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: PL-1
+ APPLICATIONS OF DENSITY FUNCTIONAL THEORY FOR THE .
IDENTIF ICATION OF REACTION PATHWAYS OF CATALYZED PROCESSES

IIPI/IMEHEHI/IE TEOPI/I[/I CDYHKI[[/IOHAJ]A HJIOTHOCTPI I[JISI OHPE}IEJIEHPISI
IIYTEN KATAJIATHYECKOM PEAKIIAA

Bell A.T.

. -Department of Chemical Engineering -
University of California .
Berkeley, CA 94720-1462, USA
E-mail: bell @cchem.berkeley.edu -

Catalysts influence the progress of chemical réactions by altering the potential
hypersurface on which the reaction occurs. Insights into the manner in which catalyst
composltlon and structure affect the act1v1ty and select1v1ty of catalyst can be obtained by
analys1s of the energeucs along the reaction pathway Several illustrations will be presentedA
_to show how density functional theory (DFT) can be used to 1dent1fy critical features of the
processes involved in N,O decomposition, N,O oxidation ‘of benzene to pﬁenol, oxidative
carbonylation of methanol to dimethyl carbonate, and methanol oxidation to formaldehyde.
Wherever possii)le, detailed comparisons with experimental observations will be made to
support the Tesults of théoretical analysis. A newly developéd method ‘for " identifying
transition states and reactioﬁ pathways will also be presented anél discussed. The strength of
this method is that it can be used to determine pathways for systems in which a large number
of degrees of freedom are involved. The only inputs required are the structure of the active
site and the structure of the reactants. In addition to identifying the preferred reaction
pathway, the algorithm calculates the rate coefficient as a function of temperature. Several
illustrations of the application of this method to system of interest for catalysis will be

presented.
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KATAJII/I3 FI/IIIPOHEPOKCI/I,HHOFO OKI/ICJIEHI/I}I MOJIEKYJIAPHBIE ITYTH

CATALYSIS OF OXIDATION WITH HYDROPEROXIDES:
’ MOLECULAR PATHWAYS

I'exman A. E
Gekhman A.E.

HuctutyT 06meif u Heopranuyeckor xumun uM. H.C.KypnakoBa PAH, Mocksa, Poccus
E-mail: gekhman@igic.ras.ru
O6cyxaaeTcs Ipupoaa HHTEPMENUATOB B THAPONEPOKCUIHOM OKUCIEHUH. Meromuecs
JaHHBIC YKa3bIBAIOT Ha cnoquHocrb TIIEPOKCOKOMIUIEKCOB  [IEPEXOIHBIX METAUIOB K
nepenéqe JMKHUCIIOPO/ia B COCTOSHUM 1Ag Ha MOJIEKYJTy HEHACHIIIEHHOTO cybcrpara.

: IloMumo 9TOro Mapuipyra BBIIBICHBl pPEaKLHH, B KOTOpI;IX .aKTHBHPOBAaHHAsA
ngpoxcorpyﬁna BBICTYII2€T B Ka4eCTBE OJHO-, IBYX- U TPEXIIEKTPOHHOTO oKuciuTens. Taxk,
c anKaHaMﬁ TIEPOKCOKOMIUIEKCH! BaHanus(V) pearupyioT, epeHocs Ha CyOCTpaT CHHIJIETHBIH
aToM KHCJIOopoAa (nByxaheKTpOHHoe, OKHCIIEHHE) JHMO0 KATHOH-DAJMKAI KHCIOpOAa
(Tpexaqcxrponnoe oxucnenue). IlepeHoC 0JHOTO 3JIEKTPOHA OT ajJKaHa Ha MEPOKCOKOMILIEKC
IPUBOJMT K HEOOBIMHOMY PACIUCIUICHHIO ONMHApPHOH HeakTMBHpoBaHHOH cBssu C-C.
Peakuust MEpOKCOKOMIUIEKCOB BaHanusA(V) C MOJEKYIIPHBIM a30TOM IPHBOJHT K

obpa3oBanuto okcuaa azora(l).
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COBPEMEHHBIE IPEJICTABJIEHMSI O MEXAHU3ME JTEACTBUS
KATAJIM3ATOPOB B ITPOOECCAX IIPEBPAIIIEHAS
PACTUTEJIbHBIX IOJIMMEPOB

MODERN VIEWS ON MECHANISM OF CATALYST ACTION "
IN CONVERSIONS OF PLANT POLYMERS

Kysuenos b.H.
Kuznetsov B.N.

Wuctutyt xumuu u xumudeckot rexnonorun CO PAH -
K. Mapkca, 42, Kpacaospck 660049, Poccus
Kpacnosipckuil rocyapcTBeHHbIH yHUBepcuTeT, KpacHospek, Poccus

®daxc: (3912)439342; E-mail: bnk@icct.ru

Mechanisms of catalytic transformation of plant polymers to organic and carbon products
are discussed. Some data are presented concerning the features of catalyst action in the next
reactions: plant carbohydrates depolymerization to organic compounds at mild conditions
with high selectivity; plant lignin depolymerization to low molecular weight compounds by
ecologically pure reagents; plant polymers carbonization to carbon products with demanded
properties. ' ' '

TpanuIMOHHEIMU IPOMBIIUIEHHBEIMH MTPOIIECCAMHU mzxpoﬁnsa, JETUTHUGHUKAINY U [THPO-
JM3a eXEroHO B MHpE NepepabaThIBAIOTCS COTHH MUJUIMOHOB TOHH PAacCTHTENBHOTO CHIPhS
(IpeMMyIIIECTBEHHO APeBeCUHEI). Jlist oBBIIEHNS QPEKTHBHOCTH CYIMIECTBYIOMINX npoue'c-
COB M pacHIMpeHHs acCOPTHMEHTA MPOAYKTOB, IOJYyYaeMBIX H3 PACTUTENBHBIX ITOJHAMEPOB,
IIMPOKO  HCIIOJNB3YIOTCS  KAaTalM3aTophl  KHCIOTHO-OCHOBHOIO M OKMCIIMTEIBHO-
BOCCTaHOBHTEIIEHOTO THITOB.

B nmokiaze paccMOTpPEHB! CYIIECTBYIONIHE IIPECTABICHHS O MEXaHU3ME AEHCTBUA TOMO-
T€HHBIX U Fe€TePOreHHBIX KaTaIH3aTOPOB B IPOLECCAX NMPEBPAILCHHUS PACTUTEIbHBIX ITOJIHME-
pOB, a TAaKXK€ B PEAKIHUIX HEKOTOPHIX MHJMBHIyaIbHBIX OPTaHUYECKUX COCOMHEHHH, Moje- -
nupyroumx (parMeHTHl CTPYKTYpHl JIMTHHHA. M3ydeHue KaTanHTnéecmx IIPEBPALICHUHN.
TBEPABIX CyOCTPATOB, K KOTOPBIM OTHOCSTCS paCTHTeJILHLIe TIOIMMEPHI, IPEACTABIAET coO0k
JIOCTaTOYHO CJIOXKHYIO 3KCIEPHUMEHTAIBHYIO 3aa4y. [/l TaKMX CHCTEM IOIyYUTh OJHO3HAY-
HBIE JIOKA3aTeNIbCTBA O MEXAaHU3ME IPOTEKAIOUIMX HpEeBpaIleHHi ropasno’ TpyaHee, 9eM B
Clly4ae TUIUYHBIX KaTAINTHYECKUX ra30(a3HbIX U )XUAKO(DA3HBIX MIPOIIECCOB.

K HacrosmmeMy BpeMeHH HaKOIUIEHO JOCTaTOYHO MHOTO AKCHEPUMEHTAILHBIX JAHHBIX O
KaTaJTUTUYECKUX NPEBPALICHUAX PACTHTENBHBIX MOJMMEPOB M MPEIIOKEHBl Pa3HOOOpa3HbIe

CIOCOOBI IIPUMEHCHHS KaTaJIu3aTOpPOB JIA I/IHTCHCI/I(bI/IKaHI’II/I IIpOOEeCCOB HX KOHBEPCHHU B

IICHHBIC OPTraHUYCCKHUE COCANHCHUA U YITICPOJHEIC MATCPHUAJIEL.
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B noxsiage paccMOTpeHBI COBPEMEHHBIE MPEACTABICHUS O MEXaHU3ME CICAYIONIUX KaTa-
JUTHYECKUX PpEaKUHU: IENOJIMMEPH3AMUN PACTHTENBHBIX KapOOTHIPAaTOB B OPraHUYECKHE
COEJMHEHHUS B MSATKHUX YCJIOBHSIX C BBHICOKOH CEJIEKTHBHOCTBHIO; JEHOJIHMEPH3ANH JTUTHAHA
pacTHTENbHOH OHOMACCHl AKOJIOTHIECKH YHCTBIMH PEAreHTaMH C MOIYYEHHEM IEJUTION03b] H
HI/IBKOMOJICKYJU{le;Ix COCAMHEHHH W3 JIMTHUHA; KapOOHHU3AaMM PACTUTENHHBIX ITOJUMEPOB B
YTJIEPOAHBIE MAaTEPHAIIEI C TPEOYEMBIM KOMILIIEKCOM CBOMCTE.

B kadecTBe NepBHYHBIX NPOAYKTOB I'MIPOIM3a PACTUTENBHBIX KapOormapaToB obOpasy-
IOTCS1 MOHOCaxapa, KOTOphIe MOTYT IOABEPraThCs JajbHEHIIUM npespamenusM. [Iyrem moa-
6opa ycinoBHi OCYIIECTBICHUS NIPOIecca THAPOIH3a U MOJXOMAMUX KaTalIu3aTOPOB yIaeTCs
IOBBICUTH BBIXOJ[ TPeOYEMBIX LENEBHIX NPOIYKTOB (JIEBYJHHOBOM KHCIIOTHI, THAPOKCHME-
tundypdypona, 1€BOTIIOKO3eHOHA, Pypdypona u X MPONU3BOIHBIX).

Pa3pabaTeiBaeMBle IKOJOTMYECKH O€30IMacHBIE MPOIECCHl NOJYYEHHS UEIUTIONO03bI W3
JIPEBECUHBI OCHOBAHBI Ha MCIIOJIF30BAaHHH KAaTAJTN3aTOPOB JACTMTHU(DHUKAIIMN H KOIOTHIECKH
YHUCTBIX peareHTOB (manpumep, KHCIOpoAa M IepoKcuaa Bopopoxa). OnpeneneHHbIH mpo-
rpecc B IOHMMaHHWM MEXaHH3Ma IPOTEKAIOMMX IPEBPAILCHUI JOCTUTHYT MPH HU3yYEHHH peak-
U OPTaHUYECKUX COEUHEHUH, MOJICTTUPYIONHMX OTAEIbHBIE (PparMEHThI CTPYKTYpPHI JIUTHHHA.

KapOoHu3zarus pacTUTENbHBIX HOJIUMEPOB HUCHOIB3YeTCA IS MOIYYCHHS YTISPOJIHBIX
MaTepHaJOB C pa3HOOOPa3HBIMH CBOMCTBAMH. MeXaHU3M AEUCTBHUS KUCIOTHBIX KaTaIH3aTo-
POB 3aKJIIOYAETCS B YCKOPEHHH peakuuii neruaparanud. OOpa3syonmecs Ipu 3TOM COeIHHe-
HUS C aJlbAETHIHBIMA IPYIIAMA KOHICHCHPYIOTCS B BHICOKOMONEKYJISPHBIE BELIECTBA, 9TO,
B KOHEYHOM CYETe, IPUBOJHUT K MOBHIIIEHHOMY BBIXOAY KapOOHH30BaHHOTO IIPOAYKTA. [u-
POJIM30M PACTUTEIBHOTO NOJHMEpa ¢ HAHECEHHBIMH COCIMHEHUSIMH METajlla MOXKHO IIOJIy-
4aTh METAJUI03aMEIIEHHEIEe TOPUCTHIC YIIIEPOAHBIE MaTepHabl, KOTOPBIE MOTYT IPHMEHSThCS
B Ka4€CTBE KaTaJIH3aTOPOB WIH MOAU(UIMPOBAHHBIX YIIIEPOIHBIX COPOEHTOB M HOCHTEIEH.

OcymiecTBiIeHHE TEPMHYECKUAX TIPEBPAICHUH U3MEIbYEHHBIX PACTHTENIBHBIX TOJUMEPOB
B IICEBJIOOXIKCHHOM CJIO€ KAaTaju3aTopa OKHCICHHS OTKDPBIBAET HOBBIE BO3MOXHOCTH

yIpaBieHHs IPOIECCOM ITUPONN3a U B PETYIHPOBAHUU TEKCTYPHI YTIEPOTHOTO TIPOIYKTA.
ABTOp BBIpaXaeT OJaroflapHOCTh 32 (PUHAHCOBYIO MOJAEPKKY B paMKax IMPOTPaMMBI

«THKO-KOITEPHUKY C» (rpéHT ERBIC 15 CT98 0804) u «YuusepcuteTsl Poccum»
(rpant YP.05.01.021).
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HOBBIE PEAKIIMHA OKHUCJIEHUS B OPTAHUYECKOM CHUHTE3E

NEW OXIDATION REACTIONS IN ORGANIC SYNTHESIS

ITanos I'.A.
Panov G.I.

WncturyT katanu3a um. I'.K. bopeckoa CO PAH,
npocn. Akaz. JIaBpenTbeBa, 5, HoBocubupck 630090, Poccust

Fax: (+7-3832) 34 30 56; E-mail: Panov@catalysis.nsk.su

The active oxygen-containing compounds (e.g., higher oxides of transition metals,
organic and inorganic peroxides, etc.) have long been in use as selective oxygen donors in
organic synthesis. The talk is devoted to new trends in this field concerning the use of
unconventional oxidants, in particular, nitrous oxide. A review of the gas-phase reactions
involving N>O will be accompanied by demonstration of possible application of nitrous oxide
in the liquid-phase oxidation, which opens a new way for synthesis of various oxygenated
organic products.

OxucnuTenbHbIE NPEBPAIlCHUs YIIIEBOJOPOIOB MPEACTABIAIOT COOOH OIUH M3 CaMbIX
BA)XHBIX KJIACCOB OPraHMYECKMX peakimii. B xuBoii mpupone, 61aronaps TOHKOMY J€HCTBHIO
(GbepMEeHTOB, OKHCIIUTENIBHBIE PEAKIHU IIPOTEKAIOT NPH ycnosfmx OKpPYXXaIoUIeH Cpeasl ¢
y4acTHEM €aMOro OOBIYHOTO U JOCTYIHOT'O OKHUCIUTENS — MOJIEKYJIIpHOTO Kuciopoaa. Hamm
HUCKYCCTBEHHBIE KaTaJM3aTOphl Jallek0 HE TaK COBEpIICHHBI, Kak (epmeHTHL. IlosToMy
HEPEJKO, YTOOBI IPOBECTH IIPOCTYIO PEAKIUIO, KOTOPYIO IPHUPOJa OCYIIECTBISET B OJIUH IIAaT,
HaM TPHUXOAUTCS MpHOETaTh K HECKOJNBKHM CTaJusM, INPOTEKAIOIIMM IIPH BBICOKHX
TeMIepaTypax " JaBJICHUIX.

OTta TpyOHOCTh BBI3BaHAa IpoOIeMOH monOopa CeleKTUBHOIO KaTanusaropa. Takoit
KaTaJM3aTop JOJDKEH NPOSBIATH IBAa BaXKHBIX CBOWCTBA: C OJHOW CTOPOHBI, AKTHBHPOBATH
KHCJIOPOJ U, C APYroH, akKTUBHPOBAaTh OPraHMYECKYI0 MOJIEKYNy TakK, 4T06bL HaIpaBUTh €e
B3aMMOJAEHUCTBHE C KHUCIOPOAOM IIO OIpEAEeNeHHONH XUMHYEeCKOM cBs3d. OCHOBHOM IyTh
noadopa KaTaln3aTOpPOB, OCYHIECTBIISIEMEIN depe3 H3MEHEHHE HUX XHUMHUYECKOTO COCTaBa,
MIPUBOJIUT K OJHOBPEMEHHOMY M3MEHEHHUIO aKTUBAIUU 00OUX KOMIOHEHTOB U HE IO3BOJIACT
MIPOBECTU HE3aBUCUMYIO ONITUMHM3AIMIO 3THX IIapaMeTpOB. 4

HoByro BO3MOXHOCTH B YIpPaBI€HUH pEaKIMEH OTKPHIBAET HM3MEHEHHE XHUMHYECKOMH
IIPUPOJBI OKHCIUTENS, B KAYeCTBE KOTOPOTO MOXKET NMPHUMEHATHCS HE TOJBKO CBOOOIHEIM
(MONEKyJIApHBIH), HO W CBA3aHHBIA KHUCIIOPOJ B BHJAE PA3IHYHBIX KHCIOPOICOAEPIKAIIHX

MOJIEKYIIL. BTO, B NEPBYKO O4YE€PENL, NPUBOJUT K H3MEHCHHIO COCTOSHHSA ITOBEPXHOCTHOIO

11
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KHCJIOpOJia, TOTJa KaK XapaKTep aKTHBAIUH OKHCISEMBIX MOJIEKYNI OCTA€TCS HEU3MEHHBIM
WJIH 3aTParuBacTCsS B MEHBIIICH - CTETIEHH. |

AKTHBHBIE KHCJIOPOACOACPIKAIHE COCHMHCHHSA (BBICIIME OKCHJBI  IIEPEXOIHBIX
METAJJIOB, OPTaHHYECKHE M HEOPTaHWYECKHE IEePOKCHUIBI M T.JI.) JaBHO HCIOIB3YIOTCH Kak
CEJIEKTHBHBIE JOHOPHI KHCIOPOAA B PEaKkmUiX OpraHMUECKOro CHHTe3a. B JaHHOM nokmane
OyIyT pacCMOTPEHBI HOBBIE TEHACHIMM B 3TOH 00JACTH, CBSI3aHHBIE C IPUMEHEHHEM
HETPaJUIIHOHHBIX OKHUCIIUTENICH, CpeaH KOTOPEIX 0c000e MecTo OyIET YAENIEeHO 3aKHCH a30Ta,
N;O. B mocnennue romsl 3Ta MOJEKyJa NPHUBIEKaeT OONBIIOC BHHMAHHC XUMUKOB Kak
KAHAIAT B (@HEATHHBIE) JIOHOPEI MOHOATOMHOTO KHCJIOpozAa, o0pa3ys B KauyecTBe
H00OYHOTO MPOJNYKTa JIMINL O€3BpEeIHBI MOJEKYISIPHBIH a30T, JIETKO OTIENUMBIH OT
IPOAYKTOB PEAKITHH.

Hapsiny ¢ 00630poM razo¢a3HbIX peakiuil c yqécmeM N;O, rne nHambonee spxuMm
JIPUMEPOM SABJISIOTCS . PEaKIMH CEIEKTHBHOTO THUAPOKCHIHPOBAHHUS apPOMATHYCCKHX
COENMHEHHH, OymeT IIOKa3aHa BO3MOXXHOCTh IIPUMEHEHHS 3aKMCH a30Ta B PEAKIHUAX
XKHUAKO(A3HOTO OKHCIICHHs, KOTOPBIE OTKPBIBAIOT HOBBIHA ITyTh U1 CHHTE3a Pa3HOOOPA3HEIX

KHCJIOPOACOACPKAIIUX OPTraHUICCKUX COEIMHEHHIA.

12
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MECHANISM OF NITROGEN OXIDES SELECTIVE REDUCTION BY
HYDROCARBONS IN THE EXCESS OF OXYGEN: INTERMEDIATES, THEIR
REACTIVITY AND ROUTES OF TRANSFORMATION

MEXAHH3M PEAKIIAY CEJEKTUBHOI'O BOCCTAHOBJIEHUS OKCHJIOB
A30TA YI'VIEBOJOPOJAMM B U3BBITKE KUCJIOPOJA: THTEPME/IUATDI,
HNX PEAKIIMOHHAS CITIOCOBHOCTDb 1 MAPHIPYTBI TPAHC®OPMAIINNA

Sadvkov V.A., Lunin V.V.* and Ross J.R.H.**
CagbikoB B.A., JIynun B.B* u Pocc k. P.X**

Boreskov Institute of Catalysis SB RAS, Prosp. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia
Fax: (+7-3832) 34 25 13; E-mail: sadykov@catalysis.nsk.su
*Chemical Department of Lomonosov Moscow State University, Vorobyevy Gory, Moscow, Russia
**University of Limerick, Plassey Technological Park, Limerick, Ireland

Main features of the mechanism of NOy selective reduction by hydrocarbons (methane,
propane, propylene) in the excess of oxygen catalyzed by systems containing transition metal
cations are considered. Stationary and unsteady-state kinetic experiments combined with
in situ FTIRS and TPD allowed to prove that in the realistic operation temperature range,
surface nitrate complexes are key intermediates. The factors determining their structure,
bonding strength, reactivity and routes of reductive transformation under the action of
hydrocarbons were assessed. The routes of hydrocarbons activation for the systems of interest
were considered as well. Schemes of the reaction mechanism for basic types of reducing
agents and catalysts were suggested. '

Selective catalytic reduction of nitrogen oxides by hydrocarbons (HC-SCR) is now one of
the most intensively studied catalytic reactions in the world. However, the mechanism of this
reaction is still the subject of controversy, which hinders development of efficient catalysts for
this application. Main drawback of the predominant part of studies aimed at elucidating the
mechanistic details is the lack of reliable estimation of the rates of proposed intermediates
transformation in realistic conditions close to those in real exhausts. Moreover, mechanistic
studies are usually not supported by detailed characterization of the nature of surface sites
stabilizing reactive intermediates. This presentation considers results of research aimed at
determining the key features of the mechanism of NOyx HC-SCR using such reductants as
methane, propane and propylene [1-7]. As catalysts, copper and cobalt-exchanged ZSM-5
zeolites, copper supported on alumina and zirconia, bulk samples of monoclinic or partially
stabilized zirconia, and copper/copper + Pt loaded zirconia pillared clays were used. The distinct
feature of these studies is systematic comparison of the steady-state rates of catalytic reactions
with the rates of transformation/accumulation of the possible intermediates estimated by using
pulse/flow kinetic methods and in situ Fourier-transform IR studies. Structure, bonding strength,
reactivity and routes of those surface species transformations were analyzed taking into account
the nature and local coordination of the sites of their stabilization.

For all systems studied, strongly bound surface nitrates were reliably shown to be key
intermediates, their transformation under the action of reductant + oxygen being the rate-
determining stage. Organic nitrocompounds (nitromethane, nitropropane etc) are generated in
this stage. The route and rate of their subsequent transformation critically depend upon the
chemical nature of surface coordinatively unsaturated cations, type of their coordination and
presence of oxygen and NOy in the gas phase. FTIRS studies combined with nitrogen and
oxygen isotope substitution both in the course of unsteady-state SCR reaction and in special

13
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experiments on thermal transformation/oxidation of possible C, N-containing intermediates
allowed to elucidate the nature of a number of intermediates including nitriles, aldehydes,
ketene, acrolein, acrylic acid, isocyanates, melamine, ammonia etc. For some stages of the latter
intermediates transformation, acid sites were shown to be of importance. In general, the rates of
the interaction with oxygen or NO + oxygen mixtures for surface species generated due to
nitrocompounds transformation exceed the rates of steady-state catalytic reactions, which imply
that they could not be rate-limiting. For some systems, generation of NO and/or NO, was shown
to be the consequence of nitrocompounds oxidation by oxygen. Selectivity towards N, and
nitrous oxide during nitrocompounds transformation strongly depends upon the catalyst nature
and content of oxygen as well.

Primary activation of hydrocarbons was shown to proceed either with direct participation of
ad-NOy species (the case of tetrahedrally coordinated cobalt cations), or independently on
coordinatively unsaturated surface cations (the case of square-planar coordinated copper cations).
In all cases, clustering of transition metal cation leading to decrease of the bonding strength of
adsorbed oxygen facilitates hydrocarbons activation. For supported oxide systems promoted by
precious metals (Ag, Pt), enhanced rates of hydrocarbons activation help to increase the rate of the
surface nitrates transformation and, as the result, increases the steady-state rate of catalytic reaction.

Schemes of NOy HC —SCR reaction mechanism were suggested and discussed for basic
types of catalytic systems and reductants.

This work was in part supported by RFBR grants 95-03-09675, 95-03-09622, and INTAS
grant 97-11720.
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KOMIIVIEKCBI HAJVIAAUS(IL, I, 0 ) B KATAJIMTHYECKHAX PEAKIIAAX
OKHUCJ/IMTEJIBHOI'O KAPBOHUJINPOBAHUSA

PALLADIUM(IL I, 0 ) COMPLEXES IN CATALYTIC OXIDATIVE
CARBONYLATION REACTIONS

Temxnn O.H. u bpyk JL.I'.
Temkin O.N. and Bruk L.G.

MockoBcKas rocylapCTBEHHAsI aKaIeMHUs
TOHKOM XUMHYeCKOH TexHosoruu uM. M.B. JlomoHOCOBa,
IIp. Bepnanckoro, 86, Mocksa 117571, Poccus
®axkc: 434-87-11; E-mail: Ibruk @cityline.ru

The role of Pd complexes in the oxidative carbonylation of alcohols and alkynes and
mechanistic features of unusual oscillating oxidative carbonylation are discussed. New
Pd(0)-p-benzoquinone complexes are synthesized and versatile role of p-benzoquinone in
oxidative reactions is discussed.

CyiecTBeHHBIN BKJIaJl B pa3BUTHE TOMOTEHHOTO OPTaHHYECKOTO KaTani3a KOMILUIEKCAaMH
Pd(Il, I, 0) Brecnu uccnenosanus 0. Cmuara, . Mouceesa, II. Mbiitnuca, I1. I'erpn,
P. Xexa, [I3. yn3u 1 MHOTHX Ipyrux XMMHKOB. PaboTel mocnenuux 20 et mokasaiy, 4yTo
komruiekckl Pd(I) sBAsioTCS MCTHHHBIMH KaTaluu3aTopaMM MHOTHX peaknui. CeromHs
pa3sBuTa oueHb Ooraras xoopauHanuonnas xumus Pd(I) [1], ocoberno B obOnactu
KapOOHMIIBHBIX KOMIUIEKCOB [1, 2].

B 3T0i1 nekuu paccMaTpuBaeTcs MHOroobpasue 3Tux kKiactepoB. HegaBHO HaM ynanock
MOJlyYUTh MOHOKPHCTAI U YCTAaHOBHUTH CTPYKTYypy IIEpBOTO WIEHAa CeMeiCTBa
KapOOHMWIBHBIX KoMIiuiekcoB (NHy),[Pdy(CO),Cly] [3], cunTe3umpoBanHoro B 1942 .
A 1. Teneman u E. Meiinax, a Taxoke nHTepecHOro koMmiuiekca coctaBa (PPN),[Pdy(CO);Brs].

