpHl OT ‘200 1o 300°C npu nasnenum 0,5 MIla B xuakoit daze
KPOME HENpOPEearupoBABLIETO [IEHTaHa OGHAPYKEHBI YTIIEBOOPOMBI : M30~- M H-TEKCAHbI, H30-
W H-TENTaHbl, U30- H H-OKT&HBI, TONyoJ, 3TUNOeH30, kcuaonsl. CyMMapHoe copepixaHue
HeJIEBBIX NPOTYKTOB, ABJISIOMHXCS KOMIIOHEHTaMH 6eH3nHa, coctasisieT 70%.

Pa3zpaboTaHHbIil KaTaJH3aTop ixdcraTquo AKTHBEH B M}Iri(nx ycnosusax pabotel [lpu
arMochepHoM naaBieHum W Temmeparype 400°C npu ankuwimpoBanuu neHtaHa Cp-Cy-
aJIKaHaMH IOABIAETCS CBETJIBIH JKHIAKHA IPOIYKT, cOcTaB KoToporo mpencraBieH Cg-Coi-
yriaeBogopoaaMu. CyMMapHBIH BBIXOJ XKHIKHX YTIIEBOAOPOIOB Cé cocrasiseT 95,4%, B ToM
ypcie u30- 1 H- rexcansl ( 1,6% ), u3o- u H- remransl ( 3,5% ), H30- # H- OKTaHsI ( 29% ) u
6onee Tsokenble yriaesonopoast ( 61,3% ).

IpennaraeMpni KaTanus3aTop HOMH(YHKIMOHANEH W OXHOBPEMEHHO B OHY CTajHIO
npbnonnr JETHAPHPOBAHUE, H30MEPH3ALMIO ¥ AIKHIMPOBAHHE H30-AIKAHOB onedunamy,
00pa3yIoIMMHUCS B HpoIlecCe IpEeBpallieHHusl MCXOJHOro Chipbs. [Ipemiaraercss MexaHH3M
peaknuu. [IpoTexanue peakuuy AETHAPHPOBAHHS MOATBEPXKAACTCS HAIUYHMEM B IIPOLYKTaX

BOJIOpOAa 1 oNe(HHOB.

142



‘PP:74
MEXAHW3M KATAJIMTUYECKOI'O IIPEBPAIIIEHUS JIETKUX AJIKAHOB
B OJIE®UHBI

MECHANISM OF CATALYTIC CONVERSION OF LIGHT ALKANES
TO OLEFINES

3akymbaena I'.[l., ToxTabaeBa H.®., Ky6amesna A.)K., Bpoacknii A.P. u SIckesnu B.1.
Zakymbaeva G.D., Toktabaeva N.Ph., Kybasheva A.Zh., Brodsky A.R. and Yaskevich V.L

HHCTUTYT OpranmyecKkoro Karammsa u sexrpoxemun uM. J1.B. Cokonsckoro MOH PK
yi1.KynaeBa, 142, Anmarer 480100, Kasaxcran
Fax: (3272) 915722; E-mail:orcat@nursat.kz

The investigation of catalytic conversion of C,-Cs-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”.

OCHOBHEIM KJIACCHYECKMM HCTOYHHMKOM CBIphSl JUIS IPOU3BOJACTBA JTHIICHA SBIACTCS
Hadra. IIpomecc nomyuenws onepunoB u3 C,-C4 ankaHOB saBmsETCS HOBBIM, MaJio
HCCIIEOBaHHBIM IIPOLIECCOM. :

Konsepcuio - C,-C4 ankaHOB HM3ydaid B IIPOTOYHOM KBapIIEBOM =~ PEAKTOpe co
CTallHOHApHBIM croeM Katamusaropa 5% Fe/SiO; u 10% Fe-Mo/SiO, npu armocdeproM
JaBIICHHH. -

[Tokazano, uyro B npucytcTBur 5% Fe/Si0O, kaTanu3aTopa cTeneHh KOHBEPCHH 3aBHCHT
OT TeMmeparypbl U OOBEMHOH CKOPOCTH mojaud ankaHoB. Ilpu Temmeparype 903 K u
W=1250 v’ KOHBEpCHA ajikaHoOB coctaBnseT 80,3% Macc, B IPOJYKTaxX peakuuu 06HApYKEHO
Io 22,6 % stunena, a cymmapssiit Berxon oedunoB Cr-Cy cocraBnseT 39 %. B npomykrax
peaximMu TaKxe HaljieHsl 6eH30I1, MeTaH ¥ BofopoX. C MOBHIIEHUEM TEMIEpaTyphl peaKiuy
0 953 K mpu Tex ke CKOpOCTAX NOTOKA raza KOHBEPCHS PE3KO BO3PACTaeT M JOCTUTaeT
98,9 %, Beixonx sTHieHa coctaBiseT 45-46 %. CymMmapHBIi BBIXOH ONE()UHOB JOCTHUraeT
52,9-53,2 %.

ITpoMoTHpOBaHKE >XENE3HOTO KaTaIM3aTopa MOJHOJEHOM IPHBONUT K IIOBBIIICHHIO
KOHBEPCHHM TIa3a M BeIxoza otuneHa. B mpucyrcteum 10 % Fe-Mo/SiO; nmpu 923 K u
W=250 q’! KOoHBepcHs cocraiseT 95,7 %, B mpogykrax peakuuw oGHapyxeHo 1o 50,5 %
STHJIEHa, CyMMapHsIi Bbxo C,-C4 oneduHOB paen 58,2 %.

MeccbHayapoBckue cnekTphl cucteMbl Fe-Mo/Si0; moce mpoITMTKH pacTBOpaMH CoJiei
xKene3a U MonubaeHa, cHaTele NMpH 293 K u Temmeparype XHOKOro a30Ta, NPeACTABISIOT

) +
coboit CYIIEPIIO3UIHUIO ABYX IIY6JIC’I‘0B, OTBCYAIOUMX BEICOKOCIIMHOBBIM COCTOSHHAM Fe13 H
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Fe,** ¢ Gum3kuMu 3HaueHWAMH HM30MEpHBIX CIBHrOB (SE;) ¥ pasIHUHBIME 3HAYEHHAMH
KBaPYHONBHBIX pacmemnenuii (SEq). Moxuo monarath, uro coctosmms Fe?' u Fe,*
COOTBETCTBYIOT Pa3JIHYHEIM IIOJIOKEHHUAM JKEIE3a HA TIOBEPXHOCTH HOCHTENSA, B YaCTHOCTH,
¢dopma ¢ mepmmM Eq BO3MOXHO oTBeuaeT Oosiee INIyOOKO paclIONONKEHHOMY JKeJe3y.
IIpoKanKa CHCTeMbI pH TeMIepaType 693 K IpHBOIAT THIIb K HEKOTOPOMY yBenuueHno Eq
zma obeux ¢opmM xenesa. '
- CHeKTpsl, OMyYeHHBIE TIPH TEMIIEPAType KHAKOTO a30Ta, MOKA3bIBAIOT, YTO AaXe IpH
80 K B cucreMe OTCYTCTBYIOT MaTHHTéj;ﬁQpﬂHOHCHHLIe obpa3oBanug. ITO CBUAETEIBCTBYET
O TOM, 4YTO pa3Mep arperarcs MéTaJma Ha HoCHTENe He npesbimaer 5-7 HM. JlaHHBIE 110
_' BOCCTAaHOBJIEHHIO KaTalu3aTopa B aTMocdepe BOIOpOJa B HHTEpBATIE TeMHepaTyp 393-793 K
" IIOKa3bIBAIOT, 4TO Haqﬁﬂax ¢ 393 K BO3HHKaET BHICOKOCTIMHOBOE COCTOSHHE: Fe?* '(~5?%) U
npu 793 K ero orHocuTenbHOe cojpepxanue nossimaercs a0 80 %. Kak um B ciydae c
xenezom (111), Fe** TPEACTABIEHO ABYyMs popmaMu. MoXHO monarats, 4T0 Kaxa0d popme
Fe** orBeuaer cBOif IpeAIIECTBEHHHK - COOTBETCTBYIOINas (opMma Fe*. IIpu 793 K
katamuzarop conepxur a0 10 % Mmerammueckoro xenesa (o-Fe).

MeccbayspoBckue crnektpel Fe-Mo/SiO;, mosydeHHble IpH TeMIIEpaType JKHIKOTo
a30Ta, MOCJE €ro MPOKaIKM Ha Bo3xyxe nmpu 793 K (mpeaBapHTEIbHO BOCCTAHOBJIEH B
arMocdepe BOAOpOJa) MOKa3bpIBAIOT, YTO MOCIE IIHKIA BOCCTAHOBJICHHWE - OKHCIICHHE
' CHCTEMa COJNIEPXHT JBE (OPMEI Fe’*, Gmmskne k QopmaM, NPHCYTCTBOBABIIMM [0
~BOCCTaHOBNEeHHA. Kpome 3Toro, CHEeKTIpbl MOKa3plBalOT Hajnuuhe okoio 10 %
MarHUTOYTIOPSANOYEHHBIX 00pa3oBaHMH NpeNnoNoXUTenbHo B Buae Fe O3 (rematur) unmm
- 'Fe;04 (Maraerut). CieaoBaresHO, IMOCIE HHUKIa BOCCTAHOBIECHHUE - OKHUCIICHHE ITPOUCXOTUT
" HEKOTOPOE YKPYIIHEHHE YacCTH JXKeIe30COAePKAULHX arperaTos BIUIOTh 10 9-11 Hm.
PaccMorpen Mexanu3m npeppameHus C,-C4 ankaHOB Ha  KeENe30COHEpPXKaIlEM

- KaTaJ|3aTope «in situy.
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MEXAHHW3M CHUHTE3A OUIIEPA-TPOIIIIA HA MOHO-
U BUMETAJUIMYECKHUX PYTEHUUCOJEPKAIIINIX KATAJIM3ATOPAX

THE MECHANISM OF FISCHER-TROPSCH SINTHESIS ON MONO-
AND BIMETALLIC Ru-CONTAINING CATALYSTS

3aKyM6aeB£i r .., llanoBanoga JLB. u 'a6apakunos A.B.
Zakumbaeva G.D., Shapovalova L.B. and Gabdrakipov A.V.

I/IHcmTyT OpraHM4ecKoro Karajuusa u snekrpoxumud um. J1.B.Coxomsckoro MOH PK
Kymnaesa, 142, Anmmvatei, Kazaxcran
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+H, interaction over Ru-
and Ru-M-catalysts were defined by using experimental and quantum chemical methods.

B nmamHO# paboTe mpHBENEHBI pE3YJIbTaThl CHCTEMAaTHYECKOrO HCCIEHOBAHMS
afcOpOIMOHHBIX M KaTanuTHYecKHX cBoiictB Rw/Al,O3 u Ru-M(1:1)/Al,0O3-karamisaTopos
(rme M =Fe, Co, Cu, V, Cr, Mn, Ce) cuntesza Gumniepa-Tponura.

