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KATAJIA3 B TOHKOM OPTAHUYECKOM CHHTE3E

B.A. CeMHKO0/1€HOB

Huemumym xamanusza um. I' K. bopeckosa CO PAH
np. Axao. Jlaspenmuesa, 5, 630090 Hosocubupck
E-mail: semkoln@catalysis.nsk.su
1. BBenenne
Tonkuit opraHMdeckHi CHHTE3 BKIIOYaeT B ce0d IPOLECCHl €  YYacTHEM
NONAQYHKIIMOHANBHBIX OPraHHYECKHX CcoeAMHEeHuit RXYZ, B x01€ KOTOPBIX MpPOHUCXOIHUT
CEJEKTUBHOE IPEBPaICHUs ONHOHN WM HECKOJIBKHX Q)yHKuHOHaJILHHX rpyrm (X Y unu 7). K
TaKUM IIpOIeccaM OTHOCATCS Hponsnoncma pasTHIHbIX IIeKapCTBCHHBIX 'TIpenaparos,
GUOJIOTMYECKH AKTHBHBIX BEUIECTB, NPOAYKTOB MHTAHHS, AYIIACTBIX BelleCTB H T.IL
IIpuMenenye KaTain3a B TOHKOM OpPraHMYecKOM CHHTE3€ pellaeT ABE 3a4a4u:
1) B pamkxax H3BeCTHOH CXeMBI CHHTE3a HOBBICHTE CEIEKTHBHOCTD 06pa303aHH;1
IPOAYKTA.
2) Co3aHHe NPHHIHUIIAATIBHO HOBOTO IPOIiecca HOIYICHHA IPOAYKTA.
VYcnex B pellieHHH THX 3a71a4 OCHOBAaH Ha YJaYHOM COYETaHUH TpeX KOMIIOHEHTOB:
-Karanusarop, onpenensronmii | U30HpaTeTbHOCTh NIPEBpPAIICHHS crpofo OIpeneIeHHOH
(G YHKIIMOHANBHOH I'PYNIIBI B CJIOXHOM OPraHU4eCcKOi MOJIEKYIIE.
-Ilapamerpsl mnpomecca, obecreynBalOnMe TEPMOJHHAMHUCCKHMM HIIHM KHHETHUECKHH
KOHTPOJIb IPOTEKAHUS PEaKIIUH.
-PeakTop, B KOTOPOM peanu3yeTcst He0OXOUMBINA TEXHOJOTHUECKHH PEXHM.
B mamHO# nexuuu Ha psane IIpI/IM6pOB 6yIyT paccMOTpPEHB! KIIOUEBBIE HOIXONBI K

pa3pa60T1<e HponccCOB TOHKOIO opraHqucxoro CHHTC34a.

2. OcHOBHOE coepxaHHe

Paccmotpens! B o01ieM BHle CTaHH KaTATHTHYECKOTO [MKJIA M BBEJEHBI OCHOBHEIE
NOHATHA. MexaHu3M peaxkiuil JeTaiu3upoBaH Ha npnMéff)e rnz[pnpbBaHm, OKHUCJIEHHSA H
KHCJIOTHO-OCHOBHOTO KaTaIu3a. |

PaccMOTpeHB! IPUMEPHI IIPOCTBIX KaTaluTHYecKHX mpornecco TOC:

CeNleKTHBHOE M CTEPEOCEIeKTHBHOE THAPHPOBAHHE OTHHEHACHIIEHHEIX COSIMHEHHI
HWIITIOCTPUpPYETCs Ha IMpUMeEpe THAPUPOBAHUS PACTHTENBHBIX Macesl. PaccMOTpeHa KMHETHKA
ruapupoBagus C=C cBsi3ell B IOJMHEHACHINECHHBIX COCIUHECHUAX H MEXaHM3M IHC-TPAHC

H30MepH3aIHs 01e(hHHOB.
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[IpryKHEI CTEpeOCETeKTHBHOIO. ACHCTBHS KaTalM3aTopa PAacCMOTPEHBI Ha IIPHMEpe
THAPUPOBaHMS HENPECTBHBIX LUKIMYECKHX YIIeBoxoponos. Obpa3oBanue LUC-H30MEPOB B
pesy/ibTaTe IHC-IPUCOCANHEHHES BOAOpOAa IO oNeMHOBOH CBA3M MOKasaH JUis
THIpUpoBaHKS JuOeH30-18-kpayH-6. MexaHusM 00pasoBaHus LHC- M TPaH-H30MEPOB M
¢akTopsl, BIMSIONINE Ha COOTHOLIEHHE 3THX H30MEPOB II0KAa3aH Ha npnMepe THJPUPOBaHUS
o-THHEeHa Ha Katanu3arope Pd/C.

Paccmotpen mMexanusMm peakuuu ruaporesonmsa C-Cl cBs3u Ha xaranusarope Pd/C.
Ha mpumepe 3aMemeHHBIX XI0pOEH30/I0B IIOKA3aHO 3JIEKTPOHHOE BIUSHUE 3aMECTHTENCH B
apOMaTHYECKOM KOJIbIle Ha CKopocTs ruaporenonusa C-Cl casazu.

Oco6ennoctr ruaporeHomusa O-O CBA3M B OPraHMYECKHX THAPONEPOKCHAAX
TMOKa3aHB! Ha IPUMepe [HAPHPOBAHHS THAPONECPEKHCH NHHAHA Ha KaTalln3aTope Pd/C.

MexaHu3M  MO3UIMOHHOM  H30MEpH3alluM, KaTalM3HpYeMbIi  KOMIUICKCHBEIMH
COEIIMHEHUSAMH BaHaJUA PACCMOTPEH Ha MPHMEPE AUTHIBHOM NMEpErpyNIupOBKH B MOJIEKyJIe
JHHAI00JIA.

KuHeTrka M MEXaHH3M CTPYKTYPHOM H30MCPH3AlHH DacCMOTPEHbl HAa IPHMEpe
peaxiuu pacKphITHs 4-X U 6-TH WICHHBIX LUKIIOB B MOJICKyJIe [IMHaH-2-0J1a.

lpuBenens! mpuMeps! paspaboTku coxkHbIX mpoueccos TOC:

-CunTe3  2,6-TUMETHNAHHNIMHA U3 2,6-IMMETHI(EHONa HUIOCTPUPYET  HOBBIM
KaTauTHYECKUH MaprupyT 3amemeHus —OH rpynmel B apoMaTtudeckoMm Koiibile Ha -NH,
rpyiy.

-Cunres N-9THJI-2-aMPHOMETHIITAPPOJIHIHA THAPUPOBAHHUEM N-atun-2-
HUTPOMETHUIICHITMPPOJIUIMHA Ha KaTanusaTope Pd/C uimocTpupyeT OpUriHaIBHEIE HOJXO0IbL
K Ju3aiiHy [POLECCOB, COAEPNKAIIMX CTaJMU KOOPJMHAINUOHHOTO W KHCJIOTHO-OCHOBHOIO

KaTajin3a.

3. 3akinouenue »

IIpencraBneHHble B JIEKIUM [JAaHHbIE OXBATHIBAIOT JIMIIb OYEHH MAIYK YacTh
BONPOCOB KaTAJIMTHYECKOTO OPraHUYECKOTO CHHTE3a. TeM He MeHee, MOKHO HaJIeIThCs, YTO
IOKA3aHHBIE IIOAXOAbl OKAKYTCA INOJE3HBIMH IIPH CO3JAHHH HOBBIX KaTaIUTHYECKHX

IIPOLIECCOB.



HAHECEHHBIE BUMETAJUIMYECKHUE KATAJIN3ATOPBI L2

PEBPALIEHUS! YIJIEBOXOPOIOB: MOIEJIM AKTHBHBIX
KOMIIOHEHTOB, IOIXO/E! K IEJEHAIIPABJIEHHOMY
CHHTE3Y |

Haxomon H.A.

Huemumym xamanusa um. I K. bopecxosa CO PAH, Hosocubupck, Poccus
E-mail: pakhomov@catalysis.nsk.su

Karanutryeckue CHCTEMBI Ha OCHOBE HAHECEHHOM IUIATHHEI C TOGABKAMY Pa3IMYHBIX
aneMeHToB: Re, Pd, Ru, Ir, Sn, In, Cu u ap., — B HacTOsIEeE BpeMS UIMPOKO UCIIOTB3YIOTCS B
powueccax pu(GOpMHHTa, IETHAPOMKIN3AIME, H30MEPH3ALHH, TETHAPHPOBAHHS napa)HHOB,
CENICKTHBHOTO I'HAPHPOBAHUS JIBJEIH/IOB B CIUPTHI, BocCTaHOBIeHHS NO yriieBoLopofaMH,
B TONNMBHEIX 3IIEMEHTaX, B KAyeCTBE KATAIMTHUECKHX JOXHraTeiedl BHIOPOCOB
aBTOMOOHMIIBHOTO TOILTHBA. Ponb 106aBOK B GUMETAHYECKHX KAaTaIU3aTopax, KaK IPaBo,
MHOro¢yHkiMonansHa. OHa MOXET CBOJUTHCS KaK K MOAU(HIMPOBAHHUIO CBOMCTB IIATHHEL
TaKk M HocHMTens. IIp 3TOM MOXET M3MEHATHCHS ylelbHad aKTHBHOCTh U CENIEKTHBHOCTB
aKTHBHOIO MeETajlla, MOBBULATHECA KaK HayalbHAs [HCIOEPCHOCTh IUIATMHEL, Tak M
YCTOMYMBOCTE €€ K CIIEKaHHIO, MOBBIIIATECA TEPMOCTAOMIBHOCTE HOCHUTENS H H3MEHSATHCH
KHCJIOTHO-OCHOBHBEIE CBOMCTBA €ro IOBEPXHOCTH. BaXHYIO pOJIb HMIPAIOT  HOGaBKH B
HOBBIIICHHH YCTOWYHMBOCTH K JE3aKTUBALlMM KaTaIU3aTOPOB PA3IHYHbIME KATAIUTHYCCKAMHE
SJaMH, B TOM 9HCJIE€ ¥ KOKCOBBIMH OTJIOKEHHAMH.

CymecTBeHHBIE H3MEHEHHS CBOMCTB KaTaiH3aTOpOB B NPUCYTCTBHH J06aBOK,
€CTeCTBCHHO, HE MOITIM He CTHMYJIHpPOBAaTh TIPOMAafHbIA HHTEpPEC HCClenoBaresiell K
HAHECCHHBIM OH- M NOIMMETAUIMYECKHM CHCTEMaM, KaK B MPHKIAafHOM, TaK H B
dynnamentanpHOM muaHe. B paMKax  9THX = HMCCIENOBaHMA  yYeHBIE. HCKAIH
SKCOCPHUMCHTAIBEHOIO OTBETA HA CIEAYIOIUE Hanboee BaXXHbIE BOMIPOCH:

1. B xakoM COCTOSHMHM HaxomATcsd MOIMGMIMpYIOUIHE 3JIEMEHTHI B paboTarommx
KaTaau3aropaXx, M HMMEEeTCAd JM B3aUMOAEHCTBHE HAHECEHHOIO AaKTHBHOIO MeTalla ¢
MomuduuupyomuM 3teMeHToM? KakoBa mpHpoda NOBEPXHOCTHBIX WIH OOBEMHBIX
cociuHeHMH  (OMMETa/IMYECKHMX = YacTHi), oOpasyiomMXCs B . pE3ylbTare  3TOrO
B3auMOJICHCTBHA?

2. KaxoBel MeXaHU3MBI MOJUQPUIHUPYIOMIETO ACHCTBHS pa3IMYHBIX [00aBOK Ha
KaTaJJMTHICCKUE B CTPYKTyPHBIE CBONCTBA HAHECEHHOI'O aKTHBHOT'O MeTaJina?

3. Uro sBnsercs ABHXKymel cuioi, o0ycnaBiuBaiomei (popMHpPOBaHHE HaHECEHHBIX

OMMeTaITHYECKHX YJacCTHUI], ¥ KAKUMH JIOJDKHEI OBITH YCJIOBHA IIPUATOTOBJICHUA KaTajlnu3aTropa,



%ﬁ%nozmmné K (OpMHpPOBaHHIO OHMETAINIMYECKHX YACTHII 33JAHHOIO COCTaBa U CTPYKTYPhI?

B Hacrosmiem [okiazne NPOAHATH3UPOBAHO COBPEMEHHOE cocriosnme‘ IpOGIIEMBIL.
IIpuBenena Knaccﬁ(bnxaum AKTMBHBIX KOMIIOHEHTOB, OCHOBaHHasi H& CIOCOGHOCTH
MOIU(PUIHPYIOIHKX 100aBOK BOCCTAHABIUBATHCS 10 HH3IIMX CTEMEHEH OKHCIECHHI, B TOM
qHCIe H JI0 HY/b-BaICHTHOIO COCTOSHHMS, BzanMolieﬁCTBOBan, C HaHECEHHO! MIaTHHOH U
HocuTeneM. Bce ommcaHHbie B nnTépaType . ¥ 9KCIIEPUMEHTIBHO JI0Ka3aHHbIe AKTHBHEBIE
KOMIIOHEHTHl MOXHO IIPEACTABHTh B BHIE INATH Mojeneif. JIBe MOJEIM SBISIOTCS
npe/ieNbHBIMA BapHaHTaMH, Korja Jo0aBKka HaxoAuTcsA 6o B Buje (aswl okcuzaa, 1ubo B
BUJIE YaCTHI METajlIa, OJHAKO XHUMHYECKOTO B3aUMOJICHCTBHS C YaCTHIAMH aKTHBHOTO
MeTajula He mpoucxomur. Ilepeas Mozens (I) peanmsyercs mpH HCIOJIB30BaHHH JTOOABOK:
TPYIHO BOCCTaHABIHMBAIOMIMXCA BIEMEHTOB. B paMkax 3Toif MojieH onucCHIBaeTCs IeHCTBHE
N00aBOK OKCHJIOB HIEJIOYHBIX H INENOYHO3EMETBHBIX MeTa/UIoB. Bropas mogens (II) moxert
PeaT30BbIBATHCA B TEX ClTydasX, KOIJla aKTHBHBIH METa/Ul H MeTalll 100aBKH He 00pasyioT B
00BEMHOM COCTOSHHMM OHMHApHBIX CIUIaBOB, MJIM HAHECEHHBIE METAUIB CHEHHATBHBIM
00pa3oM pa3jieieHbl IO IOBEPXHOCTH HOCHTENS, HCXOS W3 HX DasiH4HBIX (YHKIHH® B
KaTaJIMTHYECKOM IIpoLiecce.

Bonee unTepecHOR M peaknuit MpeBpAINEHHS. YTJIEBOAOPOIOB SBIAETCA CHTYAIIHS,
KOT/Ia IPOUCXO/UT XUMHYECKOE B3aHMOJIEHCTBHE MEX/y aKTHBHBIM METAJIOM H J00ABKOH.
B aToM ciiyyae akTHBHBI KOMIIOHEHT MOJKET OBITh TIPEICTABIIEH B BHJIE:

- KJIACTepOB  aKTUBHOrO MeTawla (MIM  BIEeKTPOH-Ae)HIUTHON  ILIATHHEL),
CTa0HTM3HPOBAHHBIX B3aHMOJIEHCTBHEM C HHU3KOBAICHTHBIMH MOHAMH MOJH(MHIHEPYIOIIETO
BIIEMEHTA, CBA3AHHBIMH C IIOBEPXHOCTHIO HocuTend (Moens I1T);

- CIUIABHBIX JACTHIL] aKTHBHOIO META/lIa ¥ MOJUPHIMPYIOMIEro sneMenTa (Moaens IV),
Ha3bIBaeMBIX B CIly4ae NPEAEIbHOM JHUCIEPCHOCTH "ONMETAIIMYECKHMH KiIacTepamMu”.

Mogens IV MOXET pealn30BaThCAd TOJNBKO JUIS JIETKOBOCCTAHABIHBAIOIIHXCS
3JIEMEHTOB, KOTJa MX COEJMHEHHS BOCCTAaHABJIMBAIOTCS IO HYJIb-BAJIEHTHOIO COCTOSHHS B
YCIOBHAX BOCCTAaHOBHTCNIBHOH TepMOOOpaOOTKM KaTammM3aTopoB. IIpu 3TOM Ha IpaxTHke
4acTo HalrofiaeTcs CMEINAHHBIH BapHaHT, KOTAA YacTh JOGAaBKA 0OpasyeT CIIIaBHBIC
YaCTHIB! C IUIATHHOM, a [pyras 4acTh BOCCTAHABJIMBAETCS IO HH3KOBAJICHTHBIX OKCHJIOB,
B3aUMOJICHCTBYIOIUX C MOBEPXHOCTBIO HOCHTENA (MoZens V). IIOCKONBKY HEKOTOpEIE -
pearnbHbIC IPOMBIIVICHHbIC KATANH3ATOPH], TAKHE KaK, HarmpuMep Pt-Sn, comepxar u 106aBKku
MIENIOYHBIX 3JIEMEHTOB, TO OYEBMJIHO B 3TOM CIIy4a€ MOXXHO TPEXIOJNOKHUTh HEKH
KOMOMHHPOBAHHBIH BAPHAHT aKTHBHBIX KOMIOHEHTOB, BKIIOUAIOIIHE Moze b V U 3leMeHTH

‘Mozpenu L.
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CyluecTByIONIME  pasiMuMs B  CIIOCOBHOCTH E'Moﬁmbnunpyfbiunx nob6aBok
00pa30BEIBATE C IIATHHOH AKTUBHBIE KOMIOHEHTHI, PA3IMYalOMEcs 110 CBOEMY COCTABY H
CTPOEHHIO, EJIAI0T T0CTATOYHO HPOGIEMATHYHEIM CO3AaHte 0GIIeH fébpnn IPUTOTOBJICHHS
KaTaJII/I3aTOpOB J@HHOTO KJacca, IIPHYEM IPHPOJA M COCTaB (OPMHPYEMOro aKTHBHOIO
KOMIIOHEHTa YacTo OIPEAEAIOT TPEOOBAHUA K TTOJXOIY H yCJIOBI/I}IM CHHTE3a KaTalu3aropa.
Tak, Ha OpUMepe aKTHBHOIO KOMIIOHEHTA, OIHMCEIBAEMOTO MOJEIBIO III, mokasaHo, dro
JaHHOE COCTOSHHE MOXET GBITH IOIYYEHO TOJIBKO ﬁppt éfporoM COOJTIIOZICHUH CIIEHAIbHBIX
ycnoBul mpurotosiiemus. Ha mepBoM 3Tame  HEO6XOTEMO npOBecm' 3aKpeIUIeHHe
COC/MHEHH J00aBKM HA TOBEPXHOCTH  HOCHTENS IIyTeM BzéHMOL[eﬁCTBHSI c
(QYHKIMOHANBHEIME TpYIIIaMH. 3aTeM MpPOBOAAT BOCCTAHOBIEHHE MOH(DUIMPOBAHHOIO
HOCHTEN, a Jajnee Ha IOJNYYCHHBIX TakuM 00pa3soM HU3KOBAICHTHBIX HOHAX 3aKPEIUIIOT
COETMHEHHE-IIPE/IIIECTBeHHUK [IIATHHBI ¥ BHOBD HpOBOJi;IT BoécréHaneHne.'

B noxnane paccMOTpeHs! o0mmpe U crenudHIecKue 3aKOHOMEPHOCTH (POPMHPOBAHHS
HAHECEHHBIX OMMETANIMICCKHX KaTaJM3aTOPOB HAa PAsIMYHBIX 3TalaX HX IPHTOTOBICHHS,
BKJItOYas CTaJMI0 CHHTE3a IPONMTOYHBIX pAcTBOPOB, B 3aBHCHMOCTH OT CIOCOOOB H
TI0CJIEI0BATENBPHOCTH HAHECCHUS IIPEAUIECTBEHHUKOB, YCIOBUM TepMHUYECKOM 06paboTKH,
aKTHBallMd M IKCIUTyaTalliM KaTaiu3aTopoB. Iloka3aHo, 4ro mpH CHHTe3e HaHECEHHBIX
OMMETaIMYECKHX CIUTABOB HE YAAETCA B IONHOM 00beMe HCHOMB30BaTh (a3oBbIE
AMarpamMMbl COCTOSHHS U MAacCHBHBIX CHCTeM. Ilpomecc ¢opmupoBaHus HaHeceHHBIX
CIUIABOB CJIOXKHBIM 00pa3oM 3aBHCHMT OT KOMILIEKCA B3aUMOCBS3aHHAIX (akTopos. OIHAKO
TIapaMETPBl IIPUTOTOBICHHS 3aYacTyIO SBJIAIOTCH BTOPHYHBIMH II0 OTHOIIEHHIO K (DH3HKO-
XMMHYECKAM CBOMCTBAM TPOMHOH CHCTEMBI: "HOCHTENb - IHPENIIECTBEHHHK AKTHBHOTO
MeTajlla - COeIMHEHHE MOoAMGHIUpYyomeH N06aBku". VIHEIMM CIOBaMH, OIpEIE/ISIOLIUIM
3BEHOM B Ipouecce (pOPMHPOBAHMS HAHECCHHBIX CIUIABOB SBJIAETCA MPOTEKAHHE PEaKIHH
B3aUMOJICHCTBHS HAHOCHMBIX KOMIIOHEHTOB KaK C HOCHTENEM, TaK M MexXIy co0oif Ha
PasIMYHBIX OJTallax M[PUTOTOBIEHHS OMMETANIMYECKHX KaTanu3atopoB. Ha mpumepe
HaHeCeHHBIX OumeTaumyeckux Pt-Cu, Pt-Zn, Pt-Sn u Pt-In katanusatopos aerdpHpoBaHus
HH3IIKX MapadMHOB PacCMOTPEHBI OCHOBHBIE THIIBI TaKHX B3aHMOICHCTBHI M COCTaB
00pa3yiomKXcs HpH 3TOM O0OBEMHBIX M IOBEPXHOCTHBIX COEAHMHEHHH M IPOAHANM3UPOBAHO
UX BIHSHHE Ha T1porecc (OPMHPOBAHHS AaKTHBHBIX CILTaBOB. IloxazaHo, d4ro OoTH
B3aUMOJECHCTBHUSA MOTYT MPOTEKATh:

1. Ha cranguu HaHecenHs — 06pa3oBaHHME KOMIUIEKCHBIX COEIMHEHHH B MPOIMHTOYHBIX
pacTBOpax, ancopOmUs MCXONHBIX COEIMHEHHH WM MPOIXYKTOB HMX B3aHMOAEHCTBHI Ha

IIOBEPXHOCTH HOCHTEIS, B3aWMHOE BJIHIHHE KOMIIOHEHTOB HA Iporecc a,ucop6um1,

11
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_ pacTBOpeHMe  HOCHTeNs H  0Opa3oBaHHME nOOOYHBIX COEJUHEHUH C HaHOCHMBIMH
. KOMIIOHEHTaMHU. |
2. Ha cragmm OKMCIMTENBHOH TEpMOOOPabOTKH — 00pa30BaHHE NOBEPXHOCTHHIX H
, OOBEMHBIX OKCHIHBIX COeITMHEHMH TUIATHHBI K OOaBKH MeX/Ty COOOi H HOCHTENEM.