B nexiuu o0CyKOaroTcs MEXaHW3Mbl OKUCIHUTEIBHOIO KapOOHUIHPOBAaHUSA CIHMPTOB U
ankuHOB B pactBopax komiwiekcoB Pd(Il) m Pd(I), a Taxke OyayT mpencTaBieHBI HOBBIC
KATATUTHYECKHE CHCTEMBI U1 CEJIEKTUBHBIX CHHTE30B SHTAapHOTO M MaJeHHOBOTO
aaruapuaoB u3 anetrmwieHa [4]. B cucreme PdI-KI-MeOH o0HapyxeH kosieOaTenbHBIH
PEXUM HPOTEKAHHS OKUCIUTENBHOrO0 KapOOHWIMPDOBAaHUS aAJIKHHOB 1O JU3(UpOB
3aMEeMIEeHHBIX MaJIEHHOBBIX KHCIIOT. ByayT mpeacTaBieHbl OCHOBHBIE YEPTHI MEXaHU3Ma 3TOH
HEOOBIYHOM peakuui [5, 6].

HenaBuue wuccnenoBaHus nyredt  ¢GopMupoBaHMS — KaTanu3aTopa B CHCTEMeE
Pd(OAc),-PPhs- n-6en3oxuHOH-MeOH B peakiui OKUCIHUTENBHOTO KapOOHHIHPOBaHHS

=C-H cBs3u B (eHWIANETUICHE MMO3BOJIMIIM NPEJIOKHATE HOBBIA MEXaHH3M, BKIIFOYAIONIHI

CTaIuI0 OKHCIHUTEIBHOIO MNPHCOCAUHCHUA =C-H _CBA3H (Ol-aJIKHHA K KOMILICKCY
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Pd(0) — L,PdQ, rne L - PPhs, Q - n-0eH30XHHOH, C MOCIENYIONIHMM BHEIPEHHEM OKCHIA
YI7Iepoa U OKHCIUTENLHO-BOCCTAHOBUTENLHBIM PaciagoM anuisHoro 6-MOC B pesynbraTe
HyKJIeOQWIbHOM aTaku MeTaHolla ¢ oOpa3oBaHMEM METHIIOBOTO 3¢upa (PeHUIIPONHOIOBOI
kucinotel  (1). T['unpuiHele JHUTaHABI OKHCISAIOTCS XWHOHOM BHYTPHUMOJEKYISAPHO C

o0pazoBaHHEM THIPOXHHOHA [ 7]

PhC=CH + CO + MeOH + Q —> PhC=CCOOMe + H,Q (1)

rae HoQ - rugpoxuHoH. |

CunresnpoBansl U u3ydeHsl MetojioM PCA [7] nBa HOBBIX AaKTHUBHBIX B KaTajiu3e
xommiekca Pd(0) ¢ Q — [Pd(*-Q)(PPhs),],(H2Q)-MeOH, Pda (-1, 1 Q)2(PPhs),)-MeOH.

B nmexkuum oOcykmaercs MHOrooOpasHas poONb XMHOHOB B  OKHCIHMTENbHBIX
KaTATUTHYECKUX PEAKIUIX.

B HccnenoBaHUSX MeXaHH3Ma KaTAIUTHYECKUX PEAKIUM, BHITIOJTHEHHBIX B MOCIIEHHE
TOIBI, aBTOPHI A(PQPEKTUBHO HCHONB3YIOT . CTPATETHIO, CBS3aHHYIO C (hOpMaTH30BaHHBEIM
BEIIBIDKCHHEM THIIOTE3 O MEXaHW3ME M MOCIEAYIOMEH HX JUCKPUMHHAINENH (CeneKIueit) Ha
OCHOBE IleJIEHaIIPaBIeHHbIX dKcIiepuMeHTOB [8-10].

Pabora BBIMONHeHa mpu ¢uHAHCOBOH momnepxke PODOU (rpamter 00-03-32037,
01-03-32883).
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ORGANIC COMPOUND OF NONTRANSITION METAL
AND ION-COORDINATED DIENES POLYMERIZATION

OPTAHMYECKOE COEJUHEHME HEIIEPEXO/JJHOT'O METAJLJTA 1
HNOHHO-KOOPIUHAIIMOHHAS ITOJIUMEPU3AIIUSA TUEHOB

Monakov Yu.B.
Momnaxos 10.B.
Institute of Organic Chemistry, Ufa Scientific Center RAS
pr. Oktyabrya 71, Ufa 450054, Russia
Fax: (+7-3472) 356166; E-mail: monakov@anrb.ru

In classic works on ion-coordinated polymerization of unsaturated compounds for
organic derivative of nontransition metal of II-III groups the accessorial role is determined:
alkylating, reducing and stabilizing agent. It is considered, that cocatalyst participates only in
active centers (AC) formation and doesn’t influence on their functioning, that is on their
reaction ability (propagation reaction rate constant, kp). and stereospecificity of action.

In our investigations of the titanium-aluminum (TiHals-AIR3) and vanadium-aluminum
(VOClI5-AlR3) catalytic systems (CS) it was shown that the change of organic radical R nature
(length, isomerism, presence of double bonds and heteroatoms) in aluminum trialkyls
influenced on CS activity in diene polymerization by variation in the concentration of AC, but
didn’t alter their stereospecificity of action and reaction ability [1]. And if we substitute the |
hydrocarbon radical — R in tryalkylaluminum by the group of another nature, for example, H,
Cl or OR, not only CS activity, but also reaction ability and stereospecificity of AC action
will change. Thus, linear dependence between 1,4-cis-units content in polyisoprene and
propagation reaction rate constant under polymerization of this monomer may be realized
[2,3]. In the case of lanthanide-aluminum CS (LnCls-3L—-AIR3, where L — tributilphosphate or
diamylsulfoxide) variation of the organic radical structure influences not only on CS activity
but also on kp, and on the forming polydienes microstructure, both under homo- and
copolymerization of dienes [4].

Variation of nature of nontransition metal itself (for example, substitution of aluminum
by magnesium, germanium or gallium) in its organic derivatives noticeably affects the
reaction ability and stereospecificity of action of AC. So, for instance, if we use
organomagnesium compound instead of trialkylaluminum in lanthanide containing /éygtems
we observe complete inversion of stereospecificity of their action [5]. It is interesting to note
that the nontransition metal organic compound concentration (CS component ratio) influences

on the AC reaction ability and stereospecificity of action [6].
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All these data allow to consider that the organic compound of nontransition metal plays
an important role both in AC formation and functioning, and sometimes it plays exactly the
same determinative role as transition metal compound (catalyst), that testifies to AC structure,
containing both metals (transition and nontransition) in its compositién.

One of the reasons of such influence of nontransition metal nature and its ligand
environment on CS parameters may be the participation in dienes’ ion-coordinated
polymerization of AC of different structure (multiplicity), differing, for example, both by the
degree of alkylation of transition metal and by the state of bridge bond between transition and
nontransition metals in bimetallic AC. These are those parameters of near ligand environment
(electronic characteristics) of 6-bond transition metal—carbon via the insertion of coordinated
diene occurs. The type of active centers and their ratio for one and the same initial transition
metal compound in CS (consequently, AC reaction ability and stereospecificity of action)

may depend from nature and concentration of used nontransition metal organic compound.
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MEXAHW3M U KHHETHKA PEAKIIAA OTHOYIJIEPOJTHBIX MOJIEKY.JI
HA MEJAbCOJEPXKAIINX KATAJIM3ATOPAX

MECHANISM AND KINETICS OF C;-MOLECULES TRANSFORMATIONS
OVER Cu-BASED CATALYSTS

Pozoncknii A5
Rozovskii A.Ya.’

Hucturyt HedTexummyeckoro cuare3a uM. A.B. TommuneBa PAH, Mocksa, Poccus
E-mail: rozovsk@ips.ac.ru :

B nmoxmazme paccMoTpeHBl 0COOEHHOCTH MEXaHM3Ma M KHMHETUKU Pa3lIM4YHBIX peakUuui
OJTHOYTJIEPOOHBIX MOJEKY)I MPEHMYIIECTBEHHO Ha MeIbCOAepXKallluX KaTajau3aTopax Ha
OCHOBE COOCTBEHHBIX U JIMTEpaTYpHbIX AaHHBIX. Cpeaw HHMX: CHHTE3 METaHONa, CHHTE3
Qumepa-Tpormia, CHHTE3 IUMETHIOBOTO 3¢upa, CHHTe3 MeTHI(OpMHATa, PEaKIUu
BOJSIHOT'O T'a3a, pa3joXKEeHUEe METAHOJIA C ITOJIyU€HHEM BOJOPOCOAEPIKAIINX CMECEH.

BoMbIMIMHCTBO MEpPEYHCICHHBIX peaknmuid IpoTekaeT ¢ 00pa3oBaHHWEM CTaOMIIBHBIX
ITOBEPXHOCTHBIX HHTEPMEAMATOB, IPOYHO CBS3aHHBIX C AaKTMBHBIMHM IICHTpaMH, 4YTO
o0ycnaBnuBaeT cienu(UIECKHe KUHETHIECKHE 3aKOHOMEPHOCTH IIPOIIECCOB.

B 3aKifOuyHTENbHOW 4YacTH JOKJIaga paccMoTpeHa ofmas cxema nepepaboTku

IIPUPOOHOIO ra3a B MOTOPHEIC TOIIJINBA, HOBLIE pa3pa60TKn AJiA OTACIIBHBIX IIPOIECCOB.
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THE MECHANISM OF FISCHER-TROPSCH SYNTHESIS

MEXAHHU3M CUHTE3A ®PUITEPA-TPOIIIIA
Schulz H.

University of Karlsruhe, Engler-Bunte Institut, Kaiserstrasse 12, 76128 Karlsruhe, Germany
Fax: +49-721-606172; E-mail: Hans.Schulz@ciw.uni-karlsruhe.de

Mechanistically, Fischer-Tropsch synthesis features alike an "Organism of Reactions,
Sites and Intermediates”" of high dynamic complexity, basically ruled by few principles. It
appears that FT- synthesis with cobalt (or Ni and Ru) is different as compared with FT on
iron.

For Fischer-Tropsch synthesis with cobalt we have recently observed that the
FT-regime is initially poorly existing. It develops with time under the influence of CO and
hydrogen. This is now related to a cobalt metal surface segregation and thereby
disproportionaﬁon of crystal On-Plane-Sites into On-Top-Sites of low coordination,
capable for chain propagation and In-Hole-Sites of low coordination, active for
CO-dissociation (the obtained C;-species is hydrogenated to the mobile CH,-monomer). The
remaining On-Plane-Sites are much frustrated in their activity, but still own some activity for
olefin reactions and methane formation. With this new concept findings around FT-synthesis
can be excellently explained.

As "the" monomer for chain growth, the CH;-species has been proposed early by
Fischer and also by Eidus. This has been substantiated by results of our experiments with
14C_1abelled olefins, showing the reversibility of CH,-addition, as in relation to carbene
complex chemistry. Surface CH,-species had earlier been noticed e.g. by Bell when finding a
CH,-addition to the double bond of cyclohexene. CO-addition for chain growth has been
proposed by Wender, Roginski, Pichler and others and is today identified as an alternative
reaction of chain growth. It is regarded also to perform on On-Top-Sites and seen as a chain
termination reaction, because the oxygen will not be split from the species and the oxygen
containing "ligand" not be capable of chain prolongation as in analogy to the
hydroformylation mechanism. '*C-labelling of hydrocarbon product molecules during
hydropolymerization (conversion of mixtures of ethylene, '*CO and Hy; Zelinski, Eidus) can
now be understood: Preferred chain start with (ample, stable) CHs; from CO and chain
termination with CO (chain prolongation being possible with ethylene). See also our

experiments with labelled ethylene in the syngas.
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Alkyl chains, attached to the On-Top-Sites of the segregated cobalt surface, forming an
"alkyl grove" (with distinct features of its own) are concluded to be the species which grow.
Methyls on the surface of deactivated hydrogenation catalysts have been found as very stable
- even deactivating - species (Albers et al.). In analogy, alkyls. should be stable as well.
Paraffins and alpha-olefins, both are the main primary products of FT-synthesis, as formed
from the alkyls via H-addition or H-abstraction (Schulz). It follows frustration of these
desorption reactions in the Fischer-Tropsch regime, as they have to be considerably slower
than addition of a monomer. Frustration of the alkyl desorption reactions (also of CHj3 to
form CHys) then appears to be the most important principle of Fischer-Tropsch synthesis, valid
for all FT-catalysts, for Co, Ni, Ru and Fe as well..

Secondary olefin reactions are important with cobalt, as there are: Alpha-olefin
readsorption for linear chain growth on On-Top-Sites; olefin adsorption on On-Plane-Sites for
double bond shift and double bond hydrogenation.

Remarkably, it can be learnt from the selectivity changes during selforganization of the
FT-regime how spatial constraints on the active sites are an important principle (time
dependeﬁce of e.g. branching- and growth probability).

With iron as the FT-catalyst, fundamental differences are observed. The common
FT-principle for both sorts of catalysts is: Frustration of the desorption reactions, of
particularly paraffins but also of olefins. The active sites of iron catalysts are not well
identified, in spite of an enormous volume of related literature. Whereas with cobalt (Ni, Ru)
the metals themselves exhibit FT-activity, the well reduced iron is not active and only
develops activity through reaction of the iron with carbon from CO dissociation (Schulz)
under formation of several carbide phases and graphitic carbon. Good iron catalysts are
promoted with alkali, which spreads on the catalyst surface and specifically favors carbon
formation from CO. Visualizing the FT-monomer with iron to be the CH;-species is much
supported from evidence and respectively a CH,-with-alkyl-reaction is very probable for
chain prolongation.

As compared with cobalt, most of the "extra-reactions” are missing with iron (or are at least
slow). With iron the mechanistic picture appears simpler with regard to intermediates and basic
reactions, however, much more complicated regarding catalyst composition and structure. The
FT-regime with alkalized iron is remarkable stable. Selectivity changes are merely observed
over wide ranges of partial pressures and even during the in sifu catalyst formation.

The above pictured mechanism of FT-synthesis shall be discussed in more detail in the

lecture, mainly on the basis of our recently gained data and insight.
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CHARACTERIZATION OF ACTIVE SITES OF Fe- AND Ti-SILICALITE
CATALYSTS RESPONSIBLE FOR THEIR OXIDIZING PROPERTIES

XAPAKTEPHU3ALIMA AKTUBHBIX HEHTPOB JKEJIE30- 1 TUTAH-
COIEPXKAINUX CUJIIUKAJIUTOB, ONPEJEJIAIOIINX
OKUCJIMTEJBHBIE CBOMCTBA KATAJIN3ATOPOB

Zecchina A.
Dipartimento di Chimca Inorganica, University of Turin, via P. Giuria, Turin 7 I-10125, Italy

- Ti and Fe are both examples of transition elements which can substitute silicon atoms in
the framework positions of zeolitic materials with MFI structure. The resulting solids are TS1
and Fe-silicalite. However while Ti does not show high propensity into extraframework
positions the same does hold for Fe. For this reason the catalytic properties in partial
oxidation reactions of Ti-silicalite are mainly associated with the properties of framework Ti
centres while the properties of Fe-silicalite are better explained in terms of extraframework
species. It will be shown that the coordination state of Ti increases from four to five and six
upon contact with adsorbates like water and ammonia and that this transformation is
reversible. The interaction with hydrogen peroxide (the oxidizing agent) is more complex and
it will be discussed in great detail. The coordination state of extraframework Fe(Il) and Fe(III)
species generated by controlled migration of iron from framework to extraframework
positions can be lower than four (the coordination state of iron in the original framework
position). It will be shown that extraframework Fe(I) centres can increase their coordination
sphere up to six upon NO interaction with formation of trinitrosyl species. The chemical
nature of adsorbed oxygen and its relations with oxygen species found in iron-based enzymes
will also be discussed. Another problem that will be considered is the role of framework Al in

influencing the catalitic activity of Ti- and Fe-silicalites.

KEYNOTE SECTIONAL LECTURE
(Abstract recieved 27.08.2002)

22



KEYNOTE LECTURES

and

KEYNOTE SECTIONAL
LECTURES

SECTION I “REDUCTIVE-OXIDATIVE
HETEROGENEOUS CATALYSIS”

SECTION II “ACID-BASE HETEROGENEOUS
AND HOMOGENEOUS CATALYSIS”

SECTION III “METHODS OF INVESTIGATION OF THE
- MECHANISMS OF CATALYTIC
REACTIONS”






KN-1

SOLVATION OF PROTONS AS A MAIN FACTOR WHICH DETERMINES THE
- STRENGTH OF SUPERACIDS. THE ROLE OF SOLVATION IN THE ACID
CATALYZED TRANSFORMATIONS OF OLEFINS

COJIbBATAIIUAS MTIPOTOHOB KAK OCHOBHOM ®AKTOP, ONIPEJIEJIAFONIAI
CILIY CBEPXKHCJIOT. POJIb COJIBBATAIIUU B KUCJIOTHO-
KATAJIUTHYECKHUX IPEBPAIHIEHUAX OJIE@UHOB

Kazansky V.B.
Kazauckuii B.Bb.

Zelinsky Institute of Organic Chemistry, RAS, Leninsky Prospect 47, Moscow 117913, Russia
E-mail: vbk@ioc.ac.ru

Analysis of literature indicates that the strength of superacids is mainly determined by the
unusual chemical properties of weakly solvated protons, while the degree of dissociation of
superacids is rather low and is of less irﬁpoﬁance. Therefore, the high chemical activity of
protons in such superacids as 100% H,SO4 or the anhydrous liquid HF arises from weaker
solvation of these species by molecules of superacids in comparison with solvation with the
-more basic water molecules. In contrast, solvation by superacids of the negatively charged
basic anions is stronger than in water solution. Thus, for appearance of superacidic properties,
the following conditions should be satisfied for a strong acid:

1. To have the strongest superacid, the energy of proton soivation should be minimal.

11. In contrast, the solvation energy of the negatively charged anions should be maximal.

First of these conditions results in a high chemical potential of solvated protons, whereas
the second one makes the energetic of heterolytic dissociation of superacids still reasonably
favorable.

These conclusions were illustrated by results of the ab initio quantum chemical
calculations performed for solvation of protons and of the negatively charged anions in 100%
sulfuric or in the liquefied anhydrous hydrofluoric acids which are presented in Table 1 (See
also Ref. [1]). The obtained solvation heats are in a good agreement with experimental heats
of autoprotolysis of these acids. On the other hand, they confirm a considerably weaker
solvation by the anhydrous superacids of protons and in contrast the stronger solvation of the

basic negatively charged anions in comparison with solvation in water solution.
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Table 1.
The acid AH of proton solvation, AH of anion solvation,
! kcal/mol kcal/mol
Water solution 100% acid Water solution 100% acid
H,SOq4 261 240 72 70
HF 261 225 109 145

These results indicate that depending on the concentration of the strong acids the
chemical properties of solvated protons can change in a very broad range.

The similar conclusion concerning important role of solvation is also true for solvation by
the strong liquid acids or by superacids of carbenium ions resulting from pfotonation of
olefins. Therefore, catalytic transformations of olefins in anhydrous superacids and in the
moderately concentrated strong' acids involve different active intermediates. For instance, due
to the weaker solvation of protonated species by 95 % sulfuric acid, the “conjunct
oligomerization” of olefins or isoparaffin-olefin alkylation are the real carbenium ion
reactions [2,4]. In contrast, due to the stronger solvation of protonated specieé by water, than
by anhydrous superacids, the cationic polymerization of olefins in the moderately
concentrated sulfuric or hydrofluoric acid involves oxonium ions instead of carbenium ions
[3]. This results in different reaction products rather than in transformations of olefins in
superacids.

These conclusions are supported both by ab initio quantum chemical calculations and by
the in situ *C NMR study of protonated active species involved in sulfuric acid catalyzed
transformations of olefins or in isoparaffin-olefin alkylation. The obtained results also allowed
proposing a new alternative mechanism of isoparaffin-olefin alkylation catalyzed by 95%

H,SO,4 or anhydrous HF.
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[3]1V.B. Kazansky, Appl. Cat. A: General, 188, 1999, 121.

[4]1V.B. Kazansky, H.C.L. Abbenhuis, R.A. van Santen, M.L.V. Vorstenbosch, Catal. Lett., 2000,
v.69, 38.
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MEXAHU3M KATAJTUTHYECKOT'O JIEUCTBUSA HEOJUTOB CEMEMCTBA

MEHTACHJIA B IPEBPAINEHASX HU3KOMOJIEKYJISIPHBIX
YIJIEBOJOPOJOB

THE MECHANISM OF THE CATALYTIC ACTION OF PENTASIL TYPE
ZEOLITES IN THE TRANSFORMATION OF LOW-MOLECULAR WEIGHT
HYDROCARBONS

Jlamnaye AJL, /lepradeB A.A. 1 MI/IHa‘leB X.M.'
Lapidus A.L., Dergachev A.A. and Minachev Kh.M."

I/IHCTI/IT}"T opranunyeckoi xumuu uM. H.J{.3enunckoro PAH
Jlennnckuit mpocnexr, 47, Mocksa 119991, Poccus
Tenedaxc: (8-095) 135-53-28; E-mail: SEKRETARY @ ioc.ac.ru

| Transformations of low-molecular weight olefines and paraffins over pentasil type
zeolites of different composition are studied. The reasons for the high activity and selectivity
of modified pentasils appear to lie in their specific acidic properties, localization of promoter
atoms in the zeolite structure, their strength and electronic state of the modifier metals. On the
basis of the data obtained suggestions are made concerning the mechanism of the catalytic
action of pentasils and the rules for designing selective catalysts are outlined.

AxTyanbHas 33lada KBaTHOUIUPOBAHHOM 1epepaboTKU ra3000pa3HEIX YIJIEBOIOPOIOR B
IEHHbIE ~ XHMHYECKHE TNPOAYKTH  CTHMYJIMpOBala HOHMCK HOBBIX  3((MEKTHBHBIX
KaTaJu3aToOpoB, CpeId KOTOPHIX Hambojiee aKTUBHBIMH H CEIEKTHBHBIMH CHCTEMaMM
OKaszaJIuCh IIeOJIMTHl ceMeiicTBa mneHTacwia [1-3]. B gowiage o0OOHmIEHBI pe3ysIbTATHI
HCCIICJIOBAaHUS 3aKOHOMEPHOCTEH KaTaJUTHYECKOTO JEHCTBUSA JICKAaTHOHHPOBAaHHBIX H
META/UICOAEPKAallUX IEHTacHJIOB B IIPEBPAIICHUAX HH3KOMOJIEKYJLIPHBIX ONe(pHHOB H
napaHHOB. _

Ha ocHoBanum u3ydenus npespamieHuii onedpunoB C;-C4 B IPUCYTCTBHU IIEHTACHJIOB
clelaH BBIBOJ O TOM, YTO OOpa30BaHHMIO apOMATHYECKUX YTIEBOIOPOIOB IPEIIIECTBYET
CTaaus OJMTOMEPH3ALMH HUCXOIHBIX AKEHOB C YYaCTHEM IMPOTOHHBIX KHKCIOTHBIX IIEHTPOB
neonuroB. JlanpHeliue @peBpallieHUs OJHIOMEPOB MOTYT IPOUCXOAWTH IO JBYM
HanpasineHwsM. IlepBoe — mocienoBaTenbHOE OTIICIUIEHHE BOAOPOAAa OT  MOJEKYJ
OJIUTOMEPOB M TEpMHUYECKas HUKIH3anUsg 00pa3yroIMXcs IOJMHEHACHIIICHHBIX CTPYKTYP.
BTopoe — yaCTU4YHBIN KPEKUHI OJIMTOMEPOB C 00pa30BaHUEM BeChbMa PeaKIIMOHHOCIIOCOOHBIX
JUTWJIBHBIX HOHOB KapOeHUs1, KOTOpHIE JIETKO NPEBPANIAOTCS B JH- U TPHEHUIBHBIE KATHOHEI
U Jajiee B apOMaTH4eCKUE YTIIEBOAOPO/IHL.

OnpeneneHsl OCHOBHBIE (DAaKTOPHI, BIMUSIONIAE HA aAKTHBHOCTh H CEJIEKTHBHOCTH

METAJUICOACPKAUX IMEHTACHIIOB B apOMaATHU3allMd HHU3KOMOJICKYIAPHBIX Hapa(bHHOBZ

COOTHONICHHE KOHHCHTpﬁLIHfI KapKaCHBEIX aTOMOB, IIpHpOOa 3JI€M6HT&—MOI[I/I¢)HKaT0pa, €ro
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KOHIIEHTpallys M JIOKANM3alMsA B OJEMEHTaX CTPYKTYPBl II€ONMTHOM MATPHULEIL, CIOCOO
BBEJIeHUS MOAUGHUUIHPYOLIEH N0OaBKH, YCIOBHA [IPOBEJCHUS PEAKIUN M IIPEIBApUTENbHOM
00paboTku KaTanu3aTopoB. C IpUMEHEHHEM KOMILIEKCa COBPEMEHHBIX (QH3UKO-XHMHIECKHX
METOJOB IOJIy4€HB HOBBIE JAHHEIE O NMPHUPOJIE AKTUBHBIX IIEHTPOB IEHTACUIIOB, MEXaHU3ME
X (HOpMHPOBaHHS, COCTaBE KOOPAWHAIIMOHHOW cephl, a Takke O CHIe ¥ TEPMOCTabHIIb-
HOCTH MPOTOHHAIX U allPOTOHHBIX KHCIOTHBIX IIEHTPOB.

CpaBHeHHE OWHAMHKH 00pa30BaHHs NpPOAYKTOB mpeBpameHus napapuaoB C,-Cs Ha
MeTaJUICOAepKalliX MEHTaCHIaX ITOKa3aJlo, YTO apOMaTU3alysl aIKaHOB IIPEICTaBIAET COOO0M
COBOKYIIHOCTh IIOCJIE[IOBATEILHBIX W IAPAUIENBHBIX PpEaKIHid, mepBas H3 KOTOPBIX —
oOpa3oBaHHe HEHACHIIICHHBIX YIIIeBOAOpOoA0oB. OCHOBOH MeXaHW3Ma KaTaJIUTHYECKOIO
IeHCTBHS MOAU(DUIMPOBAHHBIX MEHTACHJIOB B apOMaTH3allMd  HU3KOMOJEKYISPHBIX
napauHOB SBISETCS YJacTHE CUIBHBIX AlPOTOHHBIX KHCJIOTHBIX LIEHTPOB, BKIIOYAIOIIMX
aTOMBEl METAJUIOB, B JETMAPHPOBAHHY HACHIIEHHBIX Moiekyl. Kpome Ttoro, -anmpoToHHBIE
KHCJIOTHBIE IIEHTPhI ytiaCTByIOT B CTaJIM¥ OTPHIBA THAPHUA-UOHOB OT HEHACHIIEHHBIX MOJIEKYIT
¢ oOpa3soBaHHEM BBICOKOPEAKIIHOHHBIX Aa/UIMIIBHBIX HHTEpMEAHaToB. B CBOIO odepens
apoMaTHYECKHe  YIJIeBOJOPOJABl  MOTYT  OBITh  NOJY4YeHBI  KaK  IIOCPEICTBOM
TIOC/IEI0BATENBHOTO OTPBIBA THIPH/-HOHOB OT MOJEKYN ONE(QHHOB C YHUCIOM YTJIEPOIHBIX
aTOMOB He MEHee INECTH, TaK U B pe3ylbTaTe NPSIMOTO B3aHMOJCHCTBHUS JBYX ATHIBHBIX
KaTHOHOB C OJIHOBPEMEHHBIM OTIICIUIEHHEM BOJIOPOJa.