I'uapupopanne CO Ha Ru-M-karanusaropax OpuBOAMT K 00pa3oBaHHIO CHEKTpa
OpraHMYeCKHX COCMHEHUH C pa3IuuHbBIM MoNeKy IpHbIM BecoM (0T Cy o Cyp), B TOM ymcie
oJieQHHOB ¥ HapaQUHOB H- U M30-CTPOCHHS, a TAKIKE KHUCIOPOJICOACPXKAIAX COEIUHEHHIA.
JInsa Kaxaoro KaTaju3aTropa XapakTepeH OINpeAciieHHbIH Habop MPOAYKTOB, 3aBHUCSINMM OT
npupoxsl Metania-gobasku. Ha Ru-Al,O3 o6pa3yeTcs mpeuMyIecTBEHHO METaH.

YcTaHOBNEHO, YTO HAa MOBEpXHOCTH OnMeTauimyeckux Ru-M-karanusaropoB pyTeHMi
naxozures B Buge Ru’ 1 Ru®. DHeprus csasu Ru3psp-371eKTPOHOB H3MEHSAETCS B IIHPOKAX
npenenax ot 461,2 no 464,3 3B, T.e. oT Ru’ 10 Ru®’, cHmxasce B pany nobasok: Cr > Mn >
Ce > Cu > V > Co > Fe. 3uaueHus dHEPruM CBA3U 2P3/2-3JIEKTPOHOB METANIOB-KOOABOK
COOTBETCTBYIOT MX OKHCJIEHHBIM COCTOSHHAM. [IpeobnagaroT 4YacTHIBI Ry’ ¢ ds5 A,
o6beuHeHHEBIE B Gojiee KPYIHbIE arperaTsl, OKCHIHBIE CTPYKTYphl M-106aBKi M PEHTTEHO-
amopduble o6pazoBaHms, HIAeHTHUIEpoBaHHBe kak Ru-M-kmacteper. CymiecTBoBanHue
Ru-M-Ki1acTepoB NOATBEPKIACHO KBAHTOBO-XMMHUYECKAMH pacueTaMM H SKCIEPUMEHTAILHO.

OGpazoBanre Ru-M-KJacTepoB CyLIECTBEHHO CHHXKAeT TEILIOTY aJcOpOLHH BOAOPOAA.
au™ (xJx/Monb) mensierces B psgy: Ru (146,0) > Ru-Mn (106,6) > Ru-Fe (101,8) > Ru-Cr
(101,0) > Ru-Ce (99,6) > Ru-Cu (77,4). MukpokaTopHMETPHYECKHE M KBAHTOBO-XHUMHYIECCKHE
" HccTeloBaHMS MOKa3HIBaioT, uto H, axtuBmpyercs Ha Ru’, BXojsmem B COCTaB MOHO- H

OHMETAJUTHYECKUX KJIaCTECpoOB.
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Maxcumansisie TemaoTel COqyye Ha Ru-M/ALO3 Taroke HEXe, yeM Ha RwWALO;3; oo™
(KlI)K/MOJib): Ru (199,0) > Ru-Fe (1-34,0) > Ru-Mn (1 18,5) > Ru-Ce (1 1'8;3) > Ru-Cr (112,7)
> Ru-Cu (97,6). Ycranosneno, yro CO Ha RW/Al O3 xemocopbupyercs npeuMyIIeCTBEHHO B
MOCTHKOBO#H (opme ¢ m.ir. 1940 em™ (Ru,’CO) 1 1880, 1820 em™' (Ru,’CO). Ha Ru-M/ALO;
npeobmagaer CO, THHEHHO XeMOCOpOMpPOBaHHBIH Ha M?° (2000-2070(80) cm) w M™-
menrpax (2130-2190 em™), 9To cormacyercs ¢ KBaHTOBO-XMMHYECKHMH pacueTamMu: C-aToM
Monekyisl CO. npr xemocopbmum Ha Ru’-nentpax koopmumupyercs ¢ Tpems Ru-aromamu c
3acenenHocTsiMu cBsizd N (M-C) 0,588, 0,612 u 0,612, yro cootBercTBYeT Ru,CO (1970-1860
em’). Ha 6uMeramueckux menTpax Ru-M jmokasaHo mpeoGrnagaHHe NHMHEHHEIX CHIIBHO
paspbIxiIeHHBIX GopM COqye. ' "

AHanH3 pe3ynbTaToB TepMOJCCOpONHOHHBIX, MK-CIeKTpOCKONMYECKMX M KBAaHTOBO- -
XAMHYECKHX HccnenoBanuii xemocopbumu CO u comocTaBleHHE HX € JaHHBIMH 110
THAPOTreHH3AIMY TI03BOJIAET MPEANIONOXKHTh, YTO OCHOBHAs YacThb MeTaHa oOpasyercs Ipu
ancopbuuun CO TI0 AMCCONHATHBHOMY MEXaHW3My, NPEHMMYINeCTBeHHO -Ha Ru’-mentpax.
MonomeTadeckne Ru’~IeHTphI XapakTepu3yioTcs BHICOKOH aKTHBHOCTBIO IO BOZOPOLY.
Bosniee cokHBIE TPOIECCH MPOMCXOAAT HAa OMMETAUTHYECKUX IIEHTpax, IE MMEET MECTO
accouuarupHas axcopoumsa CO (nmmeitnsle ¢opmbl), a HanpasineHHe peaxuun - CO+H,
3aBHCHT OT MPHPOJABI BTOPOro KOMIIOHEHTa OMMETAIHYECKOT0 PpYTEHHICOAEpIKAIIero
KaTamu3aropa. Azxcopbuus u B3aumogpeiicteue CO W BoJOpoia MOXET MPOHCXOMMUTH IO
rpanune paszgena ¢a3 B knacrepe Ru-M;. 3apoxxaeHne neny HauMHAETCs B3aMMOJEHCTBHEM
CO u Bogopoza Ha-OUMETATIMYECKOM aKTUBHOM LeHTpe. Pa3BUTHE 11enu IPOHUCXOAUT Ha TOM
e caMOM IEHTpe IyTeM BHEIpEeHHs NHHEHHO XxeMocopOupoBanHO# MoseKyasl CO mo cBs3u
M-ankusi. B3aumozneiicTBHe IPOMEXYTOYHOTO GIMIICOAEPIKAINET0 COSAUHEHUS C BOJOPOIOM
U TocIeqyIolee STMMAHAPOBAHUE BOJBI IIPUBOIUT K 00pa30BaHUIO ATKUIBHOH CTPYKTYpBHI,
CBS3aHHOM C aKTHBHBIM IIEHTPOM. DTa CTPYKTYpa MOXeET NpHcoeauHITh Mosekyry CO (poct
1enx), 160 3a cyeT NepeHoca BOAOposa JaBath o~oJie(uH (IepBHUYHBIA NPOAYKT CHHTE3a) U

0CBOOOX/IaTh aKTHBHBIN IEHTP.
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MEXAHHU3M AICOPBIIANA H,S HA AKTUBHBIX HEHTPAX CYJIb®HUIHBIX
KATAJIM3ATOPOB

y o

THE H,S ADSORPTION MECHANISM ON THE ACTIVE CENTERS OF SULFIDE
CATALYSIS

3axapos U.H. u Crapuen A.H.
Zakharov LI. and Startsev A.N.

Muctutyt katanmsa uM. I'.K. Bopeckosa CO PAH, HoBocuGupck 630090, Poccust
E-mail: ivan@catalysis.nsk.su

The H,S adsorption on the bimetallic sulfide catalysts Co/MoSz- (with and without the
occluded hydrogen) is considered by the DFT quantum chemical calculations.

OCHOBEIBasIC  Ha  KBaHTOBO-XHMHYECKMX HCCIEHOBAHHAX II0  OKHCIMTECILHOMY
NPUCOCNMHEHHIO Bofiopoa K cynbduaaeiM Ni-Mo-katammsaropam [1], Mbl. npummm K
IPEACTABICHUAM, YTO aHAIOTHYHBIA mpouecc (GOPMHUPOBAHHS AKTHBHOTO HEHTpAa HMMEET
mecto u B ciyyae Co/MoS, Karaimsatopos [2], Korha OKKIOAMPOBaHHBIM Bojopos H,
dopmupyer okuciurensHoe coctosuue Co(Ill) ¢ d° -amexrponno#t Kordurypamueii vona u
KOOpJAHHALMOHHOM BakaHcued [ (puc. la). B Toxe Bpems, Qxcﬁepnmeménbnble aHHBIC
YKa3bIBalOT Ha BO3MOXXHOCTE IPHTOTOBJIEHHS 00pa3IoB cynmbpmm,m KaTaJIM3aTOPOB KaK C
OKKJIFOMPOBAaHHBIM BOAOPOJIOM, Tak U 6e3 Hero [3]. Ha puc. 16 mpencraBnena KBaHTOBO-
XEMHYecKkasd Mojens akTuBHOro meHrpa Co/MoS, xaranmzatopa 0€3 OKKIIOIHPOBAHHOTO
Bozopoaa ¢ okucaurenbHbM cocTossHueM roHa Co(ll) u xoopauHanmuoHHOM Bakancued -[

@ ©)

Puc. 1. Knacrepnas mozens aktusHoro neHrpa Co/MoS, katanus3aTopa ¢ OKKIIOAUPOBaHHBIM
BozopoznoM - (Co-H,),S,(SH,), (a) u 6e3 oxxmoxupoBanHoro Bogopoaa - Co,S,(SH,), (6).

Hesmmupudeckuit DFT/B3P86 pacuer 3neKTpOHHOH M reOMETPHYECKOH CTPYKTYpHI
KJIACTEPHOH MOJENH aKTHBHOTO IIEHTPa XOpOIIO COOTBETCTBYET OSKCIEPHMEHTATLHBIM
JAHHBIM, YTO HOHBI KOOanhTa HAXOAATCS B KBaJpaTHO-ITMPAMHJAILHOM OKPYKCHHH H3
aToMoB cephl ¢ paccrosaueM Co-Co=3.16 A. [TpoBeeHHbIE KBAaHTOBO-XMMHYECKas PacUETHI
MOJIEKyISpHO# (pHuC. 2) ¥ auccommarHBHO#M (puc. 3) xemocopbumu H,S yxaswiearom na
CyujecmeeHHo OOnbUYI0 XeMOCOPOYUOHHYIO AKMUBHOCMb cyﬂirjyubnbzx Kamanuzamopoe - ¢

OKKNIOOUPOSAHHLIM ~ 6000p00oM.  Tak,  pacCUMTAHHBIE  OSHEPIMH  MOJIEKYISPHOH
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(AE\= -12.7 xxan/mons) u mucconratusoi (AE,= -28.7 kxanr/mons) ancopbuuu H,S Ha

AKTHBHOM IIGHTpE C OKK/IIOJMPOBAHHBIM BOJOPOAOM 3HAYMTENHHO GOMNBINE JHEpPrHii
agcopbumu  H,S Ha NOBEPXHOCTHOM LEHIpe CyIbQHAHOrO Karainmsaropa Ges
OKKITIOMPOBAHHOI'O Boz[opéna (AE= -2.2 kxan/monp u AEp= +2.2 kxan/mons). DFT
pacyeTs! IEpPeX0IHOT0 COCTOSIHUA AUCCOIMAaTUBHOM agcopbuun H,S Taxxke noomsepoicoaiom
O0MbUWYI0  PeaKyuoHHylo  CNOCOGHOCMb  NOBEPXHOCMHLIX — YEHMPO8  CYAbQUOHBIX
Kamanu3amopo8 ¢ OKKMOOUPOBAHHBIM 6000p000oM. PaccuMTaHHas >HEPrUs aKTHBAIMH
AucconMaTHBHOH ancopbuuu H,S Ha akTHBHOM LEHTpE 6e3v OKKJIFOZIMPOBAHHOTO BOXOPOJIa
cocrasisieT E, =12.5 Kxan/Mom,, TOTZIA KaK NpU HATMYHH OKKIIOAUPOBAHHOTO BOJOPOJA B

KaTajiM3aTope, JUCCOHaTUBHas aacoponuu H,S npoTtekaer 6e3 sHEpruM aKTHBALHH.