3. Ha cTaguu BOCCTAaHOBIEHHS — BOCCTAHOBJIEHHE [IPOJYKTOB B3aUMOJICHCTBHA CTAlHHU
2 ¥ VHIMBHIY&IBHBIX OKCHIOB JHOO /0 HYIb-BANECHTHOrO COCTOAHUA M obpa3oBanue
CILIZBHBIX YaCTHIl, THOO 0 HA3KOBAICHTHHX HOHOB M BHEIPEHHE HX B PEIIETKY HOCHTEILS,

‘4. Ha cragum JIerHIpHPOBAHMS — M3MCHCHHE IOBEPXHOCTHOTO COCTABA CILIABA IO
CPaBHEHHIO ¢ OOBEMHBIM O] ASHCTBHEM PEAKIHOHHOM CPe/IblL: "TIOBEPXHOCTHAS Cerperanus”
CILIaBa. _.

5. Ha craguu OKMCIMTENBHOH percHepaldy oOT YIJICPOIMCTBIX OTJIOKCHHMH -

paspyIleHue CIiaBoB: o0paTuMas U Heobparumas "o0beMHas cerperanus’.

12
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THE SULFIDE HDS CATALYSTS: FROM THE ACTIVE COMPONENT
STRUCTURE TO ITS MOLECULAR DESIGN
A.N. Startsev

Boreskov Institute of Cataly&is, Novosibirsk, Russia
- E-mail: startsev@catalysis.nsk.su

The great practical significance of the processes of hydrodesulfurization (HDS) causes
intense research interest in the structure and mechanism of action of the active component of
the sulfide bimetallic catalysts. These catalysts consist of the composition of Mo (or W) with
Ni (or Co) in the sulfide form. At present, the geometrical structure of the active component
seems to be fairly well recognized, but the electronic structure of metals entering the
composition of the active component and the mechanism of the catalyst functioning are under
discussion in scientific literature. |

As was shown in [1-3] the necessary and sufficient element of the active component
structure is the MoS; single slab, what is a sandwich, between two sulfur layers of which is a
layer of the Mo atoms (Fig. 1). The Mo atom is localized in a center of the trigonal sulfur
prism, the every second prism is “empty’, it contains no Mo atom. The Ni (Co) atom is
localized at the edge plane of the MoS, single slab and coordinated to the four sulfur atoms of
the MoS; matrix, at the fifth coordination site is the adsorbed H,S molecule. In this case, the
Ni (Co) atom is in a center of the square pyramid of the S atoms and slightly raised over the
base plane on 0.5 A. The occluded hydrogen atom is centered in the “empty” prism of the
MoS; single slab under the Ni (Co) atom at the distance 1.5 A.

The distinctive feature of the active component is the unusual high oxidation state of
the Ni(IV) or Co(IIl) atoms with d’-electronic configuration, which are the active centers
responsible for activation of the S-containing molecule. These oxidation states resulted from
the oxidative addition of hydrogen during the active component formation in the catalyst
sulfurization. The hydrogen atom is occluded into the active component matrix. The term

“occluded hydrogen” was put into consideration to stress its peculiar role in the catalysis:

13



L-3

3-8 D - Ni(Co) e -Mo QO-H

A.Fig. 1. The active component structure of the sulfide HDS catalysts with the occluded
hydrogen and adsorbed hydrogen sulfide.

1. - The occluded hydrogen is strongly bound in the active component matrix and can be

removed only at high temperature (above 500°C), which are higher than the typical

temperature of catalytic reactions.

2. As distinct from the absorbed hydrogen, the occluded hydrogen is localized only in the
certain sites of the active component matrix.

3. 'The occluded hydrogen interacts with the active Ni or Co metals resulting in the necessary
electronic state to adsorb the reactive molecule.

4. The occluded hydrogen appeared in the active component after the oxidative addition to
the active metal atoms, therefore in this case it is the oxidantive agent. |

5. To prepare the highly active HDS catalysts with the known structure of the active
component, the new method of catalyst preparation is developed [4]. It consists of the
successive anchoring to the alumina surface of the binucléar Mo complexes with the S-

containing ligands and Ni (or Co) salts.
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METHODS FOR PREPARATION AND CHARACTERISATION OF
HETEROGENEOUS CATALYSTS

S. Knobl, G.A. Zenkovets', G.N. Kryukova*, T.V. Larina’, V.F. Anufrienko ,
D. Niemeyer and R. Schlogl

Abteilung Anorganische Chemie, Fritz-Haber-Institut der Max-Planck-Gesellschaft,
Faradayweg 4-6, 14195 Berlin, Germany
- *Boreskov Institute of Catalysis SB RAS,
Pr. Acad. Lavrentieva, 5, 630090 Novosibirsk, Russia

Whilst much research effort was spent on optimisation of catalyst perfonnance,ﬁ less
attention has been drawn to problems concerning catalyst preparation. It is commonly known
that catalyst research is facing two problems: the Materials gap and the Pressure gap. The
“Materials gap” describes the discrepancy between commercial catalyst material that is often
too complex to be successfully characterised and (sirigle crystal) model catalysts that are often
not able to achieve good product rates. The “Pressure gap” addresses the problem that surface |
investigations are commonly performed under UHV conditions whereas commercial
processes are carried out at ambient or high pressure. As a consequence information of
reaction mechanisms or the “real structure” under reaction conditions is very limited.

Although catalysis experiments on single crystals led to new information about
catalyst behaviour, it is now commoniy believed that the main catalytic processes happen on
centres with a high- but often unidentified- number of defects. A major task for catalyst
preparation is therefore to produce highly defective metastable material. New syntheses have
to be developed that fulfil many more requirements such as to ensure high reproducibility and
products easy to characterise. Whilst the former can be achieved by monitoring each reaction
step in-situ, the latter is taken care of by preparing thin films on a ‘.substrate. |

These new preparationv methods will be demonstrated on the éxample of MoVW
supported catalysts, which are ﬁsed in industry for the synthesis of acrylic acid [1-5]. Despite
this industrial importance, there is still a lack of information concerning structure formation
during s&nthesis and the atomic arrangements with respect to different preparafion routes and
element ratios. Earlier work [6-9] showed a significant increase in selectivity for partial
oxidation products in the presence of a MosO,4 type structure. Thig structure, which was first
identified by Kihlborg et.al. [10], is built_ up by pentagonal bipyramids and octahedrally
coordinatedv metal centres [Figure 1]. It is metastable until crystallisation and oxidative
Qecompoéition into binary oxide phases 6ccurs under high oxygen partial pressure (air and

abovq). The elcment ratio is (MogssV023Wo.09)sO14. At the same time binary molybdenum
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based oxides doped with different elements such as Nb, W and Ta have been synthesised and

their structure was identified as that of the MosOys-type [11,12]. These phases were found to
be stable at a wide temperature range. For the synthesis of this oxide, solutions of ammonium
heptamolybdate, ammonium metatungstate, and vanadyl oxalate were spray-dried and
subsequently calcined in air and helium. The MosO4 structure is an idealised endpoint that is

formed under reduced oxygen partial pressure b

[

during the organisation process of a mixture of
oligo anions, which are generated in solution. It is
therefore necessary to characterise not only the
structure itself but also the full preparation process
with all intermediates. It seems plausible that
different‘ thermal treatments of the precursor

solutions affect a) the composition of the usually

mixed phase catalysts and b) the crystallite sizes
of the different const1tut1ng phases. Thus, the
understandlng of the aqueous precursor chemrstry Fig. 1. MosO4 structure

is required to contro_l the preparation of such mixed oxide catalysts. Furthermore, subsequent
drying and”activatio.n procedures from the liquid precursor to the active and selective catalyst
are of paramount ‘imp'ortance for the development of the optimal catalytic performance. A
preparafion that is based on understanding of the system would allow precise control of the
phase composition of the mixed oxide catalyst, the crystallite size, the crystallinity, and the
morphology of the active phase. A developed synthesis routine thus could lead to defined
crystaliite sizes or even nano-crystallirle (MoVW)s0,4 mixed oxide catalysts. Moreouer, it
offers a versatile path to control its elementary composition. Effects of crystallite size /
morphology and elemental composition could be studied separately on the catalytic
performance. _ ‘

‘ To this end, some steps. of the developed aqueous preparation procedure are
characterised by in situ micro Raman spectroscopy. The important, subsequent drying process
as;'well as further activation and formation procedures are investigated by in situ Raman
spectroscopy, HREM and XRD. Comparison with Raman spectra of well defined, single-
crystalline reference oxides [13] can be used to assign the obtained spectra during these catalyst
preparation routes to certain ox1des such as MoOz, Mo404;, MogOs3, MoOs, or Mo5014,

A different approach is currently carried out to synthesize the MoVW ox1de by a Sol
gel method. The Sol-gel chemistry is widely used to synthesize metal oxides by inorganic
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polymerisation of molécular precursors in organic media (alcohols, hydrbéarbons). The low
synthesis temperatures often lead to the formation of oxides with amorphous or metastable
phases, which are not observed using other synthesis routes. The sol-gel synthesis of
molybdenum oxides has received little attention, especially in comparison with transition
metal oxides such as TiO;, V,05 and WQO;. The overall aim of this work is the rational
preparation of molybdenum-based oxides via sol-gel synthesis of alkoxide precursors. The
work concentrates on the mechanisms of solid formation from solution by in-situ
measurements (Raman and UV-vis) in order to find new synthesis methods for high surface

molybdenum oxides.
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'SYNTHESIS AND INVESTIGATION OF CARBON
NANOSTRUCTURES

V.L. Kuznetsov, Yu.V. Butenko

Boreskov Institute of Catalysis SB RAS
pr. Akad. Lavrentieva, 5, 630090 Novosibirsk, Russia
E-mail: kuznet@catalysis.nsk.su

The contribution presents review of synthetic methods, formation mechanisms,
properties and possible fields of applications of different carbon nanostructures such as
nanodiamonds (ND), onion-like carbon (OLC) and carbon nanotubes (CNT).

ND (diamond powder containing particles with size 2-100 nm) is produced in large
scale via detonation of a number pure or composite explosives with negative oxygen balance
in a hermetic tank filled with inert gas. At the present moment industry can produce tens of
tons of ND per year. ND is widely applied, namely for precise polishing (ND allows to reduce
surface roughness to a few nanometers, or less); for production of wear-resistant and
corrosion resistance coatings; for production of ceramic and composite materials; for the
development of metal-matrix composites and also for polymer and rubber based composites,
anti-friction lubricants and additives to oils for industrial equipment etc.

OLC is one of the nanostructured forms of carbon consisting of fullerene like shells
enclosed each into another. At present several methods of OLC production are known. They are
based on two principally different approaches. First approach deals with a condensation of
initially evaporated atoms or small clusters of carbon. The processes can be carried out in gas
phase, liquid or even within metal matrix. For carbon evaporation arc-discharge, laser ablation or
carbon ions beams are used. Another approach fo the OLC synthesis is based on the
transforrhation of condensed carbon under high-energy treatment. It was found the curling and
closure of graphitic networks of carbon soot into OLC particles under electron beam irradiation.
This approach allows synthesis of perfect onions containing up to 70 shells. Unfortunately the
method may be applied only within an electron microscope or electron accelerator so the yield of
onions is very low. The principally new method of QLC synthesis allowing the generating
hundreds of grams OLC in laboratory was developed. It is based on thermal annealing of
nanodiamonds with a size of 3-6 nm.

Carbon nanotubes are prepared via the co-evaporation of pure carbon and metal
catalysts by varieties of techniques (arc-discharge, laser ablation and CVD) or catalytic
decomposition of CO or hydrocarbons. The carbon nanotubes have attracted great attention
because of their unusual properties and numerous potential applications (developing of
electronic devices and new composites materials, field emission, electrochemical applications,

energy storages).
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SURFACE ORGANOMETALLIC Ta(V) CARBENIC SPECIES:
MECHANISM OF GRAFTING REACTION

Quadrelli E.A., Basset J.M., Chabanas M., Copéret C., Thivolle-Cazat J.,

Lesage A.*, Emsley L.*

Laboratoire de Chimie Organométallique de Surface UMR9986 - CNRS CPE
43, Blvd du 11 Novembre 1918 BP 2077 F-69616 - VILLEURBANNE Cedex, France
"Laboratoire de Stéréochimie et des Interactions Moléculaires UMR-117 CNRS - ENS Lyon,
Ecole Normale Supérieure de Lyon-69364 Lyon Cede x, France

- E-mail: quadrelli@cpe.fr

The LCOMS aims at the molecular level understanding and control of surface

organometallic chemistry to yield performing single-site catalysts.

The presentation will focus on the strategy necessary for the synthems and the

characterization of well-defined grafted species. The strategy will be illustrated by the
paradigmatic case of the reaction of [Ta(=CH-Bu)(CH,-Bu);], 1, with SiO.(00[1]

Moreover, it will be shown that understanding of the molecular solid-state reaction

mechanism can be gained by the appropriate combination of solid-state and solution phase

techniques.
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L-6 The product of the above-mentioned reaction is. [ SiO-Ta(=CH-'Bu)(CH,-Bu),], 2s.

Molecular level determination of the reaction pathway via the transient solid-state tetra-alkyl
intermediate species[ SiO- Ta(CH,-Bu)a],. 35 has been obtained through the combmed use of
elemental analysis, mass balance analysis, zn-sztu IR hlgh-resolutlon solid state 1D and 2D
NMR spectroscopy, high resolution solution state 1D and 2D NMR spectroscopy of its
molecular silsesquioxane analogue [(c- C5H9)781701281 -0- Ta(—CH ‘Bu)(CH2-'Bu),], 2m.

The methods used have allowed a quantitative account of the kinetic profile displayed by the

reactions involved.

[1] M. Chabanas, E.A. Quadrelli, B. Fenet, C. Cop¢ ret, J. Thivolle-Cazat, J.-M. Basset,
A Lesage, and L. Emsley ANGEW. CHEM. INT. ED. 40 (23) : 4493-4496,4322; 2001.
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ADVANCED CATALYSTS AND CATALYTIC PROCESSES FOR -
ENVIRONMENTAL PROTECTION

Z.R. Ismagilov

Boreskov Institute of Ciztalfsis SB RAS,
pr. Akad. Lavrentieva, 5, 630090 Novosibirsk
E-mail: zri@catalysis.nsk.su
The lecture consists of seven parts.

The first part presents the classification of pollution sources of the environment in
different branches of industry, including the enterprises of the fuel and energy complex.

The second part is concerned with the catalytic methods of purification of exhaust
gases from internal-combustion engines. Environmental consequences of emissions of various
vehicles (passenger cars and heavy-duty trucks) in large cities are described. The peculiarities
of purification of waste gases from gasoline fueled and diesel engines are considéred.
Particular attention has been given to the description of the production of honeycbmb
monolith supports and the problems of washcoating and molecular design of active
component.

In the third part, the environmental impact of stationary sources, methods of
purification of different waste gases and specially removal of volatile organic compounds
(VOC) are discussed. The results of investigations of ozone-catalytic purification methods of
waste gases which are promising for cleaning of large-scale, low-concentrated and low-
temperature VOC containing gases will be presented.

The fourth part is devoted to high efficient and environmentally safe catalytic
combustion of fuels. The following catalytic combustion systems are developed at the
Boreskov Institute of Catalysis and some of them are transferred to commercial
manufacturing: catalytic heat generators with fluidized bed combustion, two stage catalytic air
heaters with honeycomb monolithic catalyst, catalytic space heaters with catalyst supported
on fiber maths and ceramic plates, and catalytic water-heating boilers with catalysts on foam
structured metal and ceramic supports.

In the fifth part, methods of catalytic purification of gases from hydrogen sulfide are
described. The main contributors of hydrogen sulfide emission into the atmosphere and water
contamination with H,S and the most popular methods of gas cleaning from hydrogen sulfide
are discussed. The study of mechanism of direct catalytic oxidation of H,S to elemental

sulfur, basic principles of catalyst design for this reaction and results of several demonstration
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and commercfal tests are considered in detail. There are two modification of the téchnology:
the reactor with a fluidized catalyst bed for high concentrated emiSsiorié and the reactor with
honeycomb monolithic catalyst for low concentrated gases.

The sixth part is devoted to processing of mixed radioactive organic wastes of nuclear
industry, which contain radionuclides of uranium, plutonium and their fission products. Such
wastes are an extreme environmental hazard. We provide the description of a new
environmentally safe technology for processing of mixed organic wastes, which relies on the
catalytic oxidation of organic waste components in a fluidized catalyst bed and transformation
of radionuclides into a compact solid form suitable for utilization and disposal.

The seventﬁ part concerns the environmentally safe catalytic utilization of liquid
rocket propellants and wastes containing unsymmetrical dimethjllhydrazine - heptyl, an
extremely toxic and explosive substance. To provide neutralization of heptyl, it is proposed to
use combination of two methods: primary oxidation in the reactor with a fluidized catalyst

bed and final removal of heptyl traces by the liquid-phase catalytic oxidation.
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'COMPOSITES «AN INORGANIC SALT CONF INED TO A POROUS
HOST MATRIX». STATE OF THE ART )

Yu.l Aristov
Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia

The presentation is devoted to new family of composite materials “an inofgam'c salt
inside a porous matrix”, that are under R&D for gas drying, heat protection, adsorption
cooling/heating, water production from the atmospheric air, etc. These materials have been
invented at the Boreskov Institute of Catalysis and now are called as Selective Water Sorbénts
(SWS). A typical SWS is a combination of two materials, namely, a porous host matrix and
an inorganic salt inserted inside its pores.

An initial idea was that it is possible to vary the properties of the composites in a wide
range by combining different salts and matrices, and by those means, to obtain a family of new
sorbents. These materials are known for 6-7 years and to date they were ‘studied two-way.

a) In the beginning, main efforts were directed onto revealing physical-chemical
properties of these materials, first of all, of their sorption equilibrium with water vapours,
their heat capacity, heat conductivity, kinetics and heat of sorption. As a results, there were
synthesised and studied more than 20 new sorbents which were based on halides (CaCly,
LiBr, LiCl, MgCl,) or sulfates (Na;SO,, MgSO,, CuSOy4) of metals incorporated into
hydrophilic (silica gels, alumina, clays) or hydrophobic (porous carbons) matrices. In addition
to accumulation of abundant physical-chemical data about properties of the materials, this
investigation resulted in fundamental conclusions about structure of the composite and
interaction of its components. It is appeared that properties of a composite can not be
described as a superposition of properties of the constituent matrix and salt, but are
determined by at least two non-additive effects. The first effect is pure geometric one and is
related to peculiarities in stabilisation of a salt in nanopores. It comes into effect in matrices
with pores less than 5-8 nm. The second effect is due to chemical interaction of salt and
matrix and reveals itself after addition of small amount of a salt into a matrix with a large
surface. Understanding these effects allows a molecular design of the composite properties at
the synthesis stage.

b) Fundamental knowledge about the structure of SWS and mechanisms of the water
sorption recently allowed us to shift accents of the study to an analysis of SWS possible
applications. Today, two of these applications have been realised at enterprises in Russia.

They are adsorptive drying of a compressed air and thermal protection of electronic memory
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chips (“black Box”). Possible applications of SWS for obtaining water from air (BIC, Russia;
Institute of Refrigeration and Cryogenic"s, Sha;t'ig'liai' Jiao Tong University, ‘China) and for
seasonal storage of solar energy (BIC, Russia; Fraunhofer Institute of Solar Energy Systems,
Germany) are under intensive investigation. The application of SWS in sorption
heating/cooling is now at the stage of laboratory testing in the ITAE/CNR (Italy) and already
showed promising output parameters. At present, other prototypes are also under construction
and testing.

All the aspects above are to be discussed in the report in more detail. Thus, this report
will give a review of the current state-of-the art on the properties and application of the new
family of composite sorbents that could be of high interest for multiple applications in

chemical and thermal engineering.
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PEHTTEHOI'PA®HUYECKHE METObI B UICCJEAOBAHUUA
KATAJIM3ATOPOB

9.M. Mopo3

Hucmumym xamanuza um. I' K. Bbpecrcoea co PAH,‘
np. Jlaspenmvesa 5, Hosocubupck, 630090, Poccus
E-mail: ella.moroz@catalysis.nsk.su

IIpuMeHeHIe PEHTICHOBCKUX Nydel Ui HCCNIEOBAHHS MATEPHANOB HAYATO dYepes
10 metr nocne uX OTKpHITHA. TpaaUUHOHHOE HCIONH30BAHHE METOIOB peHTreHorpaduu B
MaTepHaJlOBEICHUH B OCHOBHOM IIPEJICTABIEHO KAYECTBEHHBIM H KOJHIECTBEHHBIM ¢ha3zoBbIM
aHAIM30M XOpOIIO OKPHCTA/IM30BAHHBIX IPYy6O JMCIEPCHBIX MATEPHATIOB, HMMEIOMIHX
pasMepbl kpuctaumtoB 500-1000A. B 0CHOBYy 3THX METOHOB MONOXEH 3aKOH Bynbda-
bpsrra, cBA3bIBalOMMH JUTMHY BOJNHBI H3IydeHHWs A, yron AMGPaKuud © ¥ BelWdHHY
MEXILIOCKOCTHOTO PACCTOSHUS B KPHUCTAILIE.

Hockonbky kKaxnas ¢asa XxapaKTepu3yeTcd CBOHM HabOpOM MEXIIIOCKOCTHBIX
PacCTOAHMH, TO IO 3HAYEHHSIM OITHX BEJIHMYMH, BBIYHCICHHBIM [0 ITOJOXEHHIM
nu(PAKIHOHHBIX IMKOB M WX HHTCHCHBHOCTAM, 3HAas XHMHYECKHHl COCTaB, BO3MOXKHO
onpefenuTh (asoBei cocTaB MaTepuana. Vmeercs MexmyHapomHas kaprotexa (JCPDS)
AAGbPAKIMOHHBIX JaHHBIX, BKIIOYAOmas okono 500 Teic. coenpuenuid. TOYHOCTS aHamM3a
3aBUCUT OT TOYHOCTH OMNpEAENEHHSI MEXKIIOCKOCTHBIX PacCTOAHHA M HMHTEHCHBHOCTEE
I(paKIHOHHBIX THKOB.

KosuectBenneli (a3soBplii aHAM3 OCHOBAH HA CONOCTABJICHHM HHTEIPATBHBIX
HHTCHCHBHOCTEH JM(PAKIHOHHEIX IMKOB OTAENBHBIX (a3, ero TOMHOCThH I XOPOLIO
OKPHMCTAT30BaHHBIX MaTEPHAIOB MOXET OBITH OBEIEHA JI0 JAECATHIX J0Neif HpOeHTa.