B pesynbrare TpPOBEIECHHBIX HCCIENOBaHMHA CGHOPMYIHPOBAaHBI NPHHIUIBI ToAGOpa
3¢} EeKTHBHBIX [EOJUTHBIX KaTaJN3aTOPOB, obecneunBalomux npeppamenue onedpuHos Cr-Cy
B BBICOKOOKTAHOBOE MOTOPHOE TOIUIHBO C CEJIEKTHBHOCTHIO 10 95% ¥ apoMaTH3aIHIo

napa¢puHoB C,-Cs ¢ cenektuBHOCTBIO 65-70%.

[11M.S. Scurrell, Appl. Catal., 32 (1987) 1.

[2] X.M. Munaues, A.A. Jlepraues, Ycnexu xumuy, 59 (1990) 1522.

[31Kh.M. Minachev, A.L. Lapidus, A.A. Dergachev, Proc. DGMK-Conference «Creating Value from
Light Olefines — Production and Conversion», Hamburg, (2001) 189.
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PEAKIIUU CIIMPTOB

Moiseev 1.1.
Moucees U.H.

Kurnakov Institute of General and Inorganic Chemistry, RAS,
Leninsky Prospekt 31, 119991 Moscow GSP-1, Russia
Tel.: 7 095 952 1203; Fax: +7 095 954 1279
E-mail: iimois @igic.ras.ru

Chemistry of alcohols has played a key role in the development of catalysis since
the times of Butlerov, Berthelot and Sabatier. Reactions of alcohols like etherification
and esterification, dehydrogenation and oxidation, dehydration to alkenes,
dehydration and condensation to form dienes after Lebedev are widely exploited on
both bench and large scales.

This paper will be focused on reductive dehydration reactions. In such a reaction
an alcohol molecule undergoes dehydration and condensation giving rise to a
hydrocarbon. The number of C atoms in the product molecule is at least doubled in
comparison to the starting alcohol. Thus, cyclopentanol reacts in the presence of fused
iron to give rise to dicyclopentyl (L.S.Glebov, G.A Kliger et al., 1986):

2Q—OH+H2 —_— O——O +2H,0

Analogously, benzaldehyde was found (L.S.Glebov, G.A Kliger et al., 1988) to
undergo reduction to form 1,2-diphenylethane presumably via intermediate benzyl
alcohol formation:

O H
s
2Ph-C7  4+2H, —— [2PhCH,0H] —— PhCH,CH,Ph + 2H,0
H

A composite catalyst comprising intermetallic compound of composition
TiFeg,95Z19,03M0g,02, Pd/Si0;, and Al,O3 was found to catalyze formation of mixture
of hydrocarbons from ethanol while treated with CO,/H, mixture (M.V.Tsodikov,
V.Ya.Kugel, E.V.Slivinskii et al., 1998):

Co
CHsOH + H, —2» Y'C,H,,, + K0
n=4

Mechanistic aspects of the above mentioned and related reactions are discussed.
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APPLYING A MIXTURE OF O, AND H; GASES FOR OXIDATION OF
HYDROCARBONS

HNCIIOJIb30BAHUE CMECH I'A30B H; 11 O, 1JI1 OKUCJIEHUA
YIJIEBOJOPOIOB
Likholobov V.A.
JInxosno6oB B.A.
Boreskov Institute of Catalysis SB RAS, Omsk Department, Omsk, Russia
E-mail: Val@incat.okno.ru

An Oy/H; oxidant is considered as very promising alternative for dioxygen in reactions of
hydrocarbons oxidation. It gains advantages over dioxygen, those are lower temperature of
performances and resulting selective conversion of hydrocarbons into oxygenated compounds
with minimal complete oxidation.

Chemistry of the oxidant is rather diverse being in dependence on the catalyst
composition, hydrocarbon substrate and conditions. The catalytic systems for O»/H; oxidation
are typically based on metals of VIII Group of the Periodic Table, preferably, Pt and Pd. In
addition, the catalysts include some components, which stabilize an appropriate oxidation
state of the Pt (Pd) and, in some cases, participate in reactions of dioxygen, thus affecting a
nature of active intermediates. Varying composition of the system, its specific reactivity with
respect to desired transformation of substrate can be attained.

A group of catalytic systems consisted of Pt or Pd and different heteropoly compounds
(HPC's), including transition metal containing HPC's, was studied in oxygenation of alkanes,
cyclohexane, benzenes and alkenes. The liquid-phase versions of the systems were composed
of (1) water soluble complexes of Pd(Il) ions with heteropoly anions, (2) solid Pt catalysts and
HPC solution and (3) supported or bulky solids of the same composition. Relative reactivity
of the hydrocarbons and composition of the oxygenated products suggested radical nature of
the active intermediate species responsible for oxygenation in the presence of redox-active
HPC's.

The silica supported Pt-HPC and Pd-HPC samples were used in vapor-phase oxidation of
hydrocarbons providing selective conversion of alkanes and benzenes into oxygenated

compounds.
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MEXAHW3MbI OKUCJIEHUS AJIKAHOB B IPUPO/THBIX 1
BUOMUMETHYECKHUX CUCTEMAX

MECHANISMS OF ALKANES OXIDATION IN ENZYMATIC AND BIOMIMETIC
SYSTEMS

IlunoB A.E. n Kapacesuu E.H.
Shilov A.E. and Karasevich E.I.

HNuctuTtyT Onoxumuyeckoit pusuku uM. H.M. Omanysns PAH,
Kocreiruna, 4, 119991 Mocksa, Poccus
E-mail: elka@sky.chph.ras.ru

Different mechanisms of biological and biomimetic oxidation of alkanes are discussed.
Convincing arguments in favour of a two-step mechanism of saturated hydrocarbon oxidation
catalysed by methane monooxygenase (MMO) or by cytochrome P450 are presented. Data on
partially deuterated camphor, norbornane, ethylbenzene isomerisation in the course of
hydroxylation in enzymatic and biomimetic systems, and data on kinetic isotope effects in
methane oxidation catalysed by MMO are analysed in terms of the new mechanism via an
intermediate complex containing pentacoordinated carbon. A self-consistent pattern of the
reaction dynamics in the terms of the mechanism proposed was presented in contrast to the
commonly accepted oxygen-rebound mechanism.

OcHoBHOM ITyTh QYHKITMOHAIN3AINH AJIKAHOB - OKUCIeHue. B xuBoit npupozae npobiaema
OKMCJICHHMS YIJIEBOJOPOJOB YCIEIIHO pemaeTcs JAByMsa crnocobamMu - adpoOHBIM U
aHa’poOHbIM. [Ing a’poOHOro oOxuciIeHHs IpHpola co3Jajla CIEeNUATU3UPOBAaHHBIE
KaTaJli3aTOPBl - MOHO- U AUOKCUTeHa3bl. DepMEHTHI, OTHOCAIIHMECS K KIIACCYy MOHOOKCUT€HA3,
KaTaJIU3UPYIOT OKHUCJICHHE aJIKaHOB MOJEKYIIPHBIM KHUCIOPOJOM B COOTBETCTBUH C
YpaBHEHUEM:

RH + O, + 2¢ + 2H" — ROH + H,0.

Cpenn »TX ¢epMeHTOB Haubojee H3YyYEHHBIMH SBISIOTCA LUTOXpoM P450 u
MeraHMOoHOOKcureHaza (MMO). B akrtuBHbIA nHeHTp 1mroxpoma P450  Bxomut
KeNe30MOpHUPHHOBEI KOMIUIEKC, B akTHUBHBIH IeHTp MMO - OusjiepHbIil KOMIUIEKC
xKeJe3a. PeakIMOHHBIM KT 3THX (EpMEHTOB COCTOMT M3 JIByX OCHOBHBIX IIPOIIECCOB:
aKTHBALMU KUCIIOPOJa U OKHCIEHHA YIJeBOJOpOoJHOro cydcrpata. HecMoTps Ha HEKOTOpBIE
OTIIHYHS MEXaHHU3MOB aKTHBAIMU KUCIOpOJA, MEXaHH3M runpokcmiupoBanus C-H cBs3u B
9THX (EpPMEHTHBIX CHCTEMaX, OUEBHJHO, MMEET 3HAUUTEIBHOE CXOACTBO. MHOruMM
HCCIIE0BATENsAMHA IIPHHMMAETCS CKPBITO-PAIUKANBHBIA MEXaHH3M 3TOro Ipolecca, B
aHIMION3BIYHON  JIUTEpaType Ha3bplBaeMblii  “oxygen rebound mechanism”. Oprako
BHHUMATENBHOE PACCMOTPEHHE IKCIEPUMEHTANBHBIX JAaHHBIX 10 OKHUCJIEHHUIO YIJIEBOAOPOIOB
muToXpoMoM P450 m ero XMMHYECKHMH MOJENSIMH IOKa3ajo, YTO CKPBHITO-paJUuKallbHBIA
MEXaHH3M HE BBIICPKUBAET KOJIMYECTBEHHOH NPOBEPKH. OTOT MEXAaHHU3M TaKXKe He
coryiacyercss ¢ pe3yilbTraTaMud ucciefnoBaHuil okuciaeHnss MMO neiTepo3aMenieHHOro

MeTaHa. 3HaYeHHe KHHeTHYecKoro m3oromnHoro 3¢dexra (KNUD) B mepecuere Ha ogny C-H
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CBA3b CYIIECTBEHHO IIOBBINIAETCS C YBEIMYEHHEM HYHUCIIA ATOMOB NEHTEPUs B MOJIEKYIIE
merana (CH3;D, CH,D,;, CHDs). DTOT HETpHUBHAIBHBIA pPE3YJILTAT SIBHO YKa3bIBA€T, 4YTO
MEXAHU3M PEaKIUi OTIHYAETCA OT IPOCTOr0 B3aUMOJEUCTBHS akTUBHOro IeHrpa MMO c
oqunM atoMoM H (unu D) cyOcTpara OKuCIeHHS.

AHanu3 JIMTEpaTYpHBIX JaHHBIX, CBUIETENbCTBYIOIIMX B IOJB3Y 00Opa3oBaHus
KOMIIJIEKCOB YTIJIEBOJOPOJIOB KaK C METAJUIONEHTPAMH, TaK U C JPYTHMH 3JIEKTPOPHILHBIMA
YaCTHIIAMHU, IO3BOJHI HPEIIOKUTh OPHUTHHAIBHBIA MEXaHU3M II€peHOca KHUCIOpoJAa IpH
THJIPOKCHUJIMPOBAHUHU JIKAHOB BHICOKOBAJIEHTHBIMU KOMIUIEKCAMH METAJIOB B XUMHUYECKUX U
OMOJIOTHYECKHX CHCTEMaxX. OTOT MeEXaHHM3M SBJISETCS MOJUQHUKAIMEH MeXaHH3Ma C
CHHXPOHHBIM BHEJIpeHHEM aToMa Kuciopozna B ¢Ba3b C-H. HoBeM sABIseTCSA 1OI0KEHHUE O
[OpeIBAPUTENLHOM OOpa30BaHHH IPOMEXYTOYHOTO KOMIUIEKCA AaKTHBHOTO IIEHTpa C
MONeKylnoit  yrieBojpopona. llpenmomaraercs, dYTO  3TOT  KOMIUIEKC  COJEPKHUT
5-xoopauHUpPOBaHHBIH yriaepoa. CoocoOHOCTH YIIIeBOJOPONOB 00Pa30BBIBATH IOAOOHBIE
KOMIIIEKCHI OCHOBaHAa Ha BO3MOXKHOCTH YBEITHYCHHUS KOOPAUHAITMOHHBIX Yucen y aToMoB C H
H 10 5 1 2 cooTBEeTCTBEHHO.

B paMxax NpennoeHHOro MeXaHHW3Ma MPOBEJICH aHAIU3 SKCIECPUMEHTANBHBIX JaHHBIX
no KMO oxucaenus A)ICI‘;ITCPOBaMCIIICHHHX monekyn merana (CHD3;, CH;D,, CH3D) u mo
pachpeieeHiI0 IPOIYKTOB OKHCIEHHsA xupamsHoro odTaHa (R- u S-MeCHDT) u
JefTepo3aMelleHHBIX aJlKaHOB (kaM(opbl, HOpOOpHaHA, XHPAJBHOIO STHIOEH305a) IIPH
karaimze MMO, muroxpomom P450 u ux XMMAYECKHMH MOJCIIIMH. PaccMOTpeHB! BapHaHTEI
HEPaJNKAIFHOTO MEXaHH3Ma OKHCIICHHS YIJIEBOJOPOJNOB C YJaCTHEM OJHOBPEMEHHO IBYX
WIH JaXe TPeX aTOMOB BOJIOPOJA B PEAKIIMM B3aUMOJIEHCTBUS C aKTUBHBIM MHTEPMEIUATOM.
Pacuer moka3zan, 4ro kazaBmieecss HeOOBICHUMBIM MoBhieRre KUD npu yBenuueHuu yucna
atoMoB D B Monekyne MeTaHa W HEOOBIYHOE pacHpe/ielieHue IPOAYKTOB pEaKIUU
THIPOKCWIMPOBAHUSA  XHPAIBHBIX  MOJEKYJd HaxoJsiTci B  XOPOIIEM COTJIaCHU C
HepamUKaTbHBIM MEXaHH3MOM. V3oMepu3amms (paneMmsanus) oOBACHAeTCS OGMEHOM
MECTaMH H30TONOB BOJOPOAa B METHJICHOBOM 3BE€HE IIPOMEXKYTOYHOrO KOMILIEKCa,
COJIEpKAIIETO S-KOOPAWHUPOBAHHBIA yriiepos. PaccunTanHble B paMKaX HOBOTO MeXaHH3Ma
KHHETHYECKHE IapaMeTphl ITO3BOJIIM TMONYYHTh HEIPOTHBOPEUYHUBYIO KapTHHY IHHAMHKHU
nporecca 0e3 NPHUBICYEHUS MAaJOBEPOSTHBIX IPENNONOKCHHN IS BCEX PACCMOTPEHHBIX
npuMepoB.  [IponeMoHCTpHpOBaHA  BO3MOXKHOCTH  OOBSACHEHHS  SKCHEPHMEHTAIbHBIX
HaOJIIOIEHHH, TTONTYYEHHBIX B HCCIEIOBAHHUAX OKHCICHHS pa3IU4HBIX cybcrparoB MMO u
uToXpoMoM P450 (M MX XHMHYCCKUMH MOJICISIMH), B paMKaX €IMHOTO MEXaHH3Ma yepe3

POMEKYTOYHOE 00pa30BaHHE KOMIUIEKCA € 5-KOOPAMHUPOBAHHBIM YITIEPOJIOM.

Pabora  BpmonHeHa mnpu  ¢uHaHCOBOM  moxanepxkke  Poccuiickoro  donna

¢byHIaMeHTaIBHEIX HecnenoBanui (mpoekt Ne 00-03-32316a).
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IJEKTPOPUBHIECKUE SAABJEHUS HA TPAHUIIE PA3JIEJIA ®A3
«I'A3 - TBEPJIBIU KATAJIU3ATOP» U UX POJIb B MEXAHU3ME
KATAJIMTHYECKOI'O ITPOLOECCA

ELECTOPHYSICAL PHENOMENA ON THE PHASE INTERFACE “GAS - SOLID
CATALYSTS” AND THEIR ROLE FOR THE MECHANISM OF CATALYTIC
PROCESS

Tomumxo M.M. u IlyruiioB A.B.
Tomishko M.M. and Putilov A.V.

JlemapTamMeHT pa3BUTHS TEXHOJOTHUH,
MunucrepcTBO Hayku U TexHonoruil Poccuiickoit @enepanun, Mocksa, Poccus
E-mail: science @user.cdromclub.ru

B nuxie Hammx paboT MO U3yYEHHIO B3aMMOJAEWUCTBHS Ta30BOM M KOHIEHCHUPOBAaHHOM
¢ha3 Tmpu KATAIUTUYECKOM IIPEBpAllEeHHM pa3JIMYHBIX BEHIECTB JKCIEPUMEHTAILHO
YCTaHOBJICHO, YTO OOJBINOE KOJMYECTBO KATAIUTHYECKUX pEaKIHd COIPOBOXKIACTCS
pa3HOOOpa3HbBIMH  3JIEKTPOPHU3UUECKMMH SBICHHAMH. B Impolecce peakiud pe3Ko
YBEITMYMBAETCS 3JIEKTPOIPOBOJHOCTh Ta30BOH (ha3bl BONM3HM MOBEPXHOCTH pabOTaIOIIEro
KaTajau3aTopa, HaOMoJaeTcs SIMUCCHS 3apsHKEHHBIX YaCTHII OT IIOBEPXHOCTH KaTauu3aTopa B
obpeM raza, obOpa3yercs YHUIONSIpHas IUIa3Ma B 30He karanu3a. [losBnsgercs pa3HOCTH
MTOTCHITHAIOB MEXJy BXOOHBIM M BBIXOJHBIM CEUEHHUSIMH KaTaluTH4deckoro ciyos. Ha
ITOBEPXHOCTH KaTalu3aTopa BO3HUKAET 3apsl, IPU BHECEHHM KaTaau3aTopa BO BHyTpEHHeEE
MPOCTPaHCTBO sTueiky Dapasies B yCIOBUAX PEaKIUH PETUCTPUPYETCS 0OBEMHBIN 3apsi.

B 1memoM MOXHO cCKa3aTh, YTO B3auMojeiictBue (a3 B psAle KaTaIUTHYECKHX
OKHCIHUTENbHBIX MPOIIECCOB NPHUBOAUT K IEpPEpacHpeeNICHUIO 3apsoB MEXAY Ta30BOM U
KOHJIGHCHPOBaHHOH ¢pa3aMHM U  BO3HHUKHOBEHHUIO JBOMHOr0 3JEKTPHYECKOTO  CJIOA
«KaTaJM3aTop - TIOBEPXHOCTHas Ta3oBas (as3ay, BHYTPH KOTOPOTO IMPOUCXOITUT
KaTAJIMTHIECKOE TIpeBpaIieHue.

OnexTpodu3udeckue SBICHUS HaONIONAIUCh HAMU B PEAKIUIX OKUCICHHS IUOKCHUAA
cepel Ha BaHagueBoM, namwragueBoM, Cr,Os;, Fe,O; xaranuzaropax; o-Kcuioja Ha
BaHAJMEBBIX KATATH3aTOpax; STHIIEHA Ha cepebpe; 3TaHONA HA BaHAJHEBOM, ILIATHHOBOM,
MaUIaJieBOM M XPOMOBOM KaTajJu3aTopaX, aMMHaKa Ha IUIaTHHOBOM KaTalH3aTope,
pa3joKEHHH METaHa Ha HHKEJIIEBOM KaTalu3aTope, B pEaklUUH THApUpOBaHHs OeH307a B
IUKJIOTEKCaH Ha HUKENb-XPOMOBOM KaTallu3aTope.

AHanmu3upys BOIPOC O IpPUYHHE BO3HUKHOBEHWs 3apsa IpHU IIPOBEICHUH
KaTaJUTHYECKUX PEaKIHid, OCHOBBIBASCh Ha HKCICPUMEHTAIBHBIX HCCIEIOBAHUIX, MBI
NPHUIIUIA K BBIBOJY, UTO 3apsDKEHHBIE YAaCTHUIIBI HE MPOCTO COMPOBOXKIAIOT KaTaUTHYECKHUI
MPOLIECC, HO BO3HHUKAIOT HENIOCPEACTBEHHO B HEM caMOM. MeXaHH3M BO3HHUKHOBEHHS
3apsHKEHHBIX YaCTHIl MOAPOOHO PacCMOTPEH HaMM JUIsl KaTAIMTUYECKUX pEaKUHi OKUCICHUS
JMUOKCHIAa cepbl W pasiaoxkeHus MeraHa. COBOKYIMHOCTh OKCHEPHMEHTAIBHBIX H
TEOPETHUIECKUX JJaHHBIX, Pa3BUBAEMBIX B HAIIUX pabOTaX, MOXKET JONOJHUTD CYIIECTBYIONIHE
MIPEICTABIECHUS O IPUPOE KaTaJTUTHUECKOTO IIPEBpaleHH.
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Laboratory of industrial chemistry, Abo Akademi University, Biskopsgatan 8, Turku, Finland
Fax: +358-2 215 4479; E-mail: dmurzin@abo.fi

Asymmetric synthesis using modified heterogeneous catalyst has a vast potential in the
increasing production of optically pure chemicals in the areas of pharmaceutical, flavonoids,
fragrances, agrochemicals, etc. The topic has been intensively investigated both in the
industry and in the academic world. Currently the main focus of research is in the
understanding of the enantiodifferentiation mechanism, which would allow the concept to be
applied for industrially more interesting reactions.

The compexity of asymmetric heterogeneous catalysis is associated with the transfer of
the chiral information to the prochiral substrate molecule.

Such transfer could be arranged by creating enantioselective catalytic surfaces:
a) attaching a catalyst to a chiral matrix, b) creating a chiral arrangement of active sites on the
surface; c¢) attaching a chiral molecule (modifier) onto catalyst surface.

In the lecture these possibilities will be addressed with the focus on recently studied
hydrogenation reactions systems with alkaloid modified VIII Group metal catalysts. Influence
of the substrate and modifier structure, catalyst and solvent properties on reaction kinetics and

ehantioselectivity will be discussed.
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OKHUCJIUTEJIBHAA KOHIEHCAIINS METAHA: IBAJIIATD JIET CITYCTS

OXIDATIVE COUPLING OF METHANE: TWENTY YEARS AFTER

Cunes M.10.
Sinev M.Yu.
Uncturyt xumuyeckoit ¢uzuxu um. H.H. CemenoBa PAH, Mocksa, Poccus
E-mail: sinev@center.chph.ras.ru

Twenty years have passed after the appearance of first publications dealing with
Oxidative Coupling of Methane (OCM) into higher hydrocarbons. During this period, the
development of efficient catalysts and overall process design, as well as the extensive
mechanistic studies have taken place. The results obtained in the framework of the approach,
which combines experimental studies of OCM catalysts, mainly their thermochemistry and
reactivity, and modeling of complex heterogeneous-homogeneous reaction network are
discussed. It is shown that the further spreading of such approach leads to promising results in
oxidative transformations of C,-C, alkanes, particularly in their selective oxidation into
oxygenates.

IIpommo 20 ner ¢ MOMEHTa BBIXOAA IEPBBIX nyOimkamwi [1, 2], MOCBAMIEHHBIX
oKHCIHTENbHOM KoHeHcanuu Metana (OKM) - npeBpamenuo ero B BEICIIHE YTIEBOXOPOIHI,
B IIEPBYIO O4Yepelb O3TaH M OTWIEH. 3a 3TH TOJBl, B OCHOBHOM IIOf] JeHCTBHEM
KOHBIOHKTYPHBEIX (pakTopoB, wmccinenoBanus nponecca OKM mponum cragum OypHOro
pa3sBUTUSA M JIABUHOOOpAa3sHOTO pocTa 4YHCIA IyONMKanMi M IIOYTH IOJIHOTO YracaHWs
nHTepeca. Ceiiuac 3TOT HHTEpEC BHOBB PACTET I10]] BIUSIHUEM JIOJTOBPEMEHHOMN TEHACHIMH -
HEOOXOJUMOCTH  BOBJIEYEHHS JIETKOTO  YTJIEBOLOPOMHOTO CHIPbS B  IIPOH3BOJCTBO
He(TEXMMUYIECKOH IIPOTyKIIHH.

Cnenyer OTMETHTb, YTO Pe3ylbTaTOM 3THUX JBAJLATH JIET SBUJIOCH HE TOJIBKO CO3/IaHHE
psana poctarouyHo 3(QEKTUBHBIX KaTAJIHU3aTOPOB H OPHTHHAIBHBIX TEXHOJOTHYECKHX
peuieHui (cM., HanpuMep, 0630p B [3]), cozmaroniux XOpomue MepCHeKTUBB IPaKTHIECKOH
peamu3arnuu nponecca OKM. [IpoBeneHHsle Hccie[0BaHUs ClIOCOOCTBOBAIM BO3ZHUKHOBEHHIO
¥ Pa3BUTHIO HOBOTO HAyYHOT'O HAaIIPaBJIEHUA - TETEPOTEHHONH XUMHU CBOOOIHBIX paJIMKaJIOB
(CP). VYxe na pamHMX OJTamax wuccieioBaHus wmexanuzMa OKM Obuio  BeICKa3aHO
npennonoxenue [1, 4], Bckope NOJATBEPKICHHOE SKCIEPHMEHTANBHO [5, 6], 0 ToM, 4TO
nepBUYHBIM TIpoaykToM OKM  sBisercs »TaH, oOpasylomuics INpH pPeKOMOWHAIHH
MeTH/IBHBIX pagukanoB CHz , KOTOpEIE B CBOIO Ouepeh 00pa3yiOTCA HpH B3aHMOJCHCTBHE

METaHa ¢ OKUCIUTCIIBHBIMHU HeHTpaMI/I IIOBerHOCTI/I OKCHJITHBIX KaTaJII/I3aT0p0B [O]sl
[0]s + CH, — [OH]s + CH; — 1/2 C,Hg

ITockonpKy, C OJHOH CTOPOHBI, OKCIHEPUMEHTANBHO OBLIO YCTAaHOBIEHO, 4TO
kounenTpanuu CP B ycmoBusix OKM Ha HECKOJIBKO MOPAKOB IPEBHINIAIOT PAaBHOBECHEIE, 4,
C JpYyroi CTOPOHBI, YMCIO IOBEPXHOCTHBIX IIEHTPOB KaTajlu3aTopa B €AUHHUIE O0Bema

peaKHHOHHOﬁ 30HBI, KdK IIpaBHJIO, OoJbIIe YHCIa YacTHI B ra3oBoi (1)&36, OYCBHUJIHO, YTO
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CKOPOCTh PEaKI[HH M COCTaB NMPOAYKTOB B 3HAYMTEIBHOH MEpe ONpPEIEIIOTCS KHHETUKOH U
CTEXHOMETpHEH B3aMMOJICHCTBHS aKTHBHBIX 4acTul (B mepByro odepens CP) ¢ akTHBHBIMHU
IEHTpaMH TOBepXHOCTH. [lo 3TOH NpWYMHE MBI COCPEAOTOYMIM CBOE BHHMAaHHE Ha
CIIEYIONIMX B3aMMOCBS3aHHBIX HANIPABICHUAX U3y4eHH MexaHHu3Ma nporecca OKM:

- HCCIIeIOBaHUE MPUPOABI U PEAKIMOHHON COCOOHOCTH aKTHBHBIX IIEHTPOB OKCHAHBIX
katamusaropoB OKM, B OCHOBHOM C }CHOJBb30BaHHEM MeToja IuddepeHnuansHoR
ckanupyromeit kanopumerpuu (JICK) in situ [7];

- pa3BHUTHE MPEJCTABJICHHH O 3aKOHOMEPHOCTAX reTeporeHHbIX peakuuid CP Ha ocHoOBe
COYETaHHS IKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUM OKHUCIEHUS METaHa U MOJICIMPOBAHHUS.