0
Ny © o

r(Co-SH2)=2.7A

Puc. 2. Pacyer monexynspHod ancopbumu H2S Ha axrusHom uentpe Co/MoS) katanusaropa c
OKKJTFOAMpOBaHHBIM Boftopoaom Hy (a) u 6e3 oxkmoauposanHoro sogopona (6).

1.34 A

Puc. 3. Pacuer auccounatusaoi xemocopSumu HpS (H2S = SH + H) na axtuBrom uentpe Co/MoS)
KaTalH3aTopa ¢ OKKIIOAMPOBAHHBIM (2) 1 6€3 OKKIIIOAMPOBAHHOTO Bofopoaa (6).

-Pabora BemonHeHa mpu momuepxke Poccuiickoro ¢oHma ¢yHAaMEHTaNBHBIX
uccienoBanuii (rpant Ne 01-03-32417).
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N3YYEHUE MEXAHU3MA ®OPMHUPOBAHUS U CTPYKTYPHI AKTHBHBIX |
B IIPEBPAIIIEHU U HEHACLIIJ_[EHHI)IX I JJEBOJIOPOJ1OB
KOMIJIEKCOB ITAJUJIAJTMSA B KATAIMTHYECKUX CUCTEMAX
HA OCHOBE Pd(Acac); 1 BF;0E¢t,

STUDY OF THE FORMATION MECHANISM AND STRUCTURE OF PALLADIUM
COMPLEXES ACTIVE IN UNSATURATED HYDROCARBONS CONVERSION IN
THE CATALYTIC SYSTEMS BASED ON Pd(Acac)z AND BF;0Et; '

3eanncknii C.H., Tkau B C Tmlca.nona O B., PatoBckmii I'.B. u llImuar ®.K.
Zelinskiy S.N., Tkach V.S‘., ,:TJbukalova 0.V, Ratovskiy G.V. and Shmidt F.K.‘ )

HpxyTckuil rocy 1apCTBEHHBIH YHUBEPCUTET, XUMHYECKHIA (aKyIbTeT
ya. K. Mapkca, 1, Upkyrck 664003, Poccus
E-mail: 358541 @mail.ru

Using IR, UV, NMR, ESR spectroscopy for the study of the interaction between
Pd(Acac); and BF3;0Et; 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 [HPAL;]'BF, (L= phenylethyne) and HPd(Lz)F BF;
(L= styrene, hexene-1) were identified.

Cuctremsl Ha ocHoBe Pd(Acac), (Acac — aumerwnaneroHaTHbIi nurana) ¥ BF;0Et,
SBISTIOTCA ~ AaKTMBHBIMM  KaTalu3aTOpaMH B  CEJEKTHBHOM  JIMMEpH3allMd  CTUpOIA,
TenoMepusanun OyTagueHa u néonpeﬂa, MIO3ULMOHHON H30MEPU3aLNH a-énKeHGB [1-3]. IIM
MOJOOHBIX CHCTEM B Ka4yeCTBE aKTHBHBIX IPEATIONAraroTCsAd KOMIUIEKCHI 00UIero cocrasa
HPd(L,)BF4. B obcyxaaemoit pabote npu usyuenun B3aumozeiicreus Pd(Acac), u BF;0Et,
HKCIEPAMEHTATBHO OOOCHOBaH MOCIENOBATENbHBIH pAX HHTEPMEIHATOB, B TOM YHCIC
(Acac)Pd(L)(O-Acac-BF3), - [(Acac)PdL;] (Acac-BF3)’, [(Acac)PszB(Acac)]+F
[(Acac)PszB(Acac)] BF,, rae L=OEt,, npenmectsyromux o6pa3oBaHuiO (Acac)PdBF4, KaK
MPOJYKTa, 3aBEPIIAIOIIETO BHEIHeCHEepHBI 0CMeH 0HOro U3 Acac-nmurannos Ha F mexmay

Pd(Acac); u BF;0Et; Ha 3aKTIOUHTENHHOM 3Tarle 10 ypaBHEHHUIO!

o, F O o, ,F ,F
< Pd B >BF4 — Pd B + F,B(Acac)
o F o o F "

() (1) -

Kommieke (I) MoxHO paccMaTpHBaTh Kak MOJENb MHTEpMENHaTa, 3aBepIiaroniero 1-i
sTarm  ¢GopMHpOBaHUA aKTUBHBIX KomiuiekcoB tuna HPAL,BF4 (III). 3toT BBIBOX
MOATBEP)KAAETCA JTAHHBIMU MO B3aUMOJEHCTBHIO KOMIIOHEHTOB cucteMbl Pd(Acac); + 2PPhs

+ 4BF30Et,, T/e B IPOAYKTaxX B3aHMOJCHCTBYS HISHTH(QHIEPOBAH KomiLieke Pd xaTHoHHOTO
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THma coctapa [(Acac)Pd(PPhs),] BFs. KoMIIIEKChI aHAIOTMYHOTO CTPOEHH d)opMprxoTcx
IpY  B3aMMOJIEHCTBHHM KOMIIOHEHTOB OOCYXIaeéMOM CHCTEMBI H . B NPHCYTCTBHH
YIJIEBOAOPOLNOB: [(Acac;)Pd(L;_)]*BF;{, rae L=(enunaneTunes umm rekcen-1 npu oTHOIIEHHUH
I./Pd=2/1. Tlpu yBenuueHun cooTHomenus L/Pd (Gonee 2) mabimomaercs TpaHCopMmarms
ocTaBmerocs Acac-narasza npu Pd u3 "6nnem'amof/i. O-dopmbr B MonozeHTaTHYIO C-hopmy
W TOCTeAyIolee BHEIPEHHE MOJIEKY]l HEHachIIIEHHOTO yriesogopoza no cBsasu Pd-C. Ipu
3TOM B MPHCYTCTBUM (eHHIANCTHICHA (l)OpMPIpYIOTCSII‘KOMHJIeKCBI NatIanus, coepxaniye
fI0JIMeHOBBIE (pparmMeHThI, 0Opa3oBaHHbIe U3 6-8 Monexyn deHunaneruineHa. B npucyrcTBuu
CTHpONa MM TeKCeHa-1 BHEAPEHHEe MOIEKyI cy6crpaTa no ces3u Pd-C 3aBepmaercs
NOCIEAYIOIUM PacagoM BHOBb 00pa3oBaHHOH CBS3H Pd-C o MEXaHH3MY B-runpugHOro

casura u obpazosannem komiiekcoB tura HPd(L,)F-BF;:

CH, CH;

o T - o~]| tBF;0R, L \C—O ‘BF; ' L \C—O-BF3
BF: (LQ)Pd: ) — F3B-F—Pd CH — F3B~F—Pd L-CH
O - OEy, 1 C—CH ,C—CH;
o’ o’
' CH;
L AN
+L ,C=0-BF; .
—> F;B: F—Pd H + L -—CH L~=rekceH- 1, cruporn
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CATALYTIC ACTIVITY, STRUCTURE AND STABILITY OF TRYPSIN IN AOT-
STABILISED WATER-IN-DECANE MICROEMULSION

KATAJIMTUYECKASI AKTUBHOCTD, CTPYKTYPA U CTABWIBHOCTH
TPAIICUHA B MI/]KPO[-)MYJILCI/UIX BOJXA/MACJIO HA OCHOBE A3PO3OJI$I oT

Zuev Yu.F., Zakhartchenko N.L., Stupishina E.A., Faizullin D.A.
and Vylegzhamna N.N.

3yes 10.®., 3axapuenko H.JL., Crynumuna E.A., @aiisyaun 1A, n
Beurerskanuna 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 CaF, cells. Temperature changes in
microemulsion structure -were controlled with the help of '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). A ' N .

This work is supported by the Russian Foundation fdr Basic Reéearch
(grant no. 02-03-32923). R | "
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K BOITPOCY O MEXAHU3ME IIUKJIOIIPOTIAHAPOBAHUS OJIE@UHOB U
AIETWIEHOB C IIOMOIIBIO AIEt; IIOA TEUCTBUEM
METAJUVIOKOMIVIEKCHBIX KATAJIM3ATOPOB
TO A QUESTION ON THE MECHANISM OF CYCLOPROPANATION OF
OLEFINS AND ACETYLENES WITH AlEt; UNDER THE ACTION OF METAL

COMPLEX CATALYSTS
HUoparmmon A.T'., Xapusosa J1.O., Xamaoe JI.M., [lappenona JL.B. JIym;smona M.IL
u bxemuaen Y.M.
Ibragimov A.G., Khafizova L.O., Khalilov L.M., Parfenova L.V., Lukjanova M.P. and
Dzhemilev U.M.

WucturyT HehTexumun u katatuza AH Pb u YHI[ PAH
npocn. Oxts6ps, 141, Va 450075, Poccus
@akc: (+7-3472) 31 27 50. E-mail: ink@anrb.ru

The new perspectlve method for a synthesis of di-, tri- and tetrasubstituted cyclopropanes

by the reaction of a-olefins and acetylenes with AlEts, and electrophlhc reagents (R;SOy4,

CHylL,, alkyl halogenides) in the presence of Zr- and Ni-containing complex catalysts is
developed.

B noxsiane npeacTaBieHsl pe3yNbTaTh IO H3YYEHMIO MEXaHU3MA [THKJIONPOTIaHHPOBAHHS
0-07I€()MHOB ¥ allETUICHOB C IOMOINBIO TPHAIKAI- WJIH ATKHITaJ0reHaTaHOB. Y CTAHOBJIEHO,
yro 1,1-mu3amemennsle  muknonponassl (1) uw  (2) dQopMmupyroTCHI B YCIOBHSX
xatanusupyeMod CprZrCly. peakuuu MMKIOATIOMAHMPOBAHHA 0-0Te(MHOB WM AllETHIEHOB
AlEt; npu nocneoBatensHOR 00paboTke 00pasylomuxes in sifu aMOMALHUKIONEHTAHOB U

QTFOMAITUKIIONIEHTEHOB 3IEKTPOGHIBHBIMH pEareHTaMH.

. R
Lo R . .
R—"N, [Z1 RC=CR, [Z1] (‘\ﬁ\
P AIEt, , R
; | y
Et - E ’ " Et
CHz’; R1—E—R2 ) A
IN]| Z~—Cl R1,SO,
' ’ R' v R? : '
\/\YR‘ () . Et)v(a - @ DR’
. (3) R R R!