Hamu BbmonHena MeTogudeckas pabota 1o KOJIMYECTBEHHOMY ~ AHAIU3Y
MHOT0(ha3HBIX ﬁBIC‘()KOI[HCHépCHLIX‘ CHCTEM THAPOKCHIOB H OKCHIOB AIOMHHUS,
TOMy4dEMBIX B TEXHOMOTHH TepMOpa3IokKeHUs rHO6CHTA. ‘ '

KpoMe KayecTBEHHOr0 M KONHYCCTBEHHOTO AHATM3OB BO3MOXKHO HCTONB30BAHHE
JAHHBIX [0 AUPAKLHMK IS ONpeeNeH s pa3MepoB dIeMEHTAPHOM S4eHKH, THIA TBEPIBIX
pacTBOpoB. B 3TOM ciiydae HCHONB3YIOT JAHHBIE O NOJOXEHHH JUMPAKIMOHHBIX MHKOB.
IlpuMepoM Takoro Tema paboT MOXET CHYXHTh HCCIEIOBaHWE TBEPABIX PACTBOPOB pH
BBEZIEHUH Pa3MYHBIX IIPOMOTOPOB B CTPyKTyph! CeOy, ZrO,. ’

Jins  omnpenencHus CYGCTPYKTYPHEIX XapaKTEPHCTHK (pa3MepoB KPHCTAIHTOB,

KOHIIEHTpauus 1eeKTOB B NeOpMUPOBAHHEIX MaTepHalaX, MHKPOMCKAXEHHH H T. 1.)
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HCIONB3YIOT JIAHHBIE 0 IIHpHHE H TpodHIe JU(pPaKIHOHHBIX ITUKOB. Tak, NpH HCCIENOBAHNH
MarHMHaJIOMMHHEBBIX INNMUHENEH OBUIO IOKAa3aHo, 4T0 yurmpense AU(pakiHOHHBIX THKOB
CBSI3aHO He TOJIBKO C MAJIbIM Pa3sMepOM KPUCTALIMTOR, HO M C HATHYHEM JHUCIIOKAIHH.

IIprMeHeHHe MOIHBIX HOBBIX HCTOYHMKOB PEHTTEHOBCKHX JIydeH M YyBCTBUTCIBHBIX
JETEKTOpOB (CUHXPOTPOHHOE H3Jy4eHHe, - KOOPAHHATHEIE H MO3HIMOHHBIE AETEKTODED),
o0ecreYeHne SKCIIEPHMEHTOB Komnbfofepamn JaéT BO3MOXXHOCTh IIPOBOJAUTE PELIU3HOHHBIE
peHTreHorpadguyeckue H3MepeHus. IIpH HCIONB30BaHMHM —AU(PAaKTOMETpa BBICOKOrO
paspelleHus Ha CTAHUMA CHHXPOTPOHHOTO M3TyyeHus B Cubupckom nentpe (A CO PAH)
A.H. IIIMakoBbIM GBUIH NOJNYYEHE! KCIIEPHMEHTAIBHEIE JAHHBIE JUL ONPEAENECHUS OONBIIHX
TIEPHO/IOB SIIEMEHTAPHON STUESHKH B ME30TIOPUCTEIX MUHEPANBHBIX ME30(a3ax.

BaxkHylo ponb B PEHTTEHOrPaQUIECKUX HCCIENOBAHMAX HIparoT METOHH in situ,
[O3BOJIAIOLINE MOJIYYaTh HHYOPMAIHIO O CTPYKTYpE M CyOCTPYKType MaTepHalid B PeabHBIX
YCJIOBHSX €ro paboThL J[iis 3TOro CyHMIECTBYIOT CHELMAIbHBIE TEMIIEPATypHBIE Kamephl,
KaMephI-PEaKTOpsl ¥ JIp., PACHOJOXEHHBIE HENOCPEJCTBEHHO B JH(PpaKkTOMETpE U
o0ecreyuBaOmKe HeOOXOMHMbIE YCJIOBHS in  situ.bonbmod nuKn paboT BBHIIONHEH
JL.M. IInscoBoi 10 MCCIIEA0OBAHHIO OKCHIHBIX U METAUIMYECKUX KaTaJM3aTOPOB, B KOTOPBIX
Ha0IIOJATHCE HeOOpaTUMEIE IPEBPAINCHHUS.

V3BecTHEI Mporpecc B MPOMBIIUIEHHOCTH AOCTUTHYT Ojarojaps HCIOIb30BAHHIO
BHICOKOJMCIIEPCHBIX MAaTepPHATOB. MHOTOKOMIIOHEHTHBIE TI'€TEPOrE€HHBIE KATAIU3ATOPBI —
THOHWYHBIE NPEACTABATENH TaKMX cHCTeM. JIHQpakIUOHHBIE KapTHHBI OT TaKMX OOBEKTOB
UMEIOT HeOOJIBIIOe KOJIHMYECTBO CHJIBHO DPAa3MBITBIX, HaJlararollUxcd Jpyr Ha Jpyra
Iu(pPaKIHOHHBIX MWKOB. JIg HcCnenoBaHMs TaKHX OOBEKTOB HEOOXOOMMBI METOJB,
OasUpyIoIHecs Ha HHTErPAIbHOM aHAIH3€e JUPPAKIMOHHON KapTHHEI B INHPOKOM MHTEPBAJIE
yraoB. TakuMH peHTreHOrpaguyecKUMHM METOJaMH  SBIIIOTCH METOJ  PaJHalbHOro
pactpesenesus 3nekTpoHHo# IiotHoctd (PPOLI), MeTon mnonnompoduabHOro axanusa
(IIT1IA), xoTopsie HaroT uHGopManuio 0 $Ha30BOM COCTaBE, CTPYKTYPHBIX M CyOCTPYKTYPHBIX
XapakTepucTUKax Bemectsa [1]. Jlng ompeneneHus CyOCTPYKTYPHBIX XapaKTEPHCTHK TaKKe
UCIIONIL3YETCA FApMOHHYECKHM aHamM3 Mpoduiedl oJUHOYHBIX NMUKOB. Bee mepeducieHHEIe
METOJBI B  HAcTOsAIlIEe  BpeMs KOMIIBIOTEDH3HPOBAHEI ~ HyTeM  NPOBEICHHA
ABTOMATH3HPOBAHHOIO OJKCIEPUMEHTa U OOECHEYCHHOCTH pPaCYETHBIMH IIpOrpaMMaMHu.
TToka3aHsl BO3MOXXHOCTH KaX(JIOr0 MeEToJa NpH HM3yYCHHHM HEKOTOPBIX KaTalu3aTOpOB H
HOCHTENEeH Ha BceX CTAMMsX MX [PUTOTOBICHHS H HCIOJIB30BAaHUS, ONPENCIICHBI
CTPYKTYpHEIE  XapaKTEPUCTHKH.  Ba)XHEHINMX  HOCHTENEeH . JUId  KaTaiu3aTopoB  —

HH3KOTEMIICPDATYPHBIX OKCHAOB aIOMUHHA, HEKOTOPBIX IMIHHEACH H YII€pOdHbIX
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marepHanos [2]. Mccnenosans! HaHeceHHBIE MOHO- [2] M OMMeTaJUTHYeCK e KaTaTH3aTOPhI
[3]. 3y4eHa CTPyKTypa HaHOYACTHIl THTaHA W LHPKOHHS B MOIMKAPOOKCHIAHAX, BEISBICHO
B3aMMOJEHCTBHE C MATPHUIEH, 0OYCIOBIEHHOE YCIOBHSMH ITOJYYEHHS 3THX KOMIIO3HTHBIX

MaTepUaJIOB.

[1] E.M. Moroz. The Role of Structural Methods in the Development of Scientific Bases for
Catalyst Preparation. Zh. Prikl. Khim. (Russ. J. of Appl. Chem.), 69(11) (1996) 1764-1776
(in Russian).

2] O.M. Mopo3. PenTreHorpaguueckoe HCCIIEOBAHHE HOCHTENEH M HAHECEHHBIX
METAUTHYECKUX KAaTalIM3aTopoB, Y Clexu Xumud, 1992, 1.61, B.2, ¢.356.

[3] 3.M. Mopo3. Penrrenorpajuueckoe HccieloBaHHE HAHECEHHBIX OHMETALTHYECKHUX

Karanu3aropoB, Kuneruka u katanus, 1993, 1.34, Nel, ¢.31.
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EXAFS CIEKTPOCKOIINS M HCCJIEAOBAHHUE HAHOMATEPHAJIOB.

L. Kouybeii

Hucmumym xamanuza um. I K. Bopeckosa CO PAH
np. Axademuxa Jlaspenmvesa, 5, 630090 Hosocubupck
E-mail: kochubey@catalysis.nsk.su

PeHTreHOBCKHE CIIEKTpHI MOIJIOMEHus JAeaiTcs Ha cepun - K - cepus, L - cepus,
M - cepus, KaX/jas M3 KOTOPHIX COOTBETCTBYET HOHH3AlUM oﬁﬂoﬁ A3 3JIEKTPOHHBIX
o6onouex. K - I/IOHI/I33111/Iﬁ 3JIEKTPOHOB TIepBO# 06Gonoukw, L - Bropo#t u T.1. Ha nepsoii
060JIOUKE MMEIOTCS TOJNBKO 1S DJIEKTPOHBI M COOTBETCTBEHHO K CepHs COAEPKHT TOJIBKO
ofHH Kpait nornomenus. Jiis L cepru UMeroTcs yxke 28, 2p1/2, 2P32 YPOBHH H YXKe TPH Kpas
noromenys. Beerna paboTaer IpUHOMIL 0TGOPA, T.€. KOHEYHOE COCTOSHHE (OTOINEKTPOHA
EMeeT oIpeeIeHnylo KoHnurypauuoo. Ecli B HcciefyeMoM 00pasiie HMEETCS HECKOJIBKO
XHMHYECKHX DJIEMEHTOB, TO KAKIOMY M3 HHX OTBeyaeT CBOM KpaH morsouleHus. Kak
IIPABHJIO, OHU HE MEPEKPBIBAFOTCS, XOTA ¥ MOTYT JICXKaTh GIIM3KO JPYT OT JpyTa. TunugHbIE
pacCTOsHHS MeXTy KpasMH norjomenus B obnactu 5 - 30 k3B cocrasssiox 800 - 1000 3B,
XOTS MOTYT OBITh U MeHbIIe 1t L cepun. Takas Gosblnast pasHHIA B SHEPrHAX MO3BOJIACT
CHUMATh CIIEKTP MOMJIONIEHHS KaXKAOrO0 OJIEMEHTa WHIMBHIYaJIbHO, TaK 4Yro OHH HE
HAKJIAJBIBAIOTCS APYT Ha Apyra. JTO B MEPBYIO OYepeab CHpaBe/uMBo s K cepuu U MeHee
cupaBeqmBo s L cepmu. Ilpn jocTikeHuMu SHepruM (OTOHOB JOCTAaTOYHOH s
doTonoHM3aMH KaKoil JHOO 3JEKTPOHHOH 000OYKYM HAOMIOAACTCA CKA9OK MOTJIOMCHUS A
naiiee Takoi ke craz. CornacHo cTaHAapTHOH TeopuH KO3 (HUIMEHT NOrTIONICHHS 32 KpaeM
manaet 1o Gopmysie Bukroputa. 3HadeHus K03 GUUKECHTOB MOIJIOMICHHA B 3aBUCHMOCTH OT
SHEpPrHM KBAaHTOB TabyNHMpOBaHEI M MPHUBEACHBI B MEXIyHAPOIHBIX tabmunax. EXAFS
CIIEKTp CJTOXEH H COJEPXHT OCHHUTHDYIONIYIO YacTh. OTH OCHHMUIAIAA HMEIOT
npotsokeHHOCTs o 800 - 1000 3B. Ipenmnonaraercs, YTO BBUIETEBINMH K3 MOIJIOTHBIIETO
PEHTICHOBCKMI KBAHT aToma JIEKTPOH MOXET PaccesThcs Ha cocefHeM arome. LIpu ToM
CYIIECTBYET BEPOSTHOCTH TOTO, 4TO (POTOIJEKTPOH pacceeTcs Ha3al M MEpe MOTTIOTHTCH
JIEPBHYHEIM aTOMOM. JTO IPHBEIET K OCHMJLIANMM KO3 HUIHCHTa OTIOMEHHS, ¥ [IEPHOJ
OCIIIALMI OyAeT paBeH yIBOCHHOMY MEXAaTOMHOMY PaCCTOSHHMIO.

[IpobnemMaMu MpH H3MEPEHHAX DPEHTIEHOBCKAX CICKTPOB IOMVIOIMICHHMA B IEPBYIO
ovepelb CBA3aHa ¢ HEOOXOMMMOCTBIO PETUCTPAIHH CIIEKTPOB MPOTDKEHHOCTHIO OKOJIO 1000 B
¢ morpemsocThio okono 0.1% wu3mepenns B Touke. [Ipu pabore co cTaHIapTHBIMH

PEHTTCHOBCKHMH Tpy6Kamu Ha 5To Tpebyerca okono Hejenu npubopHoro Bpemend. Ilpu
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MCIIONIb30BAHHH.  HAKOIIMTENA ~ OJIEKTPOHOB  IOJYYAIOT  HEMPEPHIBHOE  H3JydeHHe
I/IHTCHCI/IBHOCTBIO. Ha 3—4 nop;mKa‘ BBIIIIE MHTCHCUBHOCTH PE30HAHCHBIX J'II/IHI/Iﬁ B
PEHITEHOBCKHMX TpyOKaX. OTO BMECTE C BO3MOXXKHOCTBIO IIOJIYYHTH HENPEPBIBHBIA CIIEKTp
JlaeT BO3MOXHOCTH PerucTpupoBath crekTpsl EXAFS 3a BpeMeHa nopsaxa 20 u mepesecTn
ceeMKy EXAFS cIieKTpoB B paHr CTaHJAPTHBIX aHATTMTUIECKUX H3MEPEHMI.

Metonom EXAFS CHEKTPOCKOINH HCCIEAYCTCS CTPYKTypa TIOKaTBHOIO OKPYXEHHS
aToMOB (KOOpPIMHAIIMOHHOE YHCIIO, MEXAaTOMHBIE paccTosHHA, (axtop [eGas, mpupona
COCEIHEr0 aTOMa) B CIIOKHBIX COEMHEHUAX H, IIPEX/E BCETO, B COCTABE BHICOKOAMCIIEPCHBIX
KaTaIM3aTOPOB ¥ HAHOMATCPHATOB. JTHM METOJLOM MOXHO H3ydYaTh DEHTIeHOaMOpQHbIe
o0pasupbl B KHIKOM H TBEPAOM COCTOSHHUSX, T.€. OOpasibl, A1 KOTOPHIX HEBO3MOXHO
HOJIy4YUTh HHYOPMALUIO PEHTICHOrPadHIECKUMH CTPYKTYPHBIMHE MeTOIIaMI/I‘. B 3aBucumoctu
OT TOCTaBJICHHBIX 3aJa4 NPHMEHSIOT pPa3sTHYHBIE METOLMKH PETHCTPALKH cnekTpOB,
MTO3BOJIAIOINME aHATM3UPOBATH JIOKAIHHOE OKPYKEHHE aTOMOB B 66LeMe, Ha MOBEPXHOCTH,
1100 B IPUIIOBEPXHOCTHBIX CIOAX:

— MeTOA “Ha IpPOIYCKaHHe”, HCIONb3YIOMMHUCS I H3yYeHHS “HIPO3payHbX” 06pasios ¢
BBICOKOM KOHIIEHTpAIMEH HCCIEAYEMOro JIEMEHTA; |

— DEHTreHOBCKas (IIF00PECLEHIHS, HCTIOTB3YIOmAsS BTOPHYHBIE SEKTPOHB! H IPHMEHAeMast
JUst 00pa3lioB € HU3KOH KOHIEHTpPaIlHel aHAIH3HPYEMOTro 3JIeMEHTa,;

— METOA IOPOTOBBIX OICKTPOHOB, HCIOJL3YIOIMANA BTOPHYHBIE JJIEKTPOHBI Il H3YYCHHS
JIOKJIHOTO OKPY>KCHUS aHaJm:;preMofo aToMa Ha nonepxﬁocm U [IPUTIOBEPXHOCTHBIX CIIOSX;

— METOJ NOJHOTO BHEIIHET0 OTPAaXCHHS, HCIONb3YIOLIMHCA TaKxke IS HCCIeLOBAHHUS
IIPUIIOBEPXHOCTHBIX aTOMOB, HO IIO3BOJISIOIMA PErMCTPUPOBATh CHEKTp OT 00pasia,
HaXOZIIErocst Ha BO3AYXE WA B KOHTPOIMPYEMOH aTMocd)epe;

- Mérozx “CTon—qmby”, I03BOJISOLIMH H3Y4aTh KHHETUKY OBICTPO npoiexaxomnx IIPOIIECCOB.

K orpanuyennsM Mertona OTHOCHTCS TO, 4YTO B HaCTbs{mée BpeMs OH MOXeET
HCCJIEIOBAaTh CTPYKTYPY OKPYKEHHS 3JIEMEHTOB, HauMHas TOJBKO ¢ THTaHa. Kpome Toro,
METOJ MO3BO/SIET OIPENENATh crpyKTypy OKPY)KEHHS B [HUama3oHe paccfo;nmﬁ 2-6 A.
HeIIOCTaTKOM SBIIAETCA TAaK)Xe Masias 00JIacTh MEXXaTOMHBIX PacCTOSHHM, KoTopLIe MOXHO
ompeaeuTs (He Gome 8A). |

B mexumm Oynyt npeHCTéBneHH 9KCIepUMEHTAIbHBIE ';aéroxmx'n HCCIIEIOBAHMUS
BBICOKOHCIICPCHEIX KATATH3aTOPOB M HOCHTENEH, a TakKe HaHOMafeﬁﬁaHOB ¢ HOMOLIBIO
EXAFS crekTpoCKomud. ByayT paccMOTpeHEI BapnaﬁTLI 3KcnepnMeHTaJiLHm'x'ycTaHoBbK 7§

METOJIbI PaCYETOB.
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MOJEJAPOBAHUE KHHETHKU KATAJUTHYECKHX PEAKIIWH

A. Epmakosa

Hucmumym xamanuza um. I' K. Bopec;cdea CO PAH, Hosocubupck, Poccua
E-mail: anna@catalysis.nsk.su

MareMaTu4ecKoe MOJICTHPOBAHHE XMMHKO-TEXHOJIOI MIECKUX IIPOLIECCOB,
IPOTEKAIOMKMX B NPHCYTCTBHH KaTalM3aTopOB, HIPAaeT BAXHYIO POJb MPH CO3NAHHH HOBBIX
TEXHOJNOrHYECKUX IIPOIIECCOB, HANPABICHHBIX /A MOJYYCHHSA IKM3HCHHO BaXKHBIX
IIPOJIyKTOB, TP PEIICHHH 334 NOBHIIECHHS 3((EKTHBHOCTH CYMECTBYIOMUX [IPOU3BO/ICTB
M ONTHMAIBHOTO YIIPABICHUA HMH.

IIpuMeHsieMble U 3TOH IEH KaTaiu3aTopsl € _npelcpacm;m JU3aHHOM OYEBUIHO,
ABIIAFOTCA HE TOJNBKO YKPAIICHHEM BHTPHHBI Ha BBICTABKC poctmxenud. Karamasartop,
GyHydH 3arpyeHHBIA B peakTop, JOJDKEH paboTaTs Ha MONYYCHHE NEJIEBOrO MPOAYKTA. A
JUIS TOro, 4TOObI BBIIOJHHTH 3ajady MaTeMaTHYeCKOro MOJCIHPOBAaHHS M ONTHMU3ALHH
peakTopa, HEOOXOZHMO 3HaHHE CKOPOCTEH XUMHIECKHX [IpeBpaIllicHUH Ha JaHHOM
Katamuzarope. JpyrdMH CIOBaMM, MbI JOJDKHBI HMETh MAaTEMATHIECKOC Bmpa}KeHne,
npeicTapisioliee B SBHOH QopMme 3aBHCHMOCTS cxopocin peakiuyd OT MEPEMEHHBIX
COCTOSIHHS (KOHLEHTpauu#, NapIHaTBHBIX NaBIeHHH, IapUAAIBPHBIX (YTHTUBHOCTEH,
TeMIepaTypsl, JaBICHHS), H3MEHAOMMXCA B XOJE PCaKIMH B PeaKTope. OTH ypaBHEHHS
HA3BIBAEM MATEMATHYECKOM MOJIETbEO KUHETHKH MITH IPOCTO KHHETHIECKOH MOJIENBIO.