Pe3ynbTaToM 3THX HCCIENOBaHUHM SBHIOCH CO3JaHHE KUHETHYecKoH Mopaenu [8],
OCHOBAaHHOM Ha MPEACTAaBIEHHMH O TETEPOreHHO-TOMOTEHHOM IIPOIECCE, KOTOPBIH
HEBO3MOXHO (JOPMaJIbHO pAa3NCIUTh HAa XHMHYECKHE MaKpOCTauM, IPOTEKarollue Ha
HOBEPXHOCTH M B 00BbEMe ra3oBoil ¢assl. B Momenun paccMaTpHBAIOTCS 3JIEMEHTApPHBIE
peaknud B3aMMOICHCTBHS YacTHI] ra3oBod ¢asbl, BKmodas CP, ¢ akTUBHBIMM I€HTpaMu
IOBEPXHOCTH, CymecTBylommuMH B OkucineHHod [O]s, Boccranosnennoit [OHJs u
JIETHAPOKCHIIUNPOBaHHOH (KHCIOpoHast BakaHcus) [ |s popmax. MeTonrka OlIeHKH KOHCTAaHT
CKOpOCTEM 3THX peakIMil OCHOBAaHA HA aHAJOTHH MEX/y OCHOBHBIMH THIIAMH I'€TE€pOTE€HHBIX
paguKaIbHBIX peakuuii (mepeHoc artomoB H um O, pekoMOHHaNus) W aHaJOTMYHBIMH
mpolieccaMi B Ta30BOH ¢asze, KoppemsaruoHHoM cooTHomeHuu Ilomstau-CemMeHOBa U Ha
SKCIIEPUMEHTAIBHBIX JJAHHBIX O TEPMOXUMHH aKTHBHBIX IIEHTPOB KatanuzaropoB OKM.

IpeioxxeHHass MOJIeNb MO3BONIMIA OOBSICHATE pAn 3¢¢eKToB, HabIIOAAIOMUXCS TIPH
KAaTaJIUTHYCCKOM OKHCIIEHHH MeTaHa (CJIO0XKHOE BIMSHHE NPOMOTHPOBAHHS IEPOKCHAAMH,
BIMSHHE JaBJICHHUS M IPUPOJBI HHEPTHOTO Tra3a, "mepeKiodeHne" HalpaBIeHus mpolecca ¢
OKM Ha napiuaibHOe OKHCICHHE M 00pa30oBaHHe CUHTE3-Ta3a IIPH BAPbUPOBAHUHU YCIIOBUH).
Pa3sBUTHEM H3NI0KEHHBIX NPEICTABIECHUH SBMIIACH KOHIEIIMS MPOBEICHHA NPOLECCOB B
KOMOHWHHPOBAaHHBIX KaTaIUTUIECCKUX CIIOSIX, TOKA3aBIllas CBOIO NIEPCIEKTHBHOCTD B PEAKIIMAX

HnapUUaIbHOTO OKUciIeHus napapuuos C,-Cy.
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CHUHTE3, XAPAKTEPU3ALUA U KATAJTUTUYECKHUE CBOMCTBA
"HAHOKJIACTEPOB METAJIJIOB VIII I'PYIIIIBI

SYNTHESIS, CHARACTERIZATION AND CATALYTIC PROPERTIES OF
NANOCLUSTERS OF THE VIII GROUP METALS
Bapragprux M.H.
Vargaftic M.N.

HnctutyT 06111e#i 1 Heopranudeckoit xumuu uMm. H.C. KyprakoBa PAH, Mocksa, Poccus
E-mail: mvar@igic.ras.ru

PaccMoTpeHBl COBpeMEHHBIE METOJBl CHHTE3a, CTPYKTypa M XHMHYECKHE CBOKCTBa
KaTaJIATHYIECKH aKTHBHBIX HaHOKIacTepoB MeTamioB VIII rpymnsl — managus, IUIaTHHEI,
HUKeIs ¥ KoOanbTa.

1. Konnongonono6Heie TUTaHTCKUE KJIaCTephI najiagus u IIaTHUHBL,
crabunmsupoBannsle  1,10-peHaTrponuHoBEIME wiH 2,2~ IMIHPHINIBHBIMA  JIHTaHIAMH,
CHHTE3MPOBaHBI BOCCTAHOBIIEHHUEM allETaTO-KOMIUIEKCOB COOTBETCTBYIOIIMX JIByXBaJIEHTHBIX
MeTauloB moj jaevictBueM H; B ykCycHO# kucioTe. XUMH4YECKas MPUPOJa U OCHOBHBIE
CTPYKTYPHBIE XapaKTEPHCTUKH 3THX HaHOKJIACTEPOB YCTAHOBJIEHBI C IIOMOILBIO 3neK1p0HHdﬁ
MHKPOCKOIIUH BbICOKOro paspemeHus (HREM), cxa}mpylomeﬁ TYHHEJIBHOM MHKPOCKOITUU
*(STM), EXAFS u TBepAOTEIbHOM "H SIMP, ¢ mpuBnedeHHEM JaHHBIX 3JIEMEHTHOTO H

TCPMOTPABHUMETPHUICCKOI'0 aHAJIN30B U U3MCPCHHU Mar HHATHOU BOCIIPHUMYHBOCTH.

2. BoccraHOBIIEHHEM HONUANEPHEIX ITHBAIATO-KOMILIEKCOB Ni“, CoH, Pd" u Pt o
JeiictBueM OyTHIUIMTHSA, TPUITWI- M TPUOYTHIATIOMUHUS CHHTE3UPOBAaHBI HEOOBIYHEBIE
HAHOKJIACTEPhI, XOPOIIO PAaCTBOPHUMBIE B allpOTOHHBIX MaonoisapHbIX cpenax (TI'®, 6enson,
tonyon). Ilo mameiM HREM u EXAFS, nonydyeHHble HaHOKJIACTEPHI HUMEIOT IUIOCKHM

JUCKOOGPA3HBIHA METAIUIOOCTOB AuameTpoM 50—100 A u Tommumoit 15—20 A.

3. INonyueHHblE HAHOKIACTEPHI IPOSBISIOT BHICOKYIO KATAIUTHYECKYI0 aKTHBHOCTH B
peaKnusaX OKHUCIEHWsI ONeQUHOB W CHHPTOB, THAPHPOBAHUS HHUTPUIOB M OJIE(HHOB,
THIPOJIEXTIOPUPOBAHUM  XJIOPAPOMATHYECKUX COCAMHEHHUH, aneTaau3aldd KapOOHMIbHEIX
coedHeHuH u Jp. M3ydeHs! KMHETHKA U MEXaHH3M HEKOTOPHIX M3 JTHX KaTaJIMTHUYECKHX

peakuuii.
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TBEPJIBIE CYIIEPKHUCJIOTBI U UX KATAJIUTUYECKHAE CBOVICTBA B

INPEBPAIEHUSAX YIVIEBOAOPOAOB U PEAKIIUAX OPTAHUYECKOI'O
CHUHTE3A

SOLID SUPERACIDS AND THEIR CATALYTIC PROPERTIES IN
HYDROCARBON PROCESSING AND REACTIONS OF ORGANIC SYNTHESIS

Kycros JI.M.
Kustov L.M.

HHcTuTyT opranndeckoit xumun uM. H.JI. 3enunackoro PAH, Mocksa 119991, Poccus
E-mail: LMK @ioc.ac.ru

TBepabIe CyepKHUCIOTH Ha OCHOBE OKCH/IOB METAUIOB, IPOMOTHPOBAHHBIX aHHOHHBIMHU
00aBKaMH, MIMPOKO HCIIONB3YIOTCS B IOCIEOHHUE TOIbl KAaK AaKTUBHBIE KaTaIH3aTOPHI
Pa3NMYHBIX TIPOLECCOB HE(PTEXUMHH, OPraHMYECKOH XHMHH H TOHKOTO OpPTaHWYECKOTO
cuHTe3a. Hambonplmii MHTEpEC Cpeld CYNEpPKHCIOT TAaKOr0 THIA BBI3BIBAIOT CHCTEMEL,
MpEICTaBIIIONINE cO00M OKCHIIBI IHPKOHUS WIIM TUTaHa, MOIUGHUIIMPOBaHHBIE CyabdaT- WIN
BOJb()paMaT-HOHAMH, a TaKXKE MAcCHBHbIE H HAHECCHHbIE T'€TEPONOIUKUCIOTEL. OTH
KaTaJM3aToOphl BHITOJHO OT/IMYAIOTCS OT TPAaTUIMOHHBIX IICOMUTHBIX MM OKCHIHBIX
KaTaJM3aTOpoB 0OoJiee BHICOKOH AaKTHBHOCTBIO MIPH HHU3KHX TEMIIEpaTypax peaKIHH,
CIOCOOHOCTRI0 aKTHBHUPOBATh HH3IIKE NapadHHBI, a TaKXKe IMHPOKUMH BO3MOXKHOCTSIMHU
BaphUpPOBAHMS CBOWCTB 3THX CHCTEM KaK I10 KHCJIOTHOCTH, TaK H 10 XapaKTEPHCTHKAM
OPUCTOH CTPYKTYpsl. KpoMe TOro, HEKOTOphIE U3 3THX CHUCTEM OONafal0T BBICOKOH
TEPMHYECKOHN CTaOHIHHOCTHIO.

B nekmum OynyT paccMOTpeHbI (GH3HKO-XHMHYECKHE M KaTaJIUTUYECKHE CBOMCTBa
OCHOBHBIX CYIIEPKHCIOTHBIX CHCTEM, MPOBEJEHO HUX CpaBHEHHE C IEOJUTAMH H >KHUIKHMHU
cynepkucinotramu. Cpeau KaTaIUTHYECKUX pEaKIUi, KOoTopsle OyayT pacCMOTPEHHI B
JOKJIaje, - 3HAYHTEJIbHOE MECTO 3aHUMAalOT pEaklUH, CBA3aHHBIE C IPEBpAILECHUSIMH
YTIIEBOJJOPOJIOB: '

e H3omepwu3anusa HU3MUX #u BeicinX napaduHoB Cy-Cig

e  AJNKUIMpPOBAaHUE APOMATHUYECKHX YIIIEBOJAOPOAOB OlehUHAMH
e  Omuromepuzanus dTHICHA

e HurpoBaunue O6eH301a U TONyoJa B apoBoi ase

B kxavecTBe NPHMEPOB pEAKIMH OPraHUYECKOrOo CHHTE3a, B KOTOPHIX HCIIOJIB3YIOTCS
TBEPbIE CYHEPKHUCIOTHI, OyIayT 0OCYX/ICHBI PEaKkIHH AIMIIMPOBAHIA, KOHJIEHCAIUN (eHoIIa
1 all€TOHA, AJIKWINPOBaHUS (HEeHOTa METAHOJIOM U JIpYTHE.

Ocoboe BHHMaHHE OyaeT yIEIeHO MCCIENOBAHHIO MHPUPOJABl AKTHBHBIX IIEHTPOB
cynepkucinoTHbIx cucteM MerogoM HK-®ypre-cnexrpockonuu aupdy3HOro paccessHus
HCIIOJIb30BAHHEM HIMPOKOTO Kpyra MOJEKYNI-30HAOB M TECTOBBIX peakuuit. ObcyxmaroTcs
MEXaHU3MBl KATAIMTUYCCKUX PpEaKIMif, B YaCTHOCTH, H30MepH3aluu IapaduHOB Ha
CYIEPKUCIIOTHBIX KaTajau3aTopax.

Pa6ora 6pu1a nogaepxana UHTAC, rpant 99-1044.
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MECHANISTIC INVESTIGATION FOR NEW CATALYTIC CONCEPTS. CASE
STUDY : NON STEADY-STATE PRODUCTION OF HYDROGEN FROM NATURAL
GAS AND TRANSIENT INVESTIGATIONS ON OXYGEN CONDUCTING
CATALYTIC MEMBRANES

MEXAHUCTHYECKOE UCCIIEAOBAHHUE HOBBIX KATAJTMTHYECKHX
KOHIIEII[ANA. HECTAIIMOHAPHOE IMMOJIYYEHUE BOJOPOJIA U3
MMPUPOJHOTI'O I'A3A U UCCJIEJOBAHMUE INEPEXO/JHBIX ITPOLINECCOB HA
KUCJIOPOAITPOBOIAIINX KATAJIUTUYECKUX MEMBPAHAX

Mirodatos C., Odier E., Rebeillau M., Vanveen A. and Schuurman Y.

Institut de Recherches sur la Catalyse,
2 avenue Albert Einstein, F- 69626, Villeurbanne Cedex, France
E-mail: mirodato@catalyse.univ-lyonl.fr
Several new catalytic lab-scale concepts are being developed today, based on the availability
of new materials and technology. In order to scale-up and validate them, it is required to
understand the involved mechanisms and to formulate advanced models. Two case studies
based on in house development will illustrate this trend in modern catalysis.

1/ Non steady-state production of hydrogen from natural gas. Within the renewed
research area of hydrogen production for PEM fuel cell application, the non-stationary
catalytic decomposition of methane into CO free hydrogen via a cyclic two-step process
appears as a promising alternative to the stationary reforming. Following the transient
concentration of gaseous and adsorbed carbon containing species during the cycle by in situ
DRIFT spectroscopy lead to a quantitative description of the main steps which control the
various sequences of the process. A process model based on this mechanism of C storage
assisted by support is presented.

2/ Oxygen interactions and catalytic properties of oxygen conducting dense membranes.
New generation of oxygen conducting membranes such as BIMEVOX materials allows to
operate alkane activation by using air on one side and reaching high selectivity and yield into
valuable products on the other side of the membrane reactor. An advanced knowledge of the
oxygen interaction with the membrane material is required to optimise the operating
conditions. A study of the oxygen uptake of BIMEVOX materials is reported, as a function of
physico-chemical parameters (e.g. dopant nature and concentration) and operating conditions.

A mechanism and a model of oxygen activation and permeation is discussed.
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HN3YYEHUE ITPUPOABI AICOPEUMPOBAHHBIX YACTHUIL
KAK MOCT MEXY SURFACE SCIENCE 1 KATAJIA30M.
PACCMOTPEHME ITPOBJIEM “PA3PbIBA JABJIEHUU U MATEPHUAJIOB”

STUDY OF THE NATURE OF ADSORBED SPECIES
AS A BRIDGE BETWEEN SURFACE SCIENCE AND CATALYSIS.
CONSIDERATION OF THE PRESSURE AND MATERIAL GAP PROBLEMS

Byxtusipos B.H.
Bukhtiyarov V.I.

Uncturyt xaranmmsa um. I'.K. bopeckosa CO PAH,
npoci. JlaspenTtresa 5, HoBocuGupcek, 630090, Poccust
E-mail: vib@catalysis.nsk.su

AHanu3 JATEPATYpEl U COOCTBEHHEBIM OIMBIT MOCIEAHUX IECATH JieT paboThl B o6macTu
Surface Science MO3BOJIMIN MPEITIOXKUTH ABTOPY MOJEKYJSIPHBIM MOAXO]] K HUCCIIEIOBAHUIO
KaTATHTHIECKOTO JCHCTBUSA METAIOB U pa3pab0TKe HOBBIX METAINYECKUX KaTaJld3aTOPOB,
OpPHTMHATBHOM OCOOEHHOCTBIO KOTOPOTO SIBJISIETCS MCCIIEAOBAHME IPHUPOIBL M PEAKIIUOHHOM
CIIOCOOHOCTH aJCOPOMPOBAaHHBIX YacTHI[ IPH OIHOBPEMEHHOM pPacCMOTPEHHH MNpobiem
paspblBa JaBlI€HHMM ¥ MaTepuUaloB. OTO IIpeANoNaracT IOJTAlHBIA IEPeEXo] OT
MOHOKPHCTAJZIOB K MOJIEIBHBIM 00pa3niaM, COAEpKaIlluM MeTa/UIM4eCKUe HAHOKIACTEpHl, U
Jagee K pealbHbIM HAHECEHHBIM KaTalu3aTopaM, M OT HCCIENOBaHHA B CBEPXBHICOKOM
Bakyyme (CBB) «x in-sifu wWccieqoBaHMSAM 1P  BBICOKHMX JIaBICHHAX, B Hieale
npubmKamuxcs kK atMochepHoMy. ¢ GeKTHBHOCTh [aHHOTO IIOAXOAA MOXKET OBITh
IIPOJIEMOHCTPUPOBAHA JINTEPATYPHBIMH JAaHHBIMH 110 HCCIEIOBAaHUIO pa3MepHOro s¢dexra
peakmuu okucieruss CO Ha INIaATHHOBBIX MeTaljlaX IIPH YMEHBIICHUH Pa3MEPOB HAHECCHHOTO
MeTauia. M3yueHne peakIHOHHON CIOCOOHOCTH HAaHECEHHBIX KJIACTEPOB IO OTHOLIEHHIO K
CO mo3BommiIO OOBSICHHTH IIOJOKHTENBHBIA pa3MepHBId 3ddexT g namiagus,
OTPHUATENBLHBIN — JUISI TUTATHHBI X OTCYTCTBHE pa3MepHoro 3¢ dekra B cirydae poaus.

Hpyro#t wumocTpauueii JaHHOTO IIOIXOJa SBISIOTCA pe3ylbTaThl COOCTBEHHBIX
HCCIICIOBAaHUIH MEXaHW3Ma pEaKIHHM DJIOKCHAMPOBAHHS OTHIEHA Ha  CcepeOpsHBIX
KaTaji3aropax, IpUYeM OCHOBHOE BHHMaHHE OBUIO YIEIEHO DPACCMOTPEHHUIO Ipobiem
pa3pbIBa JaBICHUHA U MaTepHAJIOB.

1. Ilpoénema “pressure gap”. Vcnonb3oBaHHE BBICOKMX [ABJICHUH IIPU B3aUMOIEHCTBHHU
00pa3ioB  MacCHBHOI'O cepebpa  (MOHOKpHUCTAJIBI  Da3NUYHOM  OpHEHTAIluH,
MOJHKPHCTAIHYECKHE (ONBIH) ¢ PEAKIMOHHBIMM CMECSMH H IIOCT-PEAKIIMOHHBINA aHaJIN3
coctaBa ancopbupoBaHHBIX cinoeB MerogamMu POOC wu TIIJ nossonmun mokas3arb, 4TO
AKTHBAIMS  YHCTOM  IIOBEPXHOCTH  CONPOBOXKJAETCA  IOSBIEHHMEM  IBYX  dopm
aJIcOpOUPOBAHHOTO  KHCIOPOAA, HAa3BaHHBIX HYKICOQHIBHBIM H  3JE€KTPOGHIBHBIM

COCTOsIHHAMH. HepBoe COCTOAHHE, ABIAIOIICCCA €AWUHCTBCHHBIM IIpHU ancop6um/1 02 Ha
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YHUCTBIX IMOBEPXHOCTSAX B CBB ycnoBumsx, ObUI0 M3ydeHO AeTalbHO paHee W ObUl caenaH
BbIBOJ| 00 OKCHAHOM IIpHpOJE 3TOr0 aTOMapHO aJcopOUpOBaHHOrO KHcnopoaa. Bropoe
COCTOSIHUE, KOTOpPOE, KaK ObUIO MPOAEMOHCTPHPOBaHO ¢ momompbio TTIP aHanu3a u30TomHO-
MEYEHBIX CIIOEB, aKTUBHO B MAapIIpyTe 3MOKCHAMPOBAHMSA, OBUIO H3Yy4EHO COBMECTHBIM
npuMenerreM MeronoB POIC u XANES B pexume in-situ. Ucnons3oBanue Merona XANES
IIO3BOJIMJIO HEOIIPOBEPKHMO J0Ka3aTh aTOMApHYIO IPHUPOIY 3NIEKTPOPHUILHOIO KHCIOpOJa.
BBII0 Taxoke IOKa3aHO, YTO TOJIBKO 3TH J{Ba COCTOSHUS IPHUCYTCTBYIOT Ha IOBEPXHOCTH Ag B
pEaKIMOHHEIX YCIOBHAX NpH JaBneHusx ao 10 moap.
2. Ilpobnema “material gap”. lna n3ydeHus ancopOHUpOBaHHBEIX (OPM KHCIOpoJa Ha
HaHECEHHBIX KiacTepax cepebpa merogamu POIC u TIIJ] Gbia ucmonb3oBaHa CHCTEMaA —
cepebpo Ha rpadure, mpHUeM Kak MacCHUBHBIE OOpa3ubl rpadura, Tak U HAHECEHHBIE Ha
BoJIb()paM rpadUTOBBIE CII0M OBUIM HCIIOIH30BAHbI B KA4eCTBE HOCHTENS. Bru1o yCTaHOBnéHo, A
YTO OTHOCHUTEJIHOE 3allOJHEHHE IIOBEPXHOCTH HYKICOPHIBHBIM H 3JIEKTPOPIHIBHEIM
COCTOSHMEM 3aBHCAT OT pasMepa CepeOpSHBIX 4YacTHI, MNpUYEM IIEPBOE COCTOSHHE
TOABIIACTCSA B M3MEPAEMbIX KOHIEHTPALMIX IpH pasMepax Goisie, gem 300-500 A. Dror
pe3ynbTaT OOBICHAET HeoObdaHO OonbIIne pa3Mepsl cepeOpsSHBIX YacTUL, IpU KOTOPBIX
HabmogaeTcs pa3MepHbIHA 3¢ GEKT B peakIuy 3MOKCHANPOBaHUS KaTtanu3aTopoB Ha Ag/Al, O3
Karanusaropax. Jlecopbuus snexkrpoduiasHOoro kuciaopona mpoucxonut npu 1T=450 K, gro
JIOKa3bIBa€T TEPMOIMHAMHUYECKYI0O BO3MOXHOCTH €I0 y4acTHi B CTaaud oOpa3oBaHHA
STUIEHOKcHAa. g Toro, 4roObl MOHATH NPUYUHBI TaKOTO MOBEICHUS alcOpOMPOBAHHBIX
YacTHL, OBUIO HCCIENI0BAHO BAapbHPOBAaHHE OJJIEKTPOHHBIX H T'EOMETPHYECKHX CBOWCTB
HAHECEHHOro cepedpa B 3aBUCHMOCTH OT pa3Mepa dacTtull. C 3TO# uenpio ObLT MpoBedeH
aHanu3 crektpoB Ag3ds, u Ols, COOTBETCTBEHHO. B NOCTICAHEM CiIydae aicopOUpOBaHHBIE
Moekyns! O, HCTIONB30BAIUCH KaK TECT-MOJIEKYJIBI Ha TIaIKUE YYACTKH HOBEPXHOCTH.
YCcTaHOBICHHBIE OCOOEHHOCTH MEXaHH3Ma PEeaKIMH SIIOKCHIUPOBAHUS ITO3BOJIHIH
IPEUIOKUTh OpPUTHHANIbHBIE cepebpsHble 00pasibl (YIbTpaaHCIepCHbBIE MOPOLIKH; cepedpo,
HAaHECEHHOEe Ha CHOYHMT), IpOSBISIONIME AHOMAJIBHO BBICOKHE 3HauyeHHs (cBeime 90%)

CEJIEKTHBHOCTH 10 ATHICHOKCHITY.
BaaronapHocTb. 3a QuHAHCOBYIO MOANEpXKYy NaHHOH paboTel aBTOp Onaromaputr PODU,

rpants Ne 96-03- u 00-15-99335, u ©@oHA cOAeHCTBHS OTEYECTBEHHON HayKe, HporpamMma

MOJIEP>KKH MOJIOABIX IOKTOPOB.
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SELF-SUSTAINED OSCILLATIONS AS THE METHOD TO REVEAL THE
MECHANISM OF HETEROGENEOUS CATALYTIC REACTIONS

IITO MOXET JATb N3YUEHUE ABTOKOJIEGATEJIbHBIX PEXKUMOB U151
NOHNMMAHMA MEXAHN3MA I'ETEPOI'EHHBIX KATAJIMTHYECKHUX PEAKI[Hf/i
Slinko M.M.

Cianabko M.M.

Semenov Institute of Chemical Physics,‘RAS, Kosygina Str. 4, Moscow 117334, Russia
E-mail: slinko@polymer.chph.msk.ru’

The recent resul_ts,' concerning the study of self sustained reaction rate oscillations in
heterogeneous catalytic systems are presented. Various examples devoted to the study of
kinetic oscillations on single crystal surfaces under low pressure and over supported catalysts
under normal pressure conditions are analysed. It will be demonstrated, what kind of the
information about the reaction mechanism can be obtained from the study of period,
waveform of oscillations and the analysis of the phase shift between oscillations of the
production rates of different reaction products.

Heterogeneous catalytic reactions are highly nonlinear systems usually operated under
conditions far from thermodynamic equilibrium where temporal and spatiotemporal
organisation become possible. Self-sustained oscillations are the most vivid example of the
temporal self-organisation. This phenomenon has been observed in more than
30 heterogeneoué catalytic reactions over various types of catalysts including single crystal
surfaces, polycrystalline metallic surfaces, supported and zeolite catalysts [1]. The discovery
of self-sustained oscillations in heterogeneous catalytic systems allows establishing the deep
analogy and connections of this field with such areas of science as electrochemistry,
combustion, polymer science and biology.

The goal of the present work is to submit the recent results of the field of the study of
self-sustained kinetic oscillations in heterogeneous catalytic systems. Special attention is paid
to the analysis of the information about the mechanism of heterogeneous catalytic reactions,
which can be revealed from the analysis of the properties of kinetic self-sustained oscillations.

The first example is the study of NO+H, reaction over Pt(100), Rh(111) and Ir(110)
single crystal surfaces, for which kinetic oscillations were found under low pressure
conditions at temperatures between 400 and 550 K. Over Pt(100) single crystal surface the
reaction products N, and NHj; oscillate practically in phase, while over Rh(111) and Ir(110)

single crystal surfaces the same reaction products N, and NHj oscillate in an anti phase

relationship [2]. The analysis of the properties of reaction rate oscillations (the phase shift, the

42



| KS-II1-2
period of oscillations) allows revealing the difference in the NO+H; reaction mechanism over
various catalysts.

The second example is devoted to the kinetic oscillations during N,O+H, reaction over '
the Ir(110) single crystal surface. It will be demonstrated how the mathematical modelling
and the analysis of the phase shift between reaction products N, and H,O let it possible to
reveal the character of the lateral interactions in the adsorbed layer [3].

The third example is the study of CO oxidation over Pd zeolite catalysts. The properties
of kinetic reaction rate self-sustained oscillations have been studied in dependence of the
amount of the active component and preliminary pretreatment. It allowed to estimate the
connection of an amplitude, a period and a waveform of oscillations with the degree of the
oxidation of Pd particles embedded into the zeolite matrix [4]. The special attention will be
paid to the particle size effect upon the activity and the properties of self-sustained
oscillations. It will be shown, that due to the presence of internal fluctuations oscillatory
behavior over a 4 nm size particle is more irregular than for a 10 nm size particle [5].

The last part of the presentation is devoted to the analysis of the information about the
mechanism of a heterogeneous catalytic reaction, which can be obtained from the study of
chaotic oscillations. The estimation of the embedding dimension of the strange attractor
reconstructed from experimental time series, produces the information about the minimum
number of variables which are necessary for the description of the dynamic behaviour of the
system. The identification of the route from regular to chaotic oscillations can be used for the

discrimination of possible reaction mechanisms.
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NANOCLUSTERS - WHERE NEXT?