Kmoquon c*razmeﬁ IMKJIONPONAHUPOBAHKSA - MOHO- H III/IS&MCIHCHHBIX alleTUICHOB C
noMometo pearenta AlEt;-CHolp, npusoasmero K TpH- HIH TeTpaSaMCIIIeHHBIM
uKsonponanam (3), sBaseTcs Képﬁoamomnnnpoaanne HCXO/IHOTO AUETHIEHA C OMOIIBIO
IEHEPHPYEMOTO B YCIIOBAAX PEAKIIMU JUITHI(HOAMETHI)alFOMUHHUS. (

PaGora  BbimmonHena 1npu  (QuHaHCOBOM  mommepkke  Poccuiickoro  Qonzma

byHIaMeHTaIbHEBIX ueenenoBanuii (mpoekt Ne 01-03-32705).
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3ABUCHUMOCTDb MEXAHHU3MA ITPOTEKAHUS KATAJIMTHYECKOI'O
KPEKHHI'A MA3YTA M-100 OT YCJIOBUA NNPOBENEHUA NPOIECCA

THE DEPEDENCE OF THE FUEL OIL M-100 CATALYTIC CRACKING PROCESS
MECHANISM ON THE REACTION CONDUCTING CONDITTIONS

Hopamesa P.X., MaraeBa 3.T. u Cyaeiimenos M.A.
Ibrasheva R.Kh., Mataeva Z.T. and Suleimenov M.A.

Kazaxckuii HanoHaIbHEI yHABEpCHTET UM. Anb-Dapabu,
yi1. Kapacaii 6ateipa, 95A,-Anmarer 480012, Kazaxcran
®dakc: 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™'. '

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.

IIporiecc TepMMYECKOTO M KAaTATMTHYECKOrO KpeKMHra Masyta M-100 mpoozmics B
HHEPTHOM M OKUCIIHTEIBHOM Cpejie 0 METOAKKE, OMACaHHo# B paborax [1,2].

Tabmmua 1. Biusnue ycnosuil mponecca Ha BBIXOZ IIPOAYKTOB KpekuHra Maszyra M-100 npu
470°C u 06BeMHOM CKOPOCTH IOJauH Ma3yTa B peaktop 1,0 gac™

Ne| Ycnosus nposenenus | Beixon npoaykToB kpekunra, % mac.
KpEKHMHIa ' ' :
KoHr. . kar. | o raz | OeHsuH | rasoius | razoins | O6mee | Tsoxe- | MToro
B Masyte, % | BO3AYX, | 185- 340- KONI-BO | JIBIH
| Mac yac™! ' 1340 °C | 350 °C |ra3oiins | OCTaTOK
1,10 10 09 1,2  |288 - |10,7 - [39)5 59,1 100,7
210 0,15 1,1 | 1,0 30,1 18,5 48,6 50,2 100,9
3102 0 1,4 109 51,6 19,8 - |74 | 27,1 100,8
4:102 . 0,15 0,8 | 1,1 52,5 33,2 | 85,7 11,9 99,5
51100 0,15 1,5 | 1,1 30,7 9,5 40,2 57,5 100,3

B wucxomHom wMasyTe, 1O pe3ynbTaTaM OINpelesieHHus €ro (i)i)émmonﬁoro cocmaa,
conepxarcs octarounsle 0,3 % wmac. OeH3uHa 0 41,1 % wmac. jerxoro rasoitm. U3
COTIOCTABIIEHHS 3THX HAHHBIX C pe3ynbTaTaMu TaGmMIBI | BHIHO, YTO P TEPMHYECKOM
KPEKHHIe€ B HMHEPTHOM Cpeje MPOMCXOIUT NECTPYKIHS OYEHb ‘HE3HAYUTENHHOTO - KOIHYECTBA

COZepKaIerocss B MasyTe JIETKOTO ra3oilyisl O YIIIeBOJOpOOB OEH3MHOBOM U ra3oBoil ¢paxuuii.
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IIpH OKMCIHTENBHOM KpPEKHHTE OKONO 7% MaC. TSKENBIX YIJIEBOHOPOJIOB pécnanaxo*rcx c
obpasoBanueM ¢pakiuy, BeIkunaromei B uaTepBae 340-350°C. B yc/oBrAX KaTaTMTHYECKOTO
KPEKHHIA B MHEPTHOM Cpene STOT MPOIECC CYIIECCTBEHHO YCHIMBACTCA C IpeoGlIaaHdeM B
obpasyromeMcst JIErKOM Tra3oijle JOJM JIETKOKMISIIINX YIJIEBONOpoaoB. OIHOBpEMEHHOE
NeHCTBHE KaTaiu3aTopa M N00aBKM BO3Myxa JAaeT HEOONbIIOH cHHEprudeckuit s¢dext mo
BBIXOAY JIETKOTO Tra3oiis 3a CYerT 6oneé TSDKETBIX YINIEBOXOpoioB (pakumn 340-350°C.
VaTepecHsIM sIBIIsETCS TOT (aKT, YTO IHPH YBEIMUECHUH KOHIIEHTPALMM KaTaayM3aTopa B CMECH C
MmazytoM 10 10% mac. peakiys KpeKMHTa yIJIEBOAOPOAOB MPEKpaIacTCs.

PCB}’IILTaTI:I xpOMaTorpa(bnquKoro aHanmu3a OEH3WMHOB KPCKHHIa IPEACTaBJIICHBEI B

tabnune 2.
Tabnuna 2. BrusHue yCHOBHi IPOIEcca Ha YIJIEBOZOPOIHBIA COCTaB GEH3MHOB KPEKHHIa
masyta M-100 '
[ VYenoBus
: IIPOBEICHUS YrnesonopoAHeIii coctaB 6eH3MHOB, %o Okra
! KpeKHHTa HOBOE
Ne | Komir. w H- H3o- | ape Hap | ome LIHKJIO | JEIEHO |
KaT. B | BO3/AyXa, | @1Ka | ajlka | Hbl TeHbl | GHHBI | ON€ | BBIE (M)
MasyTe, | gac’ HBl | HBI uHEI -
% wMac -
A 0 0 164 452 (17,8 |140 |3,2 24 1,1 69,8
10 0,15 17,4 (48,6 |182 |11,3 |0 0,2 0,2 71,1
3 10,2 0 7,2 55,8 (12,7 |158 (64 |1,1 1,0 76,6
4 10,2 0,15 10,7 323 (225 |284 |42 0 1,1 78,2
N 10,0 0,15 18,5 42,1 (30,2 |79 0,4 0,6 0,2 76,0
CpaBHHUTENEHBIM aHaITM30M pe3yIbTaToB XpOMATOrpagHIecKoro 17§

VIK-crieKTpanbHOro METOJOB YCTaHOBJNEHO, YTO B OTCYTCTBHE KaTalH3aropa B MHEPTHOM
cpene npu 470°C npoucxoUT H30MepH3anus H-aJIKaHOB, BXOIAIINX B COCTaB OEH3UHOBOH H
CpeIHEMCTHIUIATHOM (pakumii npoxyxToB KpekuHra. JlJo6apneHne B peakTop BO3LyXa He
U3MCHACT HalpaBleHHd peakuui, HO oJepUHOBBIE YIIEBOAOPOABI B OCH3UHE H JIETKOM
rasoiyie He oOHapyXHBaIOTCA. B Xole KaTanuTH4eCKoro KpeKHHra B MHEPTHOH aTMoctepe
1150Mepn3aunx H-aJIKaHOB 3HAYUTEIHHO YCHWINBAETCS, B TO BPeMS KaK B OKHUCIATEIHHOM
cpelte npeobanaromuMK cﬁﬁoﬁmcx peaKuyuy UX MUKIU3anuy U apoMarusanui. B 10%-noi
éycnemnn karannsaropa M Ma3yTa OCHOBHBIMH MPOLECCAMH SIBIISIOTCS M30MEDH3ALMA H

apoMaTHu3alys yrieBoA0po 0B OEHIMHOBOMH 1 KEPOCHHO-Ta30iineBo# dppakumii.
[1JR.Kh. Ibrasheva, Z.T. Mataeva, K.A. Zhubanov// Eurasian Chem. Tech. J., V.5, Ne3, 2001, P.P. 97-

106.
[2]3.T. Maraesa, P.X. H6paiueBa // Bectuuk KasHY, cep.xum., Ne5, 2002, c. 37-41.
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UCCJIEJOBAHUE KUHETUYECKHX 3AKOHOMEPHOCTEM T'HIPUPOBAHU S
BEH30JIA HA CYJIbO®UIHBIX KATAJIU3ATOPAX

KINETIC INVESTIGATION OF THE BENZENE HYDROGENATION ON SULFIDE
CATALYSTS

MBanos E.A., Cuasaxan M.B., PemernukoB C.1. u Crapues A.H.
Ivanov E.A., Sidyakin M.V., Reshetnikov S.I. and Startsev A.N.

HuctuTyT xaranusa uMm. [.K. Bopeckosa CO PAH
IIp. Akanemuka JlaBpenTreBa, 5, HoBocubupck 630090, Poccus
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.

'unpupoBanue apoMaTHYECKHX yrﬁeaonoponon ABJsgeTCs OXHOM M3 Haubosee BaXKHBIX
3ana4 HeQTenepepabOTKH B CBSI3H C BBEJCHHEM JKECTKHX OTpaHHYCHHH Ha X CoJepXKaHue B
COCTaBe MOTOPHBIX U PEaKTUBHBIX TOIUME [1]. Peakuust rumpupoBanus OeH30/1a H3ydaaach B
NPOTOYHOM YCTaHOBKE C HEMOBH)KHBIM CJIOEM KaTalM3aropa B H30TEPMHUYECKOM PEaKTope
non nanenwem 2 MIla. Brauane (Ni, Mo)/Al,O; xatanuzarop oGpaGaTLIBann CMECBIO
Bojopoja ¢ 6eHzonoM H THoheHOM (GeH3on/THOGeH = 9:1) 10 AOCTHKEHHS MOCTOSHHOM
koHBepcuu GeHsona. Ilocnme yero Ha kataiusaTop nojasaiack cMech GeH301 + BOZOPOL.
Konnenrtpauus ©OeH3ola M [UKIOTEKCaHa HAa BBIXOAE M3 peaKkTropa OIpelersuiach
XpoMatorpagu4ecKuM METOIOM, BBIXOJ CEPOBOIOPOJA — IOCPEACTBOM HAKOIUICHHS €ro B
JIOBYIIKaX.