KuHeTHueckas MOJIENb — NOMHMO IEPEMCHHBIX COCTOSHUS — CONCPXHT B cebe
TapaMeTphI (KOHCTAHTH CKOPOCTH, KOHCTAHTHI PABHOBECH 3/IEMEHTAPHBIX PEAKIUH, JHEPTUH
AKTHBALMK) CMBICT KOTOPHIX BBITEKACT H3 JETATBHOTO MEXaHM3Ma PCaKIHH. YucneHHbIe
3HAYCHWA STHX MapaMETpOB Ha CEroJHANIHMHA JICHb HE MOIYT OBITH HOJYYEHBI YHCTO
TEOpPETHUECKHMH pacueramu. JUii HX ODpEeNeHHs HEoOXOAMMBI nabopaTopHble
SKCIIEPUMEHTAJIBHBIC JaHHbIC 10 HCCIENOBAHHMIO KHHCTHKH Ha JAaHHOM KaTalu3aTope. Ha
.6aze STHX SKCIEPMMEHTOB YTO4YHsAeTCs (opMa KMHETHYECKOH MOJENH, ONPEAENSIOTCS
HEHM3BECTHbIE 3HAYEHHA  I1apaMETpoB — ° HyTEM  TPHBEACHUA B COOTBCTCTBHC
.BI‘(CHepHMCHTaJIBHBIX JAaHHBIX C TpeanonaraeModl (opMoOl KHHETHYECKOH MOJEIH.
CofepxaHue, aIeKBaTHOCTb, IpeACKasaTelpHast CHIA  KOHEYHOTO  NPOAYKTa  —
CoJepKaTeNbHOW KHUHETHYECKOM MOJIENH - 33aBHCHT OT TOTO “mu3aitHa”, KOTODBIA
IPUMEHSANCA TP €ro MOCTPOeHHH. B HacTosulee BpeMs “KMHETHYCCKHH JU3afiH” W

ITIOCTPOCHUE aJIeKBaTHOHU KHHETHIECKOH MOJend TIIPCACTABIACT co0oil caMOCTOSATENBHOE
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HayuHoe HampaBleHue. OHO 6asupyercs Ha HCKYCCTBE IENEHANPABIEHHOT0 TIAHMPOBAHHAS
KHHETHYECKHX DKCIIEPUMEHTOB C IEJNBIO MOTyYeHHsS HHGOPMATHBHOIO MaccuBa JaHHBIX, Ha
IIPaBHJIBHOH OIEHKE IOTPEIIHOCTH B AaHHBIX H UX KOPPEKIMH CTPOTHMH CTATHCTHYECKAMH
Merofamu. OmNpeneNcHue YHCICHHBIX 3HAaYeHMH MapaMeTpoB — WM JAPYTHMH CJIOBaMH
napaMeTpuyecKas HICHTH(UKaNU - HCIONb3yeT HeOOXOMMMEIH I 3TOH HenM apcesan
MATEMATHYECKUX, CTATHCTHYECKHX W BEMHCIATETEHEIX METO/IOB. BEMHCIUTENEHEIE METOB]
pemieHus 3ada4 NapaMETPMYECKOH HICHTU(HUKALMH CYIIECTBEHHO 3aBHCAT OT Xapakrepa
OKCIIEPHMEHTANBHBIX JAHHBIX, IIONy4YeHHBIX JUO0 B IIPOTOYHOM pEaKTOpe HACAIHLHOLO
TlepeMeNIHBanys, JH60 B MPOTOYHOM PEAKTOpEe MACATBHOIO BHITECHEHHS, JTHOO B :pééKTope
3aKpBITOTO THIA U JIP. JTO OYEBHIHO, IOCKOJBKY YpPaBHEHHS MaTEMATHYECKOTO OMHCAHHUS
HEPEYMCIIEHHBIX ~ THIIOB  PEakTOPOB  OTHOCATCA K  pasHBIM  KjiaccaM — ypaBHEHHWH
MareMarnueckolt ¢m3umku. B omHuX coydasx pabora Begerci ¢ CHCTEMOH
mubdepeHIHanbHEIX YpaBHEHUH C HENMMHEHHBIMH TIPaBHIMH qaCT;iMH, B IPYTHX — C cﬁcfemoﬁ
HEJNUHEHHBIX anreOpauyecKUX YypaBHEHHI, HESBHBIX OTHOCHTEIBHO H3MEPAEMEIX. - B
3KCIIEPUMEHTE IIEPEMEHHBIX COCTOSHHUSL. '

COBOKYIIHOCTh ~Mare€MaTW4ecKHX, UHCICHHBIX M  CTaTHCTHYECKHX METOJIOB,
TPUMEHAEMBIX IIpH napanaerpﬁqecxoﬁ HICHTHQHUKAIMKM, B aHTJIOA3BIYHON JIMTEpAType
Ha3BIBAIOT KOPOTKO Kak “‘estimator”. B mepeBojie Ha pyCCKHU# S3BIK 3TOT TEPMHUH MOXET OBITH
Ha3BaH “uaentudukaropoM”. CoBpeMenHbe DBM 6e3yClOBHO HUIparoT HE3aMECHUMYIO POJIb
B peaH3allii U HETPEPHIBHOTO YCOBEPIIEHCTBOBAHUA UAECHTH(DUKATOPOB. |

B jneKuw® mpeamonaraeTcs B IpeienaX OTBEIEHHOIO BPEMEHM OCTaHOBHTHECA Gonee

HOHpO6HO Ha HM3JIOKCHHBIX BBEIIIC MCTOJAAX, € IIOMOUIBIO KOTOPBIX CO3OACTCA OW3aiiH

KUHETHYECKON MOJIETH.
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TIPABOBASI OXPAHA M OLEHKA OBBEKTOB
HUHTEJUIEKTYAJIBHOU COBCTBEHHOCTH

M.B. emuaos

Hucmumym xamanusa um. T'K. Fopeckosa co PAH, Hoéocu6upcx, Poccus

«Ba30Bbie NOHATHA, 00LEKTHI H CyObEeKThl HHTEJIEKTYAIbHOMH
, _ COOCTBEHHOCTH

Iesn 1 323244 TEMBI:
OsuakoMJIeHHE CaymaTesen:

e C IOHATHEM HMHTEUICKTyalbHOH COOCTBEHHOCTH H (OCHOBHBIMH HMHCTHTYTAMH Mpasa
HHTEJUIEKTyaTbHOH COOCTBEHHOCTH;

e C CHCTEMOM KiaccupHKanul OOBEKTOB I/IHTeIIJIeKTyaIH:HOI/I CcOOCTBEHHOCTH, €€
IPHHIHEI B GyHKIMOHAILHOE 3HAYCHHE; _

e C TOHATHAMH 4BTOPOB M IpaBooOnanareneil OGBEKTOB HMHTEIIEKTYaNbHOM
COOCTBEHHOCTH.
1. TloHsiTHEe HHTENIEKTYA/ILHOH COOCTBEHHOCTH.

o TloHsATHE COOCTBEHHOCTH, BUABI COOCTBEHHOCTH.

o TloHATHE HHTEUIEKTYATbHON COOCTBEHHOCTH.

o T'pakaaHCKOE 3aKOHOAATENHCTBO PO 00 HHTE/LIEKTYaIbHOH COOCTBEHHOCTH.
2. OO0beKTh! HHTELIEKTYaabHoi cobcTrBeHHocTH (OHC).

o TloHsATHE 0OBLEKTOB HHTEIUIEKTYAIEHOH COOCTBEHHOCTH.

e O6Iiee ¥ YaCTHOE B Pa3IMYHBIX 00BEKTaX HHTEIUIEKTYalbHOH COOCTBEHHOCTH.

o Knaccuduxauus 00HEKTOB HHTEUIEKTYAIBHOH COOCTBEHHOCTH:

¢ 10 chepaM JIeITENFHOCTH Y€JIOBEKA;

e . [I0 MHCTHTYTaM IIpaBa POCCHHCKOr0 3aKOHOAATEILCTBA.
3. OO6BeKxTHI ABTOPCKOIO Npasa.

o OTHOLIEHHN, PETYIHPYEMBIE ABTOPCKHM MIPABOM.

¢ ABTOPCKOE IPAaBO U CMEXHBIC IIPaBa.
4. O0BeKThI NPOMbLINLICHHOH COOCTBEHHOCTH.

‘¢ TloHATHE HPOMBUIJIEHHOM COOCTBEHHOCTH.

¢ CocTaBHBIE YAaCTH MPOMBIIUICHHON COOCTBEHHOCTH

¢ [IaTeHTHOE IPaBo;

e Cpe/CTBA MHAMBHIYAIM3AllMH YYaCTHHKOB IPa)KIaHCKOro o0opoTa M MPOU3BOAMMON
HMH MPOAYKIHH (paboT, yciuyr).
5. CoenuanbHble (HeTPAXHIHOHHBIE) 00bEKThI HHTEJIEKTYabHOH COGCTBEHHOCTH.

e OTHOINEHHUS, PETYIHPYEMbIE 3aKOHOJATEILCTBOM O CIENHANBHBIX (HETPaJUIMOHHEIX)
00beKTaX HHTEJUICKTYaIbHON COOCTBEHHOCTH.

e OCOOEHHOCTH CIENHATLHBIX (HETPAIHIHOHHBIX) OOBEKTOB HHTEIUIEKTYAbHOM
cOBCTBEHHOCTH: '
OTKpBITHS;
TOMOJIOTHA HHTETPATBHBIX MUKPOCXEM;
CEJICKITMOHHEBIE JIOCTI)KEHHS;
ciyxeOHas HIIH KOMMepYecKas TaliHa (CeKpeThl IPOH3BOAICTBA, HOY-Xay).
6. Cy0beKThl HHTEJUIEKTYaIbHOI cOOCTBEHHOCTH.

o dusyueckhe nuua (TpaxaaHe) ¥ IOPHAMYECKHE JHIA KaK YJAaCTHHKH OTHOLICHHH,
CBA3aHHBIX ¢ HHTEJUIEKTYAIbHOH COOCTBEHHOCTBIO.
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o IlonaTHs "aBTOp" M "IpaBOOOIAaNATENS" B MHTEIUIEKTYaIbHON COOCTBEHHOCTH"

«IIpaBoBasi oxpaHa 00b€KTOB HHTELIEKTYaILHOM COGCTBEHHOCTH»
Henun 1 3axa"x TeMbl:
O3HakoMJIEHHE CITymIaTeneki:

e Cc cHCTeMOH poccnncxoro 3aKOHOZATENECTBA 00 OXpaHe HHTEIUIEKTYaAIbHOH
COOCTBEHHOCTH; ' ' R

® C OCOOCHHOCTAMH NPaBOBOH OXpaHbl pPaslHYHBIX OOBEKTOB HWHTEILIEKTYaNbHOM
coOCTBEHHOCTH; :

e ¢ mpaBaMd M  O043aHHOCTAMH AaBTOPOB H  IpaBooOjiajgareliei  OOBEKTOB
HHTEIUIEKTYaJIbHOH COOCTBEHHOCTH.

1. Cucrema poccHiicKoro 3aKoHOAATeJbCTBA 00 OXpaHe HHTELIEKTYAIbHOM

co0CTBEHHOCTH. : ‘
® OCHOBHBEIE HCTOYHMKH TIPABOBOTO PETyIHPOBAHHUS OTHOIICHHHM, CBS3aHHBIX ¢ OXPaHOM

U MCHOJb30BaHHEM O00OBEKTOB HHTEIUIEKTYAIbLHOM COOCTBEHHOCTH.

2. ABToOpCcKoe npaBo.

e IlonsTHa ¥ IpH3HAKH 0OBEKTA aBTOPCKOTO NPaBa, CMEXHBIE IIPaBa.

e ABTOpHl (COAaBTOpPHI) HPOU3BENCHHH; HACICNHHKA ¥ HHBIE IIPABONPEEMHHKY;
OPraHH3allMH, YIPABIAIONIME HMYILICCTBCHHBIMH IIpaBaMH aBTOPOB Ha KOJUIEKTHBHOIM
OCHOBE.

o IlpaBa aBTOpPOB NIPOH3BEACHHUI HAYKH, TUTEPATYPHI H HCKYCCTBA.

¢ IIpasa aBTOpOB ¥ IpaBooOnanaTenei Ha mporpaMMsl A1 IBM u 6a3 faHHEIX.

e IlpaBa ucnonnurenedf, mnpousBoiuTeNed (GOHOrpaMM, OpraHM3amdii 3QHPHOrO H
Ka0eNnbHOro BEeHjaHus.

¢ CnocoOpl rpaXKAaHCKO-TIPaBOBO# 3aIUTHI aBTOPCKHUX H CMEXHEIX IIPaB.

3. HarenTHoe npaso. OdopMiIcHHEe ATEHTHHIX NPaB.

¢ [lonsaTus M NpH3HAaKKH 00BEKTA IATEHTHOTO MpaBa.

¢ ABTOpEI H300peTeHHH, TONE3HBIX MOAENEH U MPOMBIIUIEHHEIX 00pPa3ioB; HACTIEIHUKH;
nareHToob1anareny; [laTeHTHOE BeIOMCTBO; MaTEHTHEIE IIOBEPEHHEIE.

¢ IlIpaBa aBTOPOB H300pETEHUIA, IOJIE3HBIX MOJIENEH H MPOMBILIIEHHBIX 00Pa3IIoB.

e CocTaBleHHE U TOfaya 3asBKH; PacCMOTPEHHME 3a4BKH B IIaTEHTHOM BEIOMCTBE;
BbIJIaya MaTeHTa.

e [lareHT Kak popma oXpaHbl OOBEKTOB MPOMEIIIIIEHHON COOCTBEHHOCTH.

e ['pakmaHCKO-TIpaBOBBIE CIIOCOOHI 3AIIUTHI IIPAB aBTOPOB M IIATEHTO00IaHaTeNeH.

4. TlpaBoBasi 0XpaHa CPeACTB HHIMBHAYATH3AUHH YIACTHHKOB IPasKIaHCKOro 06opora
H NPOM3BOAUMON HMR IIpoayKitaH (padoT, ycayr).

e IlpaBoBad oxpaHa (UPMEHHBIX HaWMEHOBAaHHMH, TOBADHHEIX 3HAKOB, 3HAKOB
oOcTyXuBaHUA 1 HAUMEHOBAHHUIA MECT NPOHCXOXKIEHUS TOBAPA.

5. IlpaBoBas oxpaHa IPYrHX 00LeKTOB HHTE/LIEKTY AILHOM COOCTBEHHOCTH.

e OOmye NPHHOMIB! NPaBOBOH OXpaHBI CICHHANBHBIX (HETPAIHIHOHHEIX) OOBEKTOB
HHTEJJIEKTYAIBHOU COOCTBEHHOCTH.

e OtkpeiTHe; CyOBEKTHI IpaBa Ha OTKPHITHE; 0(OPMIICHHE npaBa Ha OTKpHITHE; 3allliTa
IIpaB aBTOPOB OTKPHITHA.

e Tomonorus HHTErpaNBEHBIX MEKPOCXEM; CYOBEKTHI IIpaBa Ha TONOJIOTHIO HHTEIPAILHOM
MHKPOCXEMBI, PErHCTpalids TOIMOJOTHH HHTErPaJbHOH MHKPOCXEMBI H YBEJIOMIIEHHE O
IpaBax; 3allKTa IpaB aBTOPOB U NpaBoobiafaTeneit TOmoNOruid HHTErPATbHBIX MUKPOCXEM.

e CeNeKUMOHHBIE JOCTH)KEHHS; CYOBEKTHl IipaBa Ha CENICKIHOHHOE JIOCTHXCHHE,
odopMIeHHE TmpaBa Ha CENEKIMOHHOE MOCTHXKEHHE, 3aiMTa IpaB aBTOPOB H
natentoobianarTenei CeICKIHOHHbIX JOCTHXEHHH.
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6. IlpaBoBas oxpaHa ciIyxKeOHOI H KOMMep9ecKoil TaiiHbi (Hoy-xay).
o [lousaTHe U NpH3HAKK HOY-Xay; CyOBEKTHI IIpaBa Ha HOY-Xay.

e IlpaBa oGnanareneit (COOCTBEHHHKOB) HOY-Xay.
e 3amura npaB obianareneii (COOCTBEHHUKOB) HOY-Xay.

"Il pHHLUIbI OHEHKH 00bEeKTOB HHTELIEKTYaAILHOH coGcTBenHOCTH"

Ilesu 1 3372494 TEMBI:
O3HaKOMIIEHHE CTyLIATENEH:

e C I[e/ISMM W IPHHIAIAMH OLEHKH 00BEKTOB HHTEJUIEKTYalbHOM COOCTBEHHOCTH.

e C IOAXOJaMH H METOJAMH OIEHKH 00HEKTOB HHTEIUIEKTyaIbHOH COOCTBEHHOCTH.

e ¢ OCOBEHHOCTAMH OIEHKH M  MapKeTHHTOBBIX  HCCJENIOBAHHH  OOBEKTOB
HHTEUIEKTYaIBHOH COOCTBEHHOCTH. '
1. Ilean olileHKH 00bEKTOB HHTEJIEKTYAJIbHOMH COOCTBEHHOCTH.
o Busl CTOMMOCTH 00BEKTOB HHTEILIEKTYIbHOM CTONMOCTH:

e pacueTHas;  JOTOBODHAS,  PBHIHOWHAS,  pEalH3aIMOHHAd®,  JIMKBHIAIMOHHAS;
MHBECTHIMOHHAS, GANAHCOBAst; IPEJIOKCEHHUS IPOIABIA; MPE/IOKEHHS TOKYIaTeIs.

o Ilemu oreHKu: N

‘e UL WCHONG30BAaHMA  OOBEKTOB  HHTE/UIEKTyaldbHOH  COOCTBEHHOCTH B

[peNPUHAMATENBCKOH AEATEIBLHOCTH; '

e [UI1 MCHOJB30BaHHSA OOBEKTOB HHTEIEKTYaJbHOH COOCTBEHHOCTH B KadecTBE
HEMaTepHATIFHBIX aKTHBOB Hpennpwmrm '
2. O6mme cBeleHHs 0 HeMaTePHAILHDLIX AKTHBAX H HX PoaH B CTPYKType aKTHBOB
npeanpusiTHA.

e DKOHOMHYECKHE aKTUBHI IPEATIPHATHS.

e HeMarepHanbHbIE aKTHBHI IPEANPUATHS, HX CTPYKTYPa M COCTAB.

o OGBbEKTHl HHTE/UIEKTYaTbHOM COOCTBEHHOCTH B COCTABE HEMAaTePHAIBHBIX AKTHBOB
IpEANPUSTHS, IyTH IOCTYIUIEHHS HEMAaTepHAIbHBIX aKTHBOB Ha MIPENPUITHE.
3. Yloaxoabl K OEeHKe 005HeKTOB HHTE/UIEKTY AbHOM COOCTBEHHOCTH
3arpaTHbIH:
METOJ CTOUMOCTH 3aMEeICHHUS; _
METO]T BOCCTAHOBHUTENEHOH CTOMMOCTH;
METO/I UCXO/HBIX 3aTpar.
PriHOYHBIH (MeTOJ CpaBHEHHSA nponaxc)

. JIOXOHBIHA:

e METOABI IpPSAMOH KAIMTAM3aad  (MeToZ| SKCIIPECC OLIEHKH, METOJ U30BITOYHOM
TIIpHOBLTH);

e MeTOJbl JUCKOHTHPOBAHHEIX JCHEXHBIX MOTOKOB (METOA PEaTbHOr0 KOHOMHYECKOTO
s bekra, METO OCBOOOXKICHHUS OT DOSUITH, METOJ "[1paBmIO 25 MPOLEHTOB");

® 3KCIEPTHBIE METOIBI. »
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HEKOTOPBIE MATEMATHUYECKHWE ACIIEKTHI
MOIEJNUPOBAHUS JTUHAMHAKHA KATAJINTHYECKHUX PEAKITAN

H.A. UYymakoBa

Huemumym xamanuza um. I'' K. Bopecxosa CO PAH, Hosocubupck 630090, Poccus
Ten.: +7(3832)341278 @axc: +7(3832)343056
E-mail: chum@catalysis.nsk.su

B neximu GygyT paccMOTpeHBI HEKOTOPHIE METOIBI KA9eCTBEHHOM TEOPUHU
nuddepeHIHATBHBIX ypaBHeHIiﬁ U BBMHCIHTCIPHOM MAaTEMAaTHKH B IPHIOKEHHH K
MaTeMaTHYeCKOMY MOJCIHPOBAHHMIO IWHAMHKH KHHETHYECKHX MOJENEH KaTaIMTHYeCKHX
peakuui. B xkauecTBe MILTIOCTpalluil HCHONB3YIOTCS Pe3ybTaThI TeopéTqucxoro aHaIn3a u
BBEIYHCTIMTENHHOTO SKCIEPUMEHTA [UIs MOJETIH TE€TEPOTEHHOH peakMy OKUCIIEHUs BOJOpPOAA
HA METALTMYECKUX KaTaTu3aTopax, KOTopas MpeACTaBIIseT coboit CHCTEMY TpeX HeTHHEeHHBIX
OOBIKHOBEHHBIX JHU((EPEHIHANBHEIX YPABHEHHH OTHOCHTENBHO KOHIEGHTpALHME x; H X,
ancopOMpOBaHHEIX Ha HOBeﬁXHOCTH KaTanMs3aTropa BOAOPOJA U KUCIIOPOAA, COOTBETCTBEHHO,
¥ KOHIEHTPAIlMH X3 KHCIOPOJA, PACTBOPEHHOTO B IIPHIOBEPXHOCTHOM CIIO€ KATAIH3aTOPA.
OTH TIEpeMEHHBIE ABJAIOTCA OBICTPOi, yMepeHHON U MemteHHOH. KpoMe Toro, B Mojemn
YUMTBHIBACTCA BJIMAHHC PEAKIHOHHOW CpeJbl Ha CBOWMCTBAa KaTAIH3aTOpa, a HMMEHHO —
TIPEMITOJIAraeTCs, YTO SHEPIHE AKTHBAIMH CTAHH 00pa30BaHUs BOJBI 3aBHCAT OT X7 H X3.

VyuTHIBas HAMHYHe MEJUICHHOH II€PEMEHHOM X3, MPEACTABIAETCS MEeneco00pasHbIM
H3ydeHHE OIHONAPAMETPHYECKOr0 CeMeHCTBA IBYMEPHBIX IIOJACHCTEM, 3aBHCAIIHX OT
napameTpa xz, xapamépmyromero CTENEeHb OKHCIIEHHOCTH PHIIOBEPXHOCTHOTO CJIOL.

WsyyeHne KMHETHYECKOH MOJIENIM HAUHHAETCS C aHATH3a CTAllHOHAPHEIX COCTOSHMI 1
MOCTPOEHHS I1APAMETPHYECKOTO TOPTPETA CHCTEMBI, TO €CTh DasOHEHHS IIPOCTPAHCTBA
IapamMeTpoB Ha 00JNACTH C PasjIMYHBIMH (ha30BEIMH nopreTaMH. Jlst 3TOTO BBINOJHSETCS
HOCTpOeHHE OM(YPKAlMOHHBIX KPHBBIX, [PH NEPECEYECHHH KOTOPHIX IIPOMCXOMAT
Oudypranyy MepBoii CTeneHH HETpyGOCTH, KOTAa H3MEHSETCS YHCIO H/MIH YCTOHYHBOCTE
CTAlIMOHAPHBIX TOYEK H/WMIM IIPOMCXONHT OM(YypKaIMs NepHOJMYECKHX pelneHHH. Tak, B
KHHCTHYCCKOH MOJENIM OKHCJICHHS BOJAOpoAa oOHapyeHsl 16 pasnu4HbeIX (a3oBsix
HOPTPETOB, KOTOPHIE OTIMYAIOTCS YHCIOM H YCTOMYHBOCTBIO CTAlMOHAPHBIX TOYEK (OT
ONHOW JO INATH) M HEPHOJUYECKHX pEINCHHH (YCTOMYHBEIE, HEYCTOHUYHBHIE H
HOJyyCTOMYHBEIE IIpeAenbHBle LHKNBY). [Ipu u3MeHeHum mnapamerpa x; HaOmonaercs
Oudypxaumsa Xonda pOXIEHHA NEPHOAMYESCKOTO pEINEHHS, KOTOPOEC OMUCHIBAET

TapMOHHYCCKHE KolleOaHus Ha TIOBCPXHOCTH Kartajlu3aropa, a 3aTeéM, C YBCIHYCHHEM
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KOHIIHTPAIlMH PACTBOPEHHOTO KHCIOPOJa, KONeOaHUs CTAHOBATCS pellaKcalHoHHBMH. [Ipu
JAJIbHEHIIEM YBEIMYEHHH X3 B . CHCTEMe - IOSBIIOTCA PEINEHHS-yTKH, - ObNanaromue
Ype3BLIYAHHO BBICOKO TapaMeTPUIECKOH TyBCTBUTENBHOCTBIO K HadabHBIM YCIIOBHAM.

JInd OIMCAaHWsS CIOXHBIX MHOTOIHKOBHIX KONEOAHHH B TPEXMEPHOM CHCTEME €
nepapxueit Bpemen (ObICTpad, MeJJIeHHAs M YMEpEHHas [ePeMCHHbIC) B oknage Gyner
MpeiCTapieHa METOJMKa IOCTPOCHHS MAaKCHMAIbHEIX CEMEHCTB CTaNUMOHApHBIX M
IIEPHOIMYECKHX PEIIeHHil B OJHONAPAMETPHYECKOM CEMEHCTBE IBYMEPHBIX AHMHAMUYESCKUX
CHCTEM, OCHOBAHHAs Ha METOAE MPOIOJUKEHH: IO MapameTpy. byner chopmynupoBaH
IPUHIUI TEHEPUPOBAHHSA  CJIOXKHOH AUHAMHKH TpEXMEpHOH CHCTEMBI Ha OCHOBE
FeOMETPHYECKOTO aHaJIHu3a I/IHBapI/IaHTHI:-IX IOBEPXHOCTEHN, 00pa30BaHHBIX MAaKCHMaJIbHBEIMH
ceMeifCTBAaMM ~ CTAlHOHAPHBIX M  I[EPHOJMYECKHX — PCIICHHH - oz(HonapameTpnqecxoro
ceiivieﬁcma JBYMEpPHBIX mojacucTeM. lIpuMepnt cnabo YCTOWYMBOM AMHAMHKA B MOJICIH
Kéi;éﬁﬁTuqecxoro OKHCIIEHHS BOTIOPO/Ia 3aBEPLIAT 3TOT pasfer.

| Ilpn #M3y4eHHH XaOTHYECKOTrO nonezlcnnﬁ B TpPEXMEpHBIX JEeTEPMUHHPOBAHHBIX
JTMHAMHAYECKAX CHCTEMax 3¢¢eKTnBﬁ51Mp1 SIBJIAIOTCS IIOCTpOeHUE oToOpaxkeHus [lyaHKkape, a
Ték}lce METOJbl CHMBOJIMYECKOM [JWHAMHKH, pPa3BHTBIE JUId aHauM3a JHUCKPETHBIX
ziﬁHaMqucxux cucteM. B paccMatpuBaeMoll MoOfENH OOHapyXeHHI NocIIe0BaTeNbHOCTA
Oudypkanuit ynsoeHus mepuoza (IPsMOH M OOpaTHBIH KacKaibl Qaiirenbayma), a TaKKe
rno0anbHbIe 6n¢yp1<a1mn TIePHOIIECKIX pELICHHIA. HocrpoeHne TOMOKITHHUHYECKHX
TpaeKTOpuil HOKa3bIBaeT CyLIECTBOBAHHE CTPAHHOIO aTTpaKkTopa B ¢a30130M IPOCTPAHCTBE
TpeXMEpHOil HeMHEHHOH KHHETHYECKOM MOJIeTH KaTalHTHHECKOro oxncnennﬁ 'Boz(opoz(a.