HAHOKJIACTEPBI - YTO JAJIBIIIE?
Joyner R.W., Stockenhuber M. and Tkachenko O.K.

Catalysis Research Laboratory, Nottingham Trent University,
Clifton Lane, Nottingham, NG11 8NS, UK
E-mail: richard.joyner@ntu.ac.uk

Small pore solids such as zeolites and the MCMs can serve as hosts for nanoclusters,
resulting in materials whose catalytic potential is enormous, but arguably as yet not fully
exploited. The purpose of this paper is to present a brief survey of these materials and to
describe a new variety of sulfur-containing nanoclusters. Alkali metal clusters in zeolites may
have been the first to spark interest, followed by catalysts hoped to have petroleum processing
potential, such as Pt-ZSM-5-and Pt-L. The platinum nanoclusters formed may be confined
within the pores of the matrix, or may stretch or fracture it. The extent to which the electronic
properties of the metallic clusters is modified by the matrix remains a matter of some
controversy.

The greatest boost to interest in nanoclusters in zeolites undoubtedly came from the
discovery about ten years ago, by Iwamoto and others, of the success of Cu-ZSM-5 materials
as decomposition catalysts for NOx, and for the selective catalytic reduction of NOx in the
presence of excess oxygen (SCR). Much subsequent academic study has shown that the most
active site for both of these reactions is probably a copper oxo-dimer. Turnover number
studies by Moretti suggest that isolated copper ions may be wholly inactive for NOx
decomposition, while work in our laboratory shows that dimers and other oxo-clusters are
more active in the SCR reaction than isolated ions.

More recently, iron containing zeolites have attracted interest, mainly due to their
significant stability in the SCR reaction, and their ability to activate N,O. We have shown
that when Fe-ZSM-5 is prepared by impregnation from aqueous solution, the result is small
nanoclusters such as Fe4O4. We now report that these materials can be almost fully converted
to their sulfur analogues by exposure to H,S. We have also shown that the sulfided Fe-ZSM-5
materials can act as catalysts for the hydration of acetonitrile to acrylamide, a reaction which
is also catalysed by iron-sulfur containing enzymes.

If time permits, the prospects for nanoclusters containing electronegative elements other

than oxygen and sulfur will be examined.
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"PARADOX OF HETEROGENEOUS CATALYSIS": PARADOX OR
REGULARITY?

"ITAPAJJOKC TETEPOI'EHHOI'O KATAJIM3A": IAPAJOKC WJIHA
3AKOHOMEPHOCTB?
Ostrovskii V.E.
OcrpoBckuii B.E.

Karpov Institute of Physical Chemistry, ul. Vorontsovo Pole 10, Moscow 103064, Russia
Fax: (095) 975-2450; E-mail: vostrov@cc.nifhi.ac.ru

Obcyxnaercss mpupoja "mapajnokca rereporeHHoro katanmsza" (M. Bymap, 1956).
Hcnone3zoBanel jgaHHBle 0 guddepeHIHaNpHBIX TEIIoTax aicopOIMH ra3oB  Ha
KaTaJlN3aTopax, MOJIyJeHHBIE B IIOCIETHAE AECITHIETHS, Pe3yIbTaThl aHATH3a KHHETHIECKUX
YpaBHEHHH MHOTMX KAaTaIUTHYECKHX MPOIECCOB M PE3YJIbTAThl TEOPETHYECKOTO OIHMCAHHI
H30TepPM aicOpOIIMH MOJIEKYJ Ha HECKOJIBKUX IIEHTPaX B HI€aJbHOM aJCcOpOHPOBAHHOM ClIO€.

"The paradox of heterogeneous catalysis" that is "the paradox of kinetics of catalytic
reactions" had been pointed out by M. Boudart in 1956. Under these names, it was multiply
discussed, for example, by Weller, Kiperman, and others. The paradox lies in the following.
On frequent occasions, kinetic equations significantly differing in their forms describe
specified sets of kinetic data with a similar accuracy. As this takes place, the kinetics of a
number of processes can be described by equations deduced on the basis of the concepts of
"ideal adsorbed layers" formulated by Langmuir-Hinshelwood and Hougen—Watson. It
ignores the opinion of some authors that, in a range of middle coverages, the differential heats
of adsorption decrease significantly as the coverage increases and this effect determines the
rates of catalytic reactions.

Meanwhile, numerous calorimetric énd other studies performed since 1956 show that
earlier measurements of the differential heats of gas adsorption not all were sufficiently
perfect. In a number of earlier works, the heat measurements were influenced by weaknesses
of adsorption techniques, namely, deficient freeing the adsorbents from such elements as
hydrogen, oxygen, and carbon absorbed in the course of the sample preparation and diffusing
to the surface in the course of the experiments, ignoring the adsorbate diffusion into the
sample bodies and the grease-vapor effect on the results of adsorption measurements, too high
pressure of residual gases in the vacuum apparatuses, etc. In this report, we present numerous
available data showing that the differential heat effects for adsorption of different gases at
different catalysts in a range of middle coverages are constant or nearly constant. These data

are obtained since 1956 for the following systems: H, ~ Fe, H, — Ni, H, — Pt (black),
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H, - P/SiOy, H, — (Pt + W)/ SiO,, H; = Zn0O, O, = Nb, O — W, 0, - Mn, O, - Ni, O,
— Co,0, - Fe, O, — Mo, O, — Ta, O, — Ti, Oy — (Pt + W)/ SiO,, O, — W/SiO,, O, — Cu,
0, — Ag, N; — Ni, N; — Fe/(Al;,03 + K;0), CO — Ni, CO — Dy, acrylic acid — V/Mo,
V/Mo/Cu, V/Mo/P, or V/Mo/Cs, acetylene — Pt, methylacetylene — Pt, allene — Pt, H
—Pt,H,—Ce,H,-Dy,H, - Lu, H, - Er, i, - Tm, H, - Yb.

It will be shown that the kinetic equations

r=k07Pn; - k Ozv2 = kiKo"? ProPua”/ Prms - k- Prass/ KsKo Y2 Py 1)
r = k02Ps02 - k02502 = kiK3'"* PsosPo2 ™/ Psos " - k- Psos' "/ KoK3'? Pop™; (2)
r = ki PcoBzo - k-0z0c0 = kiKs"* PcoPrao? / Pz - k- Pra"*Peoz / KoK3'"? Prao'%; 3)
r =K, Pz - k Oz = ki Ko PraPco™/ Penson™ - k- Parson'™ / KsKo" Peo™; 4)

r=kPco'® 020 - k-0z0c0'" = kiK3"?Pco *Peo2"’”/ Pco'*- k- Pco'*oPco " KoKs'* Peos?  (5)
(r is the reaction rate) for the reactions of NHj; synthesis at the promoted Fe-catalyst (1), SO3
synthesis at Pt (2), H, and CO, formation from CO and H,O at Fe,03 (3), CH30H synthesis at
ZnO-Cr,03 (4), and CO'®0 and CO formation from CO'® and CO, (O-exchange) at Fe,0; (5)
can be deduced on the basis of the notion of the "ideal adsorbed layers". Earlier, the same
equations were deduced on tﬁe a'ssumptiqn that the surfaces are heterogeneous relati've to the
heats of adsorption and it was shown that the rates of the stationary proce:sses are described by
these equations. |

It is shown that the applicability 6f the so-called logarithmic isotherm, which is usually
associated with the surface heterogeneity relative to the heats of adsorption, for describing
ahy adsorption equilibrium does >not prove that the surface is heterogeneous. For the "ideal
adsorbed layers", the equilibrium of adsorption of gas molecules at several surface centers can
be described by a curve similar to the logarithmic isotherm.

The above-mentioned sets of experimental and theoretical results are used for a
discussion on the nature of "the paradox" under consideration, taking into account two aspects
of the problem. First, sometimes, kinetic equations of the same form can be deduced on the
basis of principally different notions on the mechanism of the process under study. Second,
sometimes, kinetic equations of different forms describe with the same accuracy the process

proceeding within a specified range of variables.
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BJIMSTHUE JIOBABOK KOBAJIbTA HA AKTUBHOCTH KATAJIM3ATOPOB
I'MJIPOOBECCEPUBAHMS TUIIA MoSy/AL,O;, IOJYYEHHBIX METOJOM
IKCOOJAAIIINA

COBALT EFFECT ON THE ACTIVITY OF THE HYDRODESULFURIZATION
CATALYSTS MoS»/ALO; TYPE OBTAINED VIA EXFOLIATION

Kouv6eii /I.1., Poros B.A. u Ba6enxo B.II. -
- Kochubey D.1., Rogov V.A. and Babenko V.P.

Boreskov Institute of Catalysis SB RAS, 630090 Novosibirsk, Russia
Tel.: +7 3832 344 769; Fax: - +7 3832 343 056
E-mail: kochubey@catalysis.nsk.su

MoS,/Al,05 catalysts were obtained via MoS; exfoliation. It was suggested that MoS,
basal planes could have catalytically active centers resulted from the distortion of the MoS,
structure. ;

Supported 7%MoS,/Al,0O5 catalysts of hydrodesulfurization were obtained via exfoliation
of MoS, synthesized from elements. Catalysts were characterized by EXAFS, TEM, XRD.
Active part of the catalysts consists of one slab of MoS, with 200 A diameter and 4 A
thickness. It was obtained from XANES data that MoS; did not have 2H symmetry as bulk
sulfide.

Catalytic activity of these catalysts were tested in the thiophene hydrodesulfurization
reaction. It was obtained that catalytic activity of these catalysts were similar to the activity of

standard catalysts MoS,/Al,03 with the slabs of 20 A diameter.

Cobalt was supported on that catalysts from CoCl, with the different ratio Co/Mo.
Catalysts were sulfided in H,S + H, flow and tested in the similar reaction. Catalytic activity
of these catalysts was compared with the catalytic activity of the standard catalyst GO-70. It
was found that cobalt injection produces synergetic effect even for the slabs with 200 A

diameter. The amount of that synergetic effect is a function of Co/Mo relation.

It was concluded from obtained data that distorted basal plane has centers on which

thiophene has been adsorbed and activated without sulphur vacancy generation.
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Table. Activity of MoS,/Al,O; catalysts in the tiophene hydrodesulphurization reaction

catalyst W -1g” mol/s-g MoS,
(% g)
5 KB 6.3% 1150
21 KB 7.6% 2800
32 KB 5.3% 1020
Standard 12.0% 1050
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TOTAL OXIDATION OF PROPENE AND TOLUENE ON Cu/ YTTRIUM DOPED
ZIRCONIA

IOJIHOE OKHCJIEHUE MPOIMUJIEHA A TOJIYOJIA HA CWHATTPUI
INPOMOTHPOBAHHOM OKCHUJIE IUPKOHUA

Labaki M., Lamonier J.-F., Siffert S., Zhilinskaya E.A. and Aboukais A.

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

This work iﬁvestigates the influence of copper and yttrium on the activity and selectivity
of zirconia for propene and toluene total oxidation. The anionic vacancies should induce the
better activity of the ZrO,-5 mol.% Y,0O; catalyst with or without copper. A reaction
mechanism evolving the anionic vacancies is presented.

Volatile organic compounds (VOCs) are emitted in dilute concentrations from many
industrial processes but also from internal combustion engines. During the last decade, many
works are done for automobile exhaust but the attention has been rather applied to CO, NOx
and soot elimination [1]. However, the reduction of VOC coming from automobile have to
achieve 24% in Europe from 1993 till 2010 [2]. Propene and toluene, VOCs emitted by
gasoline and diesel engine, are chosen as probe molecules for oxidation using Cu/yttrium
stabilized zirconia. The introduction of yttrium into the zirconia induces the formation of
anionic vacancies [3], which increase the ability of the solid to accumulate oxygen and
improve an oxygen exchange at low temperature [4]. Moreover, it is well known that the
presence of copper in catalysts increases the activity of oxidation reactions [3, 5].

Pure ZrO,, pure Y03 , ZrO, doped with 1, 5 and 10 mol.% Y,Oj3 (respectively ZrlY,
Zr5Y and Zr10Y) were synthesized by precipitation or coprecipitation of their respective
hydroxides followed by a calcination under air flow at 600°C for 4 hours. Raman
spectroscopy and EPR measurements have shown the tetragonalisation of monoclinic zirconia
even by addition of 1% of Y,03;. Moreover, BET measurements of the samples have shown an
increase in surface area from monoclinic to tetragonal phase (70 to 95 m%g). For the both
VOCs oxidation catalytic tests, the optimum amount of Y,0; in the zirconia was obtained for 5
mol %. Indeed, the anionic vacancies should induce the better activity of the ZrO,-5 mol.%
Y,0; catalyst which presents the higher number of Zr* species (EPR measurements). The

oxidation mechanism should imply the intervention of chemisorbed activated oxygen. On
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zirconia, the formation of anionic oxygen species (O;,4s) could be explained by the

intervention of Zr** species and anionic vacancies.
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Wet impregnation of copper (0.5, 1 and 5 wt%) was achieved on these oxides. Whatever
the support, copper has a promotional effect on the activity -and leads to an inhibition of CO
formation in favour of CO,. The promotional effect of copper could be observed on Fig. 1 for
total conversion of toluene on the different copper supported catalysts. The activity is
emphasised since the curves are shifted to lower minimal temperatures with increasing the
copper content from 0.5 to 5 wt%. For a same amount of loaded copper, the following activity
order (for the both oxidation reactions) was rather: Cu/Y,03; < Cu/ZrO, < Cu/ZrO,-Y,0s. This
result could be partly explained by a better dispersion of copper on higher specific surfaces.
Nevertheless, among the copper on mixed oxides, Cu/Zr5Y gave the better activity again. The
higher number of anionic vacancies on Zr5Y support could explain this result. Moreover, this
catalyst presents also the more reduced copper particles and the higher surface quantity of

copper (XPS measurements).
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POTENTIAL OF SUPPORTED COPPER AND POTASSIUM OXIDE CATALYSTS
IN THE COMBUSTION OF CARBON PARTICULATE

BO3MOXHOCTHA HAHECEHHBIX OKCHJIHBIX MEJTHOI'O U KAJIMEBOI'O
KATAJIM3ATOPOB B CCKUI'AHUU YIJIEPOJHBIX YACTHIY
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The elimination of diesel carbonaceous particulate has been investigated by the use of
oxidation catalysts which could be impregnated on a porous ceramic filter. The study of
different K-Cu/oxide (oxide = TiO, or ZrO;) catalysts revealed the interesting properties of
such systems. High catalytic activities could be correlated to the presence of small CuO
crystallites and Cu (II) species interacting with K* ions. A promoting effect of potassium was
markedly evidenced regarding oxidation rate of carbon.

During the last decade, the awareness of the environmental harmful effects caused by
diesel particulate emission has lead to several works in catalysis research. Among the
solutions to reduce diesel carbonaceous particulate, one consists in the impregnation with an
oxidation catalyst of a porous ceramic filter placed through the exhaust stream. An up to date
overview of literature showed that oxides as CuQO, Fe;,03;, V,0s5, MnO,, CeO, are active
systems in this reaction [1-2]. As the contact between the catalyst and soot was revealed to be
a determinant parameter towards the oxidation reaction [2], different research groups [3-5]
proposed catalysts as Cu-K-Mo-Cl or Cu-V-K systems with a mobile active phase through the
formation of low eutectics, which improve the contact with the diesel particulate and hence
the catalyst activity. However it was also reported that degradation of such catalysts occurred
by loss of active components as vapours.

In this context, a study of different stables oxides Al,O3, ZrO;, TiO, and CeO; pure and
supported either by copper or potassium phases has been undertaken. Low amounts of
additives (2 wt % CuO or 2 wt % K,0) were considered in order to keep stabilising influence
of the oxide support surface. TiO, and ZrO; supported by both K* and Cu®* ions systems were
also studied to reveal an eventual combination of the own properties of copper and potassium
elements. The purpose of this work is to evaluate the potential of these catalysts in the
combustion of carbonaceous particulate and to get understanding information on the

parameters involved in this catalytic oxidation in order to contribute to the elaboration of a

reaction mechanism.
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The catalytic tests towards the combustion of carbon black CB N330 (Degussa) were
performed by simultaneous TG-DSC analysis (NETZSCH STA 409). For these tests, mixtures
of carbon black (20 wt%) and catalyst (80 wt%) were made in a ball miller for 5 min or 40 min, to -
obtain loose or tight 6ontact conditions respectively. The selectivity from CO/(CO+CO,)
molar ratio was obtained from chromatographic anélysis (VARIAN 3600) of the combustion
products. A physicochemical characterisation of catalysts was investigated by EPR, XPS
techniques and TPR experiments.

In the case of pure sﬁpport oxides, the reactivity and CO; selectivity could be classified as
follows CeO,>ZrO,>Ti0O,>Al,05. Tight contact conditions increased interactions between
carbon and the catalyst surfacg, which favoured the carbon oxidation. The use of copper and
potassium ions additives allowed to provide interesting reactivity even in loose contact
cc;ndition, ‘indicating contact promoter effects of these elements. The presence of copper
affected the reactivity of all oxide systems. Particularly, the reactivity of TiO,-based catalyst
promoted with Cu** ions was significantly increased, which could be correlated to the
presence of CuO crystallites in solids. Cu** species were involved in the catalytic reaction via
a redox mechanism. The presence of potassium ions in all oxides allowed significant increase
of oxidation rates of carbon. From surface potential méasurements, it éppeared that K™ ions on
oxide surface favour the dissociative adsorption of oxygen and allowed the formation of
surface oxygen species at lower temperature than in the case of pure oxides.

In the study of K-Cu/oxides, interesting performances were obtained with K-Cu/ZrO, in
loose contact condition and with K-Cu/TiO, in tight contact condition. For K-Cu/TiO5, this
observation remained correlated to the presence of CuO crystallites and Cu(Il) aggregates
interacting with K" ions on the TiO, surface, leading to a redox mechanism. For K-Cu/ZrO,, a
high dispersion and stabilisation of Cu** ions by the ZrO, surface hindered a high contribution
of Cu® species towards the reactivity. On K-Cu/oxides, potassium properties regarding an
increase in oxidation rates of carbon were markedly conserved and total CO, selectivity was

obtained.
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MEXAHUW3M OBPA30BAHUS NPOJAYKTOB ITPU OKUCJIEHUHA n-ITEHTAHA
HA VPO-KATAJIM3ATOPAX

THE MECHANISM OF PRODUCTS FORMATION IN n-PENTANE PARTIAL
OXIDATION ON VPO CATALYSTS

3axkuranos B.A., YeOypakosa E.B.*, Haber J.** and Stoch J.**
- Zazhigalov V.A.*, Cheburakova E.V.*, Haber J.** u Stoch J.**

Ukrainian-Polish Laboratory of Catalysis
*Institute of Sorption and Problems of Endoecology, National Academy of Sciences of Ukraine,
Gen. Naumova 13, Kyiv - 164, 03-680 Ukraine
**Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences,
Niezapominajek 8, Krakow, 30-239 Poland

INTRODUCTION :

Oxidation of n-pentane to maleic (MA) and phthalic (PhA) anhydrides arises
considerable interest because of the possibility of replacing olefins and aromatic
hydrocarbons by a cheap paraffin as the raw material [1, 2]. The mechanism of this reaction at
the surface of a vanadyl pyrophosphate catalyst has been discussed and a reaction scheme has
been proposed [1, 3-5], consisting of dehydrogenation of n-pentane to pentadiene, its
cyclization to cyclopentadiene, dimerization to a cyclic template and oxidation of the latter to
phthalic anhydride. However, several questions may be raised concerning such mechanism:

- In oxidation of 1-pentene, pentadlene or cyclopentadiene no PhA has been found in the
products [2, 5, 6];.

- TAP experiments showed that in n-pentane oxidation unsaturated C5 hydrocarbons or
their cyclic analogues do not appear [5, 6]; :

- The surface of vanadyl pyrophosphate 1-CsHy, + air
catalyst exposes isolated sites composed of
two edge-linked VOs square pyramids of
approximately 1x0.5 nm size. The dimerized
cyclopentadiene molecule would be much
larger to be accommodated at the active site.

It seemed thus .of interest to readdress
the question of the mechanism of pentane
oxidation.

000000
000000

“Heor1,3-Hs .

EXPERIMENTAL

The VPO and VPBiO catalysts were
studied. The VPO was synthesized from
V,0s5 and H3PQOy in butanol. Oxidation of n-
CsHi, was studied in a specially constructed
stainless steel flow type two reactors system
with 0.5 ml catalyst loading and the gas v
mixture flow of 26-54 ml/min. Two reactors  Fig. 1. Arrangement of the apparatus.
system worked on line; n-CsH;; or n-C4H;9  R1 —first reactor, introduction of the n-pentane
were oxidized in the first one, and then C4Hg  + air mixture. R2 — second reactor, introduction
could be added to the reacting mixture at the  of helium or 1, 3-butadiene
inlet of the second reactor (Figure 1).
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PROPOSED MECHANISM OF THE OXIDATION OF n-PENTANE

Let us assume that n-pentane is activated by abstraction of protons from ¢’ and C* atoms,
followed by binding of the resulted hydrocarbon fragment with the catalyst surface through
these carbon atoms. If strong acidic centers are present on the catalyst surface, isomerization
of the fragment can be expected, consisting in the C’Hs methyl group transfer to C? (or C%)
carbon atoms and hydrogen migration from C? (or C’) to C* atom. The isomer may undergo
oxidation to citraconic (methylmaleic) anhydride. Indeed, it has been found that the selectivity
towards citraconic anhydride is increasing with the increase of the contribution of strong
acidic centers.

The hydrocarbon fragment can lose methyl group and form the corresponding radical
structures. It is known that. such radicals can be easily transformed into olefins or oxidized
into COy. Methyl radicals can be also oxidized to carbon oxides, mainly to CO,. Thus,
contrary to n-butane oxidation, in this process an excess of CO, over CO should be observed.

Oxidation of C4 olefin-like structures can lead to maleic anhydride formation by the
known mechanism through the stage of diolefins formation. It is known for the VPO catalysts,
that selectivity to maleic anhydride obtained from butenes is lower than that from n-butane.
Therefore the proposed mechanism of maleic anhydride formation from n-pentane can explain
why in n-pentane oxidation the selectivity towards MA and the products sum MA+PhA is
lower than in the case of n-butane oxidation, for which a different MA formation route
operates. .

In order to confirm the hypothesis that phthalic anhydride is formed by Diels-Alder
reaction between butadiene and maleic anhydride formed as consecutive product in the course
of pentane oxidation, an experiment was invented in which two reactors on-line were used
(Figure 1). The results reveal that n-butane oxidation leads to only maleic anhydride
formation in first and second reactor. When 1,3-C4Hs is added to second reactor, to which n-
butane oxidation products enter from the first reactor, appearance of large quantities of
phthalic anhydride in outlet of the reactors system is observed. In these conditions in the
second reactor the condensation of 1,3-C4Hg¢ with maleic anhydride takes place, leading to
phthalic anhydride formation.

This study clearly shows that the basic route of the PhA formation in n-pentane oxidation
on VPMeO catalysts is the Diels-Alder reaction between diolefin C4 and MA. Formation of
olefins during the oxidation of n-pentane distinguishes this process from the reaction of
n-butane oxidation, proceeding without dehydrogenation of paraffin. In case of CsHj,, the
paraffin activation at the second and fourth carbon atoms leads to abstraction of methyl-group
and formation of unstable radical C4*, capable to form olefins and diolefins. The presence of
the later enables the Diels-Alder reaction and the PhA formation.
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- BIUAHUE CTPYKTYPbBI U COCTABA MOJIMBJATHBIX CUCTEM HA UX
AKTHUBHOCTD IIPA ITAPIIUAJIBHOM OKUCJIEHUU OJIE@UHOB

THE INFLUENCE OF STRUCTURE AND COMPOSITION ON ACTIVITY OF
MOLYBDATE SYSTEMS UNDER PARTIAL OLEFIN OXIDATION

Cropakumms A.B., Konecaukosa A.M., Kpbuio O.B.* u Capuenxo B.A.
Syurakshin A.V., Kolesnikova A.M., Krylov O.V.* and Savchenko V.I.

HucrutyT npobnem xumuyeckoi ¢pusuxku PAH, YepHoronoska, Poccus
E-mail: action@icp.ac.ru
*Nucturyr xumudeckoit ¢pusuku uM. H.H. CemenoBa PAH, Mocksa, Poccus

Molybdate catalytic systems were investigated at isobutylene oxidation to
methylacrolein. Samples of catalysts of general formula MoaCopFecBidSbmKnOx have been

synthesized and tested by XRD to determine their phase structure. It has been shown, that the
catalytic structure is formed by molybdates of Bi, Co, and Fe, mono- and dioxides, and
potassium nitrite. It was revealed that oxygen transfer rate through catalyst lattice is a
determinative factor of catalytic activity and its selectivity. The mechanism for isobutylene
oxidation has been suggested. The general scheme for oxidative conversion of isobutylene has
been constructed from results of impulse experiments.

CenexTHBHOE OKUCIIEHHE HHU3IIUX 0JIeQHUHOB, B YaCTHOCTH, H300yTHIIEHA U MPOMMIICHA B
IEHHBIE OKCUTEHATHI SBJSETCA BAXXHOW HAyYHOH M TeXHONOTHYeCKo# 3axaqeii. [Tonydyenue Ha
OCHOBE HHU3IIMX ONeQUHOB HENpeAelIbHBIX KapOOHOBBIX KHCIOT M A)HPOB —
TEXHOJIOTMYECKHH NpoIecC, KOTOPhIH MOI OBl 3aMEHUTH HBIHE CYIIECTBYIOIIUE CIIOCOOBI MX
IPOMBIIIUIEHHOTO HOTY4YeHH.

KaranuszaTopsl, OCHOBHYIO 4acTh CTPYKTYpPHI KOTOPBIX cocTaBisftoT Moimubaarel Fe, Co,
Bi, momudunmupoBaHHble A00aBKAMH CYpbMBI M KaJds, SBISIFOTCS IE€PCIIEKTHBHBIMH
KaTAJIUTHYECKMMH CHCTEMaMH NaplHaJbHOTO OKHCIEHHS H300YTUIIEHA U MPOMKICHA.

Ha npumepe peaxiuu okucieHUs H300yTHIEHa KHCIOPOIOM B O-MeTunakposend (MA)
OBUIM pPacCMOTPEHBI OCOOCHHOCTH OKHCIICHHS HM3MIUX OJeGHHOB B COOTBETCTBYIOIIHE
alIbJIErH/Ibl Ha KaTaTUTHUYECKUX CUCTEMAaX MOJIMOJATHOTO THIIA.