Ha ocHose paHee HONyYECHHBIX MpeACTaBieHuH o mpouecce [2,3] Obura pa3pa6oraﬁa :
KMHETHYECKas CXeMa PEaKIluu rnz(pnposénnx Genzona (puc. 1), ocHOBaHHas Ha TOM, YTO Ha
TIOBEPXHOCTH KaTaIH3aTopa MMEETCS TOJIBKO OJIMH THIT AKTUBHBIX IIEHTPOB — aTOMBI HHUKEJIA B
coctaBe CyibpHIHOrO OHUMETAUIMYECKOTO COEOUHEHMs, TAC MPOTEKAIOT PpeaKiMu
rupporesonu3a C-S-cBf3u u ruapupoBaHus OecH3onma. BsineneHne ancopOGHPOBaHHOTO
CEpOBOJIOPOia B rasoBylo (ha3y NpOMCXOAMT 3amelneHHeM ero OemsomoM (cramus 1). B
pesy/bTaTe B3aMMOJEHCTBHA ajcopOupoBaHHOro OeH30iMa € BQIOpOAOM obpasyercs
wuxiorexcan [CgH s (cTamms 2), KOTOpEI BHITECHAETCH B Ta30Byio a3y GeHzonom (cramus
3). IIpH OTCYTCTBHM CEpOBOIOPOAA B Ta30BOi (hasze MPOMCXOIHUT yAAIEHHE aTOMOB CEPhI u3

CTPYKTYPHI HEHTPOB U HX IEPEXO B HeaKTUBHOE cocTosHue [X] (cTanus 4). ,
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CﬁH 12 C.6H6

C5H6 C6H 12
1 4
[H2S] [X]
2 H,S

3H,

Puc. 1. Kunetnyeckas cxema peakuuy THApHPoBaHUs GeH3ona

Ha pH02 IPHUBCIACHO COIIOCTABJICHUE PE3YJIBTATOB MAaTEMAaTHYCCKOrO0 MOICIIMPOBAHUA U

SKCIICPUMCHTAIBHBIX JaHHBIX IO H3MCHCHUIO KOHBCPCHH OeH30J1a BO BpPEMCHHU.

40

Koxsepeus GeHsona, %

. 10

0 60 120 180 240 300 360 420
Bpewms, Mux
Pyc. 2. DKCriepHMEHTATIbHbIE W PACHETHEIE (HEMpepbiBHAA KPUBas) 3HAYCHHA KOHBEPCHH Gensona

Hpn OTcchTBnn cepoaonopona B ncxommn peammom{on cmecH HabTI0aNI0Cch pe3Koe
ysennqenne cxopocm npeBpanieHus OeH30/1a B HAYaIbHBIH MOMEHT BpEMEHH. 3aTeM, B
pe3ynbTaTe B3aMMOJIEHCTBHS BOJAOPOAA C aTOMAaMM CEephl B cocTase CIPYKTypbl aKTHBHOTO
KOMIIOHEHTa, IPOUCXOIHI0 pa3pylleHHe aKTHBHOIO KOMIIOHEHTa H KOHBepcHsa OeH3oia
1anana. [Ipyu 3TOM TPOUCXOAMIIO BELIENEHHE CEPOBOAOPO/IA B ra3oByIo dasy.

KuneTuyeckas MoJieNIb XOPOIIO OIMUCHIBAET HKCIIEPUMEHTAIBHEIEC JaHHBIE NI0 KOHBEPCHH
HeH30Ma U BRIACTICHHE CEPOBOIOPOAA IIPH Pa3IMYHBIX BPEMEHAX KOHTAKTa.

Pa6ora 6bu10 mogaepxkana PO®U (rpant 01-03-32790).

JinTepartypa

[1]1B.H. Cooper, B.B.L. Donnis: Appl. Catal. A: General, 137 203 (1996)
[2]AN. Startsev, V.N. Rodin, G.I. Aleshina, D.G. Aksenov: Kinet. Catal., 39, 238 (1998).
[3]1A.N. Startsev, G.I. Aleshina, D.G. Aksenov, V.N. Rodin: Kinet. Catal., 39, 391 (1998).
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MCCJIESOBAHHUE ITPEBPAIIEHMS n-TOJEKAHA HA
- HEOJMTCOJEPKAIMX KATAJIM3ATOPAX

THE RESEARCH OF AN n-DODECAN TRANSFORMATION ON THE ZEOLITE
CONTAINING CATALYSTS - :

Hpucosa K.H. Ta.uncman E.JI. H Baﬁaena I/IA
Irissova K.N., Talisman E.L. and Babaeva L. A

OOO « KOMnaHm KATAXUM», ym. FHHﬂPOBCKOFO, -11.31, MOCKBa, Poccusa
-@axc: 284-82-59; E-mail: catachem @ mtu-netru = @ .

The paper gives the results of transformation of n-dodecane and its mixtures on the
zeolite containing catalysts with different content of zeolite and hydrogenant components in
the conditions correspondmg to technological parameters of mid-distilling fractions
hydrotreating catalysts operation.

[TIpoBemeHH  HCCTEOBAHHMA MNpEBpAIlCHMS H-JONCKAHA =~ M’ €ro cMecell Ha
IIEOJIUTCONEPKAUX KaTali3aTopax ¢ pa3nHuHbIM conépmanﬁeM IIEOJTUTOB M FHI[pprIOHIHX
KOMIIOHEHTOB B YCJIOBHSIX, COOTBETCTBYIOIMX TEXHOJIOTHYECKUM napaMeTpaM 3KcnnyaTaunn
KaTalu3aTopoB rnapooﬁnaropa;mnannﬂ cpe,unenncmmzmm’x (ppammn

AHanus3 oJTyYaeMbIX IPOXYKTOB MPOBOIIIIM METOIOM )I(I/I,IIKOCTHQI/I xgoM’aTorpa@un.

Honyqémi_me JIAHHBIE TIO3BOJIAIIH: » |

- Npe[TOXMTh  MEXaHW3M  IpEBPAICHHS  YIEBONOPOZOB HA  PA3NHYHBIX
IIEOTHTCOIEPHKAIITAX KaTalIu3aTtopax B YCIOBHSIX THAPOOOIaropaXkuBaHHS
CpeRHeAUCTILISTHEIX (paKiui;

- Bmépan, COCTaB KaTaqu3aropa [UIs IIOJYYEHHs HU3KO3ACTHIBAIOIMX - AU3EIbHBIX
TommB B - ‘};cnomxx . HeHCTBYIONIMX OTEYECTBSHHBIX YCTaHOBOK ['HMIPOOYHCTKH

CPEHENMCTAIUIATHBIX (ppaKimi.
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MEXAHW3M I''TYBOKOI'O OKHCJEHUSA FT'AJIOTEHCOAEP KA IUX
OPI'AHHYECKHX BEHIECTB HA PACINVIABAX T'H/IPOKCHUIOB,
KAPBOHATOB U XJIOPHJIOB INEJOYHBIX METAJLIOB

' THE MECHANISM OF DEEP OXIDATION OF HALOGENATED ORGANIC
SUBSTANCES IN THE MELTS OF CHLORIDES, CARBONATES AND
HYDROXIDES OF ALKALINE METALS

Hcemarnnos 3.P.*, ‘leprlmxhﬂ 10.C., Pozim.noncxan T.A., TerenoBa Q.A.,
®enopos A.A. n Kepxenuen M.A.*

Ismagilov Z.R.*, Chekryshkin Yu.S., Rozdyalovskaya T.A., Tetenova O.A.,
Fyodorov A.A. and Kerzhentsev M.A.*

HucTuTyT Texauyeckont xumun YO PAH -
yn. Jlenuna, 13a, Ilepms 6146000, Poccust.:
E-mail: cheminst@mpm.ru
*UucturyT karamsa uM. [.K. Bopeckosa CO PAH
np. Akanemuxa JlaBpenTresa, 5, HoBocubupck 630090, Poccus
E-mail: mak@catalysis.nsk.su

~ The results of studying the reactions of deep oxidation of CHCI3;, CCl4 and fluorinated
liquid M-1 in melts of hydroxide, carbonates and chlorides of alkaline metals with addition of
V,0s 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, CO,, water
vapor and oxygen above the melt surface.

OcHOBHOM  TpoOJIEMOM  reTepPOreHHO-KATATUTHYECKOTO  IIIyOOKOTO  OKHCIICHHS
rajJIOreHyIJIEBOIOPONIOB  SIBIAETCS  B3aMMOJEHCTBHE  OOpa3ylOmMXCAs  TallOTEHOB €
KOMIIOHCHTaMH, BXOIIIMME B COCTaB KaTalW3aTopa, YTO COIPOBOXIACTCSH 0OpazoBaHHEM
FajJJOTEHUZIOB TKENBIX METALIOB, HMEIOIMX HH3KHE TEMIEpParypsl IUIaBlEHMS, U
pa3pylieHHeM KaTanu3aTtopa. [loka3zaHa BO3MOXHOCTh YHHUTOXEHUS OPraHUIECKUX BEIECTB
npu temneparype 350-700°C Ha pacnnaBieHHBIX KaTalM3aTopax, MPeCTaBISIOMAX cO00#H
CMECH THIPOKCHIOB WM KapOoHaToB ImeNOYHBIX MeTawnoB [1-3]. OddexrnsHOE
KaTaIUTHYEeCKOEe  NEHCTBHE  yKa3aHHBIX cHCTeM oObsicHisercs oOpa3oBaHmeM B
KHCIopoAcoepamelt atMocdepe OKCHAOB, NEPOKCHAOB H CYNEPOKCHIOB IIEIOYHBIX
MetajuioB. OmHako oOpasylommecs IPH OKHUCICHHH TaJIOTEHCOAEPXKAlIHX OpraHUYeCKHX
BEIECTB raJION/-aHNOHBI B3aUMOJEHCTBYIOT C KaTAIH3aTOPOM ¢ 00pa3oBaHHEM TaJIOreHHIOB

IEJIOYHBIX METAIOB, HMCEIOIIAX BBICOKHEC TEMIICPATYPHI IUIABJICHHUSA A HEC NPOABIAIOIIHC

KaTaTUTHICCKYIO AKTUBHOCTD B PEAKIIUAX OKHCIICHHA.
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Hammu ycraHoBneH ¢akt BBUENEHNS B rasoByio ¢asy FANIOTEHOB B IIporecce rIy6oKoro
oxucnenus CHCls, CCly, dropupoBanuoii xuaxoctu M-1 B ciyyae 106aBoK OKCHEOB Memu
HJIM OKCHJOB BaHanus B pacruiaBieHHble cucteMbl NaOH-KOH (381.), Na;CO3-K,CO; (981.),
LiCl-NaCl-KCl (3Bt.) [3]. O6pa3oBanne xnopa IpH B3aHMONEHCTBHH XJIOPHAOB HATPHS U

KaJI¥sl ¢ MEHTAa0KCHAOM BaHaJHs B MPUCYTCTBHH KHCIIOPOZAA HaOmoaNN B pane pabor [4,5].

ABTops! [6,7] npetaraoT NOdy4yaTs METaBaHANAT Hatpus (Kaius) myTeM éapﬁomposannx |

gepe3 paciutas Na(K)Cl-V,0s kucnopona, B pesyierare dero obpasyercs Cl, u Na(K)VOs;.
Beuienenuwe Xxnopa M3 BOJHOIO pacTBOpa XJIOPHAA HATpHA NpH JeHCTBMM O30Ha B
npucytctBur CO, onucano B pabore B.B.JIyauna u cotp. [8].