Takum oOpa3oMm, JUIS BBHINONHEHHsS MATEMaTHHECKOTO MOJICTHPOBAHHs CIIO>KHOU
JIMHaMUKA  KHHETHIECKHX MOI[CJIeI/I KAaTaIUTHYECKHX DEAaKIHMi Ha COBPEMEHHOM YpOBHE
1:_pe6yerca npnmeHeHne Bccro KOMILJIEKCA METOJIOB Ka4YeCTBCHHON TEOPHH JTMHAMHYECKHX
CHCTEM H Bbmncnurenbﬁoﬁ MAaTEMAaTHKH. OTMCTI/IM, YTO TOYHOCTh pe3yJIbTaToB
BHIUMCIUTENBHOTO  OKCIEPHMEHTA  KOHTPOMHPYETCA OLEHKOU TrIo0anbHOU  OUIMOKU

HHTCI‘pHpOBaHI/ISI YTO 0COOCHHO BaXXHO NIpH pCIICHHHM 3ahad Ha OONBUINX I/IHTepBaJIaX

BpPEMEHH.
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®EPMEHTBI U TU3ANH BHOKATAJIM3ATOPOB

3arpebeanuprii C.H.
Hosocubupckui 2ocyoapcmeennuiii ynusepcumem, Hoeocubupck, Poccus

CpoiicrBa (hepMEHTOB H HX HPEHMYINECTBA KAK KaTaﬂnzaproﬁ
B xauectBe KaTaJIPI3aT0p0B XUMHYECKHX npeBpameHnn (bepMeHTLI obnanarT
MHOTHMH npeHMyLueCTBaMH 1o CPABHEHHIO C OOBIYHO HCIOJB3YEMBIMH KaTaJII/ISaTOpaMI/I
OTH peuMy1IecTBa 3a1c_moanoTc;1 B CJIEAYIOLIEM:
5b(eKTHBHOCTE (PEPMEHTOB KaK KaTaIM3aTOPOB 3HAYMTENRHO BBIIE, YeM OOBIYHO
HCIOJIB3YEMBIX B XHMHIECKOH MIPOMBIIIIEHHOCTH KATAIUTHYECKHMX ar€HTOB;
(GEpPMEHTAaTHBHBIE  PEAaKIMH  MPOTEKAIOT npﬁ (bu3HOIOrMYeCKH npneMneMﬁx
TEMIIEPaTypax, YTO IPHBOJHUT K DPE3KOMY CHHKCHHIO JHEPIOEMKOCTH TeXHONOTHYECKHX
IIPOLIECCOB; |
BBICOKasl CHENU(QUIHOCTE (PepMEHTOB K CyOCTpaTaM M KaTalHM3HUPYEMBIM peaKIHsIM
3HAYUTENBHO CHIDKAET PacXOAbl CBHIPhS M KOJNHYECTBO OTXOLOB IIPOM3BOACTBA 3a CHUET
OTCYTCTBHs HOOOYHBIX IPOAYKTOB. ‘
ViMeHHO 3TH nperMymecTBa ()epMEHTATHBHBIX IPOIECCOB HPHBIEKAIOT K HHM BCE
Oonee NpUCTaIbHOE BHUMAaHHE H NPHBOJAT K AKTHBHEIM HCCIETOBAaHHAM M pa3paGoTKaM

HOBBIX CITOCOOOB HX INPpUMCHCHHA.

TexHoI0THYIECKHE IPHEMBI HCII0Ib30BaHAH (ePMEHTOB
Illupoxoe npuMenenHne GEPMEHTOB B POMHIIICHHOCTH CAEPKHUBAETCS HEKOTOPEIMH
HEYI0OCTBAMH, CBS3aHHEIMH C BHICOKOH JTaGHIBHOCTHIO (DePMEHTOB, MX UyBCTBUTENLHOCTBIO
'K YCHOBHAM NpOTeKaHHs Ipouecca (pH, TeMmeparypa, HanMuMe B COCTABE DEAKLMOHHOM
CpeZibl KOMIIOHEHTOB, BEI3BIBAIOLIMX JEHATYPANHIO (EPMEHTHBIX GENKOB, H T.IL.).
Jlo6aBnenne epMeHTa B PEAKIHOHHYIO CMeCh B TPAIMIHOHHOM BHE YAIIE BCErO He
[I03BONAET HCTIONB30BATE (JePMEHT NOBTOPHO, J@ke KOI/ia AKTHBHOCTS (JEpPMEHTa B IIPOIecce
[pOBENCHAsS  peaKIHH COXpaHuiach. BO3MOXHOCTE MHOIOKDATHOLO MCIIOJIb30BAHHS
tepmeHTa aBana GBI JONOIHUTEIBHBIE IPEUMYTIECTBA, nocxdhbxy' dbepMeHTHEBIE NpenapaThl
JOCTATOYHO JIOPOTH. | A | o
B mocienHue ecATHNETHS pa3spabOTaH apCeHal TEXHONOTMYECKHX IPHEMOB,
TIO3BOJSIONIMX MOBBICHTE 3(()EKTHBHOCTS MCIONB30BAHUSA DEPMEHTOB KaK KATAIMTHYECKHX
areHTOB B [IPOMBILLICHHEIX IPOM3BOICTBEHHBIX Hponeccax. Cpely TaKuX IPHEMOB Haubolee

pacnpoCTpaHEHbI:
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¢ uMMOOHIH3aKA (EpPMEHTOB;
¢ WCIONB30BaHHE (PEPMEHTOB B 3aMKHYTHIX LHMPKYJSIMOHHBIX KOHTypax (MeMOpaHHEIE
CHCTEMBEI);

¢ npuMeHeHHe (epMEHTOB B HEBOAHBIX CpejiaX.

Jln3aiin GepMeHTOB ¢ HeJIbI0 YIy4IIeHHs HX TEXHOJIOIHYeCKHX CBOMCTB

HecMOTps Ha CTONH IpHBJIEKaTeNbHEE KadecTBa (EPMEHTOB KAK KATATHTHYECKHX
areHTOB, BCE € BO3ZHHKAIOT OOGCTOSTENBCTBA, TPEOYOIME MpPHCIOCOOUTh (DEPMEHTHI K
YCIOBHSM KOHKPETHOIO XHMHYECKOrO HpeBpalieHHs. B mocjaemnue rojpl IPELIONKEHb
MHOTOYHCJICHHbIC BADHAHTHI PENICHHS NONOOHBIX 3a1a4.

OcHogHnble HaNpagaeHUs YIyHueHUsA C60UCMe 6u01<amwzu3ainopoe
" [OBBINEHHE CTAOMIBHOCTH (TEpMOCTAOUIBHOCTH);
= onruMmusanug pH — 1uamnasona;
® [IOBBIIIEHHE YCTOHUYMBOCTH K HEBOAHOM Cpene;

" [IOBBIIIEHHE cTepeocenuHIHOCTH (YCHICHHE SHAHTHOCEIEKTUBHOCTH).

7 Texnnka oNTHMH3aNHN CBOHCTB pepMeHTOB
JluzaitH (epMEeHTOB € HOBBIMH CBOMCTBaMH OCYINECTBJISICTCS Ha T€HHOM YPOBHE.
OranmaMu 3TOTo Ju3aifHa SBIAAIOTC:
1. Ilonydenne HaGopa TIe€HOB K3 pasHBIX HCTOYHHMKOB, KOIUPYIOUIMX (PEpMEHTEL
- KaTATH3UPYIOIME OJHOTHIIHBIE peaxunn;
2. ®parMeHTanys reHOB ¥ pa3MHOMKEHHE MOIYYeHHBIX ()parMEHTOB C MOMOLIBKO MyTareHHOM
ITL{P (mosrMepa3HO# HEMNHOH peakuyy) - BBEACHHE CIIyYaiHbIX MyTalui;
3. Coopka ¢parMeHTOB ciydaiiHBIM 00pa3oM, BCTpOHKa MX B BEKTODHBIE MOJEKYIEl H
KIIOHMUPOBaHWE BAPHAHTOB rena B OaxTepUanbHBIX KIIETKAX;
4. Cenexiysi KJIOHOB, IPOAYHHPYIOLIHX bonee 3 deKTHBHEIE éapnaHTbl ¢pepMeHTa;
5. IoBropHBIi payHA MOAH(HKALMHM [EHOB, KJIOHUPOBAHWA BAPHAHTOB M CENEKIUH eme
Gonee 3¢ (PEKTHBHBIX BAPHAHTOB; |
IMocne 6-8 mOXOOHBIX MUKIIOB yJA€TCs CYHIECTBEHHBIM 00pa3oM YIydIHTh CBOMCTBa

. bepMeHTOB.
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CIIOCOBBI TPAHC®EPTA TEXHOJIOT'HI

M.b. demuios, B.A. Pemuen

Hucmumym xamanusa um. I' K. bopeckosa CO PAH, Hosocubupck, Poccus

""Cnoco6n1 TpancdepTa TEXHOIOTHIl, IPHHLIUIBI EPEIAYH NPAB HA 00LEKTHI
HHTEJLIEKTY 2 IbHOH ¢06CTBEHHOCTH, 6a30BLIe MOHATHSH"

I_[e.rm H 3aJa4d TCMbI:

Os3HakoMJICHUE CITyIIaTese:

C IpHHUKIAaMY ¥ 6a30BbIMH (popMaMH TIepejadl NpaB HA OOBEKTH HHTEIEKTYAILHOH
COOCTBEHHOCTH;

C 0COOEHHOCTAMY NEPENaYH HMYLIECTBEHHBIX IIPaB Ha 00BEKThI aBTOPCKOIO IIpaBa;

C 0COOEHHOCTSIMH IIEpeladl HMYINECTBEHHBIX IPaB Ha OOBEKTHI MPOMBIIILIEHHON
COOCTBEHHOCTH, HETPaIUITHOHHEIE (CTIELUATBHEIE) U HEOXPaHIEMbIE O0BEKTHI
HHTEINJIEKTyalbHOH COOCTBEHHOCTH;

co cnocobaMu TpaHcpepTa TEXHONOTHil.

Ilepenaya MMyImeCTBEHHBIX IPAB HA 00beKTHI ABTOPCKOI0 MPaBa (aBTOPCKHiA
JAOTOBOP).

Knaccudukanys, CTpykTypa U coJiepaHue aBTOPCKOro JOroBopa.

Ilepenaua uMyInecTBEHHBIX IIpaB Ha MporpamMMel 11t IBM u 6a3bl [aHHBIX.
OTBETCTBEHHOCTE CTOPOH 32 HapyLICHHE aBTOPCKOTO TOr'OBOPA.

Cnoco0pI mepegayu TeXHOJIOTHii.

IlocTaBKa KOMIUIEKTHOTO 00OPYIOBaHHU, BKIIOYAs TEXHUYECKYIO JOKYMEHTALHIO H
TEXHMYECKOE CONPOBOXKACHUE (HABHIKH), KOTOPBIE HEOOXOIUMBI ATl SKCILTyaTal{uH U
PEMOHTa IOCTaBJIAEMOT0 000pyIOBaHHUS.

CrpoutenscTBo 00BEKTOB "0 KITF0Y", BIJTIOYast THIIEH3HPOBaHHMEe 3aKa34YHKy NPaB Ha
HCIONB30BaHUE TEXHOIOIHYECKHUX IPOIIECCOB, Nlepeiady CEKPETOB IIPOU3BOICTBA, ONBITA
Y HABBIKOB, HEOOXOAUMBIX AJI IKCIUTyaTaIMH CTPOSIIETOCS 00HEKTA.

JIusuHr (puHaHCOBaAs apeHAa), BIUTIOYAsS TEXHHYECKYIO IIOMOINE B BAAE OOCITyXUBaHHS
000pyIoBaHHS U KOHCYJIBTAIUH CO CTOPOHBI JIM3HHTO/1aTeIIs.

Pa3nuunbie GopMbI KOONepanyy, o3BOJIIONINE HHTETPHPOBATE TPOU3BOICTBEHHbIE H
KOMMEPYECKHE TEXHOJIOTHH TAPTHEPOB C IEJHIO MOBBIMIEHUSI KOHKYPEHTOCIIOCOOHOCTH
MIPOU3BOJUMON UMM poayKuud (paboT, yCiyT).

MHXVHUAPHHT U KOHCAITHHT, BKIFOYast NPOCKTHO-KOHCYIHTAIIHOHHYIO, TOIPAIHYIO U
YTIPaBJICHUECKYIO AEATEIBLHOCTD.

Brimonrenne HUOKP cnenuanizupoBaHHo# opraHu3alueli mo3BoigeT 3aKa3quuky
CHHM3UTh COOCTBEHHBIC 3aTpaThl HA PEINCHUE TeX MM HHBIX HAyUYHO-TEXHHYECKHX U
IIPOM3BOLACTBEHHBIX NPOOIIEM. .

®paHuaif3uHr (KOMMepUecKas KOHIecCHs) Kak ¢popMa paclipoCTpPaHEHHS IPOrPECCUBHBIX
TEXHOJIOTHH.

OmmoHHOE cornamenye Kak ¢popMa onpoOOBaHUS ¥ afallTalliH HOBBIX TEXHOJIOTHIA.
JInmeH3MOHHOE COTMalleHHe KaK JOroBOp 0co00ro poja Ut epefady paB Ha 00BEKTHI
HHTEIUICKTYyaJIbHOH COOCTBEHHOCTH.

Ycrynka npaB Ha 00beKTHI IPOMBIIUICHHOH COOCTBEHHOCTH.

39






ORAL PRESENTATIONS
YCTHbIE AOKJ/TIAADI






Cekuus I
OCHOBHbIE acneKTbl FreTeporeHHoro u
roMOreHHOro Katanamsa
Section I

Fundamental aspects of
heterogeneous and homogeneous
catalysis






OP-1-1

SUBSTOICHIOMETRIC TITANIA AS SUPPORT FOR NOBLE METAL
CATALYSTS: ELECTRIC AND CATALYTIC PERFORMANCE

Dominik Eder, Reinhard Kramer

Institute for Physical Chemistry, University of Innsbruck, Innrain 52a,
' A-6020 Innsbruck, Austria
E-mail: dominik.eder@uibk.ac.at
The reduction degree of titania due to hydrogeh treatment at different temperatures
and for different reduction times was studied by oxygen titration and FTIR. Below‘;4:5(-)ab

oxygen vacancies Vg, located at the surface, Ti*" and electrons (delocalised in the bulk):;dre

formed via the equation.
Ti%s + 0% + Hy © TP + Vi + ¢ + H0,

The number of vacancies is controlled by the partial equilibrium (AH = 183 kJ/rﬁol)”
and depends on the water vapour pressure (power: -1/3) and the BET surface area (power: 2/3) .

Reduction of titania also effects its electric | |
properties, which were studied by electrochemical
impedance spectroscopy (EIS). A detailed analysis of
the spectra revealed that the conduction mechanism in

titania consists of several processes, namely (i) charge

transfer between the electrode and the oxide phase, (ii)

-
charge transfer between the grains of the pressed Au - electrode

powder, (iiia) conduction through the bulk and (iiib)

Fig. 1
along the surface of the grains or crystallites (Fig. 1) 2.

Upon reduction the conductivity of titania increases e.g. from k ~ 10"%* (Ohm.m) in
oxygen to x ~ 107 (Ohm.m)" in hydrogen at 450°C. The dielectric constant of hydrogen
treated titania increases from about 60 at 200°C to higher than 1000 at 400°C, while in
oxygen it hardly changes in this temperature range. Cooling to 200°C (reaction temperature)
after typical catalytic pretreatments (HTR at 450°C and LTR at 300°C) showed that the
remaining carrier density is much higher after HTR (Fig. 2) than after LTR. Thus, for aligning
the Fermi level of the two phases more charge should be transferred and consequently
stronger electric fields act at the interface, which may influence the catalytic activity and can

therefore contribute to the mechanism of the SMSI effect.
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Recent - results? have shown

that the catalytic activity of Pt/TiO,
catalysts for hydrogenation and

hydrodeoxygenation  reactions is

proportional to the number of

vacancies and also to the conductivity.

Thus, we want to emphasize the

facilities of electrochemical
measurements for understanding the

mechanisms of catalytic reactions.
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Fig. 2. Conductance after reduction at 450°C (HTR) and
300°C (LTR) and cooling

1) Hery Haerudin, Stephan Bertel, and Reinhard Kramer, JCS., Faraday Trans., 94 (1998) 1481.

2) Dominik Eder, Reinhard Kramer, PCCP, submitted.

3) Sandra Lunzer and Reinhard Kramer.

46



OP-1-2

- COMPARATIVE STUDY OF KINETICS OF METHANE AND
1,1-DIMETHYLHYDRAZINE OXIDATION OVER OXIDE CATALYSTS

Ismagilov I.Z., Kuznetsov V.V;, Nemudry A.P.*, Podyacheva O.Yu.

Boreskov Institute of Catalysis, Pr. Akademfka Lavrentieva, §, Novosibirsk, 630090, Russia
E-mail: iismagil@catalysis.nsk.su
*Institute of Solid State Chemistry and Mechanochemistry,
ul. Kutateladze, 18, Novosibirsk, 630128, Russia

Mixed oxides with perovskite structure have received considerable attention as
efficient heterogeneous catalysts for several types of reactions in environmental catalysis,
such as oxidation of CO and reduction of NOy for the application in automotive exhaust
treatment [1,2], oxidation of hydrocarbons and other volatile organic compounds [2],
membrane catalysis and electrocatalytic processes [3]. Oxidation of methane (CH,) is
important from the viewpoint of clean catalytic combustion and other ways of natural gas
utilization [4,5]. Also, one of the most serious environmental challenges at the moment is
development of safe and efficient technologies for the neutralization of hazardous liquid
rocket fuel 1,1-dimethylhydrazine (CH;3),N-NH, (or unsymmetrical dimethythydrazine —
UDMH), and we have proved [6] that catalytic oxidation is a very promising approach to
solve this problem. In this work we performed comparative laboratory studies of CH, and
UDMH oxidation by air over 4 perovskites: non-saturated by oxygen Cag;Sry3FeO,s,
Lag 7S103C00, 5; saturated by oxygen Cag7Sr3FeOs, Lag7Sr03C003; and over an oxide
catalyst 20%Cu,Mg;«Cr,04/y-AL,O; (IC-12-73) with spinel structure. Elucidation of the
kinetics of CHy catalytic oxidation gives valuable information towards the understanding of
UDMH oxidation kinetics over the same catalysts, since CHy is one of intermediate products
of the latter reaction.

The experiments on CH4 oxidation were performed in a flow fixed catalyst bed reactor
at initial concentration 1.0% CHy in air, GHSV 1000 h'}, in the temperature range 200-700°C
[3]. The experiments on UDMH oxidation were performed in a flow vibro-fluidized catalyst
bed reactor at initial concentration 1.2% UDMH in air, GHSV 7200 h’!, in the temperature
range 200-400°C [6]. Control experiments on CH, oxidation in the vibro-fluidized bed were
carried out with IC-12-73 and Cay;Sro3FeOs catalysts, which have shown the highest CHy
oxidation activity among the perovskites studied in the fixed bed. The results indicate, that
Cap.7Sro3FeO; also shows the highest activity in UDMH oxidation among perovskites in the
vibro-fluidized bed, however the activity of IC-12-73 is higher, which in turn correlates with

its superior activity in CH, oxidation. Concentrations of the reaction products were monitored
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on-line using the gas chromatography and seléctive gas analysis. The nﬁeasuredCHi and
UDMH oxidation (CO, formation) rate parameters will be presented, and the catalyst
activities will be compared. In addition, some results of the studies of UDMH adsorption and
oxidation on the catalyst support y-Al;O; and catalyst 20%Cu,Mg;.xCr,O4/y-Al;O5 using the
Fourier-transform Infrared spectroscopy (FTIRS), which suggest the possible routes of CHy

and other intermediate products formation, will be discussed.

This work was financially supported by INTAS Grants 2000-00180 and 99-01044 and
ISTC Project # 959. The authors would like to thank Ms. A.A.Labkovskaya for participation

in the experiments on methane oxidation over perovskite catalysts in the fixed bed reactor.
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STUDY OF CO OXIDATION OVER Pd/NaZSM-5 CATALYST

BiY.S,, Lu G.X*

State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute. of
Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000 China
*E-mail: gxlu@ns.lzb.ac.cn
Low temperature CO oxidation has attracted considerabl_e attention because .of_ its
significance in gas purification in closed-cycle CO; lasers, CO ga‘s‘”sensors, air-purification for
respiratory, environmental pollution control process. Up to now, eatélysts for CO oxidation
consist mainly of oxides with variable oxidation states of metal ions or supported noble
metals (such as Pd, Pt, Au, etc.) on reducible oxides or on inert oxides However catalyst
based on NaZSM-5 zeolite for CO oxidation is less studied. In thlS paper the results of Co
oxidation over supported Pd catalysts based on NaZSM-5 zeolite prepared by impregnation
method have been reported. It is found that the light-off temperature of Pd-ZSM-5 zeolite is

as low as 38°C.