B xopme uccnenoBaHuil OBUTM CHHTE3HPOBAaHBI 00pa3lbl KAaTalnu3aTOPOB C pa3IMYHBIM
conepxanueM ¢a3 monubnaro (obmas ¢opmyna karammzaropoB Mo,CopFe.BigSbnK,Ox,
npuyeM OBUIM TakXe CHHTE3MpOBaHBI OOpas3lbl, B KOTOPHIX OJHA H3 (a3 MomubmaToB
TOJIHOCTHIO  OTCYTCTBOBaJAa) M ObUIa ONpeleleHa 3aBHCHMOCTh MX AaKTHBHOCTH U
CEeJIEKTUBHOCTH 110 oOpa3zoBanuio MA oT ()a3oBoro cocraBa KaTaau3aTopa B MOIEIBHOM
peaKkIMi OKUCIEeHUsI H300yTuiena. Oka3alnoch, 4To codeTande (a3 MOIMOJATOB Keje3a U
KobayibTa 00eCIeunBacT BHICOKUH YPOBEHb aKTUBHOCTH KaTalIM3aToOpa ¥ MOBHINIEHUE BBIXO1a
MA. Pentreno-¢a3oBelii aHanu3 Tokazan (cM. Tabj.), 4TO CTPYKTypa CHHTE3HMPOBAHHBIX
KaTalu3aTopoB obOpasoBaHa ¢azamu MonubaaroB Bi, Co u Fe, npocThiMH U CIIOXKHBIMH
OKCHJIaMH DJIEMEHTOB OpyTTO-(OPMYIIBI H HUTPUTOM Kamnus. [Ipu uccnenoBaHUH aKTHBHOCTH
KaTaJIM3aTOpOB IOKA3aHO, YTO CTPYKTYpHO HJEHTHYHbIA MomuOpary sxeneza (II) mommbmar
kobanbta (II) cmocobcTByeT mponeccy obpatumoit Tpancopmarmu Buga FeMoOs&=Fe,(MoOy);
Ha 6a3e 3apoBIIEBHIX KpHCTAUIMTOB CoMo0QO,, OTBEICTBEHHOMY 3a MpPOIIECC COpOIHH M
TPAHCIIOPTA KUCIOPOa 110 KPUCTALUIMYECKOH PEIIETKE KaTalu3aropa K akTUBHOMY LICHTDY.

HccnenoBanuss KUHETHKH XeMocopbumu H300yTHiIeHa Ha o0pa3max KaTalu3aToOpoOB
pa3nuyHOro ()a3oBOro cocraBa BBIABUIIO, UTO HAIMYHNE B CTPYKTYpe KaTalu3aTopa MOIHOiaTa
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BUCMYTa 00€CIedrBaeT COpOLHUIO N300yTHIIEHA IIOBEPXHOCThIO KaTAIM3aToOpa, YTO IPHUBOIUT
K POCTY aKTHBHOCTH.

B xozie ONBITOB SIBHO BBIABJICHO, YTO HOBBIINICHHE CKOPOCTH TPAaHCIIOPTa KHUCIOPOJa IO
KPUCTALIMYECKON  peIéTKe KaTajiu3aTropa OJHO3HAYHO TNPHBOJUT K  CHIDKEHHIO
CENEKTHBHOCTH KaTaIHUTHYeCKoro peicrBua. OfHAKO, CKOPOCTh TPaHCIOPTa KHCIOpoja
ompezenseT TakkKe M aKTHBHOCTh KaTalu3aTopa B IenoM. Ponp MomuOpara BHCMyTa B
KaTajlM3aTopax Ha OCHOBE MOJIMOJATOB MEPEXOJHBIX METAIOB B 3TOM CIIydae SBISCTCS
IBOSKOH: moMumo obecneuenus copOruum onepuHa aza monmbaara BHCMYTa BHOCHT
3aTpYAHEHHSA B TPAHCIOPT KHUCIOPOJa, HE HACTONHKO 3HAYUTENBHBIE, YTOOBI CYIIECTBEHHO
CHM3HUTh aKTMBHOCTh KaTaJH3aTOPOB, OJHAKO JOCTAaTOYHBIE, YTOOBI HE JOMYCTHTH MPOIECC
6osiee TmyboKoro okucieHus copbupoBaHHoro oniepuna ¢ obpazosanueM COy, 10 MOMeHTa
IecopOIMHU MOITy4EHHOT0 KUCIOPOACOAEPKAIETO COSIMHEH S C IIOBEPXHOCTH KaTaJIH3aTOopa.

VIMITynbCHBIMH ~ HCCIIEIOBaHHSAMHM  OBUIO  IIOKAa3aHO, YTO OCHOBHOW IPUYHHOM
HEJJOCTATOYHOH CEJICKTUBHOCTH MONMOIATHBIX CHCTEM SBJIETCS MPOTEKAaHHE B XOJC
KaTaJu3a II0CIEeOBaTENbHBIX U IMapaUIeNbHBIX PEaKIHi C IMOCTENEHHBIM COKpalleHHEM
JUIMHBl YIIepoAHoH nenu obpasyrommuxcs coequHeHud. IlpudeM kaxaplii sTam B 3TOM
IpoIecce CONPOBOXKAAETCS 1HO0 BHEAPEHHEM B 00pa3ylOL[yIOCsS MOJEKYly aToMma
' KHCIIOpoJa, IHO0 OTIIEIUIEHHEM OHOI'0 aToMa yriepoa ¢ 00pa3oBaHHEM €ro OKCHJIOB.

Tabauna. Pa3oBbIil cocTaB 00pa3n0B KATAIH3ATOPOB.

®aza g - ,_3 - ON
QRIRI%|S|s|lels|8|%|al38|s
sS85 S| o8 |la|2] L ﬁ
SIB|IZIZ2|R|P =82 o|@
o= Q 5 Q =
Cocras = = =
Moy;CogFe;Bi,Sby 5Ky 30, + + + + + + +
MoyCogFesShy 5Ky 30, + + + + + + + +
MO6Bi2Fe3Sb0.5K0.3OZ + + + + +
MoyCosBi,Sby sK,.30, + + + + +
Mo;Co;Bi,Fe;SbysKo 30y + + + +
Moy 3CosBirFeysSbysKo30x | + + + + + + + +
Mo;Bi, O, +
MO]CO]OX + + +
M03F620x + + +
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FLUORINE MODIFICATION OF LANTHANUM MANGANITE: EFFECT ON
OXYGEN MOBILITY AND CATALYTIC ACTIVITY IN PARTIAL OXIDATION

MOIUPHUITUPOBAHUE MAHI'AHUTA JJAHTAHA ®TOPOM: BJIMSAHUE
HOABMOKHOCTH KHCJIOPOJA HA KATAJIMTUYECKYIO AKTUBHOCTD B
IMAPIIUAJIBHOM OKHCJIEHUHA

Kemnitz E., Sadykov V.A.*, Kuznetsova T.G.*, Simakov A.V.*, Sazonova N.N.*,
Bulgakov N.N.*, Burgina E.B.*, Moroz E.M.*, Zaikovskii V.L.*, Paukshtis E.A.*,
Ivanov V.P.*, Trukhan S.N.*, Lunin V.V.** and Aboukais A.***

Institute for Chemistry, Humboldt-University, Berlin, Germany
E-mail: erhard. kemnitz @chemie.hu-berlin.de
*Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia
**Chemical Department of Lomonosov Moscow State University, Moscow, Russia
***Lab. de Catalyse et Environnement MREID,
University du Littoral- Cote d'Opale, Dunkerque, France

Anion modification of perovskite-like systems by chlorine and fluorine was recently
shown to be promising for increasing their selectivity in the reactions of alkanes oxidation
into alkenes. However, the effects of these promoters on the bulk and surface oxygen mobility
and reactivity has not yet been properly assessed, which is the aim of this work.

Dispersed pure and F (F + Ca) modified samples of lanthanum manganite were
synthesized by addition of mixed salts to the citric acid-ethylene glycol solution followed by
its polymerization at slow heating, then burning and calcination of residue at 800 °C. In some
cases, calcium-modified samples were fluorinated by heating with ammonium fluoride.

Incorporation of fluorine into the lattice eliminates a small TPD peak at ~450 °C
corresponding to oxygen desorption from the surface defect centers. Main TPD peak due to
desorption of terminal oxygen forms (desorption heats ~ 50-70 kcal/mole) bound with Mn and
La cations in the regular positions was shifted from ~650 to ~700 °C. In F-modified sample,
the amount of oxygen desorbed in this peak exceeds 2 monolayers, which indicates a high
mobility of the lattice oxygen independently confirmed in the isothermal CO reduction
experiments. Addition of Ca to fluorine-modified sample decreases the amount of desorbed
oxygen to ~ 0.5 monolayer, increases its bonding strength (a shoulder at 800 °C appears in the
TPD peak), and decreases the bulk oxygen mobility, which correlates with the decrease of the
oxygen polyhedra distortion as evidenced by the X-ray diffraction and FTIRS of lattice
modes. Excessive fluorination of calcium -modified sample by heating with NH4F results in
further strengthening of the surface oxygen while the bulk oxygen diffusion was suppressed.

Variation of the surface oxygen bonding strength and mobility due to anion modification
of lanthanum manganite samples is reflected in their catalytic properties. For pure and
calcium-modified lanthanum manganite, only deep oxidation of propane is observed.
Incorporation of fluorine into the lattice strengthening the surface oxygen forms is
accompanied by appearance of propylene in the reaction products. In the reducing reaction
media, removal of a part of the bulk/surface oxygen for F-containing samples leads to
increase of propylene selectivity up to 10-20 %. The most selective was Ca-containing sample
subjected to the excessive fluorination, which contains only strongly bonded terminal oxygen
forms desorbing at 800 °C while the bulk oxygen diffusion is suppressed.

This work is in part supported by RFBR -INTAS grant No IR-97-402
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UCCIEJOBAHUE MEXAHU3MA PEAKIIUHA OKUCJIEHUA AMMMUWAKA B
3AKHCBH A30TA HA Mn-Bi-O/o-ALL,O3; KATAJIM3ATOPE

STUDIES OF THE MECHANISM OF AMMONIA OXIDATION INTO NITROUS
OXIDE OVER Mn-Bi-O/0-Al;O3 CATALYST

Caasunckas E.M., BeubsimunoB C.A., UBanoBa A.C., [Toxyxuna H.A. u HockoB A.C.
Slavinskaya E.M., Veniaminov S.A., Ivanova A.S., Polukhina I.A. and Noskov A.S.

Huctutyt xaranuza um. I'.K. bopeckosa CO PAH
IIp. Axan. JIaBpeHTbeBa, S, HoBocubupck 630090, Poccus
Fax: (+7-3832) 34 18 78; E-mail: lesla@catalysis.nsk.su

The pulse method at feeding ammonia and the reaction mixture containing NH; and '°O,
(**0,), methods of temperature-programmed surface reaction (TPSR) of ammonia and XPS
were used for characterization of the manganese-bismuth oxide catalyst. The reaction of
ammonia oxidation was demonstrated to proceed via alternating reduction and reoxidation of
the catalyst surface. Participation of the oxygen constituent of the catalyst in the reaction was
confirmed. It was shown that the reduction rate decreased due to the presence of oxygen
species with different bond energies. Elimination of the weakly bonded oxygen resulted in
more abrupt decrease in the rate of ammonia oxidation into N>O in comparison with the rate
of ammonia oxidation into N,. Symbasis of the selectivity for N,O and the proportion of
manganese in the oxidized state were established. The reaction scheme based on the stage
mechanism was proposed. ‘

HccnenoBanue MexaHH3Ma OKHCIEHMS aMMHaka paHee NpOBOAMIOCH Ha MeTaylax,
OKcHJax H KapOuJax METauIOB, XapaKTepH3YIOIIMXCS HU3KOM CEJIeKTHBHOCTHIO B
otHomeHuu N,O [1]. Llenpto HacTosmeid paboOThl SBISAIOCH HCCIENOBAHUE MeEXaHH3Ma
peaknuu OKuCIeHus ammuaka Ha Mn-Bi-O/o-Al,O3; kxartanusarope c ceHeKTI/IBﬁOCTLIO o
N,O 88-90%. [ns aToro npoBOAMiIOCh U3y4€HHUE B3aUMOACUCTBUSA OTAC/IbHBIX KOMIIOHEHTOB
PEaKIMOHHOK cMecH (aMMMaKa M KHCIOPOJa) C KaTalu3aTOpOM HMITyJbCHEIM METOOM M
METOJIOM TEMIIEPATYPHO-IPOTPaMMUPOBAHHOM MOBEPXHOCTHOM peakiuu ammuaka (TIIIIP).

‘ OKCIIEpUMEHTHl TIPOBOJIMIMCH Ha YCTAHOBKE C MAacC-CHEKTPOMETPHYECKHM aHAJIH30M
IIpH I10/1a4e MMITyJIbCOB aMMHaKa MM PEaKUMOHHOM CMECH, cojepxamend NHz u 1%0,(**0,).
BoccTraHoBIEHHE KaTalyd3aTopa aMMHAKOM IMPUBOAUT K 00pa30BaHUIO NTPOAYKTOB pPEaKIIVH:
N,O, N; u NO. B xoze BOCCTaHOBJICHHS M3 KaTaJIM3aTopa BMECTE C MPOAYKTAMH pPEaKIIHH
yaajasieTcss MPUMEPHO IIOJIOBHHA BCEr0 KHUCIOPOAA, YTO TOBOPUT O JOCTaTOYHO BHICOKOU
MTOJIBIXKHOCTH 00BheMHOTO Kuciopoaa. [lokazano, 4T0 CKOPOCTh BOCCTAHOBJIEHKSI CHUKAETCS
C YBEJIIHYEHHEM CTEIIEHH BOCCTAaHOBIIEHHS NOBEPXHOCTH. lIpM 3TOM CKOpDOCTH OKHCIEHHS
ammuaka B NyO cHipkaeTcs Oonee pe3ko, 4yeM B Nj, YTO OTpa)kaeTcsi B yBEIHMYECHUH
CEeNIEKTHBHOCTH 00pa3oBaHus No.

Hccnenoanne katamusatopoB meronoM TIIIP mokazano mHanuuue ¢opM KUCIOpOIa C

paznuuHOi 3Heprueil cmszu. Iloka3zaHo, uTo c1aGOCBS3aHHBIA KHCIOPOJA OTBETCTBEHEH 3a
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obpa3oBaHHE 3aKMCH a30Ta. YJaJleHHe CclIabOCBA3aHHOTO KHUCIOpOJa IPUBOAHMT K
YMEHBIIEHHIO TOIHOH CKOPOCTH BOCCTAaHOBICHHS M 0OJee Pe3KOMY CHIKCHHIO CKOPOCTH
okucneHuss B N;O B CpaBHEHHH €O CKOpPOCTHIO okucnenns B N, Kak ciexcrsue
CEeNIeKTHBHOCT, B obOpasoBanun N, yBenmumBaercs. C yBeNMYEHHEM TEMIEPATYPHI
INPOKAJIMBAaHUS KATAIU3aTOpa Ha CTaJud TPUTOTOBJEHHS COCTOSHHE TIOBEPXHOCTH
u3MeHsaercsa. IloCKOnpKy 3HEprus CBA3M MapraHel-KHCIOpOJ HUXKE A1 OKHCIEHHOIO
COCTOSIHHA MapraHna [4], To yBenudyeHHe HOJHM IEHTPOB ¢ Oojiee HU3KOH DHEPrHel CBA3H
03HayaeT yBEJIMYEHUE OTHOIICHUS OKUCICHHOTO COCTOSHUS MapraHia K BOCCTaHOBJIICHHOMY.
OTOT BEIBOJ MOATBEPKAaeTCA JaHHBIMU MeToaa POIC, moka3sIBarOIIMMH, YTO COOTHOIIICHUE
Mn**/Mn@* YBEIHYHMBAETCS C POCTOM TEMIEPATYpHl MPOKAIMBAHHS KaTaaM3aTopa.
N3menenue cenekTUBHOCTH 10 N>O cuMOaTHO ¢ M3MEHEHHEM 3TOT0 COOTHOLIEHUS. J{pyrou
IOPUYHUHOH CHMKEHHMS CKOPOCTH BOCCTAaHOBJIEHHS SBIAETCS OJIOKMpDOBKa aKTHBHOM
MMOBEPXHOCTH IIPOYHO CBSA3aHHBIMH GopMaMHM aMMHaka, TeMmIleparypa YAajleHHs KOTOPHIX
BBIIIIE TEMIIEPATYPHl PEaKIHH.

[lokazaHo, 4TO B XOJE€ BOCCTAHOBJICHMS M KATAIHTHICCKOH PEaKIUH BBIACISIOTCH
ojnuHakoBbie PoayKTE: N>O, N, u NO. Ilpu 3T0M CKOpOCTh BOCCTAaHOBIICHUS KaTaau3aTopa
aMMHAaKOM paBHa CKODOCTH KaTaJIUTHYECKOM peakuud TIpH OJHUHAKOBOM CTENeHU
BOCCTaHOBJICHUs oBepxHocTH. Conocraienue obmero pacxoaa Kuciaopoaa Ha o6pa3oBaHue
IPOJIYKTOB PEAKIMU C PacxoJoM KHCIopoja Ha oOpa3oBaHHE IPOAYKTOB M3 ra3oBoil (a3bl
HOATBEPXKIAET YYacTHE B KATAIUTHYECKOM IUKJIE KUCIOpPOAA KaTaau3aropa. OTOT BHIBOX
ITOATBEPKIAETCS TaHHBIMHU SKCIIEPUMEHTA C 3aMEHOM B pEaKIIMOHHON CMECH 10, na '%0,. B
XOjIe KCIIEPUMEHTa BMECTE C HPOAYKTaMH M3 KaTalu3aTopa yaanserca 6osee 2 MOHOCIIOEB
160,, uto cocraBiuser 1/3 €acTs Bcero KHcaopona KaTamusaTopa. Takas CTENEHb Y4acTHS
KHCJIOPOAa KaTaIH3aToOpa MOATBEPXKAAET BRICOKYIO IIOJIBHKHOCTh 00BEMHOT0 KHCIOpOa.

COBOKYITHOCTB ITOJTy4€HHBIX PE3YJITATOB Ja€T OCHOBAHHUE 3aK/IIOUHMTH, YTO B OKUCIEHUH
aMMHaKa pealu3yeTcsl CTaJAMHHBIA MEXaHW3M peakuud. Ha OCHOBaHMHM ITOJNYYEHHBIX
pe3yJabTaTOB ¥ JHMTEPATypHBIX HAHHBIX O BO3MOXXHBEIX IIPOMEXYTOYHBIX COEIHMHEHHSAX,

o0pasyromuxcs B OKUCICHUH aMMHaKa [2, 3], mpeasokeHa cXxeMa peakiiH.
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IIPOMEXYTOYHBIE KOMILJIEKCHI I MEXAHU3M PEAKIIMA
CEJIEKTHUBHOI'O BOCCTAHOBJIEHUS NOx IIPOITAHOM HA

HPOMBIIIJIEHHBIX OKCHUIHBIX KATAJIN3ATOPAX U X
MEXAHUYECKON CMECH

INTERMEDIATE COMPLEXES AND REACTION MECHANISM OF NOx
SELECTIVE REDUCTION IN THE PRESENCE OF EXCESS OXYGEN OVER
COMMERCIAL OXIDE CATALYSTS AND THEIR MECHANICAL MIXTURE

Bypaeiinas T.H., TperbsakoB B.®. n Matbimak B.A. *
Burdeinaya T.N., Tretyakov V.F. and V.A.Matyshak*

Wuctutyt HedTexumuyeckoro cuare3a uM. A.B. Tomuuesa PAH
Jlenuncxwuit op., 29, Mocksa 119991, Poccus
Fax: + (095) 230 2224, E-mail: tretjakov@ips.ac.ru
*WHcTHTYyT XuMudeckoi ¢usuku um H.H.Cemenosa PAH

yi1. Koceiruna, 4, Mocksa 117334, Poccust
Fax: + (095) 938 2156, E-mail: matyshak @ polymer.chph.ras.ru

The process of selective catalytic reduction of nitrogen oxides by propane in the presence
of O, was studied over series of commercial oxide catalysts used in petrochemical processes.
The synergistic effect in the reaction of NO reduction by propane over mechanically mixed
oxide catalysts Cu-Zn-Al (catalyst I) + Fe-Cr (catalyst II) was investigated using
IR-spectroscopy in situ. It was concluded that observed synergistic effect could be explained
by partial propane oxidation over Cr-containing component (II) and NO reduction by this
product over Cu-containing component (I) of the binary catalytic system.

H3ydeHsl KHHETHKA M MEXAaHHU3M OKHCIUTEIbHO-BOCCTAHOBHUTCIBHBIX  PEAKITHIA,
MPOTEKAOIIUX IIPH CEIEKTUBHOM KaTanutuiueckoM BoccraHopleHuH (CKB) NO npomnanom B
OpUCYTCTBUH M30biTKa O, Ha NPOMBINIUIEHHBIX OKcHAHBIX karammsaTopax CTK (Fe-Cr
conepxamem) u HTK-10-1 (Cu-Zn-Al cogepxamem), a Takke HX MEXaHUIECKOH CMeCH, U
OTKpBITOTO Ha HUX 3(¢¢eKTa CHHEpru3Ma Ha OCHOBE SKCHEPHUMEHTAIBHBIX HCCIEOBaHUM
COCTOSIHMS IOBEPXHOCTH KaTalu3aTopa W 0Opa3yIOMMXCS MPOMEXYTOUYHBIX COCOHUHEHHH C
ucnonp3oBanueM MeronoB TIIJ, MUK-cnexTpokonuu in situ, a Takke Macc-ClIEKTPOMETPHH.

Ha oOCHOBaHHHU TIONYYEHHBIX OKCHEPUMEHTANBHBIX JaHHBIX, YYHTHIBAS pPa3HHUIY B
CIEeKTPAILHBIX U aicopOIMOoHHBIX cBoicTBax kKaramm3aropoB CTK u HTK-10-1, mpemnoxen
cienyromuii MmexanusM peakiun CKB u HaGmronaemoro 3¢ dekra cuaepruzma.

IToxazano, uro mnpuumHOM cuHeprusma sBiasgercs B3aumonekcTteue CsHg mw O, ¢
o0pa3oBaHHEM MPOAYKTA HEMOJIHOTO OKUCIIEeHUs Ha ogHoH coctaBisioueit (CTK) 6unapHoit
MEXaHMYECKOM CMecH KaTallu3aTOpoB M IMepeHoc 3a cueT Mexdasnou nuddyzuu [1] storo

nponykra - 3(@eKTHBHOrO BOCCTaHABIMBAIOIIETO PEareHTa - Ha JPYTYIO COCTaBJISIOULYIO

(HTK-10-1), noBepXHOCTh KOTOPOH 3aI0IHEHA aKTHBHPOBAHHBIMH MoJIeKynamMu NO.
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KpoMe nepeducieHHbIX peaknuii, B H3y4aeMOH CHCTEME IIPOTEKAET TAKXKe JIOOKHCICHUE
IOPOJYKTa IIapLMaNbHOIO OKHCIEHHS IpOIaHa KHCJIOPOJOM Ha OOEHX COCTaBIIIOLIMX
OunapHoi karanutudeckod cucrembl u CTK, um HTK-10-1. Hammuwme cuHeprusma
OIIpENeNIACTCS. COOTHOIIEHUEM CKOPOCTEH JOOKHCICHHS IMPOAYKTAa HEMOJHOTO OKHCICHHS
nponana Ha CTK u HTK-10-1, mexxdassoit aupy3un u B3anMoaeincTBUsA 00pa3oBaBIerocs
npoaykra ¢ NOg,. Ha HTK-10-1.

Baxxayro poJib B IIposBIEHUH cHHEprH3Ma urpaet koHueHTpauus CsHg. Kossepcus NO u
CTEIIeHh BOCCTaHOBJICHHS IIOBEPXHOCTU YBEIHMYHBAIOTCS NPH YBEIUYCHHH KOHIICHTpAIHH
CsHs B peaknMOHHOM IOTOKE. YBEIHYEHWE CTENEHH BOCCTAHOBIICHUS IIOBEPXHOCTH
obpastoB CTK u mexanndeckoit cmecn CTK + HTK-10-1 composoxzaercs yBennieHHeM
aKTHBHOCTH, KOTOpPO€, II0-BUAMMOMY, CBA3aHO C TEM, YTO Ha BOCCTaHOBIEHHOM obpasue CTK
B OTJIMYHE OT OKHCIeHHOro ysenuwuuBaerca ancopbmus NO. [ammsie TIIA ¢ wmacc-
CHEKTPAJIbHBIM aHAIIM30M IPOJYKTOB PEaKIMH IIOKAa3bIBAIOT, YTO HAa BOCCTAHOBJICHHOM
obpasie aacopbupyercs ropaszfo 6onsume NO, yem Ha okucineHHOM. IIpu 3TOM B mpoaykTax
JiecopOIMH MOSBISIETCS a30T.

ITonmy4yeHHbIE pe3yNbTaThl O3BOJISAIOT IPEANOIOKHUTE CIEAYIOUIYI0 CXeMy Iporecca Ha
BOCCTaHOBIEHHOM obpasme. ITpu B3aumoneiicteuu C3Hg ¢ IOBEPXHOCTBIO HPOMCXOIMT €€
BoccTaHoBIIeHHE. Ha MeTamuyeckux 4acTUIaX BOCCTAHOBIEHHOM TOBEPXHOCTH AP PEKTHBHO
IpOUCXOAUT ajcopbuus U auccomuamus NO ¢ mocmemyromuM — oOpa3oBaHHEM
MOJIEKYJISIPHOTO a30Ta B Ta30BOMH (bése. ITpu >TOM aTOM KHCIOpOAa y4acTBYET B PEaKIMH
OKHCJIEHUs npomaHa c obpasoBanueM CO, B razoBoii ¢asze. Takum oOpa3oM, Ha
BOCCTAHOBJIEHHBIX 00pa3iax 3Ta cXxeMa MOXET OBITh pealH30BaHa Ha O0EHX COCTABIAIOMMX
CMELIAHHOTO KaTajk3aropa. B paMKkax INpennoXeHHOH cXeMbl BO3MOXKHO OObBSCHEHHE

BBICOKOH aKTMBHOCTH BOCCTaHOBJICHHBIX 00pa3I0B ¥ OTCYTCTBUS CHHEPrU3Ma.
PaGora BhironiHeHa py 4acTu4HO#N puHaHCcOBO# momnepxke PODU. ITpoekt Ne 02-03-33161.

[1] Kpsutos O.B. // Yenexu xumun. 1991. T.60. Bein.9. C.1841.
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POJIb IIOBEPXHOCTHBIX HUTPATOB B MEXAHU3ME CKB NO,
YI'VIEBOAOPOJAMHM

ROLE OF SURFACE NITRATES IN THE MECHANISM OF NO; SCR BY
HYDROCARBONS

Konun I'.A., UnbuyeB A.H., Matenuak B.A. u Kopuak B.H.
Konin G.A., Il'ichev A.N., Matyshak V.A. and Korchak V.N.