Meronamu nn(bd)epenunanbno-TepMqu'cKoro, XHMHYECKOTO U PdD-aHaJigsa
YCTaHOBJIEHO, YTO B MpPOLECCE OKHCIEHUS TalIOreHyrNeBOZOPOAOB HA pacIUIaBIEHHBIX
katanmusaropax coctaBa (NaOH-KOH),: + 15 macc.% V0s, (Na2C03-K2CO.3)m. +
15 mace.% V305 nnu (LiCl-NaCl-KCl),s, + 15 Mace.% V;0s ob6pasyeTcs paBHOBeCHas! CMeCh,
cojiepkamiasi TMAPOKCHABI, KapOOHAThl, TaJIOIeHUIBI W BaHANaThl INETOYHBIX METAJLIOB,
COOTHOIIEHHE KOTOPBIX B CMECH 3aBHCHT OT NApLHAILHOr0 JaBieHus rajioreHa, CO,, napos
BOJABI M KHCJIOpOAA. OTO OGCTOATENHCTBO MO3BOISET CO3/ATh YCTOMYHMBEIA K AEHCTBHIO
TaJOTeHOB KaTAM3aTop NIyGOKOro OKUC/IEHHs TaIOreHCOAEPHKAIIUX OPTaHNYECKHMX BEIECTB.
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Umversxty 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 aréa, morphology, diffusion, capability for heat transfer, thermal stability, and
mechanical strength. The main idea of this INTAS Network project #1044 is to dévelop‘ new
catalytic materials in the different geometric forms such as foil, metal and ceramic fibers,
metal - or ceramic' foams, and honeycomb monoliths. At the Steel-Rolling Plant
(St. Petersburg) spemal alloys with an optimal chemlcal composmon were developed for
application .as a hxgh temperature catalyst carrier. At the Repubhcan Engineering Center
“Powder Metallurgy” (Perm) new materials for the preparatlon of highly porous retlculated
ceramic foam monoliths were developed. Pilot batch of mullite and corundum-contalmng
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 on 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 foil. 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 ZrO, and Y,03 were used for the
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preparation .of 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 on the Ni-Cr foams ’pféliminary‘ manufactured on the wall of metal heat
exchanging tube 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. leferent types of supported oxide and noble metal catalysts
were tested in . the reaction - of methane and butane combustlon The catalysts were
characterized by BET surface area measurements, TPR, SEM, ESDR, diffuse reflectance IR
spectra of adsorbed molecules: NO and CH4. At BIC .thesve catalysts were tested in the
catalytic combustion of CH4 [4], steam reforming of CH,4 [3] DENOx [5] oxndatlon of
1 l—dlmethylhydrazme and H,S oxidation and decomposition. At the Umver51ty 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 .

(Ouluy, Finland).
Acknowledgement Authors are grateful to INTAS grant 00-413 for financial support-
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PREPARATION AND CHARACTERIZATION OF NANOSTRUCTURED
CATALYSTS FOR ULTRA-DEEP CLEANING OF MOTOR FUELS

CHHTE3 1 UCCJIENJOBAHHE HAHOCTPYKTYPHBIX KATAJIN3ATOPOB
IIYBOKOHM OYHCTKHA MOTOPHBIX TOILIUB

Ismagilov Z.R., Yashnik S.A., Shikina N.V., Andrievskaya L.P., Kuznetsov V.V.,
Khairulin S.R., Startsev A.N., Tzybulya S.V., Rogov V.A., Moulijn J.A.*
and Babich L.V.*

HUcmarnnos 3.P., Amuunk C.A,, Illnkuna H.B., Auzxpuencxan NL.I1., Ky3neuos B.B.,
Xanpymm C.P. CTapneB AH. Hmﬁy.ml C.B., Poros B.A., Mouhjn J.A.*n Babich L.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, texturél 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 [1]. 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/Al,O3 and CoW/Al,O; 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 (Spgr, 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/cm?) and absence
of defects-during drying and calt:inaﬁon 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 N,-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 (Der~ 1 100A).

The géneral 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 base of zeolite and of alumina were used for -
preparation of Pt (1wt.) or/and Pd (1 wt.%) supported monolith catalysts. The catalysts have
been tested in thioﬁhene 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/AlL,O; (Ni~3 wt.%, Mo~10 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 C4H;S/mole Pt*hr at 300°C) in
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 INTAS grant 00-413

References

[1]E. Furimsky and F. E. Massoth, Catal. Today 27 (1999) 381.

[2]1H. R. Reinhoudt, R. Troost, A. D. van Langeveld, S. T. Sie, J. A. R. Van Veen, J A.
Moulijn, Fuel Processing Technology 61 (1999) 133 :

[3]1R. M. Navarro, B. Pawelec, R. Mariscal, J. L. G. Fierro, J. Catal. 189 (2000) 184.

163



PP-86
FORMS OF OXYGEN AND CATALYTIC PROPERTIES OF OXIDES WITH
' " PEROVSKITE-LIKE STRUCTURE IN COMBUSTION.
La;..Ca,FeO;(x=0-1) SYSTEM

®OPMBI KHCJIOPOJIA ¥ KATATMTHYECKASI AKTHBHOCTD B PEAKIMSIX
IJIYBOKOI'O OKHCJIEHMSI OKCHIOB CO CTPYKTYPOU IEPOBCKHTA.
CHCTEMA Lay;Ca,Fe0; (x=0-1)

Hcynosa JLA., SIkosneBa U.C. u Caapikos B.A.

- Isupova L.A., Yakovleva LS. and Sadykov V.A.

HuctutyT xarammsa uM. [.K. bopeckoBa CO PAH
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~ This work .aims at clarifying the relative role of the surface and mobile lattice forms of .
oxygen for the catalytic properties of La;.CaFeOs; 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, 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.

Lenpio paGoThl ABNAETCA M3YYEHHE POJIM TIOBEPXHOCTHOTO M PELICTOYHOIO KHCIOPOaa
nepoBckaToB pajga LajxCaxFeO; B xatamuse peaxkuuit oxucnerus CO u Metana. J{ng atoro
. JIaHHBIE TIO0 aKTUBHOCTH 00pasHOB ObUIM COIOCTABIEHBI C KOJIHYECTBOM M OTHOCHTEIBLHOH
PEaKIMOHHOM CITOCOOHOCTHIO pa3sHBIX (OPM KHCIOpPOAa. COOTBETCTBYIomMX mukam H, TTIB,
u merogom HKC . monekyn-tecroB (NO) Oputa m3ydeHa mpupoia AEPEKTHBIX LEHTPOB
TIOBEPXHOCTH, CIIOCOOHBIX yIepPXKHUBATh CIaboCBsI3aHHbIE HOPMBI KHCIOPOZA.

..Iloxazano, 4T0 aKTHBHOCTH 06pasiioB B peakiuu okuciaenus CO U MeTaHa B IIMPOKOH
obmactu  Temmeparyp (200-900 °C) uCHBITaHME KOppENHpYyeT C  KOJNHYECTBOM.
cnaboceszarHoro (cHuMaemoro 1o 350 °C) xucnopopa. [ToxasaHo, 4TO NOSIBJICHHE TAKOM .
dopme1 kuciopoza, aa o6pasuos cepud LajcCaxFeOs; MoxeT GBITh CBA33HO ¢ HAJTHYHEM B -
ofpa3ax MeXONOYHBIX rpaHHI. B MecTax BBIXOJa TAaKkMX TpaHHIl Ha IIOBEPXHOCTH
dopmupyrorcs KOOPIMHALMOHHO-HEHACHIEHHEIE BOCCTaHOBJIEHHBIE LEHTPEI,
azicopOHpyIonue KACIOPO ¢ HU3KOM SHEPrueii CBs3M, B TOM YHCIIE, B MOJIEKYISpHOH (opme.
Merogom UKC ancopOHpOBaHHBEIX MOIEKYJI-TECTOB IIOKA3aHO, YTO TaKUMH IEHTPAMH
SIBTISIFOTCS Koopxnnaunomio-Henacmmenume KaTHonsl Fe' H KiacTepsl BOCCTaHOBIECHHEIX
xatHoHOB Fe'™?. o ' ' |

B ‘TO xe BpeMH, Koppen;mnn_" Mexcny KOJ@I%CTBOM éﬂnMaeMoro_ npu TIIB

NPOYHOCBA3AHHOTO (PEIIETOYHOr0) KHCIOpOJa M aKTMBHOCTHIO o6pasmoB Laj,CaFeO; B
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PEAKIMHU TOJIHOTO OKHCICHHS METaHa TIPH BHICOKHX Temiieparypax (450-900 °C) mamu He
0o0HapyXeHO, XOTd B nmeiizirypé'raxbe CONOCTABEHHE YaCTO npusBoautcs. [lomydyennsie
JIAaHHbIE CBUAETENBCIBYIOT 'O  PONH JAeQEKTHBIX aKTHBHBIX LEHTPOB (B-°-TOM YHCIeE
BOCCTAHOBJICHHBIX  KJIACTEPUPOBAHHBIX ‘Kamoaon‘), 4 00 OTCYTCTBHH BIUSAHHA Ha
CTallMOHAPHYIO AKTUBHOCTh MOABHIKHOCTH KHMCJIOpOJA PEHIETKH B H3YYEHHBIX OKCHJaX He
TOJIBKO JIJISI HH3KOTEMIIEPATyPHBIX, HO U IS BBICOKOTEMITEPATyPHBIX MPOLIECCOB IITyOOKOro

OKHCJICHHUA.
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" MEXAHM3M PEAKIIUH FI/II[PI/IPOBAIII/IH OKCHJA YI‘JIEPO,Z[A
: HA Co-Ir/ALO3; KATAJIN3ATOPAX

“MECHANISM OF CARBON OXIDE HYDROGENATION OVER Co- Ir/A1203
: CATALYSTS

Urkyaosa II.C. n 3aKyM6aeBa'I‘.I[.
" Itkulova Sh.S. and Zakumbaeva G.D.
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yn. Kynaea 142, r. Anmarsl, Pecrry6nka Kazaxcran
Fax: (007) 3272 915722; E-mail: orgcat@nursat.kz

It is suggested the mechanism of carbon oxide hydrogenation over
Co-Ir/AL,O5 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 pabore wu3ydeHa peaknus THIpHpPOBaHMS OKcHaa yriaepoma Ha 10%
Co-Ir/Al,O3 xaranusatopax. CopepxaHue HpUIUS B KaTalu3aTope BapbUpoBanock oT 0.5 1o
50 macc. % oT cymMMbl MeTa)UioB. J[ns BBUICHEHHS MEXaHM3Ma IIpoliecca II0 OKOHYaHHH
peakIMyi IPOBOIFIIN TEPMONIPOrpaMMHPOBAaHHOE BOCCTAaHOBIIEHHE KaTaJIA3aTOpa BOAOPOAOM.
CocTaB INpPOAYKTOB pEaKIUH OMPENe/sId XpoMarorpa@uyecKuM METOJAO0M, COCTOSHHE
ancopOUpoBaHHBIX MoJeKyn usydanu meronoMm HK-cmexrpockomuu. CocTaB M CTPYKTYpY
TIOBEPXHOCTH KaTalW3aTopa MCCIIEJOBATH METOJaMH JJIEKTPOHHOM MHKpockomnuu, POIC,
TIIB u TepMo-rpaBUMETPHH.