1 Experimental
Pd/NaZSM-5 catalysts were prepared by impregnation method. NaZSM-5 zeolite

powder (Si0,/Al,05 =57, Sgpr=317.7 mZg'l) was mixed with calculated volume of aqueous
Pd(NOs),2H,0 for 4h to give a 2.4 wt% Pd loading precursor, and then irradiated under
infrared lamp and dried in oven at 80°C for 18h, followed by calcination at 200°C, 300°C,

400°C, and 600°C in the air for 4 h, respectively. Catalytic activity measurements were
performed in a fixed bed reactor (i.d. 5mm) under atmospheric pressure. 150 mg of catalysts
with the average diameter of 0.5-1 mm was used each time. The total flow rate of the feed gas

(2.5% CO, 25% O, in N; balance) was 20ml’ min™

2 Results and Discussion

Experiments show Pd/NaZSM-5 catalysts exhibit high activity for CO oxidation and
the activity increases gradually with the decrease of calcination temperatures and increases
with the increase of Pd loadings. 50% conversion temperatures(Tsg) are 135°C, 142°C, 170°C
and 230°C, respectively, for 2.4% Pd/NaZSM-5 catalysts calcined at 200°C, 300°C, 400°C
and 600°C. And 50% conversion temperatures(Tso) of the 200°C calcined catalysts with
0.7wt%, 4.1wt% of Pd are 180°C, 38°C, respectively. By XRD, catalysts calcined at 200°C
and 300°C contain small PdO particle sizes, and Pd species are highly dispersed which leads
to high activity.
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To demonstrate the surface Pd species involved in reaction -and the variation of
different Pd species in the catalyst occurred during the catalytic reaction, cycle activity tests
of CO oxidation have been investigated over 200°C calcined 2.4wt% Pd/NaZSM-5 catalysts.
The hysteresis (the latter cycle moved toward high temperature as compared to the former
one) on CO oxidation is observed. This can be explained by XPS data of variation of valence
states of surface Pd species in the catalyst during different catalytic reaction stages (Table 1).
From the results of Table 1, we can conclude that PdO, in the catalyst can be reduced
gradually to PdO and finally to Pd at elevated temperature or by prolonging the reaction time.
This process can occur even at as low as 20°C. Higher reaction teniperature promotés this
process as well. It can be also found from Table 1 that prolonging the reaction time results‘ in
lower CO conversion (catalysts b and c) at a certain reaction temperature (such as 135°C).
Hence, the reaction appears to occur mainly on two types of catalytic centers, PdO, and Pd.
PdO, is more active than metallic Pd. |

" In this work, we also study the moisture effect on CO oxidation. No ob\}ious change of
CO complete conversion temperature in the presence or the absence of moisture in feed gas is
observed. And the 200°C calcined 2.4% Pd/NaZSM-5 can maintain its activity for CO

complete oxidation for more than 720 h at 160°C in the presence of moisture.

Table 1. XPS data of Pd/NaZSM-5 catalyst calcined at 200°C after different pretreatments

Catalyst Reaction Reaction Conver-  B.E(Pd3dsn)/eV Apa/Apq  Apay/Apg
temp./°C  time/min  sion/%

- a 20 10 8 337.6,336.3,335.3 59/12 12/29
b 135 10 50 337.5,336.2,335.0 53/13 13/34
c 135 360 14 337.6,336.4, 335.1 15/21 21/64
d 160 10 100 337.5,336.2,335.2 39/15 15/46
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IIPUT'OTOBJIEHUE N CBOMCTBA LHEOJIUTHBIX HAHOCHUCTEM
HA OCHOBE BUSAJTEPHBIX KOMIIIEKCOB Re u Mo

- AJL Kycros

Xumuueckui paxynemem Mockosckozo 2ocyoapcmeentozo YHUBepcumema
um. M.B. Jlomonocosa, 119899, Mockea, I'CIT-3, denunckue I opwi, Poccus
E-mail: arkus@mail.ru

CBoWCcTBA HAHECEHHBIX METAIMYECKUX M  OKCHIHBIX KaTaau3aTopoB B
3HAUMTENLHOH CTENECHH 3aBUCAT OT TUCIEPCHOCTH aKTHMBHOTO KOMIOHEHTA, KOTopas B
CBOIO OYEPEAb OMPEAENAECTCS METOAOM NPUTOTOBIIEHHS. [IpH TpaaMIIMOHHOM NOJTyYeHHH
TAKUX KATAIMTHYECKUX CHCTEM Ha OCHOBE MOJIEKYIIIPHBIX CHT Yepe3 KATHOHHbII 0OMeH
WK MPOMUTKY pAacTBOPAaMH .COJIEH BLICOKME TEMIIEPaTyphl, HEOOXOLMMbIE IIjis
NPCBPAILIEHNA NPEKYPCOPa B aKTHBHBIA KOMIOHEHT, NPUBOJAT K arperalyd MeTanna
win okcuaa. [ToaTomy ama nosyyeHus BbICOKOAMCIEPCHBIX HAHECEHHDBIX KaTalu3aTopoB
B KaueCTBE MPEKYPCOPOB 4YaCTO HMCIOIb3YIOT METAIOKOMIUIEKCHbIE COEIMHEHUS C
NaOUILHBIMU JIMTAHAAMH, KOTOPbIE MOTYT ObITh MPEBPALLEHbl B METAILT HIIM OKCHIL npH
OTHOCHMTEJIbHO HEBBICOKMX TemmepaTypax. OcoOblii HHTEpeC B 3TOM OTHOILEHHH
MPEACTABIAIOT NONUALEPHbIE MOHO- 1 OUMETAJIIMYeCKHE KoMIuteKcbl [1]. Bo-nepBbIx, B
pE3yIbTATE HAIM4YMA HECKOJbKHMX aTOMOB MeTaJlla B COCTaBe MPEKypcopa ero
Pa3I0XKEHUE NPUBOJUT K MHOTOATOMHOMY OOpPa30BaHMIO - HAHOKIIACTEPY MeTalla MITH
OKCHJIA, MOABMXHOCTb KOTOPOr'O BHYTPH MOP HOCHUTENS PE3KO OrpaHuueHa. Bo-BTopbIX,
NpU in situ CUHTE3¢ aKTHUBHBIX OWMETAUIMYECKMX KOMIIOHEHTOB - CIJIABOB MM
CMCUIAHHBIX OKCHIOB - HEMOCPEACTBEHHO BHYTDHU MOP HOCUTENS YAAETCHS MOJIYYHThb
BbICOKOAMCIIEPCHBIE YaCTHLIbI, OJAHOPOIHBLIE MO CBOEMY CCCTaBy, KOTOPbIN 3apaHee
3a71aH COOTHOIICHHEM METAJITIOB B HCXOJHOM MPEKYPCOPE.

B Hactosiwuei paboTe 6bUTH CHHTE3UPOBAHBl M UCCIEAOBAHbI OKCHIHBIE MOHO- U
OMMETAJUIMYECKHE  PEHMI-MONMMOIEHOBble  KiIacTepsl B LeOJIMTe Tuma Y,
NPEACTABIAIIME 3HAYNUTENbHLIA HMHTEPEC KaK KaTajiM3aTopbl LIMPOKOrO Kpyra
MPEBpPAIUCHHH OPraHU4eCKMX BELIECTB. B KkauecTBe MpeKypCopoB HCMOIb30BAIM
OusAIEpHbIE OKCOMETOKCHIHbIE KOMIUIEKCh ReMo,0,(Me0);, Tae x+y=2, NoTyueHHbIE
a@HOJIHBIM OKHMCIEHMEM METaJUIMYECKOro peHus U MonubaeHa [2]. B kauyectse martpun
MCIIOJIb30Balld MHKPOTIOPUCTBIA Lieonut NaY (668 a*/z) u Me3onopHucThil SiO; (315
M), IIpekypcopbl BBOOMIM B MAaTpPHIly M3 pPaCTBOPOB B METAHOJE METOAAMH
aZcopOUnK U NPOMNUTKU C MOCHEAYIOLMM OKHCIeHHEM Bo3ayxoM mpu 450°C. Kpome
TOro, ObUIM NPUTOTOBJIEHBI MEXaHUYECKHE cMecd Leonuta NaY ¥ MHIMBMIyabHbIX
okcuoB Re u Mo. CojepikaHde MeTalia B MONYYEHHbIX MaTepHaiaX COCTAaBISIIO OT |

no 5 mac. %. IlonydenHsle 0Opa3iibl HCCIEAOBAIM MeToaaMM aacopbuum aszora, TTA,
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HK-crieKTpoCKoNuH, TEMNEPATypHO-NIPOrpaMMHpoBaHOro BocctaHoBieHus (TTIB) wu
EXAFS. '

Hannpie JITA nokasbIBaroT, YTO MPH KOHTAaKTe NpeKypcopa ¢ LeonuTom NaY B
Nopbl MaTpUUbl BXOJUT HE BCH Monexyna METAJNIOKOMILIEKCA, a TOJILKO €ro
cyOoKcHaHbIA 0CTOB. II0-BHAMMOMY, Ha BXOJIE B KAHAJ LIEOJIHTA MPOUCKXOIUT THAPOITH3
Re,03(OMe)s  ocraTouHoil  BOmO i OeTa-aMMUMUHUpOBaHHe 3dupa. 31O
NpennoyiioXeHne MNOoATBepxAaercs JgaHHbIMM  HMK-cnekTpockonuu: B criekTpax
BO3AYWIHO-CyXUX 00pa3uoB Re,O¢/NaY, Mo,;0¢/NaY u ReMoO¢gNaY He
OOHapyXHUBAETCA CTEKTPAIbHBIX MOJIOC, XapaKTEPHbIX IS OPraHUYECKUX rpynmn. JIuib
Ha obOpa3ue ReMoOg/NaY oOTueTIMBO MOABIfETCA MOJIoca OKOJIo 3550 cju'l,
otBeyaroas konebanuaM OH-rpynn. HakoHeu, MOnHas HAEHTUYHOCTb CIIEKTPOB
EXAFS cBHAETENBCTBYET, YTO BaJIEHTHOE U KOOPAUHALMOHHOE COCTOSTHHE aTOMOB Re B
COCTaBe MHIMBUIYalIbHOrO KOMIIEKCA U 00pa3toB Re,0s/NaY, nporpersix Ha BO3ayXe

npu 400°C, octaeTcs NpaKTUYECKH HEU3MEHHbIM.
Ha kpuBbix TIIB  wnHaGmogaercs

HECKOJIBKO NMHUKOB BOCCTAHOBJICHUA, NOJIOXKEHHE
H  OTHOCHTECIIbHAA HWHTEHCUBHOCTb KOTOPLIX
3aBUCUT KakK OT NpUpPoakbI MeTaJTHa,
o6pa3y101uero OKCHIOHBIC YaCTHUbI, U THUIIA

HOCUTENA, TaK U OT crnocoba IIPpHUT'OTOBJICHHMA.

CKOPOCTh NOr10MLEHHA BOAOPOaa,
OTH.e ],

M3  comocraBnenus kpusbix TIIB  mis
200 400 600 800 1000

HAHECCHHBIX OKCUIOB U MEXaHHMYECKHX cMecel

Kpusste TIIB ms oGpasuos: a - MoOs+NaY ,
6 - M0,0¢/S10; 5 8 ~ M0,0O¢/NaY OKCUJIOB U MATPHULI CIIEAYET, UTO HAJIU4YMUE

HECKOJILKHMX MHUKOB CBS3aHO KaK C MepexoJaMu
MEXJy Pa3sHbIMM CTENEHAMH OKHCIEHHs Re U Mo, Tak U ¢ pa3sIM4HOM AMCHEPCHOCTHIO
OKCHAHBIX YacTHU. I'lyOMHAa BOCCTaHOBJIEHMS HAaHECEHHOTO OKCHZA CYIIECTBEHHBIM
00pa3oM 3aBMCHT M OT TEKCTYphI HCMOJIL30BAHHOW MATpHLbLL. MEeTOoA NpOMHUTKHU
MO3BOJISIET TMOJIYYNTh OOJIEE BLICOKOAUCIEPCHBIE YacTHULbl OKCHAA MOJMOAEHA B
LCOJIMTHON MAaTpHLE, YEM METOA aJCOPOLIMH. '
Pabota BbinonHeHa npu QuHaHcoBoit mommepxke PO®U (rpanth Ne 01-03-32142 u
Ne 00-15-97346), a Takxe pupmel HALDOR TOPSOE A/S.

JIutepartypa: o
[1] Okamoto Y., Kikuta H., Ohto Y., Nasu S., Terasaki O., Stud. Surf. Sci. Catal., 105

(1997)2051. ; -
[2] Kessler V.G., Seisenbaeva G.A., Shevelkov A.V., Khvorykh G.V., J. Chem. Soc., Chem.

Commun., (1995), p.1779.
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KATAJIMTUYECKHE CUCTEMBI «METAJIJI IITATUHOBOM
I'PYIIIBI - METAJJIMUECKUH HOCHUTEJIb»

Tymnuxosa E.H.

Camapckuii 20cy0apcmeenHbili a3poKoCMuyecKutl ynueepcu}hem um. C.I1. Koponesa,
kagedpa xumuu, Camapa, Poccus

B nokmane mnpesncTaBleHBl pe3ynbTaThl HCCIIEOBAHHMA KaTATUTHYECKHX CUCTEM,
COZlepXKalMX IUIaTHHOBRIE MeTanns! (Pt, Pd, Rh, Ir) na npe,uBapnTeﬂbHo OKCHIAMPOBAHHBIX
METAITHYECKHX HOCHTEIAX (anroMuHMi, HepxaBeromaﬂ CTab, HI/IXpOM) KaTaJanquKVe
CHCTGMH SABJISIFOTCS opHrHHaJILHon pa3paboTkoit KOIL/IEKTHBA Ka(beﬂpbl xumun CTAY.
CozepaHue ITATHHOBBIX METAILIOB B HHX He npeBbImaeT 0, 1% Macc.

JIns CHHTE3a KATAMUTAYECKH aKTHBHBIX CTPYKTYP Ha MOBEPXHOCTH METATLIHYECKOr0
HOCHTENSA, XapaKTePH3YIOWIErOCs HHU3KOH  yHEeNbHOH IOBEPXHOCTBIO, OTCYTCTBHEM
TIOPHCTOCTH H COPOLHMOHHOH HHEPTHOCTEHIO, HCIONB30BaH METO/ aBTOKIABHOTO TEPMOJIM3a
KOMIUIEKCHBIX ~COCJMHEHHH IUIATHHOBBIX METANOB. MeToJ OCHOBaH Ha Ipoliecce
HEOOPAaTUMOr0  BOCCTAHOBJEHHS ILTATHHOBOTO MeTalla M3 INEJOYHOTO pACTBOPA
COOTBETCTBYIOIIETO aMMHAYHO-XIOPHIHOTO KOMILIEKCA, MPOTEKAOIIEr0 [PH MOBBILUEHHBIX
temieparypax (170-200°C), mo ypasHeHH:0:

[M(NH3)iClj] + OH- --> M° + N; + NH; + CI” + H,0.

HccnenoBaHus MOBEPXHOCTHBIX CIIOEB CHHTE3HPOBAHHBIX KATAIH3aTOPOB METONAMH
POOC, COM, 3HEpProgucIepCHOHHOTO PEHTTCHOBCKOTO MHKPOAHAIM3a [OKA3aIH BBICOKYIO
JAUCHEPCHOCTE M 3JEKTPOHOACHHUIUTHOCTh YACTHMI IUIATMHOBHIX META/JIOB. BEICKa3aHo
IPE/NONOKEHHE, YTO 00pa3soOBaHWE NHCHEPCHOH MeTaUTHYEeCKOH (ashl IPOTEKaeT yepes
3aKpEIVIEHHE KOMIUICKCOB HAa MOBEPXHOCTH METAIIMYECKOTO HOCHTEIS B pPE3y/bTaTe
3aMEHICHUS BHYTPHUCQEDHBIX aMMHaKa MIH XJIOPHA HOHOB Ha T'HAPOKCHMA-HOHBI
THAPATHPOBAHHOTO OKCUIHOTO CJIOSt HOCHTEIIS.

Omnpenenensl kKaTamMTHYECKHE CBOMCTBA CHHTE3UPOBAaHHBIX cucTeM. HailifeHo, uTo B
npomeccax ¢ y4acTHEM MOJICKYISPHOTO BOAOpoAa (THAPHPOBAHHE aJKEHOB H apeHOB,
THAPOKOHBEPCHSI AIKaHOB) Haubonee akTuBHa cucTema Pt-I/Al. Peakuus ruapupopasus
TOIIyoJla Ha 3TOM KaTAIH3aTOPE UMEET HYIEBOH MOPAJOK IO YIIIEBOZOPOLY, TEMIEpaTypHas
3aBHCHUMOCTb CKOPOCTH PEAKIIHH IIPOXOIUT Yepe3 MakcUMyM B uHTepBaie 100-150°C.

B mpomeccax MONHOro OKMCIEHHSA YTIEBOAOPOAOB (KAaTAIMTHYECKOE TOpEHHE)
Hanbonee 3>PQEeKTHBHHIME OKA3amuCh CHCTeMBI Pt/HepaBeromias cramb M Pt/HEXpoMm.

Temmeparypa 3axuraHus yKa3aHHBIX KaTATH3aTOPOB OTHOCHTCA K obmactd 150-200°C.
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Pe3ynbTaThl WccnenoBaHus (ascBOrO COCTABA TOBEPXHOCTHOTO  COS  KaTalH3aTOpOB
II03BOJIHIIH IIPEAINOI0XHUTh, YTO B npbhécce OKHCIIEHHS YYACTBYIOT OKCH/IBI TIOBEPXHOCTHOTO
cnos Hocurens (FeOOH, CrOs, NiO), poik KOTOpHIX 3aKIIOYAa€TCis B AKTHBUPOBAHHOH
a/IcCopOIHH H HAKOIJIEHHH KHCIIOPOJA.

W3ydeHa  BO3MOXKHOCT [PAKTHYECKOTO  MCIONB30BAHHA  HCCIE/IOBAHHBIX
KATAIMTMYECKHX CHCTEM B KOHKPETHHIX YCTPOHCTBaX, INE pealu3yeTcd  IIpouece
KaTATHTHIECKOro ropenus. st 5THX ueneil MeTaUTHYecKHH HOCHTens 6511 GopmoobpasoBaH B
BHIE MOHOJMTHOIO IIOPHCTOrO AeMIHPYIOIIETO MaTepHana «METAlIOpPe3HHay. TIpoBeCHHEIE
MCCIIEIOBAHU TI0Ka3a/H ITEPCIIEKTUBHOCTh IPUMEHEHHS KaTaJIHTHUECKHX CHCTEM M3 MaTepHajia
«METAIOpE3UHA (PthepxaBelomaa CTaJlb, PT/HI/IXpIOM, Pt-Rh/HepxaBerolas craib, Ir/HIXpoM)
B CHCTEMaxX aBTOHEHTpaanW3aTopa, KaTaJIMTHYECKOIO TennoreﬁepaTop‘a, JaTYMKaX KUCTIOpOJa,

xamepax cropanus ['TY.
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YHPABJIEHUE CONPSZKEHHUEM ITPOLECCOB ®OPMHPOBAHMUS],
: HE3AKTUBAIIUH, PETEHEPAIIUHA KATAJIN3ATOPA U
KATAJIMTUYECKOI'O IIUKJIA B PEAKIIUHA XEKA C
HEAKTHUBUPOBAHHbBIMHA APHUJIEPOMUIAMHU

B.B. CmupnoB, A.®. IIMuar

prxymcxuﬁ 2ocyoapcmeennviil yuusepcumem, ya. K. Mapxca, 1, 664003 Hpxymcek, Poccus
E-mail: aschmidt@ chem.isu.ru.

Peakius Xexa sABISETCA NEPCIEKTHBHBIM METOJOM MOMYYEHHS 3aMelleHHbIX

anKeHoB [1].

Br
O« . @/\ PdCl, ‘ A
R OCHOBaHHe R
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B nocnennee BpeMs BHHMaHHE HCCIENOBATENEH IIPHBIEKAET MOMCK KATATHTHYECKHX
CHCTEM, CIOCOOHBIX aKTHBHPOBaTh Golee JIOCTYIHBIE, HO MEHEE PEaKIMOHHOCIOCOBHBIE
apHIOPOMH/IbI, YTO MO3BOJMUT CHENATh PEaKIHI0 XeKa NpHeMIeMOR Ui NPOMBIILUICHHOTO
ucnonp3oBalus [2]. OcoGbiil HHTEpeC B 9TOH CBA3M MMend Gbl KATATHTHYECKHE CHCTEMBI, B
KOTOpBIX OBl HONHOCTBIO OTCYTCTBOBAIH JO0ABKH KaKHX-THOO JHTaHAOB, B YaCTHOCTH
TPaJULIHOHHO ncndnb3yeMer dochunos. B maunoii paGore codGmaeTcx 0 IpOCTOH
KaTaTUTHYECKOH cHCTeMe, cocoOHOH () deKTHBHO KaTanu3upoBaTh peakiuio GpoMbeH3ona
CO CTHpPOJIOM Ha BoanyXe. Panee Obulo ycTaHOBNeHO [3], WTO KIXOYEBBHIMH MPOLECCAMH,
OnpeaenMoMUMH 3 GEKTHBHOCTE QYHKIHOHHPOBAHHS KaTATMTHYECKOTO MUK peakiu (I),
ABIAIOTCSA BOCCTaHOBNIeHHE HcxogHoro PA(Il) mo Pd(0) (QiopanOBaHHe KaTanu3aropa, A,
Cxema), arperanus KaTalUTHUeCKH aKTHBHBIX KoMiUlekcoB Pd(0) (zesaxTusaums
- katanu3aTopa, C-D) u Bo3BpaleHue YacTH aKTHBHOTO HAJUIAHA B KaTanHanecmﬁ LMK 332
CYCT IPOTEKAHUS PEAKUHUH OKHCIHTEIHHOIO npncoennnennx Pd(0) x ArBr (perenepaum»
KaTajiu3aropa, E).

Konkypupyromui xapakTep nporecca arperaiiy 1 KaTaluTAYecKoro mukia (Cxema)
NO3BOJIMI  NIPE/TNOJIOXKHTS, 40 POCT KOHIEHTpAIHH ArBr Oymer crnocoOCTBOBATH
YBEIMYECHHIO TEKYIIEH KOHIEHTpAlHH Majlajdsi B KaTanuTHYeckoM nukie. Kpome Toro,
npOTeKaHne 10GOYHBIX BOCCTaHOBHTeJILHLIX npeBpameHHH appmranoreHHna (cxema, B)
CBHJIETENLCTBOBAIIO O He06xonnMocm BOCCTaHOBIeHHA Pd (Il) He TOMBKO HA HAYAIBHOM
CTa/INM PEaKIMH, HO U B T€YeHHE BCero nponecca [3]. [ToaToMy no6aBieHue KaTaTM THYECKHK
KOJIMYECTB BOCCTAHOBHTENA, Hanpumep (OpMHaTa HATpHsi, B Karannmqecxylo CHCTEMY

MOXET TAaK)XXE IOJIOKHUTENBHO CKa3aThCSA HAa KATATHTHYECKON aKTHBHOCTI/I

55



OP-1-6

JlaHHpId ~ TEOpPEeTHUYECKMH = aHaM3  MOJYYHI  IIOJIHOE  3KCNEPHMEHTAIBHOE
MOJTBEPXKICHHUE. Hcrions3oBaHHe 6-TH KpaTHOro H30biTka ArBr BIepBpi€ NPHBOIHIO K
MOJIHOM KOHBEPCHHU cmf)ona H KOJHYECTBEHHOMY 00pa3oBaHHIO CTHIKOEHA 3a 10 MHHYT Ha
BO31yXe 6€3 HCI0Ib30BaHHUS Kaxux-nmu6o jaurangos (Ta6m.). CTons Bbicoxaa KaTaJTUTHYECKas
AKTHBHOCTH TI03BOJIMJIA CYIIECTBEHHO YMEHBIIHTH KONUYECTBO KaTamu3aropa (¢ 1,6 Mon.%
no 0,04 Mon.%) U CHH3HTH TeMIeparypy HpoBeneHHs peakuuu co 140°C go 100°C (Tabn.).
TakuM 00pa3oM, HCIONb30BaHHE H00ABKH BOCCTAaHOBHTENA M M30BITKAa apHIOpoMHIa
BIIEPBBIE TTO3BONMIO JOOUTHCSA KOJHYECTBEHHOTO BBIXOAA IIPOAYKTA H CHU3HMThL TEMIIEPATYPy

peaknuu Xeka 6e3 HCIIONb30BaHUA KaKHX-JIHOO0 JIMTaHA0B B HHEPTHOM aTMOCHEPEL.