Hucruryr xummueckoit ¢pusuku um. H.H. Cemenora PAH
yn. Koceiruna, 1.4, Mocksa 119991, Poccus
@axkc: (095) 939-7189; E-mail: konin @polymer.chph.ras.ru

Comparative analysis of activity of thirty six zirconia based catalysts and reactivity of
NOj~, formed on their surfaces, has been carried out in order to determine the influence of
NO;™ on the NO4 SCR by hydrocarbons in an excess of O,. The mechanism of NO, SCR by
CsHs for pure ZrO, was studied in detail. Formation of N-containing organic compounds has
been observed by ESR and FTIRS in situ during the interaction of catalysts with the reaction
mixes. Nitrates are considered to be the intermediates of NO, SCR by hydrocarbons. Thermal
activation of N-O bonds in NO5~ was found to be the limiting step of NOx SCR by hydrocarbons
in an excess of O,. The novel two layer catalytic system (Ni/ZrO,+Pt,Cu/Zr-PILC), which allows
to reduce NOy at 200-600°C temperature range, has been created on the base of the obtained
results.

Vuactue mnOBepXHOCTHBIX HHTparoB (NO;3;) B CENEKTHBHOM KaTaJHTHYECKOM
BocctanoBieHuu (CKB) NOy yrieBomoponamu B IpUCYTCTBHM H30bITKa O, HEOTHOKPATHO
00CyXIanocr B JmTepaTypé. B psape pabor, manpumep [l], ykasbIBaeTcsi, 9YTO HHTpPATHI
spisiorcs uaTepMenratamu CKB NOy. B To ke Bpemst CYIIECTBYET MHEHME, Harpumep [2],
yro NO3~ — 3T0 nmoOGOYHBIA HIPOAYKT, OJIOKHPYIOUIMI IOBEPXHOCTh KaTaIM3aTopa M
[IPENATCTBYIOLINI BOCCTAHOBICHUIO OKCHIOB a30Ta.

B Hacroseit pabore ObU1 MPOBEIEH CPAaBHUTEIBHBIM aHAIN3 PEAKIIMOHHOM CIOCOOHOCTH
NO;3; ¥ aKTUBHOCTH Karanu3aTopoB Ha ocHOBe Zr(O, B mpouecce CKB NOy mpormieHOM,
nponanoM. bl ucnons3oBan Habop QU3MKO-XUMUYECKHX METOAOB HccienoBaHus: PDA B
couetanuu co cnekrpockonue KP, OIIP, ®ypre UK cnexTpockomnud in situ, TeMmepaTypHO
nporpammupyemas aecopoums (TTL).

O6napyxeHo, 4TO A1 BCEX Tpnﬁuarn HIECTH HCCIIEI0BAaBIIUXCS 00pa3lioB TeMIIepaTypa
Hauana nporekanus CKB NOy koppenupyer ¢ TemmepaTypod Hayana pasnoxkenus NOj .
Taxke ObLIO OOHAPYKEHO, YTO IS OJHOTHITHBIX KaTalM3aTOpOB, OMU3KHX IO COCTaBy H
HOJy4YEHHBIX IO OJHOM METOJUKE, CKOpOCTh BoccTaHOBICHMS NOy Koppenupyer c¢
koHUeHTpanuei NO;~, 06pa3yromuxcs Ha UX TOBEPXHOCTH.

Haubonee mnoapo6Ho wMexanm3sm CKB NOx Owsm1 wuccnenosan g ZrO, mnpu

HCIIOJIB30BAHHUHU B Ka4y€CTBC BOCCTAHOBHUTCIIA C3H6. Bbruio YCTaHOBJIEHO, YTO CKOPOCTH H
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sHeprua aktuBanun CKB NOyx nponmieHoM (W=O,7i0,2°1015 clem? npu  400°C;
Ea=160+20 KJI)K/MOJIB) COBMaAAaT co ckopocThio U Ea B3aumozeictBus NO;~ ¢ CsHg. B To
xe Bpems ckopocTb U Ea pasnoxenus NO; B aHaJIOTHYHBIX YCJIOBHUSAX COCTaBIISIOT
0,310,1-1015 clem? u 190+10 k/k/MONIB). DTO TMO3BONSET MNPENNONOXKUTh, YTO HaA
noBepxHocTH ZrO;, B3aumoneiictBue NO;s ¢ Cs3Hg apnsercs numutupyromei cragueit CKB
NOX nponuneHom, T.e. HUTPATH ABJISIOTCS HHTepMeanaTaMu BoccTanoBlIeHuS NOy 10 Nj.

Hammuue B coctaBe KaTam3aTopoB IUIATHHBI WM cepebpa, win 3d-371eMEHTOB CIIOCOOCTBYET
KaK CHIDKEHHUIO TEMIIEPAaTyphl Pa3ioKeHUs, T.6. aKTUBAIMHM HUTPATOB, TaK U YBEIMUEHHUIO CTEIICHH
mpeBpamieHust NOy. IIpu stom CKB NOy yriaeBojoponaMy HadWHAaeT IpOTEKaTh Jmbo
OITHOBPEMEHHO c npoueccoM pasznoxenua NO; ™, mibo mpu 6o1ee HU3KHMX TeEMIIepaTypax.

N3yuenue Mexanu3ma obpa3zoBanus u pasznoxenus NO;~ mokazano, uto B ycinoBusx CKB
'NOX HUTpaThl ABIsIOTCS HcTouHHMKOM NO,. B cBoro ouepens NO, sBusercs Oonee
peakuoHHO-criocoOHbBIM YeM NO H JIErko BCTYIAeT BO B3aUMOZIEHCTBUE C YIIIEBOAOPOJAMH.
Meronamu JIIP u UKC 6puto nokaszano, uto nmpoaykramu B3aumopeicTBus NO, ¢ CsHg
SIBJITIOTCS TIapaMarHUTHbIE W JWaMarHutHele N-cojepalige OpraHHYecKHe COETUHEHMUS,
uarepmennatsl CKB NOx.

Takum 00pa3oM, SKCHEpUMEHTANbHBIE JaHHBIE MOKa3bIBAIOT, YTO, C OJHOH CTOPOHHI,
NO;™ sasustorca untepmenuataMu CKB NOy yrimeBogopoaamMu, a ¢ ApYyrod CTOPOHBI HX
TEPMOAKTHBALHS OIpEAeiseT TEeMIlepaTypy Hadaja IpPOTEKaHUSA ITOro mpouecca. ITo
IIO3BOJISET ClIeNaTh BBIBOA, YTO /Ui 3¢ dekTuBHOro BoccTanoBieHUs NOy yIieBoiopoiaMu B
npucyTcTBUU M30bITKa O; HEOOXOAUMEBI KAaTalnHU3aTOphl, Ha MOBEPXHOCTH KOTOPBIX MOXET
o0pa3oBrIBaThCs Ooublioe KoauuecTBO NOs3 , XapaKTepHU3YIOIIMXCS HU3KUM 3HaueHueM Ea
HX TEPMOAKTHUBAITHH.

Ha ocHoBanum nomydeHHbIX JaHHBIX 00 yuactuu NO; B CKB NO, yrieBomoponmamu
MpeioXKeHa OBYXCTyneHdaTas kKaraaurtudeckas cucrema (Ni/ZrO, + Pt,Cu/Zr-PILC),
KoTopasi mo3Boisier 3¢dekTuBHO BoccTaHaBiuBaTh NOx YyriIeBOAOPOAaMH B NMPHCYTCTBUH
n30piTKa O, Ipu T = 200-600°C.

Pa6ota Brmmonuena npu gunancosoit moanepxkke INTAS, rpant Ne 97-11720. Onun u3
aBropoB (I'.A.Konun) 6naronaput gupmy “Haldor Topsoe A/S” 3a pUHAHCOBYIO IOANEPKKY
oOy4enus B acnupantype UXD PAH.
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ELUCIDATION OF THE SURPRISING ROLE OF NO ON THE N,O CONVERSION
OVER Fe-CATALYSTS: MECHANISTIC AND KINETIC ASPECTS

BBISICHEHUE HEOXKHJAHHOM POJIM NO ITPHU N,O IIPEBPAIIEHUSAX HA
Fe-KATAJIMBATOPAX: MEXAHUCTUYECKHWE U KHHETUYECKHE
' ACIIEKTbBI

Pérez-Ramirez J., Kapteijn F.* and Moulijn J.A.*

" Norsk Hydro, Research Centre, Hydrocarbon Processes and Catalysis,
P.O. Box 2560, N-3907, Porsgrunn, Norway
Fax: +47 35 92 47 38; E-mail: javier.perez.ramirez @hydro.com.
*Reactor & Catalysis Engineering, DelftChemTech, Delft University of Technology,
Julianalaan 136, 2628 BL, Delft, The Netherlands

The decomposition of N,O is strongly promoted by NO over Fe-catalysts supported on
zeolites and other conventional supports in a wide temperature range (550-900 K). The
mechanism of this promotion has been elucidated by means of steady-state activity and in situ
transient Multitrack and FT-IR/MS studies, and a rational micro-kinetic model has been
derived. The role of NO as oxygen transfer agent facilitates the desorption of oxygen from the
catalyst surface in low-temperature zeolitic systems, accelerating the N,O decomposition rate.
Our findings provide fundamental understanding of the different catalytic processes involving
N;O (e.g. selective oxidation and reduction involving hydrocarbons) and other reactions
where transfer of atomic oxygen is important.

Fe-based zeolite catalysts are currently extensively studied, because of high activity in
numerous processes, covering the abatement and utilization of environmental pollutants to the
production of valuable chemicals. We have recently reported an extraordinary performance of a
specific FeZSM-5 catalysts prepared via an ex-framework method in the N,O decomposition
reaction [1, 2]. This catalyst (on a per Fe basis) shows a significantly higher activity than
catalysts prepared via other procedures, such as ion exchange or sublimation. Also the stability
of this particular catalyst in simulated tail-gas mixtures from nitric acid plants and fluidized-bed
combustors is excellent. The ex-framework method comprises isomorphous substitution of Fe in
the zeolite framework, followed by calcination and steam treatment. The nature of the iron
species in the zeolite has been extensively characterized [3, 4].

An intriguing feature of FeZSM-5 catalysts in N,O decomposition is that NO
significantly enhances the activity, while the opposite is usually observed for other catalytic
systems, e.g. based on noble metals or transition metal oxides. This peculiar behaviour of
FeZSM-5 makes it very attractive to use in applications where both N,O and NO are present,
such as in tail-gas of nitric acid plants. The positive effect of NO on the N,O conversion over

FeZSM-5 was first reported by some of us in 1996 [5], and observed by several authors later,

but mechanistic aspects of this reaction were not investigated.
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In this presentation the role of NO on the N,O decomposition over ex-framework
FeZSM-5 is elucidated. It will be shown that the NO promotion is not a special feature of
FeZSM-5 caté]ysts, but a general phenomenon occurring over many Fe-containing zeolitic
(beta, USY) and non-zeolitic (Al,O3, SiO,) catalysts. Based on flow and pulse experiments, in
combination with insitu FT-IR/MS, steady-state (kinetics) and transient phenomena
regarding the chemistry of N,O, NO, and NO, over Fe-catalysts are investigated, and,
possible catalytic cycles in the NO-assisted N2O decomposition are proposed.

It has been found that addition of

. small amounts of NO dramatically
NO accelerates O, desorption

2 - accelerates the desorption of atomic
3 ) R
g o WW oxygen species (from N,O, Fig. 1),
S with NO pulses
g | NeOPUse NO pulse acting as an atomic oxygen transport
5 /
o facilitator [6, 7]. These findings
E » ’ - - . -
without NO pulses provide valuable information, not
N,O pulse
e e only in a practical sense, but
0.0 0.4 0.8 1.2 16 20

t/'s especially in the fundamental

Fig. 1. O, profiles measured by Multitrack during  understanding of the different
ﬁiigsicﬁégﬁzzzzp%gig over ex-FeZSM-5 with and catalytic processes involving N,O

_ and other reactions where transfer of
atomic oxygen is important. The promotion effect is not a general aspect in all N,O-related
processes. NO inhibits N,O conversion in the presence of hydrocarbons, e.g. in the selective
catalyst reduction of N,O with C3Hg or in the selective oxidation of benzene to phenol with
N;O. This can be explained by the effect of NO in the reaction pathway of the hydrocarbon

and the different nature of the active species in the catalyst.
References

[1] J. Pérez-Ramirez, F. Kapteijn, G. Mul and J.A. Moulijn, Chem. Commun., (2001) 693.

[2] J. Pérez-Ramirez, F. Kapteijn, G. Mul and J.A. Moulijn, Appl. Catal. B., 35 (2002) 227.

[3] A. Ribera, LW.C.E. Arends, S. De Vries, J. Pérez-Ramirez, R.A. Sheldon, J. Catal., 195 (2000)
287.

[4] J. Pérez-Ramirez, G. Mul, F. Kapteijn, J.A. Moulijn, A.R. Overweg, A. Domenech, A. Ribera and
LW.C.E. Arends, J. Catal. 207 (2002) 113.

[5] F. Kapteijn, G. Mul, G. Marbdn, J. Rodriguez-Mirasol and J.A. Moulijn, Stud. Surf. Sci. Catal. 101
(1996) 641.

[6] G. Mul, J. Pérez-Ramirez, F. Kapteijn and J.A. Moulijn, Catal. Lett. 77 (2001) 7.

[7] 1. Pérez-Ramirez, G. Mul, F. Kapteijn, J.A. Moulijn, J. Catal. 208 (2002) 211.

67



OP-1-12
KINETICS AND MECHANISM OF PHOTOCATALYTIC REDUCTION OF NITRIC
OXIDES BY CARBON MONOXIDE

KHMHETHKA I MEXAHU3M ®OTOKATAJINTUYECKOI'O
BOCCTAHOBJIEHHS OKCHA0OB A30TA MOHOOKCHUAOM YIVIEPOJA

Shelimov B.N., Subbotina I.LR., Che M.* and Coluccia S.**
IITe1umoB B.H., Cy66oTtuna WU.P., [lle M.* u Koxtouuua C.**

Zelinsky Institute of Organic Chemistry, RAS, Moscow 119991, Russia
Fax: (7-095) 135 53 07; E-mail: bns @ioc.ac.ru
*Laboratoire de Réactivité de Surface, UMR 7609, CNRS, Université Pierre et Marie Curie,
4, Place Jussieu, 75252 Paris Cedex 05, France
**Dipartimento di Chimica Inorganica, Chimica Fisica ¢ Chimica dei Materiali,
Universita di Torino, Via Pietro Giuria 7, 10125 Torino, Italy

In order to contribute to the problem of environmental protection, selective catalytic
reduction of NO and N,O by carbon monoxide to nontoxic products under UV-irradiation has
been investigated using silica-supported molybdenum oxide (MoO/SiO,) as a photocatalyst.
At 20°C, photocatalytic reduction of NO by carbon monoxide readily occurs, N, N,O and
CO; being the reaction products. The Nu/N;O ratio depends on the irradiation time. The
photoreaction is a true photocatalytic process (TON >> 1).

A cycle redox mechanism is proposed on the basis of kinetic data obtained. It consists of
the formation of Mo*" and CO, via a short-lived excited state (M05+—O")* followed by
reoxidation of the Mo*" by NO through an intermediate paramagnetic complex Mo*"...NO
which was detected by EPR. The formation of N, proceeds via N,O decomposition on Mo*.
The reaction mechanism (without account for N>,O decomposition on M04+) is quantitatively
described by a set of differential equations. The concentration dependences of the reactants
and products on irradiation time are found from the integrated forms of these equations. A
good agreement between the experimental kinetic data and the calculations has been obtained
for different compositions of NO — CO mixtures thus proving the proposed scheme.

The quenching effect of NO, CO, O,, and N,O on the photoluminescence of MoO3/SiO,
has been sfudied at 20°C as a function of gas pressure. Nonlinear dependences of the relative
photoluminescence intensity on the gas pressure indicate that only adsorbed molecules play a
role of efficient quenchers of the (Mo>*—O")* excited state. The fraction of adsorbed
quenching molecules can be determined from Langmuir sorption isotherm. The ratio of
quenching rate constants ko(NO)/ko(CO) found in the photoluminescence experiments is in
qualitative agreement with that deduced from the kinetic data.

Acknowledgement. This work was supported by INTAS under Grant 96-1408.
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PHOTOCATALYTIC REDUCTION OF NITRIC OXIDE BY CARBON MONOXIDE
AT LOW PRESSURES ON SILICA-SUPPORTED MOLYBDENUM OXIDE
CATALYSTS: MASS-SPECTROSCOPIC AND TDS STUDY

DOOTOKATAJIUTUYECKOE BOCCTAHOBJIEHHUE OKCHJIA A30TA
MOHOOKCHJIOM YIVIEPOJA TP HU3KUX JTABJIEHUAX HA
HAHECEHHOM HA CWJIHMKATI'EJIb OKCUIE MOJIMBAEHA: U3YYEHUE
METOJAMM MACC-CHEKTPOMETPUM U TEPMOJECOPEIIMOHHOM
CIIEKTPOCKOIITNHA

Lisachenko A.A., Chikhachev K.S., Zakharov M.N., Basov L.L., Shelimov B.N.*,
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As an extension of our earlier studies [1, 2], characteristic features of the kinetics of N O.
photocatalytic reduction by CO over MoO5/SiO; (2.5 wt % M06+) were investigatéd in the
range of "low" pressures (10 - 2 Torr), where the number of reactant molecules in the gas
and adsorbed phases is comparable. The CO:NO ratios were varied from 0.3 to 3.0. Mass-
spectrometric method in static and "flow-through" regimes was used to follow the reaction
kinetics. The compositions of intermediates and labile species were analyzed by means of
thermodesorption spectroscopy (TDS). N-labeled NO and "*C-labeled CO allowed us to
distinguish *CO (m/e = 29) and "N, (m/e = 30) as well as >CO, (m/e = 45) and N,O
(m/e = 46) by their parent peaks in mass-spectra.

The multi-step scheme of the photocatalytic reaction proposed in [1, 2] has been refined.
The primary act of the photoreaction is the formation of a charge-transfer excited state
(Mo™*-07)* generated by UV-light with A < 360 nm. The scheme of multi-step process has
been analyzed in which the quenching of [Mo**-0O]* by NO and CO molecules and the
competition of NO with CO for Mo** were considered in addition to CO + [Mo®* O] + hv
reaction. The excited state is deactivated by radiation and radiationless decay with total rate
constant Ky and quenched by NO molecules with rate constant K. In addition, (M05+—O")*

interacts with CO to yield Mo™** and CO, with rate constant K. By comparing the kinetics of

CO consumption in CO alone and in CO-NO mixtures, the following ratios of the rate
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constants were obtained: K¢/ K; = 0.068 Torr and K/ K; = 2.8. It is concluded from these

values that the main path for deactivation of (Mo**~O")* is its interaction with CO and NO
and that NO is much more effective quencher than CO.

The number of CO molecules adsorbed on Mo** and the values of activation energy of
CO desorption from Mo** have been determined by means of TDS.
| The photocatalytic process can be conditionally subdivided into two stages. In the first
stage no N; is formed, and N,O partial pressure grows and reaches a maximum, whose
position depends on the ratio of initial CO and NO pressures. N,O passgs through the
maximum at a time when nearly all NO has already been consumed by the reaction. Thus, the
first stage can be described as photocatalytic reaction CO + 2 NO — CO; + N;O.

In the second stage N>O and CO concentrations gradually decrease, and simultaneously
N, evolves into the gas phase. This stage corresponds to N,O decomposition by reaction
CO + N,O — CO; + N,. As follows from this two-stage consecutive reaction scheme, N,
production can occur only if the Po(CO)/Py(NO) ratio exceeds 0.5. For CO-NO mixtures with
Po(CO)/Py(NO) < 0.5, the only reaction products are N,O and CO, even after prolonged
UV-irradiation. It should be noted that similar results for higher initial CO and NO pressures
(5-10 Torr), were obtained earlier in [2].

The temperature dependence of the kinetic parameters was measured in the temperature
range 293-453 K. It is assumed that a decrease in the photocatalytic activity at higher
temperatures is due to enhanced thermoactivated decay of the excited state, as well as due to a
decrease in the concentration of adsorbed species. The analysis of adsorbed species (CO, NO,
N,O and CO,) was carried out at different stages of the photoreaction, and the values of

binding energy were estimated from the TDS data.

Acknowledgement. This work was supported by INTAS under Grant 96-1408.
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HYDROGENOLYSIS OF ORGANOHALOGEN COMPOUNDS OVER BIMETALLIC
SUPPORTED CATALYSTS
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Catalytic hydrodechlorination is one of the most promising methods for detoxification
over a variety of catalytic systems, although bimetallic catalysts are the best because of their
optimal catalytic properties [1, 2].

Catalytic hydrodechlorination of chlorinated benzenes and CCly on bimetallic catalysts
was carried out in both the liquid and gas-phase. Bimetallic catalysts consisting of nickel,
iron, copper or platinum associated to palladium, supported on a high surface area carbon
"Sibunit" were prepared. The catalysts were characterized by chemical analysis, X-ray
diffraction, electron microscopy.

It is followed from obtained results that mechanism of metal poisoning by chlorinated
compounds involves strong chemisorption of HCl on the metal followed by formation of
stable and inactive Me-Cl species on the catalyst surface. It was shown that blocking of these
sites by hydrogen halide could be avoided, for example, by using an additive such as NaOH
or/and phase-transfer agents.

The study of the catalytic activity of carbon supported Pd-Ni catalysts for the
hydrodechlorination of hexachlorobenzene was carried out in the liquid phase. The degree of
dechlorination of hexachlorobenzene on Pd-Ni/C catalysts was found to be proportional to the
surface Pd concentration, which is enhanced by the segregation of this element at the surface
of the bimetallic particles. It is also shown that isolated Pd atoms located at the surface of Ni
rich bimetallic particles are more active than those lying in larger ensembles. Finally
bimetallic Pd-Ni catalysts containing Pd atom only in the range 20-50 %, although less active
than pure Pd, lead to formation of 75% of useful compounds, i.e. benzene, mono and
dichlorobenzene.

[1] [1] F.J. Urbano, J.M. Marinas, J. Mol.Cat. A, 173, (2001), 329.
[2] [2] R.M. Navarro, B. Pawelec, J.M. Trejo, R. Mariscal, J.L.G. Fierro, J. Catal., 189 (2000), 184.
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OCOBEHHOCTH MEXAHWU3MA JJEMCTBUS HUKEJEBBIX KATAJIM3ATOPOB
I'nAPUPOBAHUSA, MOIUPHUIINPOBAHHBIX 'ETEPOIIOJIMCOEJMHEHUSIMHA

PECULIARITIES OF THE MECHANISM OF ACTION OF NICKEL CATALYSTS
OF HYDROGENATION MODIFIED BY HETEROPOLYCOMPOUNDS

- HaBanmmxuna M.JI. u KpbLioB O.B.*

Navalikhina M.D. and Krylov O.V.*

OO6bennHEHHBIA HHCTHTYT BBICOKHUX TeMmeparyp PAH,
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Supported Ni catalysts modified by heteropolycompounds (HPC) of W series are very
active and stable in hydrogenation of olefins and aromatics. Magnetic, electron microscopy
and adsorption data show that these catalysts represent three-layer system Ni/HPC/Al,Os.
Ni does not contact with Al,O3;, does not form inactive NiAl,O4 and forms nanoparticles
which take part in the electron exchange with HPC and in H spillover. '

IIpennoxxenHsie panee [1, 2] HUKeNEBEIEC KaTATH3aTOPBI C HU3KUM COJICPXKaHUEM MeTallia
(2-6 % wMacc.), MomudunupoBaHHse TeTepononucoequuennsmu (ITIC) BonsdpamMoBoro
psna, Ha HocuTessix (Y-AlyO3, C) BEICOKO aKTHBHBI U CEJIEKTUBHEL B PEAKIHAX THAPHPOBAHUS
onepuHOB, apOMaTHYECKHUX YTJIEBOAOPOAOB, THIPOHU3OMEPU3AUU H-aIKaHOB. Ilo 3THM
IapaMeTpaM OHH MPEBOCXOAAT Kak OpOMBIIUIEHHBIA Ni-Cr-kaTanusaTop, Tak ¥
KaTaln3aropsl, BKmovaronme Pt u Pd. BaxHoit ux 0cOGEHHOCTBIO SIBISETCS BO3MOXKHOCTH
pErylIHpOBaHMs AaKTUBHOCTH 32 CYET H3MEHEHHs cojaepkaHus MeTtauia (oT 2 g0 6 %),
COOTHOILIEHHUS METAIT/MOJUGHUKATOP, BO3ZMOKHOCTh BapbHPOBAHUSA IOPUCTOH CTPYKTYpHI
WJIH IIPUPOABI HOCHUTENS, IPUPOIBI MOAU(DUKATOPOB.

Hamu mpennpuHsATa IONBITKAa OOBACHUTH HCKIIOYMTEIBHO BBICOKYIO AKTHBHOCTH H
crabunpHOCTh Ni-KaranuzatopoB, MoxudunupoBanHbix [TIC, BO3MOXHOCTE €€ THOKOro
PETYIMPOBaHUS, a TAKXKE YJIydIIEHHbIE SKCIUIyaTAllMOHHBIE CBOMCTBA HOBBIX KAaTalIH3aTOPOB,
OyTéM aHanu3a OCOOCHHOCTEeH (OPMHUPOBAaHHMS AKTHBHOH MOBEPXHOCTH W MEXaHU3Ma
neiictBus. s atoro 61 mpuBieu€H pAA GHU3MKO-XHMHYECKHX METOJIOB HCCIIEIOBAHHS:
9JICKTPOHHAS MHUKPOCKOIIUS, CTATHUECKHE MATHUTHBIE METOJIbI, (DeppOMArHUTHBIA PE30HAHC,
nopometpus, ATA, ancopOIIHOHHEIE HCCIEIOBAHMS | IP.

bru1o ycTaHOBIIEHO, UTO Ha KaTalM3aTopax HOBOTO THIIA C cofiep:kaHueM MeTamna 2-4 %,
kpuctaiuiel  Ni  crabminsupoBanbl Ha mnoBepxHocTh [ITIC ®  He KOHTaKTHPYIOT
HenocpeAcTBeHHO ¢ Y-AlyOs. Ux pasmep 3HauMTENbHO HHXXKE OOBIYHOIO HaHeceHHOro Ni.
O6pa3yroTcs HaHOpa3MepHsbIe (pa3mepoM 2-4 HM) gacTunsl Ni, paBHOMEPHO pacipeieeHHbIC
10 OBEPXHOCTH MOAMGUIHUPOBAaHHOTO Karanuszaropa. [Ipu 3ToM B OTCyTCTBHE MeTalia He
Habmrogaercs BocctaHoieHust I'TIC, manmume xe Ni BEI3BIBaeT BoccTaHoBienue [TIC.
[Tocnenuwmii npuobpeTaeT cBoicTBa, obecneunBaroliue moiBo atomos H k yacTumam 3a cuer
sBJIeHUA cuiuioBepa Bojopozaa mexay I'TIC u Ni.