VY CTaHOBIIEHO, YTO IHAPHPOBAHKE OKCHJIA YIIEpoaa CONPOBOXIAETCS €ro AUCCOLHAMeH
IO akTUBHBIX ¢opM yriepoxa. [loBepXHOCTHEUA yriiepoJ rHApUpHpYyeTcs ¢ o6pa3oBaHHEM
CHy a¢s Tpymnn, mpeBpallleHHe KOTOpPHIX HIAET [0 JBYM HaNpaBJICHUSAM: THADHPOBAHHUE IO
METaHa ¥ MX MOJIMMepH3alys ¢ oOpa3oBaHHEM BBICIIHX yrieBomoponoB. Ilpenmonaraercs,
YTO AMCCOLMAUMs OKCHAA yrieponaa u ruapupoBande yriaepoaa go CHy rpynn u Merana
IIDOMCXONMT Ha BOCCTAHOBIEHHBIX, 4 PEAKIMs MOJUMEpU3aluH M 00pa3oBaHHUs BHICUIMX

YIIICBOAOPOAOB — Ha OKHCIICHHBIX ICHTPAaX Karajau3aropa.
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HEKOTOPBIE KHHETUYECKHME OCOBEHHOCTH T'HJPOJIN3A -
BHUHWIALIETATA

SOME KINETIC PECULIARITIES OF VINYL ACETATE HYDROLYSIS

Kapamuan II.P., Cepreesa C.H., Epnusn B.K., Bockansn I1.C. u Beiinepan H.M.

Karamyan D.R., Sergeeva S.N., Yeritsyan VK., Voskanyan P.S. and Beylerian N.M.

Epesanckuit HU “Tlnactnonumep” u EpeBanckuii rocy1apCTBEHHBI yHHBEPCHTET
up. Apmaxyssn, Epesan-7, 127375007, Apmenus
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 0point of view account for
the fact why there is no linear relationship between Wy and COBA - C'mo.

I'mppomns Bununanerara (BA) npencrapiser 3HAUMTENbHBIH NPAKTHYECKUM HHTEpEC B
CBSI3M C HEraTHBHBIM BO3JCHCTBHEM TPOAYKTOB I'MApPONH3a (YKCYCHOM KHCIOTHI H
aneTanbpAeruaa) Ha nponecc nomumepusamuid BA. C touxu 3perust QyHIaMeHTAIBHOU HayKu
JaHHBIM TpOIECC MHTEPECEH TEM, YTO MMEET CaMOYCKODSIOIMMHCS XapaKTep B pe3yibraTe
aBTOKaTaIH3a.

Llenp KHHETUYECKUX UCCIIEAOBAHUI — H3yUYeHHEe MEXaHHU3Ma rHapoiiu3a BA B peanbHBIX
cpelax CHHTE3a BHICOKOMOJEKYpHOro IIBA, 4T0 10 CHX ITOp MaJo HCCIIEA0BAHO.

[IpexBapuTenbHbie ONBITH MPOBOJHINCH B BOJHO-BHHHJIALIETATHRIX CMECIX. B cBs3m ¢
OYeHb HM3KOH B3aHMHOM PacTBOPHUMOCTBIO 00EHX' XHAKOCTEH CHCTEMa TIeTEpOreHHa M
COCTOHT 3 IBYX (a3: BogHOH, copepxameit BA, 1 BUHHIIALIETATHOM, cozepxKamieit Boay.

TTponece oCyIeCTBISUTH IpH CKOPOCTH MepeMEIIHBAHMS, 06ecTIeYnBAIONIeR POBEIECHNE
peaKuuu B KMHeTHYecKo# o6nacta. MonspHyio nomo BA (Npa) U3MeHSIM B HHTEpBaje
0,043+0,5 ,a Boxu! (NH;Q)-— ot 0,957 50 0,50.

[Monyuennsie mpy 303 K KuHETHYECKHE KPHBBIE OTIMUAIOTCS OT KJIACCHIECKOro CIIyyasi.
THApOTH3 TPOTEKaeT Ge3 3aMEeTHOro HHYKIHOHHOTO 1IEPHONA H CPABHHTENHHO MEUIEHHO,

I0CITe HEKOTOPOTO 3aMe/UIEHAs PEaKIHH HACTYTIAET CaMOyCKOPEHHE.
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VHTEpeCHO  .OTMETHTh, Yro 'B CMECAX C MAalbM COAEPXKAHHEM ' BOXBI, 'TMAPOIHU3
HayHHaeTcs OBICTpee, HO HaJalo camoycxdpémm 3HaUMTebHO 3aTsrhBaeTcs. U Hao6opoT, B
cMecsX, 00orameHHbIX BOJOH, THAPOJIN3 HAYHHAECTCS MeJUICHHEE, HO pa3BHUBaeTCs OhICTpee.

[Ipepnonaraercs, YT0 PEAKUMOHHAS CHCTEMa COCTOMT U3 JBYX IMCKPETHBIX THIOB
peamnonn_m;i 30H, PE3KO OTIMYAIOIIMXCA CBOMM BIHAHHEM HA PEAKIHOHHYIO cnobo6HhoL
obonx peareHTOB

C OIIHOPI CTO}’JOHBI 30Ha, 06orameHHax BA 06na;1aeT MCHI)HICI/I nnaneKTpuqecxon
MPOHHLAEMOCThIO (B Hell mpeobiamaioT m,apO(bo'éHme BBaHMOL[CI/ICTBPI}I) U BEPOATHOCTH
NIPOHUKHOBEHHS ~OTHOCHTCNIBHO ~MAIOT0 KONMYECTBA MOJEKYX BOXBI K IOJIIPHOH
KapOokcribHOH Tpynne BA okaswiBaercst 6onbiue. [osToMy peaknus HaumHaeTcs ObICTpee,:
OJTHAaKo, o6pa303q.13maxcg ykcycHas xucnora (YK) B naHHOR cpele IMCCOMHHPYET B
MEHbLIEH CTENIeHH, II03TOMY CaMOYCKOPEHHE 3aTATHBACTCAL.

B 3ome >Ke, o0orameHHo# BOJIOH, npesannpyromne Memmonexynzpnme ‘H-cBs3u
NPUBOJAT K CHHXXCHHUIO PEAKIMOHHOM crocobroct Boasl. OnHako, obpasoBaBmiascs YK
TydIme zmccoqignpy,er U CaMOYCKOpPEHHE CTAHOBHUTCS HarJIsHee.

OTCcyTCTBHE JIMHEHHOH 3aBUCHMOCTM HadalbHOH cKopoctd rHapoausza (Wg) ot
TPOU3BEICHUSA (o BA ° Como (C O—oﬁmax MOJIIpHAs I(QHI.ICHTpﬁIIYISI) CBUETEILCTBYET B IOJIB3Y
Hpe/ICTaBICHUS O HAJTMYMH JBYX Pa3JIMIHBIX PEAKIIHOHHBIX 30H.

- Bo-mepsrix , Ha rpaduke B koopauHatax Wo+ Clsa Couzo HaO/MOaeTCs. MaKCHMyM,
Korja cmech Gorade BA ¥ nipu OTHOCHTENIBHO MAJIOM 3HAYCHHH YKa3aHHOTO IPOM3BEICHHU.

Bo-BTOpBIX, HMeeTcs BTOpPOH MAaKCHMyM, HHXE IE€pPBOTO, COOTBETCTBYIOLIMM
Nga/ Ng_zo =0,23: 0,77 1 HEMaKCHMAIBLHOMY 3HAYEHHIO ITPOU3BEICHU COBA 'C_OHZQ

Takum oOpasoM, /Ul HCCICHOBAaHHBIX CHCTEM HaMH YCTAHOBJICHO OTCYTCTBHE
aJUINTUBHOCTH  JICHCTBAS O0OHMX pEAareHToB, YTO YKas3hlBacT Ha IPHHUMIHATBHYIO
HENPHMEHUMOCTh KJIACCHYECKOTO YPaBHEHHUS aBTOKATANM3a, KOTOPOE XOPOLIO MPUMEHSETCS
B FTOMOT€HHbIX CHCTEMaX.

IlomydyeHHble KMHETHYECKHE IAHHBIE MO3BOJSIOT OOCYXJATh DPeE3YNBTATHl C Y4ETOM
CBOeOOpasHit U3y ICHHOH CHCTEMBL.

Pabora BepmonueHa no npoekty MHTIL] #A- 359.
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KATAJIMTUYECKUA PACTIAJl TUJIPOIIEPCKCH/IOB B OBPAIIIEHHLIX
- MMIOEJUIAX )IOI[EI.[I/IJICYJII)(I)ATA HATPUS” o

HYDROPEROXIDE CATALYTIC DECOMPOSITION IN REVERSE MICELLES
FORMED BY SODIUM DODECYL SULFATE

.

Kacauknna Q.T., Kapramesa 3.C., Kamxkaii A.M. u Makcumona T.B.
Kasaikina O.T., Kartasheva Z.S., Kashkay A.M. and Maximova T.V.

Wucturyr xumugeckoit ¢puszuku uMm. H.H. Cemenosa PAH
yn.Koceiruna, 4, Mocksa 11977, Poccus
®axc: (095)9382156; E-mail kasaikina@chph.ras.ru

HccnenoBanust mociaeqHero AECATHIIETHS IOKA3bIBAKOT, YTO IIOBerHOCTHO—aKTPIBHI:IC
BemectBa (IIAB) MoOryT oka3pIBaTh CYIIECTBEHHOE BJIMSHHE HA CKOPOCTH M MEXaHH3M
KuaKo(ha3sHOTO OKHUCICHHS YIIEBOAOPOIOB, XapaKkTep KOTOPOTO 3aBHCHT OT mpupoxasl [TAB.
Katnonnsie TTAB, kax TpaBwio, KaTalusupyloT pacnaj ruaponepokcunos (ROOH) ma
cBOOOIHBIC paJIuKaIbl M YBEIMMHBAIOT CKOPOCTH OKUCIeHHs. Ha npuMepe ruaponepokcuaos
Jojekada ObUIO OOHApyKE€HO, YTO B IpPHUCYTCTBHH aHMOHHOro ITAB nomemuncynsgara
Harpus (JUJIC) He TONBKO YyBENMYMBACTCS CKOPOCTh paclana, HO M HM3MEHSEeTCA COCTaB
IPOAYKTOB; 00pasyroTcsi ojepUHBI KaK B MHEPTHOM .atMocdepe, Tak. M NPH OKHCICHHH
mojeKaHa KuciopogoMm Bosgyxa mpu 140°C ¢ Bexomom okoiio 20%. 3to TI03BOJISICT
paccmarpuBath JUIC Kak KaranmsaTtop OKMCIHMTENLHOTO AermipupoBanus aikana. JUJIC
KaTATMTHYECKH. yCKOPAET TE€TEPOIHTHYECKOE Pa3jIOKEHHE IHIPONEPOKCHIA ITHIIOEH30/1a Ha
(eHon 1 aneTaNBLACTHA, 8 TAAPONEPOKCH/IA KyMOJIA — Ha O.-METHIICTHPOJ B (EHOIL

Karamatideckas aktuBHOCTh JJJIC CHIBHO 3aBHCHT OT COAEP)KAaHUS BOOBI B CUCTEME: B -
abcomoTHO 00€3BOXKEHHBIX Cpelax MU Ipd OOMNBIIOM COAEPXaHHH BOABI (KaK OTACIBHON
¢a3el) katamus He Habmopaercs. JUJIC mnoxo pacTBopsieTcs B YIJIEBOJOPOJaX H B
ximopbensone. OnHako B NPHUCYTCTBHH THIPONEPOKCHAOB M MHKPOKOJIHYECTB BOJBI
o0pa3yroTcss COBMECTHBIE MHKpoarperaTbl THNA OOpamCHHBIX MHIEMI, B KOTOPHIX
IPOMCXOOUT KartanuTHyeckoe pasnoxkenne ROOH. Karanuzatop AnHMTENsHOE BpeMs
COXpaHSeT aKTHBHOCTh, ¥ HOBBIE MOPLHU THUAPOIECPOKCHAA, N0OaBIECHHBIE B CHCTEMY,
PacXoayIOTCS C BBICOKOH CKOPOCTBIO. .