Cxema
A , C D
P(II) Pd(0) " Pdgon ™ ” Pduepus
Ar-Ar,ArH ' ArBr
Karaauruueckui E
HHKJT
ArPdB
B
Tabanna

OS¢ dexT n06aBaeHUs BoccTaHOBHTENA M H30bITKa PhBr Ha peakuuro

OIBIT | KATAIMTHYECKAsA | COOTHOLIECHHE | BpPEMH, CKOpPOCTh Ph-Ph+PhH, |cTuns6en,|
cHCcTeMa crupom:PhBr | [Mu] | [momn -MuH ] [%6]™ (%™ |
x10* -

1 PdCl,+AcONa 1:1 45 2.1 1.0 26

2 | PdCla+AcONa+ 1:6 10 18 L.5 95
+HCOONa

3 | PdCl,+AcONa+ 1:6 180 2.0 0.8 93
+HCOONa? | ' |

4 | PACl;+AcONa+ 1:6 180 1.5 0.2 70
+HCOONa'" |

3l PaccuuTaH Ha HadalnpHOE KoiuMuecTBo PhBr; ®1 paccunrtan ma HawansmOe
KOJIHYECTBO CTHPOIIA; [e] PdCl; — 0,04 mou. %, [d] peakuus npopoguiacs mpu 100°C;

Paboma ewnonnena npu noddepsicke POPH (Ilpoexm N 02-03-32446q).

[1] Beletskaya L.P., Cheprakov A.V. // Chem. Rev. 2000. V. 100. Ne 8. P. 3009-3066.

[2] Whitcombe N.J., King Kuok (Mimi) Hii, Gibson S.E. // Tetrahedron.- 2001.- V. 57.- P.v
7449.7476.

[3]IMmiar A.D., CvuproB B.B., Crapukosa O.B., Enaes A.B. // Kunetuka u xatanu3 2000,
T. 42, Ne 2, c. 223-230.

56



OP-1-7

MOJUPHUHUPYIOLIEE BJIUSHAE MAPTAHIIA U LIEPHSI HA
MEABbCOAEPKAIIUE KATAJTU3ATOPBI AErAIPHPOBAHUSA
METAHOJIA ‘

Bensiru A.A., ITeipyasauxos ILT.

Omcxuii punuan Hucmumyma kamanuza um. I K. Bopeckosa CO PAH,
644040, Omck-40, yn. Hegbme3aeo<)c;ca;z, 54, Poccusa

OOmmen3BecTHO, YTO MEABCOAEPKANIME KATATMTHYECKHE CHCTEMBI NPHHAIIEXAT K HHCIY
Hanbonee aKkTHBHBIX KATANM3aTOPOB JIETHAPHPOBaHHMS MeTaHona. OJHAKO 1O CHX HOp HE
CYILECTBYET €JMHOTO MHEHHS OTHOCHTENBHO BAIEHTHOTO COCTOSHHUS MEIH, OTBEYAIONIEro 3a
CeNEKTUBHOE NPOTEKaHHe PeaKlHu 10 MeTHIhopMHaTa. Psyi aBTOPOB OTMEYaeT, YTO /s ero
IOJTy4eHHs HeoOXOMHMO CTAaOHMIIM3HpOBaTh Melh B OKHCICHHOM cocTosHuu Cu’t [1,2]. B
KaYecTBE CTaOHIM3aTOPOB B 1aHHOH paboTe GBLIH HCIIOMIB30BAHBI OKCH/IBI [IEPHS U MApraHIla.
BbI00p OCHOBaH Ha COCOOHOCTH 3THX OKCHJIOB BBICTYIIATh B POJM KHCIOPOAHOTO Gydepa.
bonee Toro, mpomoTHpylolee BIMSAHHE LEPUS HA MEAbCONEPIXKALIME CHCTEMBI YKE OBLIO
HCCIIEI0BAHO JUISL APYTHUX Mpolieccos [3].

Mopudunupyronmii sddext mH3ydanu 18 KaTaIHTHYECKMX CHCTEM, HAHECEHHBIX Ha
CuOYHHMT ¥ IMOKCHI KpEeMHHs. B KauecTBe NpEAIICCTBEHHHUKOB OKCHIOB MENH, NEpHA H
MapraHua MCNOJIb30BalM HHTPATHI 3THX JJEMEHTOB. JlI1 mpoBefeHUS MCCIENOBAHHS ObLIH
CHHTE3HPOBAHbI! OXHOKOMIIOHEHTHBIE O00pasIbl, COAEpXkallMe OKCHI MEIH, LEPHA HIH
Maprasna; JBYXKOMIIOHCHTHBIE O00pa3Lbl, COAEpXAIlHe OKCHIABI MeOW H IEepHs WIN
Mapranna; o6pasiipl, COAEpKAIIHE OKCH/IBI BCEX TPEX IeMEHTOB. OKCHIBI EpHS ¥ MapraHIa
B OTCYTCTBHE MEAM HE NPOSABIAIM aKTHBHOCTh B MCCIENyeMOH peakuud. s aByx- u
TPEXKOMIIOHEHTHEIX 00pasioB HaOaIO#any OTPHIATENBHBIH M IOJIOKHUTENbHBIH 3D(EKT B
cnygae CHOYHHTa M IMOKCH/A KPEMHHMS, COOTBETCTBEHHO. JIIs BceX MOAMGHIMPOBAHHBIX
00pasioB CBOMCTBEHHO CMEIIEHHE MaKCUMyMa HA TEMIIEPATYPHBIX KpIrIBLIX. :SaB‘I;IC.I/IMOCTI/I
BBIXO/la MeTH/I(GOpPMHATa B CTOPOHY GoJlee HU3KHX TeMiepatyp. M36HpaTenbHOCTh BIMAHAS
MOAXU(UKATOPOB B OTHOLIEHUH HOCHTENEH CBs3aHa, I0-BHIUMOMY, C Pa3IHYHEIM XapaKTepoM
ux B3auMozeicTeus. I'mapodobHOCTs U HHepTHOCTH CHOYHHTA NPUBOIAT K HaOI0IaeMOMY
CHHXKEHHMIO AKTUBHOCTH, B TO BpeMs Kak i o0pasioB HAa OCHOBE . THOKCHJA. KDEMHHS,
CIOCOOHOr0 00pa3oBbIBATE C OKCHIAMH LEPHS M MapraHia MOBEPXHOCTHEIE COCIMHEHHS,

HabIoAaeTCA yBENHIEHHE BBIXOa METHIHOPMHATA.

[1] Tetsu Ymakawa, Takeshi Ohnishi and Sumio Shinoda. // Chemistry Letters 23(1994)

[2] K. Takagi, Y. Morikawa, T. Ikawa. // Chemistry Letters 1985

[3] M. Fernandes-Garcia, E. Gomez Rebollo, A. Guerrero Ruiz, J.C. Conesa, J. Soria. //
J.Catalysis, v.172, n.1, 1997
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HYDROCENATION OF NAPHTHALENE TO FORM DECALIN VIA
TETRALIN OVER A COMMERCIAL CATALYST (Ni/Mo/ALO;)

A.C.A. Monteirp, J.M. Winterbottom

School of Chemical Engineering, The University of Birmingham,
Birmingham B15 2TT, UK
E-mail: a.c.a. Monteiro@bham.ac.uk
Hydrogenation (HYD) of aromatic hydrocarbons in diesel fuel is an effective process
for the reduction of particulate matteré (PM) in diesel exhaust. Flirthennore, de-aromatisation
of fused ring systems may be vital to the more facile removal of sulphur from refractory
sulphur compounds in diesel fuel.. Naphthalene has been widely used for liquid-phase
hydrogenation as a model compound of aromatic hydrocarbons in diesel fuel [1-4]. In all these
studies, the naphthalene HYD was described as a sequential reaction via tetralin to cis- and
trans-decalin (Fig. 1). From the viewpoint of PM reduction, decalins (saturated hydrocarbons)

are more favourable products than tetralin [5].

k2 OO
O 77 e
PN
Naphthalene Tetraline (:O

trans-Decaline

Fig. 1. General reaction scheme of naphthalene hydrogenation

Pseudo-first-order rate constants for hydrogenation of naphthalene and phenyl-
naphthalene catalysed by Co-Mo/AliO3 were observed and determined to be 5.78E-5 and
7.06E-5 L/g cat., respectively [2]. While some studies reported a first-order kinetic reaction
towards naphthalene and tetralin.[6] others reported a zero-order reaction to tetralin and
octalins were observed as essential intermediates [3].

In this research, comparative studies are being carried on with a conventional
Ni/Mo/Al,O3 catalyst (sulphided and non-sulphided) and with Ru/SiO; (sulphided and
non-sulphided) catalysts, since Ru catalysts show some significant promise for
hydrodearomatization (HDA). As a part of this work, the hydrogenation rate of naphthalene in
n-hexadecane on commercial Ni/Mo/A1,05 catalyst is presented. The catalyst was also tested

for resistance to high feed sulphur content.
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A series of reactions with the same batch of catalyst were carried out in a modified
Carberry batch reactor. During this work a standard experiment was repeated several times to
check for deactivation of catalyst. The effect of different parameters on the reaction rate was
studied for the following conditions: Agitation speed (500-1500 rpm), initial concentration of
naphthalene (0.10-0.69 mol/L of solvent), temperature (225-350°C), hydrogen partial pressure
(5-30 bar), feed sulphur content (0-3700 ppm ). ‘

The activity of the catalyst was found to be constant during all the experiments. The
catalyst was also found to be Iquite resistant to high sulphur content feeds. The reaction rate
decreased slightly with increase in sulphur content, in the range studled Results show that
increases in agitation speed have no influence on the rate of reaction, Wthh suggests that the
gas to liquid mass transfer resistance is not important. The rate data for naphthalene were
evaluated using a power law model. The order of reaction for naphtﬁalene was found to be
0.69-0.81 and 0.78-1.35 for hydrogen. These values are difficult to explain and a Langmuir-

Hinshelwood model is being evaluated.

[1] Rautanen P.A., Aittamaa J.R., Krause A.O.L, Chemical Engineering Science, 56, 2001, 1247
[2] Sapre A.V., Gates B.C., Industrial and Engineering Chemistry Process Design and
Development, 20, 1981, 68-73

[3] Weitkamp A.W., Advances in Catalysis, 18, 1968, 1-100

[4] Weitkamp A.W., Journal of Catalysis, 6, 1966, 431-457

[5] Ito K., Kogasaka Y., Kurokawa H., Ohshima M., Sugiyama K., Miura H., Fuel Processing
Technology, 79, 2002, 77-80

[6] Huang T.C., Kang B.C. , Industrial and Engineering _Chemist;jy Research, 30,1995, 2349-2357
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PHENOL HYDROXYLATION WITH NITROUS OXIDE
- ONFeZS'M-5 ZEOLITE

Ivanov D.P., Sobolev V.L

Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia,
E-mail: divan@catalysis.nsk.su

Dihydroxybenzenes (hydroquinone, catechol, resorcinol) are among the most important
intermediates of organic synthesis. They are widely applied in manufacture of polymers,
photomaterials, dyes, medicinal and fragrance compounds.

The existing methods of their preparation are far from being perfect. They often assume
the use of aggressive reagents and form large amount of wastes. Hydroquinone and catechol,
which are the main subject of this work, are mainly produced jointly via phenol oxidation with
hydrogen peroxide. Different catalysts are used in different versions of the process: strong acids
(HC1O4, H3POy), iron (III) and cobalt (II) salts, zeolite TS-1 of titanosilicate composition [1]. The
Enichem process involving TS-1 catalyst has some advantages as compared with the acid and
radical processes. However, it has some disadvantages, such as the presence of solvent,
deactivation of the catalyst, and the need for its regeneration, which is quite a difficult task for a
liquid-phase process. In addition, hydrogen peroxide is rather expensive oxidant, and its thermal
instability imposes considerable limits on the reaction conditions.

It would be of great importance to develop a gas-phase process of phenol oxidation to
dihydroxybenzenes. The possibility of nitrous oxide use as oxidant in many reactions of selective
oxidation it is revealed in recent years. Its application in reaction of direct oxidation benzene to
phenol has appeared most effective. This reaction proceeds with selectivity close to 100% on Fe-
containing ZSM-5 zeolites [2]. Attempts to extend this approach to the oxidation of benzene
derivatives (phenol, toluene, xylene, benzonitrile, aniline, styrene, etc.) were less successful [3].
Coke formation greatly intensifies in this case, leading to strong catalyst deactivation.

High benzene excess in the feed mixture was shown to be an effective way for decreasing
coke formation at the benzene to phenol oxidation [4]. In this case, benzene acts not only as the
starting reagent but also as a component providiﬂg a several-fold increase in heat capacity of the
reaction mixture. This decreases a probability of uncontrollable overheating, suppresses side
reactions and improves the catalyst stability. However, this approach is much less convenient for
the oxidation of phenol since large phenol excess in the feed assumes its multiple recirculation,

which is much more difficult to do as compared with benzene.
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The idea of this work is to examine a feasibility of phenol oxidation to dihydroxybenzenes
(DHB) in the excess of benzene rather than phenol. With such reaction mixture, oxidation of both
phenol to DHB and benzene to phenol should concurrently take place:

CsHsOH + N;O — CsHy(OH), (1)
CsHs + N,O — C¢HsOH : )

Although reaction (2) yields no target product, it cannot be considered as an undesirable
side process, since the resulting phenol is a startmg material for reaction (1).

We study the oxidation of phenol to DHB at the different benzene/phenol ratlo n reactlon
mixture. The influence of reaction conditions (temperature, contact time) on DHB product1v1ty
N;O selectivity and isomer distribution was investigated. The phenol oxidation w1th nitrous oxide
results in formation of all three DHB isomers. The resorcinol fraction was nearly constant and
comprising 3-5%. Depending on reaction conditions and catalyst the ratio of hydroquinone to
catechol may vary from 1.4 to 10

The 40 h experiments on the oxidation of a phenol-benzene mixture demonstrated good
catalyst stability. The catalyst provides 97-99% phenol selectivity referred to DHB and 85-90%
N, O selectivity referred to the sum of DHBs and.phenol.

The new process for hydroquinone and catechol synthesis can be created on the basis of
obtained results. This method based on the neat oxidation of benzene with recycling the phenol as

an intermediate product.

REFERENCES
[1] B. Notari, Stud. Surf, Sci. Catal. 1988, 37, 413-425.
[2] G.I Panov, CATTECH. 2000, V.4, Ne.1, p. 2-16.
[3] G.1 Panov, A.S/ Kharitonov, V.L. Sobolev, Appl. Catal. A. V.98, 1993, p.1-20.
[4.] G.I. Panov, A.S/ Kharitonov, G.A. Shéveleva, US Patent 5,756,861, \i.998.
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MODEL REACTIONS STUDIED ON THE Pd/V SYSTEM
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Universitit Innsbruck, Institut fiir Physikalische Chemie
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E-mail: werner.unterberger @uibk.ac.at

The formation and structural properties of VO,/Pd(111) model systems have been
studied recently in STM, XPS and HREELS experiments and DFT calculations [1]. Also the
V/Pd(111) system has been investigated in detail [2,3]. These systems provide an ideal
testcase for studying catalytic reactions under higher pressure.

o adsorption on clean and V-modified Pd(111) at increasing surface temperatures
yielded experimental TPD spectra. A combination of the threshold temperature programmed
desorption (TTPD) method with peak fitting by numerical integration of the first order rate
equation for CO desorption was used to simulate the spectra and to determine the effective
desorption kinetic parameters, Eqes and Ve, as a function of CO coverage. The Eg4es(©) curve
for Pd/V is shifted to lower energies as compared to clean Pd(111) and a pronounced change
of the slope of E4e5(®) at around 0.25 ML CO coverage is observed (Fig. 1).

The most important property of the Pd/VOx model system is the phase boundary
between the vanadium oxide and the palladium metal. Therefore, only submonolayers of
oxide have a pronounced promotional effect on the hydrogenation of CO. For an oxide
coverage of 0.5 ML the promotional effect was a maximum (maximum length of phase
boundary). '

CO; hydrogenation on the clean palladium surface occurs with higher TOF than CO
hydrogenation, but submonolayers of VOX inhibit the reaction, indicating a difference in CO
and CO; activation.

The partial oxidation of ethylene is an ideal test reaction because measurable amounts
of product are already observed at 373K [4]. The selectivity for ethylene oxidation is
dramatically changed by covering the palladium surface with submonolayers of vanadium
oxide. On the partly VOx covered surface the TOF is reduced and the selectivity is changed to
lower oxidized products such as acetaldehyde. Only traces of acetic acid are found on
submonolayer VOXx covered surfaces.

Reduction of the vanadium oxide overlayer above 673K leads to decomposition of the
oxide.

Heating to 573K in 2x107 mbar hydrogen results in a stable subsurface alloy with a Pd
terminated surface. In comparison to the clean metal surface, the reaction rate of CO

hydrogenation is significantly enhanced on the alloy surface. The lowering of the CO

62



OP-1-10
desorption energy is one possible explanation for this effect, because it results in a reduced
coverage of CO molecules. However, other effeéts such as an increased number of
catalytically active step and kink sites on the alloy surface as compared to the clean Pd foil
may also contribute to the promotional effect.

During ethylene oxidation at 373K the subsurface alloy is perfectly stable. The
reaction rate is enhanced and the selectivity is changed towards acetic acid.

Palladium is much less reactive for CO or CO, hydrogenation than rhodium. On
VOx/Pd the CO; hydrogenation is inhibited, which indicates different activation of CO, on Pd
and Rh. Formation of a V subsurface alloy strongly promotes both CO hydrogenation and

ethylene oxidation, and it alters the selectivity.
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Fig. 1. Left: Experimental and calculated TPD of CO from Pd(111) (upper left) and from Pd/V subsurface
alloy (lower left) obtained after a constant exposure of S50L CO at Tenge = 153, 183, 213, 243, 273, 303,
333, 363, 393, 423 and 453K. Solid lines: experimental spectra; dotted lines: calculated rates. ‘
Right: Activation energy of desorption of CO on Pd(l 11) and on Pd/V subsurface alloy as a function
of CO coverage.
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POJIb HOCHATEJE B TPOIIECCE OKHUCJIEHUA
STIJIEHT JTAKOJIS B TJTMOKCAJIb HA HAHECEHHBIX
CEPEBPSIHBIX KATAJIM3ATOPAX

Boponosa I'.A.

Tomcxuii [Tonumexnuyecku ynusepcumem, np. Jlenuna, 30, Tomcx, 634034, Poccus
darc (382-2) 415865, E-mail: voronovag@mail2000.ru

VHUKAIBGHBIM KaTAIH3aTOPOM [apIUATFHOTO OKHCIEHUS CIMPTOB SBIAETCH Cepelpo,
KOTOpOE TIPHMEHSETCA B BHIE CETOK, CTPYXeK, NEKTPONMTHIECKAX KPHCTAIIOB, Y CIIOBHS
peaxuuu (TeMnepaTypa nopsaka - 873 K, OKHCIMTENbHO-BOCCTAHOBHUTENBHAS CpEJa)
CIIOCOOCTBYIOT CIIEKAHHIO KaTajlu3atopa H IOTepe ero axkTUBHOCTH. Mcmonb3osaHue
HAHECEHHBIX CEPEOPAHBIX KATAIM3aTOpPOB  II03BONHUT CTa6Hni/I3HpOBan, JMCIepcHOe
COCTOSIHHE aKTHBHOT'O KOMIIOHEHTA U IPOAJIATH CPOK €ro 3KCILTyaTalluH.

B pabore uccnenoBaHO BIMSHHE XMMHYECKOTO COCTaBa H CTp}’KTypVHBIX CBOMCTB
CHHTETHYECKHX H IPHPOAHBIX ATFOMOCHIAKAaTHEIX HOCHTEIEH Ha HpOLECC IapIHanbHOro
KaTaJII/IETI/i‘IeCKOl“O OKHCIICHHS STUICHTITHKONA (3T B rmokcans (I'0) HA HaHECEHHHIX Ag
Karaimm3aTopax. lloka3aHo, YTO WHIMBHIOYyaIbHBIE HOCHTEIM TPOSBISIOT aAKTHBHOCTE B
HeceJIeKTUBHOM oKucieHrH OI'. OCHOBHBIMH NPOIYKTaMH SBISIOTCS dopMabaerus (1o 20%),
CO, COZ; KHCIOTEL Pa3paboTaH MeToj]] HaHeCEHHS AKTHMBHOIO KOMIIOHEHTA HA IIOBEPXHOCTH
Hocmém_f:_rc Syp. 10 3 M>/r. TloTydeHHBIE METOIOM ,upo6Hofo XAMUYECKOTO BOCCTAHOBJICHUSA
Haﬂecéﬂnme Ag KaTatu3aToph! IIPOSBISIOT BEICOKYIO aKTHBHOCTB B HCCIIEAYEMOH PEaKIMH.
Bexox 'O mocruraer 48% mpu 92% xomBepcuu [1]. YCTaHOBIEHO BIMSHHE COEpKAHUS
SiO, B'COCTaBe AMIOMOCHIMKATHOTO HOCHTEA Ha mrannmﬁecxyro aKTHBHOCTH HAHECEHHOTO
Ag xatamuzatopa. OmpeziesieHo onTumainbHoe copepxanue SiO; (40% mac.) B cocTase
HocHuTend. MeToJloM HEBOJHOIO MOTCHIMOMETPMYECKOTO THUTPOBAHHS I3THJIATOM Kallds B
cpene  nuMeTHIhOpMaMHIa H3yYeHBl KHCJIOTHEIE CBOHCTBA IOBEPXHOCTH MACCHBHBIX H
HAHECEHHEIX Ag Karalm3aTopoB. ITokasaHa B3aMMOCBA3b KATAIHTHIECKOH AKTHBHOCTH H
KOHIIEHTpAallMd  KUCJIOTHBIX LEHTPOB IOBEPXHOCTH HOCHTeNed X KaTaJu3aTOpOB.
VcTaHoBiIeHO, YTO HauOoNbIIed KOHLEHTpanuedl KHCIOTHBIX LEHTPOB IIOBEPXHOCTH
XapaKTepH3yeTcs . MacCHBHBIi = Ag Karanmm3aTop. IIpe;ToKeH MEXaHW3M  ydacTHs

JIBFIOUCOBCKUX KHCJIOTHBIX IEHTPOB B IIPOIIECCE NAPHHATIBHOTO OKHCICHHA al.

[1] Bomsmkuaa O.B., BoponoBa I'.A., Kmmes A.C., Jlyckmma C.A., KypHHa JLH.
Hanecennnsie cepeOpsnple KaTanusaropsl cuuTe3a ramokcans // KOX, 2001, T.74. Ne2.