IIpu Oompmux copepxkanusx [TIC wacte Ni-uacTuiy skpaHupoBaHa. lIpm 3TOM
Kaxymuics pasmep Ni-gacTur, ompeleineHHb mo azncopbruu H,, MeHbiie pasmepa,
ONpeeNIeHHOT0 10 MarHUTHBIM JIaHHBIM U IO JIAHHBIM 3JIEKTPOHHOM MHKPOCKOMHU. DTO
sBiieHHe aHanoruaHo ¢ dexry CBMH (cunpHOE B3auMoielicTBIE METAII-HOCUTENH ).
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Karaiutuyeckas akTUBHOCTh IIPOXOJUT YEPE3 MAKCUMYM IIPH YMEHBIICHUH COAECPKAHUS
I'TIC po omnpenenenHoro coorHomenus Ni/Moauduxarop Ha Y-AlO3. AHanu3 CHEKTPOB
(GeppOMarHUTHOTO  pe3oHaHCa IMO3BOJIIET OOBSACHHUTH OTOT (AKT yMEHbBIIECHHEM
9KpaHUpPOBaHM aKTUBHON Ni mOBEpXHOCTH MoAu(UKaTOpoM. MakCHMyM aKTHBHOCTH IIPH
2 % Ni m ypensHOH moBepxHoctH Y-Al,O; 270-310 M/T COOTBETCTBYET IPHUMEPHO
MOHOCJIIOMHOMY MNOKpHITHIO Al,O3 anmonamu Kerruna, uto moaTBep)KAaeTcs U HAaHHBIMH
JIEKTpOHHON MHKpockonuu. IIpu Ttakom mokpeitum Ni  He compmkacaercs ¢ AlOs u
03TOMY He MoxeT ofpa3zoBare wmnuHeNb NiAl,O4, CHIDKAIOMIYIO KaTATHTHYECKYIO
akTUBHOCTh. Takum oOpa3oM, obpasyercs Tpexcnoiaeiii karammzatop Ni/I'TIC/AlLOs.
Cootnomenue Ni/I'TIC/Al;O3 B HeM JOKHO OBITH TaKUM, YTOOBI, C OJHOH CTOPOHBI, Ni He
conpyxacaics ¢ Al,Os, a ¢ Ipyroi CTOpOHBL, He OBLT 3aKPHIT MOAU(UKATOPOM.

[Toka3zano, yto mua kaxzgoro Buaa momudukaropa (I'TIC) cymecTByeT onmTHMalibHOE
cooTHomieHue Ni/MoguduKaTop, Korja MeTalll BOCCTAHABIHBAETCA ITOJHOCTHIO. ITO
II03BOJIMJIO BIIEPBHIE MOJYYUTh BHICOKOAKTUBHBIN 00pasen, coaepxkamuil Tonpko 2 % Ni, co
cTemeHblo BoccTaHoBnenus Ni 100%, ynempHoit moBepxHOcThIO Ni ;0 300 M*T m
aKTHBHOCTBIO, IPHOIIDKAIONIEHCS K INIATHHOBBIM KaTalu3aTopaMm.

JIutepatypa
[1] M.J.HaBamuxuna, O.B.Kpsuios. Yenexu xumun. 67 (1998) 656
[2] M.Jd.Hapanuxuna, A.M.Ilpockypnun, O.B.Kpeinos. Katamms 8 npomenmenHocta. Ne 1(2001) 39
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JIBA MEXAHU3MA KATAJIUTHYECKOI'O I'MJIPUPOBAHUSA HEHACBINIEHHBIX
" VIJIEBOJIOPOJIOB HA THJIPUJAX MHTEPMETAJLINIOB MATHUS

TWO MECHANISM OF CATALYTIC HYDROGENATION OF UNSATURATED
- HYDROCARBONS ON MAGNESIUM INTERMETALIDE HYDRIDES

- Moavanos B.B., I'oiinun B.B. u Bysanos P.A.
Molchanov V.V., Goidin V.V. and Buyanov R.A.

Hucturyt karanuza uM. I.K. bopeckosa CO PAH
Ip. Axanemuxa JlaBpentreBa, 5, HoBocubupck 630090, Poccus
" E-mail: molchanov@catalysis.nsk.su

The existence of two temperature regions of a catalytic hydrogenation is shown, in which
the different mechanisms are implemented. In low-temperature region the stage mechanism of
a hydrogenation with participation of hydrogen of hydrides of intermetallides of magnesium
is implemented. In the region of high temperatures the heterogeneous-homogeneous
mechanism of a hydrogenation is implemented. Thus on a surface of the catalysts the radicals
are formed. Then the radicals are desorbed in a gas phase and their further transformations
proceed in a gas phase.

Hns peakumii okucinenuss Bogopona, CO m yrieBoIoOpoJOB IOKAa3aHO, YTO PEaKIHH
MPOTEKAIOT [0 CTAJUHHOMY MeXaHu3My [1], Koraa KUciopoJ KaTtanus3aropa MpUCOeAHHIETCS
K OKHCIIIEMOMY pEareHTy, a 3aTeM IIPOUCXOAUT pereHepanus akTHBHOTO IIEHTpa KUCIOPOI0M
ra3oBoil ¢aszel. Ilpu BBICOKMX TeMIepaTypax OKHCIEHHE IPOTEKaeT IO IOMOI€HHO-
TeTepOTeHHOMY MEXaHHU3My, KOTOpPBIA BKIIOYAET CTaJUH JecOpOIUM pPaJHKAIOB C
HOBEPXHOCTH KaTaIM3aTopa M JalbHEHIIEMy MX IpeBpallleHHio B rasoBoi ¢dase [1]. Hamu
OBUIO BBICKA3aHO MPEAINOJIONKEHHE, YTO IS peaknuil THUAPUPOBAaHUSA TAKXKE JOJDKEH
peaTM30BBIBATECS  CTAAMHAHBIA MexaHu3M [2]. B HacTosmed paboTe IOIIydeHbI
SKCIEPUMEHTANILHBIE JJOKA3aTeNIbCTBA ATOMY.

IMpu H3yYEeHUH KATATMTHYSCKOW AaKTUBHOCTM THJPHUIOB HMHTEPMETAUIMIOB MarHus c
MeTa/UIaMH [TOATPYIIIHL JKeJle3a B PeaKkIHsIX THAPHPOBaHHS OJe(QHHOB, a TAKXKe alleTHIEHA U
OyrajueHa Ha KPHBOH TeMIepaTypHOH 3aBHCHMOCTH YAEIbHOH CKOPOCTH HabIrofaroTcs ABe
obnactu (puc. 1), XapakTepH3yromuecs pa3nuYHbIMU SHEPTUAMH aKTHBALUH.

B HH3KOTEMIIEpaTypHOH OOJIACTH peanu3yercs CTaAWWHBIN MEXaHU3M KaTaJIMTHIECKOTO
ruApupoBaHus. Jloka3aTenbCTBa OBLTH HOJTYYEHBI 110 aHAIOTHH C pPEeaKUUsIMH OKHCICHHS Ha
OCHOBAaHHMH COBIAJEHHS CKOPOCTEH KAaTaIMTHYECKOIO THIPUPOBAHHMA M BOCCTAaHOBJICHUS
HEIpeaelbHBIX CBsA3ed BoJopoaoM Tuapuaa (Tadi.). OHEprus AakKkTUBALlUU pEaKLHHU
THApPHpPOBaHUA B 3ToH obmactu ot 35 o 150 x/Ik/MOb, B 3aBUCHMOCTH OT HPHPOJbI
THApUAA I/IHTepMeTaIIJII/IJIal MarHus W HempeaensHOro yrieBojopoia. B obmactu Gonee

BBICOKHUX TEMIIEPATYP HaGJIIOlIaIOTCSI HHU3KHC 3HAYC€HHs OJSHEPIruu aKTHBAlMK [OPAOKa
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4-6 xJlx/monb. Takoe H3MEHEHHE SBIISIETCS CYLIIECTBEHHBIM IIPH3HAKOM TIIepexoia K

PagHuKaJIBHBIM U paIuKaJIbHO-LEITHBIM PCAKIINAM.
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Puc. 1.3aBucMMOCTb CKOPOCTU THAPHpOBaHHUA OT Puc.2. 3aBHCHMOCTD KOHBEPCHH OT 3aIOJTHEHHS
temnepatypsl Mg,NiH, (1), MgFeHs (2), peaxTopa KaTanu3aropom
Mg;CoHs (3)

Ta6nnua. CKOpOCTI/I KaTaJIUTHYECKOT'O THAPUPOBAHUA U BOCCTAHOBJICHUS THAPHIaMHA

Tunpun T,K CkopocTs, MOJIB CsHg/™* ¢ CkopocTh, MOJTB CsHg/™M ¢
C4Hs +H; C4Hg +Mg,MH,
Mg,NiH, 373 1,67¢10° 1,83¢10°
Mg,FeH 473 6,07¢10° 5,96010°
Mg,CoHs 473 2,23010°° 2,09¢10°°

Kpome HH3KHX 3HaUeHHi SHEPrHH AaKTHBAIMH NPH3HAKaMH [POTEKAHHS Te€TePOreHHO-
TOMOTEHHBIX PEaKIuil THAPHPOBAHMS SBIAIOTCA: COBNAJCHHE TeMIIepaTyp IiepenoMa Ha
PHCYHKE C TeMIlepaTypaMH Hadana BBIIEJICHHS BOAOPOJA W3 THIOPUIOB; IOSBICHHE B
' OpOJYKTax peakIMd MeTaHa, YTO MBI OOBACHSIEM PAclagoM JUIMHHEIX PaJUKalIoB 10 Oolee
CTaOMIIBHBIX METHIBHBIX; 3aBUCHMOCTh CTEIICHH IIPEBpAIlEHHS YIJIICBOIOPOJIOB OT IOJIH
KaTaju3aTopa B 00bEMe peakTopa C BBIXOJOM Ha IUiato (puc. 2), YTO XapaKTepHO INpH
TeHEpalMy B Ia30BYI0 ¢a3y cBepXpaBHOBECHOTO KOJHYECTBA paJuKaioB [3].

ABTopel  BeIpaxaroT OmaromapHocth PO®OU 332  (PHHAHCOBYIO  IIOAIEPXKKY,
rpaHT 00-15-97440.
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MECHANISM OF HYDROCARBON PYROLYSIS OF NONBRANCHED RADICAL-
CHAIN REACTIONS INVOLVING HETEROGENEOUS CATALYSTS

MEXAHW3M HEPA3BETBJEHHBIX PAJIUKAJBHO-IEITHBIX PEAKITAMA
MHAPOJIM3A YIVIEBOAOPOJOB C YHACTUEM I'ETEPOI'EHHBIX
KATAJIM3ATOPOB

Vasilieva N.A. and Buyanov R.A.
BacuaneBa H.A. u Bysinos P.A.
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Pr. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia
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The mechanism of nonbranched radical-chain reactions involving heterogeneous catalysts
is considered for hydrocarbon pyrolysis. Surface active sites S participate in chain
propagation along with hydrocarbon radicals R from gas phase. The reaction accelerates due
to the acceleration of either the heterogeneous or homogeneous component of the overall rate
of the process. In the latter case, the catalyst ensures the generation of additional radicals for
the gas phase, which result in the formation of catalysis sphere. The catalysis sphere is
defined, the radical distribution in it is presented, and its properties are discussed.

Thermal pyrolysis of hydrocarbon proceeds by nonbranched radical-chain mechanism.
The surface has long been considered to exhibit no effect on chain propagation. In the past
20 years many researches have observed the catalytic action of the surface, however, they
only reported facts and did not consider the mechanism for the surface action on nonbranched
radical-chain process. In our previous studies we have determined that the surface active sites
are involved in chain propagation and the heterogeneous chain propagation takes place along
with the homogeneous one. It is impossible to separate the homogeneous and heterogeneous
components because the chain can propagate via random pathways including both
homogeneous and heterogeneous reactions. The aim of this paper is to discuss the mechanism
of catalytic radical-chain processes and to consider the "catalysis sphere", which is one of the
most interesting phenomena in nonbranched radical-chain processes involving catalysts.

Four types of effects of a surface have been established: inhibiting, neutral, accelerating
either the heterogeneous or homogeneous component of the process. It’s depended on the
value of the homogeneous active site (radical R) and heterogeneous active site (S) bond
energy Egr. The existence of four types of surface effects on radical-chain processes is
experimentally confirmed. The acceleration of the heterogeneous component is observed

when the steady-state concentration of hydrocarbon radicals in the presence of a catalyst is

below the “equilibrium” value Ry (radical concentration under thermal condition). The
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process rate is determined by heterogeneous propagation. For such catalysts the main
regularities of heterogeneous catalysis are valid.

The fours type of the catalyst effect is observed when the catalyst favours the formation
of the overequilibrium concentration of radicals in the gas phase. The catalytic contribution is
due to homogeneous reactions in the gas phase. If active sites S is considered as a point, then
a sphere containing overequilibrium radicals in the gas phase surrounds it. If the active site is
located on the surface, a hemisphere containing overequilibrium radicals is formed over it.
The space over the surface active site of a catalyst of a radical-chain process containing
overequilibrium concentration of radicals (as compared to the thermal pyrolysis under similar
conditions) is referred to as the catalysis sphere. This term reflects the mechanism of the
catalytic contribution of the sphere to overall rate of the process and indicates that ordinary
thermal pyrolysis occurs beyond this sphere. The catalyst surface contains a certain number of
active sites S each generating a catalysis sphere. These catalysis spheres on and above the
surface merge and form a continuous gas-phase zone. The topography of merged spheres
reflects the location of active sites on the surface. The radical catalysis occurs precisely within
this zone paced with the spheres. The catalysis sphere has a definite size and a complex
structure. The size of the catalysis sphere, normal to the plane surface of a catalyst,
determines the size of action of radical catalysis. The calculated radical distribution in sphere
is presented.

The size of the catalysis sphere should be taken into account in the technological design
of a radical-chain process to ensure the best ratio of the catalyst surface to the free volume,

within which the sphere is formed.

This work was supported by the Russian Foundation for Basic Research ("School"

project No. 00-15-97440).
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' KATAJIMNTUYECKHE IMMOJAJOXKKA HA OCHOBE AHTPAIIATA

CATALYTIC SUPPORTS ON THE BASE OF ANTHRACITE
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***JJabopaTopus TUCIIEPCHBIX MAaTEPHAIIOB,

Haquo UCCIIE0BaTeNbCKUN eHTp YHUBepcutera Opineana, @panius

Hccnenosana BO3MOXKHOCTb IONYYECHHS HAHECEHHBIX KAaTalM3aTOPOB HA OCHOBE
3JIEMEHTOB TPYNNbI IUIATHHBL IIyTEM WX COpOLMH aHTpAlUTaMH M JIPYTUMHU YTJIEPOIHBIMHA
MaTepHalaMi pasiMYHOH NIPHPOABI M3 BOJHBIX PACTBOPOB Pa3iM4HON CIOXKHOCTH, B TOM
4HCIIE BHICOKOMMHEPATH30BaHHbIX U TexHonormueckux. HaiifieHa BICOKas CeNeKTHBHOCTS
Ha66§a Gonee 30 yriaepoaHbIx COPOEHTOB IO OTHOIIEHHIO K H3BJIEYEHUIO COCAUHEHHH
nanﬁannﬂ, IUIATHHBL M POJMS: IIATHHOBBIE METAIBI OTAENSIOTCS OT 50 - 500-xparsoro
H30bITKa 06LIqu conyTCTBonmnx METAUIOB, IpU 3TOM COpPOIHOHHAsA €EMKOCThb IO
OTHOIIEHHIO K HJIaTI/IHOBOMy METaJUly HE MEHSETCS IIPY IIepexoe OT OJHOKOMIIOHEHTHBIX 110
IUTATHHOBOMY METAJLTY PaCTBOPOB K MHOTOKOMIIOHEHTHBIM. OTO CBA3BIBAETCS C XapaKTEPHOU
JUIS ‘6J1aropqnnmzxv METaJIJIOB OCOOEHHOCTBIO MEXaHH3Ma COpOIIMOHHOTO IIpoIiecca: CpelH
JIPYTHX BO3MOKHBIX IIPH KOHTAKTE YIJIEPOJHOTO MaTepHalla ¢ HOHaMH METaJIIOB IUIaTHHOBOM
TPYIIBL B3aUMOAEHCTBUH - pu3ngeckas copOIis, HOHHbBIH 00MEH, KOMILIEKCO0Opa3oBaHuE ¢
(GYHKIMOHATLHBIME TpYIMIaMH, - Haubojee XapaKTepHO crenuduIeckoe B3auMoJieiCcTBHE
HEIOCPEJCTBEHHO C 7I- CHCTEMaMH YTJIEPOJHOM MaTpHIBI ¢ YaCTUYHEIM (C oOpa3oBaHHEM
MIOBEPXHOCTHBIX KOMIUIEKCOB) WM THOJHBIM (BOCCTAHOBJICHHE) IIEPEHOCOM JIIEKTPOHOB C
yriis Ha copOupyeMslii HOH. B nmepBoM ciydae yriepoiHyro MaTpHUIly MOXKHO PaccMaTpUBaTh
KaK COCTaBHYIO YacTh JIMT@HAHOTO OKPY)KE€HHs HOHA IUTATHHOBOTO METallNa.

ITokazaHo, 4YTO COENMHEHHWS I[UIATHHBI H TAIAAUs IMPOSBISIOT MaKCHMAIbHYIO
COpPOIMOHHYI0O €MKOCTh Ha YTJIEPOJHBIX MaTepHanax, HE COIEepXKalluX ITOBEPXHOCTHBIX
GyHKIMOHANBHBIX Tpymml. Tak, copOIMOHHAas €MKOCTh Ha aKTMBHPOBAHHBIX aHTpALMTAaX,
THUIHYHBIX Tl-aKIEnTopax ¢ Ooibled JOCTYIHOCTHIO YIVIEPOAHOHM MAaTpHUIlel, B TPU pasa
BBIIIIE, YeM Ha OKHCIICHHBIX aKTHMBHPOBAaHHBIX aHTpAalMTaX, B KOTOPBIX yIJIEpOAHAs MaTpHLa

YaCTHYHO SKpaHWpoBaHa. HaiijgeHo, dYTO COpONMOHHBIE CBOHCTBA aKTHBHUPOBAHHBIX
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AHTPAIUTOB ONPEIEIISIOTCA TakKe OOIIeH TUIOMAABI0 MOBEPXHOCTH H 0O0BEMOM MHKpPOIIOD,
9YTO MOXET PEryJIMPOBaThCA CrOoco0aMM XUMHUYECKOH MOIMGHUKAIUU YIiIed; BO3MOXKHOCTb
OTHEICHHS IUTATHHOBEIX METAIIOB OT H30BITKA COIIYTCTBYIOIIIMX COEIUHEHUN HE 3aBUCHT OT
HU3MEHEHHUS OCHOBHBIX YCIIOBHH MX M3BJIEUECHHUS U3 PACTBOPOB - KOHIEHTPALUHU INIATUHOUIOB,
pH pacTBOpoB 1 ap. — IIpH NPOBEAEHUH COPOIHH KaK B CTATHYECKUX, TaK U B AUHAMHUYECKHX
ycrnoBusx. [lokazaHo, 4TO cOpOLMOHHAS €MKOCTh IO IUTATHHE W MaUIajuio Ha 1-2 mopska
BBIIIIE, YEM UIS POJUS, YTO CBA3AHO C Pa3MHYUSAMH B COCTOSIHHMM KOMIUIEKCHBIX COEIHMHEHUA

METAIJIOB U CKOPOCTHU YCTAHOBJICHUA paBHOBeCI’Iﬁ B pacTBOpax.

brazooaprocmo
ABTOpHI BeIpakaroT 6narozapHocts nporpamme INTAS 3a puHaHCHpOBaHHE paboT B

pamkax rpoekrta INTAS 00-750
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KOHIOEPTHBIE MEXAHHN3MbI B 'ETEPOI'EHHOM KATAJIN3E
. CYJIb®PUIAMU METAJIJIOB

CONCERTED MECHANISMS IN HETEROGENEOUS CATALYSIS BY METAL
SULFIDES

i,

Crapuesn A.H.
Startsev A.N.

A Hucrutyr xaranusa uMm. . K. BopeckoBa CO PAH, HoBocu6upck 630090, Poccus
E-mail: startsev@catalysis.nsk.su

The paper summarizes some new evidences of the concerted mechanisms in the
heterogeneous catalysis by metal sulfides.

'I/Izyq'eHﬁe MEXaHHU3MOB TeTEPOT€HHBIX KATAJIUTHYECKMX pEAaKIHH COIPSHKEHO C
OONBIIMMH SKCIEPUMEHTANBHBIMI TPYJHOCTAMHU H3-32 OTCYTCTBHS MPIAMBIX (HU3HKO-
XUMHUYECKHX METOJOB MCCIEJOBAaHUSA in situ NPHUPOABI NPOMEXYTOYHOTO XHUMHUYECKOTO
B3aHMOJICHCTBUA pEArupyIOIUX BEIIECTB C aKTUBHBIMM LIGHTPAMHU TBEPAOIO KaTalH3aTopa.
Kpome T0ro, B GOJIBIIMHCTBE CIIy4aeB MOBEPXHOCTh PEANLHBIX KATAIU3aTOPOB npeﬁcrammer
co0OM CIIOKHYI0O KOMITO3UIIUIO HEU3BECTHOTO CTPOSHHS U COCTaBa, MOITOMY HAlIMYUE JBYX H
Goee THINOB TOBEPXHOCTHHIX COEJMHEHHH CIIOCOOCTBYET - IPOTEKAHHIO  JIAHHOTO
XHMHYECKOTO NpEBpaIleHHs [0 pa3iudHbBIM MapuipyraM H Mexanusmam. I[lostomy s
MMOHUMAaHHMS TIPUPOJIBI TETEPOr€HHOI0 KaTajli3a BO IVIaBy YIJIa CleAyeT IOCTaBUTh BOIPOC O
CO3/IaHHH BBICOKOCENEKTUBHBIX KaTaJIM3aTOPOB C OJHOPOJHBIM H H3BECTHBIM CTPOCHHUEM
aKTHBHOTO KOMIIOHEHTA.

MoHO, [O-BHIAMMOMY, YTBEpPXKAaTh, YTO B HacTosee BpeMs TeoMeTpHYecKas
CTPYKTYpa AaKTHBHOIO KOMIIOHEHTa CylIbGHUIAHBIX KaTalu3aTOpOB TUAponepepaboTKu
He(TAHBIX (GpaKIUH JOCTATOYHO HaJexHO ycraHoBieHa [l1, 2]. O mpexncraBisier coboit
cynmspumHoe 6umerammnaeckoe coenunenue (CBMC), kpucrammusyromeecs B CTPyKTypHOM
tune MoaubaeHuTa MoS;. Heo0XoauMEIM U T1OCTaTOYHBIM 3JIEMEHTOM CTPYKTYpPBI SIBIISETCS
oauuouHEIH makeT MoS; (WS;), B 60k0Bo# rpaHu KoToporo Jiokanu3oBaHbl aroMsl Ni (Co)
(puc. 1). OpHako, HeCMOTps Ha oO0IIee NpPU3HAHHE CTPYKTYPHl aKTUBHOTO KOMIIOHEHTA,
MexaHu3Mel peakiuii ¢ ygactueM CBMC eme pganeku or mnoHuManusi. HaubGonee
HONYJIAPHBIMA  SIBJISIIOTCS MEXAaHM3MBI C y4YacTHEM QHHUOHHBIX BAKAHCHM aKTHBHOIO
KoMmmoHeHTa [1].

B HUuctutyre karanuza um. I'.K. bopeckoBa Obuia BEIIBHHYTa aIbTEPHATHBHAS FHUIIOTE3a
0 KOHI[EPTHOM MEXAHHU3ME peaKIHH THAporeHon3a TuodeHa Ha 6oxosoit rparn CEMC [2].

B stom CJIy4a€ aKTUBHBIMU LHEHTPAMHU
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BA, ©O- Mo. W, Re, NY
® = Ni, Co, Cu

CgHg + 3H2 = CgHi2
-HoS

+CgHg

- CeH12 H

H

Puc. 1. KoHuepTHEIit MeXxaHHW3M rHApHpOBaHHus GeH301a
Ha GUMeTaNIMYeCKUX CYIb(QUAHBIX KaTaIU3aTopax

sisiiorcss arombl Ni(IV) unu Co(HI) ¢ d°- JNEKTPOHHOH KOH(QUTypanued, KOTOphIE
cTa0mIM3HpOBaHKl B OOKOBOH rpaHu omuHouHoro makera CBMC. HeoGxomumas mis
ancopbumu ¥ KaTanmsa 3iekTpoHHas koH¢urypamus Ni (Co) co3maercs B pe3yJibTare
OKHCIUTENBHOTO IPHCOCOUHEHHUS BOJOpOJa K aroMaM JTHX METaJUIOB, BOJOPOX
OKKJIIOJJUPOBAaH B MAaTpHUIly aKTHBHOTO KOMIIOHEHTa M HAXOIOUTCI B IICHTPE («IIyCTOMH»
TPHTOHAIILHOM NPHU3MBI U3 LISCTH aTOMOB Ccephl. B sToM ciydae atomsr Ni (Co) sBistorcs
CHJIbHBIMU JIBIOUCOBCKUMH KHCIOTHBIMH IIEHTpPaMH, Ha KOTOPBIX IPOUCXOJUT AKTHBAIHSA
pearupyroomux Moiekyil. JlucconuaTuBHas ancopOmus M aKTHBALMA BOJOPOJA IPOMUCXOIUT
Ha GOKOBBIX aTOMAax CEpEHl, KOTOPhIE PACCMATPUBAIOTCS KaK JbIOMCOBCKHE OCHOBHBIE IIEHTPEIL.
AHaIOrHYHBIA MEXaHU3M NIPEIOKEH I PeaKlUy ruApHpoBanus 6ensona (puc. 1).

Pabora 6pu1a mopnepxana PODH, rpant Ne 01-03-32417 u UHTAC, rpanT 00-413
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UNDERSTANDING THE REACTIVITY OF TRANSITION METAL SULFIDES FOR
HYDROTREATING APPLICATIONS
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In the oil refining industry the removal of heteroatoms from feedstock is one of the key
operations to produce clean transportation fuels. In addition to the necessity to process ever
more heavy feeds and the concomitant higher HDS activity required, environmental
awareness has led to more stringent legislation. This has spurred fundamental research with a
view to obtain molecular level insight into the activity of CoMo and NiMo sulfide catalysts,
but also to alternative catalytic systems. These systems include transition metal sulfides
(TMS) that generally show a Volcano-type behavior. Recently, we have shown that a kinetic
study on the thiophene HDS model reaction yields valuable information [1, 2].

We have performed kinetic measurements of the atmospheric thiophene HDS reaction
over a set of 4d transition metal sulfides (Mo, Ru, Rh and Pd) including the Co-promoted
MoS, catalyst. Reaction orders -(thiophene, H,S and H,), activation energies and pre-
exponential factors were determined. In addition to this, we used the H,-D, equilibration
reaction to obtain insights in the degree of coordinative unsaturation of these catalysts.
Previously, we have shown that this reaction provides essential insights into the active phase
of commercially important CoMo catalysts [3]. The thiophene HDS kinetic results show that
the highest HDS activity (CoMo and Rh) is linked to the strongest transition metal-sulfur
bond energy. As .such, the observed trends are counter to commonly held correlations
(Sabatier's_principle [4] and Bond Energy Model [5]). Alternatively, we propose that the
sulfur bond strength at the TMS surface relevant to HDS catalysis strongly depends on the

sulfur coordination number of the surface metal atoms. This is exemplified in Fig. 1.
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Fig. 1. Hypothetical curve based on <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>