MOXHO TIpeaNoNoXUTh, YTO BO BHYTpPeHHHX monocTsx obpamenHbx mmuuenn JJIC,
00pa30BaHHBIX aTOMaMM KHCIOpoJa Cynb(Oorpynn, HOHaMH Na' ®m MonekymamMu BOJBI,
JIEHCTBYIOT 3JIEKTPOCTATHYECKAE IMOJS BHICOKON HANPSKEHHOCTH, KOTOPHIE CTA0HIM3HPYIOT

COCTOSSHHS MOJICKYJI H pPEarupyiomux KOMILIEKCOB C pa3AC/iiCHHUEM 3apANOB. Mexanusm
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reTEPOIATHYECKOTO Pa3NOXKEHAS THIPONEPOKCHAOB STHIOCH30a M KyMoO/la, OCHOBHOM
NBHKYINEH CHJIOM KOTOpOro IpeAmoniaraercs crabmwimmsanus KaToHa PhO® m
COOTBETCTBYIOIIMX KapOKaTHOHOB OTPHLATENBHO 3apsHKCHHBIMH IOJIAPHBIMH TOJIOBKaMH

ITAB, MOXHO NIPEICTaBHTh CIEAYIOINM 00pa3oMm:

o ® Ph
~~tod® [N o
| & .6
A\
o on\d‘a’“ 2Ph(CH3)C=CHz+2H20 + O3
\/‘C-O—g-oe a +
i (”) HaC—éC—CHJ

Karajmtideckoe pasnoxeHne ruaponepokcuaoB B Mukpoarperarax JIJIC sBnsercs
“DHMEPOM MHMICIUIAPHOrO KaTanusa, KOra B OOpAIEHHBIX MHIENIAX HE TONBKO
sendMBacTCA CKOpOCTb IIpoliecca, HO MEHseTCs HanpasleHde peaknuu. [IpencraBnsercs
<OHCTPYKTHBHEIM COIIOCTABICHHE KATAIHTHYCCKHX MHKPOPEAaKTOPOB — MHKPOIIOIOCTEH

obpameHnHbIx MulleiU1 [IAB 4 MUKpononocTeli reTeporeHHBIX LEOIUTHBIX (Hanmpumep, MeY,

MeZSM-5, MeX, Hmordenite) katanu3aTopos.

Pa6ota yactruno mojnepxana rparamu POOU 01-03-32222 u 00-15-97404.
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- [2+2] -HUKJIOJUMEPHU3AINSA METHJIBUHWIKETOHA. MEXAHU3M U
OCOBEHHOCTH I'OMOI'EHHOI'O M TETEPOTEHHOTI'O KATAJIM3A

[2+2] - CYCLODIMERIZATION OF METHYL VINYL KETONE. MECHANISM
AND PECULIARITIES OF HOMOGENEOUS AND HETEROGENEOUS
CATALYSIS

Kamman E.A., Berposa O.B., Imutpues /I.B., EBcturneesa E.M. u ®aun B.P.
Katsman E.A., Vetrova O.B.},. Dmitriev D.V., Evstigneeva E.M. and Flid V.R.

MockoBckast rocyJapcTBEHHas! aKaeMHs Tdmcoﬁ miumecxoﬁ TexHororax uM. M.B. JlomoroCOBa
npocnekt Bepranckoro 86, Mocksa 117571, Poccus
Ten.434-8711: E-mail: vflid@cityline.ru

Diacetyl cyclobutane was synthesized by dimerization 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 mechamsms of heterogeneous and homogenous
catalysis are discussed.

Vayuena peakums [2+2]-IMKIONMMEpH3alliM METHIBHHHIKETOHA, KaTanu3upyemas
TOMOTE€HHBIMH U Fe€TEPOreHHBIMHI HHUKEIBCOIePXKAIMMH KaTanusaropami [1,2].

JuaueTmukiIo0yTaH  CHHTE3UpOBAIM  JUMEpH3aldedl  METWIBHHIIKETOHA B
NPUCYTCTBHH TETEPOr€HHOTO M TOMOTCHHOrO HHUKEJIEBOIO KaTanusaropa. IereporeHHbIi
npornecc (KaTauM3aTop - HUKEIb Ha OKCHIE ATIOMHUHHS) npooqund npu 90 °C B ammapare
Coxkcnera. KaTanusaTop momydamd NpoKaiMBaHHEM B TOKE a30Ta TpaHyNl THIPOKCHAA
QIIOMHHHA, Ha KOTOpPBIE NPEABAPUTENLHO HAaHOCHIH Xytopua Hukensd U napabuH (Ci6-Cig). B
npolecce MPOKATHBaHUA METAJLI BOCCTAHABJIMUBAETCS C BBLIEJICHUEM XITOPHCTOTO Bonopona

B xauecTBe TOMOT€HHOT'O 1<arann3aTopa HCTIONB30BAIH 6uc(n’ -2JUTHI)HHKEITb.

IMpoxyxr comepxur 4 wun30Mepa: 1,2- ¥ 1,3- 3aMelleHHBIE B IHC- H TpaHc-
KoH(OpMAI|sX, MPHIEM NOMMHHPYIOT Luc-n3oMepbl. CTpoeHue 1,2-IpoAyKTa JOIYCKAeT
XHpaTbHOCTh. M3ydyeHa 3aBHCHMOCTh H30MEPHONO COCTaBa OT YCIOBHH NPOBENCHHS PeaKiuH
¥ BHJA KaTanmsaropa. B 06oMX Ciydasx isi OCYIIECTBICHHA peakimu Tpebyercs mobGaska
JMEHOBOTO YIJIEBOA0POAa (HampuMep, HopOopHaIueHa). -~

Pa6ota BemonHeHa npu noaaepxke POOU (rpart Ne 02-03-32361).

[1]1Berposa O.B., Kauman E.A., Xasoponkos W.I1., Kapaces 10.3., Jlonruit KL.E. XK. opr. xumumy,
1991, 27, 2624.
[2]®muz B.P., Kysneuos B.B., I'puropses A.A., Benos A.I1. Kuneruka u katanus, 2000, 41, 666.
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POJIb OCHOBAHUS B KATAJIM3E KOMILVIEKCAMMU ITAJUUIAJIAA PEAKI.II/II/I ‘
: APWINPOBAHHUS KAPBAHUOHOB o

ROLE OF BASE IN PALLADIUM CATALYSED REACTIONS OF CARBAN ION
‘ ARYLATION
Kamun A.H., Mutax A.B. n berenkas N.I1.
Kashin A.N;, Mitin A.V. and Beletskaya L.P.
XuMudecKuif (paKyasTeT MOCKOBCKOTO rOCy JapCTBEHHONO YHHBEpCHTETa HM. M.B. JlomoHOCOBA

JlenmHckue ropsl, 1. 1, c1p. 3, FCH-Z, Mocksa 119992, Poccust
Fax: (+7-095) 939 36 18; E-mail: ankashin@org.chem.msu.ru

The arylation of the carbanions related to CHQ(Y)(SOZR) (Y = Ph, C¢Fs, CO,Et, SO,Ph,
COPh, NOg; R = Ph, CF3) with ArX in the presence of NaH and Pd,dba;/PPh; 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
=nterr_ned1ate ArPd[CH(Y)(SOzR)]Lz

Karanns KOMIUICKCAaMH  TaJLIaIus nrpae'r Bbmaxomyxocx poib B peaKume Kpocc-.
1)YeTaHWs apWIrajioreHHaoB ArX ¢ METa/UIOOpraHMYeCKUMH COEQUHEHHsMHM RM wu
TBOJUIIHX K 06pa3013amno HOBOW CBSI3H YTJIEPOA-YTJIEPOA. 3HAYMTENBHO TPYIHEE, 9EM
A KIAH ArX ¢ RM, oCymecTBIsIOTCS peakIiy ¢ y4acTHeM CTaOHIBHBIX Kap6aHPIOHOB
Cd(Y)(Z) Ine Y uz- 3neKTp0HoaKuenTopHme TpyNIbL ‘
HaMH ycnemHo OCYWIECTBJICHA PEAKIIMs CCPUH TaKHX KapOaHMOHOB, MONyYCHHBIX U3
*ia(Y)(SOzR) (Y Ph CeFs, COzEt SO,Ph, COPh, NO,; R = Ph CF3) npu KCII0Ib30BaHAN |

xa4ecTBe ocHOBaHus NaH u xarammsaropa Pdydbas/PPh;.

hpézmoxcéﬂ HOBBIA MeXaHH3M pEaKIU¥ apWIMpOBAHHA KapGaHHOHOB. ITaBHO
ocoGeﬁHocibio 5TOT0  MeXaHW3Ma  SBJLAETCA YCKOpEHHE BOCCTAHOBHTENHHOTO
3‘II/IMPIHHp03aHHSI 32 CYET JENPOTOHHPOBAHHS ﬁoannxaxomero MHTEpMe/HaTa
ArPd[CH(Y)(SOzR)]Lz be3 Takoro nenpomnnoosanmx KaK Hamu GBLIO MOKA3aHo, peaxius
He nponcxozun '

Pa60’ra BBHIIONHEHA npn (bmlancoson nozwepxcxe P(IMDI/I (HpOCKTBI 00-03-32766,
02-03- 06175) ’
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PP- 92 :
COBMECTHOE MMPUMEHEHUE : METOJOB CTM U P(I)BC IS I/I3Y‘IEHI/L$I -
MOJEJIbHBIX HOCUTEJEN 1 HAHECEHHBIX KATAJIM3ATOPOB =

- COMBINED STM AND XPS STUDY OF MODEL SUPPORTS AND
SUPPORTED CATALYSTS
Kson P.1., HaproBa A.B.* u Tuxomupos E.I1.*
Kvon R.L, Nartova A.V.* and Tikhomirov E.P.*
HucturyT xatanuza um. ['.K. bopeckosa CO PAH
npocil. JlaBpeHTheBa, 5, HoBocu6npek 630090, Poccus
®akc: (+7 3832) 343056, E-mail: kvon@catalysis.nsk.su

*HoBocHOHpCKHi roCy 1apCTBEHHBIH YHHBEPCHTET,
yi1. ITuporosa, 2, HoBocubupck 630090, Poccusa

The .original iprocedure 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 ALO; film due to aluminum segregation at the sample surface. Both ARXPS . .
measurements and the screening of Fe and Cr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>