C.2001-2004.
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PA3PABOTKA TBEPAOKHCJIOTHOI'O KATAJIU3ATOPA
AJKHJIHPOBAHUSA U30bYTAHA BYTEHAMHA

Jlaspenos A.B., Tynasaxun B.K., Haykmruc E.A.”, Baabkunnvaes ﬁ.C.*

Omcruid punuan Hicmumyma kamanusa um. I' K. Bopeckoéa CO PAH, Omck, Poccus
Huemumym kamanuza um. I K. bopeckosa CO PAH, Hoeocubupck, Poccus

OCHOBHBIMH HEJOCTaTKaMH TPAJUIHOHHBIX IIPOLECCOB ANTKHUIHPOBAHUS H300yTaHa
onedrHaAMH, OCHOBAHHBIX HA KCIOJNB30BAaHHH B KadeCTBE KATAIM3aTOPOB XUAKHX KHCIIOT
(cepHOil B (HTOPHCTOBOAOPOJHOM), ABIAIOTCA: BBICOKMI YACNBHBIM pacXold KaTalu3aTOpOB,
BBICOKAas TOKCHYHOCTb H KOppo3uoHHas arpeccuBHocTe HF u H3;SO4, HeoOXxomumocTs
BBIIECJIEHUA M TOCAEHyIOLeH HEHTpalu3aliu aJKWIaTa H3 KaTaTW3aTOPHO-IPOIYKTOBOM
CMECH M NOCIEAYIONIeH YTHIM3alluH OTPabOTAHHBIX KHCIIOT.

IIporpecc B TeXHOJIOTHH AIKMIHPOBAHUS MOXKET OBITH 00€CIIeYeH TOJIBKO HEePEX0I0M
C HCIIONB30BaHUA JKHUAKHX KHCIIOT Ha TBEpJBIE KATaIM3aTOPBI, MO3BOJSIOIIHAE H30EXKATH
BBIILETIEPEYUCIIEHHEIX NTpoOiieM. B kadecTBe OIHOHM W3 CHCTEM, MOTCHIUAIBHO IPHUTOTHOMN
JUIL  TOro, YTOOBI HOCTY)XHTH OCHOBOM TBEPHOTO NPOMBINUIEHHOIO —KaTalM3aTopa
ANKIWIHPOBAHUS YK€ JOCTaTOYHO IaBHO paccMaTpUBaeTCs CYJb(paTUPOBAaHHBIN JTHOKCH]
IUPKOHMS. ANKUInpoBaHue n3o0yraHa OyTeHaMH Ha MAaCCUBHOM CyJIb(aTHPOBAHHOM OKCHIIE
HUPKOHHS COIIPOBOKAACTCH LEJBIM PSIOM HECEIEKTUBHBIX IPEBPAICHHUH, 3a CYET KOTOPHIX
MPOUCXOMUT H3OBITOYHOE pacxoAoBaHHie U300yTaHa, 06pa3oBaHHE 3HAUYUTEIBHBIX KOJIHYECTR
H-OyraHa u erkux u3onapaduuos Cs-C;.

HucneprupoBanue KaTaJUTHYECKM AaKTMBHOTO KOMIIOHEHTa Ha IIOBEPXHOCTH
MOPHCTOH MAaTPUIBl YacTO IIO3BOJIIET pEaTH30BaTh TAaKHUE €ro COCTOSHHS, KOTOphIE
o0ecreynBaloT 3HAUUTETIBHO OO0Jiee BBICOKHE I1OKAa3aTeld aKTUBHOCTH M CEIEKTHBHOCTH
KaTATHTHYECKOIO JEHCTBHA IO CPABHEHHIO C MAacCHUBHBIM BEIIECTBOM. B pamMKax Takoro
NOJX01a HAa OCHOBE CYIb(AaTHPOBAaHHOTO JUOKCHAA HIUPKOHUS aBTOPaMHU CO3/[aH HaHECCHHBIH
KaTaIH3aTop AIKMJIMPOBAHUA C BBICOKOI aKTUBHOCTBIO H CEIIEKTHBHOCTBIO.

Beutd pa3paboTaHBl U ONTUMH3HPOBAHEI IPOIEAYphl HAaHECEHHS U (POPMHUPOBAHUA
AKTHBHOrO NUPKOHHMHACYIH()ATHOrO KOMIIOHEHTA Ha IOBEPXHOCTH AMOMOOKCHAHBIX U
CIJIMKAreJIbHBIX HOCHTENEH, BKIIOYas:

®  YCJIOBHS TONYYECHHS THIPOOKCH 1A IUPKOHUS B TOpax HOCUTENS;

® B3aHMOJCHCTBHE COeAMHEHUH ITUPKOHHA C HOCUTEJIEM,

* TpoUEAypY CyIbhaTHpOBaHUS;
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e IpoLEaypy CyIb(paTHPOBaHHUS,
® BIHSHHUE YCIOBUHU IIPOKAIKH.

W3ydgeHbsl W ycTaHOBIECHBl (yHIAMEHTAIBHHIE XapaKTEPUCTHKU Karalu3aropa:
XAMHYECKAH COCTaB, CTPYKTypa, (pa3oBbIi COCTaB, MAUCHEPCHOCTE H  Mopdonorus
HaneceHHbIX dacTHL SO4-Zr0,, ynciio u cuia bpercrenoBckux U JIBFOHCOBCKMX KHMCIOTHBIX
OEHTPOB W Jp., ONpEACHSIOIMME AaKTHBHOCTh KaTalu3aropa B LEACBOM peakiuu
ANTKWIAPOBAHUS.

B pesynbrate IpoBEICHHBIX UCCIENOBAHMM TIOKa3aHO, YTO ONTUMATBHBIM HOCHTEIEM
IS TIOJTyYeH s aKTHBHOTO M CEJIEKTHBHOIO KaTaIN3aToOpa ABJIAETCA CHIMKarelb. KonndecTso
HaHECEHHOI'O OKCHJA IHPKOHHS JIODKHO COOTBETCTBOBaTh 75-80% 0T ¢opMmansHOroO
MOHOCJIORHOTO TOKPHITAs moBepxHoctH Hocurens (15-20% mac. ZrO; B cocrase
KaTaJu3aTopa), AUCIEPHOCTh KpUCTAIMTOB ZrO; HOMKHA COCTABIIATE 2-5 HM, & COIEPIKAHHE
cepsl B TOTOBOM Karaju3atope HaxoauTbcs Ha yposHe 0.5 momp SO4 Ha Monp ZrOs.
WcnelTaHpus Karajams3aTtopa TPOBONWINCH Ha J1abOpaTOPHOM YpOBHE B aBTOK/IAaBE C
nepeMelMBaHAeM W Ha MPOTOYHO-IMPKYJIAIMOHHOH ycTaHOBKe. (CBOHCTBA MOJYYCHHOTO
TBEPIOr0 Karajlu3aTopa B 3HAYHTENBHOM CTEIEHH COOTBETCTBYIOT — pe3yJbTaTam
ANIKWIAPOBAHAA Ha HAKAX KHCioTax: npu Temmeparype 40°C oGecneunBaercs 100%-e
npeBpaiieHie OyTeHOB, leneBble u3omapapuubl Cg cocrapiassioT He MeHee 80% wmac. B
cocraBe HpOAYKTOB mpu cpexdHem oTtHomeHun TMIVIMI okomo 6 d oOmIEM BBIXOZE
ankuiara 1.5-2.0 r Ha r npeBpartieHHbIX OyTeHOB. HecMoTps Ha To, 4TO PECYPC HEIPEPHIBHOM
paboThl KaTalM3aTopa HEBEJIIMK H XapakTepH3yeTca monydeHdeM 0.5-1 TOHH KHAKOTO
aNKWIaTa ¢ TOHHEl KaTalu3aTopa, MPEeACTaBIACTCS BO3MOXHBEIM e€ro 3(QeKTHBHOE
HH/yCTPUAILHOE PUMEHEHHE 110 TEXHOJOTHH TUIA “pEaKTOpP-PEreHepaTop” ¢ MOCTOSHHOM

IHUPKYJSALMEH KaTalus3aTopa.
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KATAJII/ITI/I'-IECKAH AKTUBHOCTbD CJOKHbBIX
OPTO®OCPATOB IIMPKOHUS B IPEBPAIIIEHUSIX BYTAHOJIA-2

[IenHuna AWM., Kapnymxuna E.JL

Poccuiickui ynusepcumem opyoicowr Hapooos, Mockea, Poccus

Wzyuens! peaknun geruapatanuy (1) u geruapuposanus (1) 6yranona-2 Ha o6pasmax
Nél-szuerz(PO4)3, nonydyeHHsIx B Huxeroponckom ynusepcutete uMm. H.U. JloGaueckoro
Ha Kadeape CTpoeHHs BelecTBa 1o pykoBoacTeoM npod. AWM. Opnosoit. Kpuctammuueckas
CTPYKTypa ITHX CHCTeM omucana B paGore [1]. Kapkac CTpYKTypsl IpOHH3BIBAET CETh
KaHAJIOB NIEpEeMEHHON IMUPHHBI, Ym0 obecnequgaem B03MOICHOCMb NepeMeWeHUs no Hum
KamuoHo8 MeOu.

[lenb _paboTbl — ONpPEACTUTH BIUSHHE KOJHWYECTBA MEJIU, BBEJEHHOH B COCTaB
KaTaJii3aropa, Ha ero akTUBHOCTb ¥ CEIEKTUBHOCTE.

JUIs XapakTepUCTHKH MOBEPXHOCTH 00pa3loB CHEKTPOHOTOMETPUIESCKUM METOIOM
HU3Y4aId TECTOBYHO ancopOnuio nupuaumHa (Py) u oOpa3zoBaHue MOH-paJHMKaia CEMHXMHOHA
SH" npu oxuciennn napadeHnICHINAMHHA.

[Toxa3aHo, YTO YHCIO KHUCIOTHBIX IIEHTPOB, THTPYEMBIX Py, 3aBHCHT OT cocTapa
Karaju3aropa (ColepxaHus Meau), TeMiepaTyphl U AIUTENBHOCTH aicopOnMH, a Takke
IMPOBENEHHUS KATATMTUYECKUX OMBITOB ¢ OyTaHoioM-2. 3HadeHHWe KOHCTaHThI I'eHpu

ancopbuun Py Ha  cofiepkaiieM Mek BnusHue codepxaHus Medu

obpasne (Xc,=0.35) 8 1,5 pasa Bhlie, 4eM Ha adcopbyuro nupuduHa
Ha obpasme 6e3 Cu, cKOpocTh ancopOIUu yepe3 1 yac
o 0,6

Py taxke yBemmuuBaeTcs B 1,7 paza. [locie c H vepes 48 yacos

2 0.4 Hazpes
KaTam3a obpasyrorcs aKTHBHbIE § —
KHACIIOTHBIE MEHTPHI, PETHCTPUPYEMEBIE IO :fr 0,2 %

| .
cragun «ObicTpoit» ancopbmum Py. U3 0 ] P N —

JuarpaMMbl  BHIHO, uTo azcopbmus Py 0,15 0,25 0,35
yMeHbIIAETCS ¢ yBenudeHHeM  Xcu. .
lIOHbHHHTeHLH(;lﬂ azfcopOIus nocﬁe BBIICP)KUBAHMS CHCTEM B Teu€HHE 48 MakCHMalbHa Ui
obpasa ¢ Xc,=0,15. Poct I'py mpn NOBBIICHHH TeMIepaTyphl CBS3aH C obneryeHueM
nn(b(byénﬁ?y B MUKponopsl NZP. AHanoruuHbIM pe3ynbTaT Obul nonjrqu Ui ancopbuuu

METHIATHIIKETOHA [3].
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Karanutnueckue mnpeBpamnenus OyTaHona 2 Ha oprodocdarax H3ydalH B HHTEpBANE
Temneparyp 120-360°C B MPOTOYHBIX YCIOBHAX C XpOMaTorpaQuyecKuM anammsoM. Ha
KaTaJu3aTope, He COAepXallleM MeJb, MpoTeKala TOIbKO péalculm JCTUpaTallid U BBIXOJ
OyTeHOB OBLT CYHIECTBEHHO MEHBIUIE [I0 CPaBHEHHIO C MeJbCOJEpXKAIMMU 00pa3iamH, A
xoropeix npu T>300°C o yBenuumBancs ¢ pocToM Xcy. OKCHEPHMEHTANBHAs SHEPTHS
aKTHBAlMA PeakuuW Jermjparaimu E, u nerunpuposanus Ej, a Takke BBIXOJ IPOXyKTa
peaKiud JEerHApHPOBAHHUSA - METHIATHIKETOHA (%) 3aBHCHT OT KOJIMYECTBA BBEIEHHOMH

menu. 3uadenne E; g obpasna 6e3 Menu cocrasiseT 87 k[ x/Mob.

Ta6ymma. XapakTepUCTHKH akTUBHOCTH B peakiusx OyraHona-2 Meabconepxamux NZP

Xcu E), x[bx/Mois | Ea, xJx/Moib " omok, %
120-220°C 250-300°C | 300-360°C | 260°C 300°C | 340°C

0,15 67 75 13 0,5 2 4

0,25 61 17 17 4 6 8

0,35 54 91 17 2 7 10

Benenue Menu NpHUBOAMT K CHIDKEHHIO Ej, UTO CBHIETENBCTBYET 00 H3MEHEHHH
NPUPOJIbI aKTHBHBIX IEHTPOB 06pa36BaHH;I Oyrena. Ha obpasnax ¢ conepxanueM meau 0,15 u
0.35 mabmojarorcs aBe 007aCTH NPOTEKAHHs DEAKIMH C DPa3IHYHBIMH 3HAYEHHSMH Ep.
HaﬁGanmeﬁ aKTUBHOCTBIO oOsataeT obpasen 3 ¢ BBIXOJOM 6yTeﬁa ~90%. CenekTHBHOCTH U
aIgTI/IBVHOCTL KaTaJli3aTopa 3aBUCAT OT CTENECHH OKHUCICHHS MEIH, KOTOpas MOXET H3MEHATHCS
KaKk B mpoliecce paboThl Karanu3atopa, TaKk u mpH obpaborkax. Tak, mpu 3aMeHe renus Ha
BO3IyX Ha BCEX 06pa3nax npOTeKaJIé TOJIBKO PEaKIUs AETHAPATAIMH, IPAYEM BBIX0OJ OyTEHOB
3HAYMTENHHO CHHKANICH.

Takum obpazom, ¢ocharsr Buma Na;xCuxZr(POg); SBISIOTCA CTAOHMIBHBIME
KaTalu3aropaMy, aKkTHBHOCTH KOTOPBIX MOXHO BapbHpOBAaTh H3MEHCHHEM KOHLCHTDALUH

MCIH B UX COCTaBC, a CCJIEKTUBHOCTD, IIO-BUAUMOMY, OIIPCHACIIACTCA COCTOAHUEM MCIH.

1. Opnosa A.H., ﬁeTLKOB B.H., EropsroBa O.B. // Panguoxumus, 1.38, Nel, 1996.

2. I'pssios BM., Tymssmosa CI'., Epmmmoa MM, Opexosa H.B.,, Opnosa AH,
IletekoB B.A./ 6 Poccuiickas KoHbepenmms “MexaHmsmel KaTaImmquKHX | erj)caxmni”,
1.1, Mocksa, 2002 1. “ | 4

3. KapmymikuHa EH, Ilppmanna AWM., llerskoB B.M., Muxanenko I/II/I/ 6"
Bcepoccuiickuii ceMHHap 10 TEPMOJMHAMHUKE IOBEPXHOCTHBIX SBICHHH U aﬁbéiﬁGnnn,

HBanoso, 2002 r.
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BJIMSTHUE MHKPOCTPYKTYPBI 3AMEIIEHHBIX TEPOBCKHTOB
La;xAxFeO;y (A=Ca, Sr) HA UX KATAJJUTUYECKHAE CBOIICTBA B
PEAKIHSIX TJIYBOKOI'O OKMCJIEHHS (CH,, CO)

SAxopaesa U.C., Ucynosa JLA., Hp16yas C.B., Kpoxosa I'.H., Anuxuna I'.M.,
Poros B.A., Koromuiiayk B.H., Cagpixos B.A.

Huemumym xamanuza um. I'K. bBopeckosa CO PAH, 630090, Hosocubupck, np.
-Jlaspenmuesa, 5, irga@catalysis.nsk.su

HspectHO, uyro Hambonee CyINECTBEHHbiE M3MEHEHHS KATATHTHYECKHX CBOWCTB
3aMEIIEHHBIX [EePOBCKUTOB A|. A/XBOM [0 CpaBHEHMIO ¢ HCXOAHBIME ABOj; mpoucxoidr i
00pa3IioB € COCTaBAMHM, HAXOJAIEMHCH B 00NacTsIX MOPGOTPONHBIX (ha30BBIX MEPEXOZOB M
XapaKkTepuU3yIOMMXcs 00pa3soBaHHEM MHKPOTETEPOreHHbIX TBepAbX pactBopoB [1]. Tax,
BBITIOJTHEHHBIE HAMH HCCIIEIOBAHMS KATAIMTHYECKOH AaKTHBHOCTH IIEPOBCKUTOR Lal_xerCdO3.y [2]
B peaKuHAX TIIyOOKOTrO OKMCIIEHHS IIOKa3alld HAJIWYHMe MaKCHMyMOB BemmdmHE! YKA s
COCTaBOB, B KOTOPBIX 3a(pMKCHPOBaHa MHKPOTeTEPOreHHOCTb.

B nmaunoii paGore OBLIO OCYIIECTBIEHO MCCIIENOBAHHME CBS3H «MHKPOCTPYKTYpa-
KaTaITHTAHYECKHE CBOMCTBA» Ui PSAOB 3aMEIIEHHBIX INEPOBCKHTOB La;«Ca,FeO;,y, La.
«S1Fe0s.y, ocymectsienHoe Meronamu POA, JIP, OM, B3T, BUMC, MVYP, SI'P u TIIB
BoZiopofioM. OOpasnpl ObUIH HCHBITAHBI B KATATUTHYECKHX DPEAKIMAX OKHCIEHHS OKUCH
yIJIepoZAa U CXKUTaHUSA METaHa.

Cunres neposckuros La;.,CaFeOs.,, La;SrFeO;.y ocylecTBIsIICS KepaMHIeCKuM
(nmmrensHOE BBICOKOTeMMeparypHoe (1100°C) TIPOKaTMBAaHHE CMECH I/ICXOI[HBD’( OKCHJIOB) U
MEXaHOXHMMHYECKHUM (IIPOKAIMBaHHE TpeIBAPHTEIHHO aKmBHpoﬁaHHOﬁ B TEUYCHHUH 3 MHHYT
CMECH HCXOAHBIX 0KcH0B Fe;03, CaO u La, 03 mpu 900 wm 1100°C /4 9) cnoco6amu.

KarainTayeckue cBOHCTBA mepoBckHToB. B oOpasuax kepamuyeckodt H
MeXaHOXUMHYEeCKOH cepuii La;CasFeO;, B peakIyy OKHCICHHS OKHCH Yriepoia H
CKHTaHHs MeTaHa ObUIO OOHapyXeHO HEMOHOTOHHOE HM3MEHEHHE BEJIMTHHEL VKA B
3aBHCHMOCTH OT COJEPXaHHs Ca u Hanuuue MaKchyMa B o6nacm CPE/IHHX COCTaBOB
x=0.5 (Puc 1, 2). U3meHeHue BETHYAHEL YKA IU1st 00pa3IoB MEXaHOXHUMHYECKOM cepnn
Laj«SrFeOs.y Takke HOCHIO HEMOHOTOHHEIH XapakTep C MaK(;I/IMYMaMI/I ISl COCTaBOB
x=0.3 u x=0.8 (Puc. 3). ComocraBieHHe KaTaJMTHYECKHX [IAHHBIX C I[aHHblMﬁ no
MHKDOCTPYKTYpE CHCTEM B O4YEpeJHOH pa3 yka3ano Ha KOPpEIAIHIO 'MaKCHMAIBHBIX
spadyenni YKA B pamax LaCa,FeO;,, La;,SrFeO3;y, ® HanMyueM/mIOTHOCTHIO

MHKpPOTeTepOTreHHbIX IPaHul B 00pa3ne, no JanHemM OM u MVYP.
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OxucneHune CO gna cepun La, CaFeO, Cwxuranue CH, nna cepuu LaHCa‘FgO,
(3 Mur MO, 1100 °C/4 u)) : 25 (3 Mvr MO, 1100 °C/4 u)) B
- —~if— 350 °C
804 —@--T=400 °C' e : o
", 204 —9—400°C
% 5 —@—T=450 °C z .
8 5 z —A—450 °C
-3 ‘ o 15 o500 °
6 404 g N v—500°C
‘l'__‘) 304 I 104 —4—550 °C
<] '.'o V.
N: 20‘ ] ) \'
- * v—_—'-—v
° 4ol s _A
M 0
2 . 00 02 04 08 0B 1.0
0.0 02 04 06 08 10 X, La‘_XCa‘FeOS_y
x, Lal-xCa, FeO,
()
(1)
Oxucnienne CO anA cepun La, SrFeO, % THB-H, obpasuios La, CaFeO,,
g (kepamuqeckan cepusi, 1100 °C/150 v)
o 277 ! “ —m—250 °C F 3 T2
o
= i | 200 °C © 30 MotpeSnerve H, 160
g 151 ! . = Bobnactu T
o Y —A—350 °C < 257 —— 150
§ 1.0 ! —v—400°C ¢ 2.0 Y40
g.o A —e—450 °C T 1.5 430
r 0.5 1.04 420
: v—y 7 Y ’ % noriHoe 10
0.5 ]
0.04 ——— Sy ¢ g - noTpetnesve H, .
00 02 04 05 08 1.0 “To0 o0z o4 o6 08 10
x, La, Sr FeO, X,La, CaFeO,
. 4)
3)
Pnc. 1, 2, 3. 3aBucumocts YKA B peakuusix rny6okoro okucierns CO (1), (3) u CH, (2) ot
cocraBa 00pa3iioB MexaHoxumudeckux cepui La, Ca,FeO;., LaSr,FeO;.,

KaranuThHueckas axkTHBHOCTE B peakUUAx TIIyOOKOTO OKHCJIECHHA TaKke
KOPPENHUPYET ¢ KOJIMYESCTBOM CJIa0OCBI3aHHOIO ~ MO-BHAMMOMY, BOCCTaHABJIMBAIOIEMYCSI
B obnactu 350-400°C, B cootsercTBuu ¢ manuemMu TTIB Bomopomom - xuciopona, (Puc 4).

CrenoBarenbHO, MOXKHO IIPE/IIONIOKHUTD, YTO CIA00CBI3aHHBI KUCIOpOJ afcopOHpyeTcs Ha

, 3+ ' 2+
KOOPIUHAIMOHHO-HEHACBIINEHHBIX KaTHOHaX Fe H KIaCcTepUPOBAHHBIX KaTHOHAX Fe 5

COCPECIOTOYCHHBIX B MECTAX BbIXO/Ia HA TIOBCPXHOCTD MEXOIOYHBIK/ MC)K(baBHLIX rpaHyll.

JATEPATYPA:

1. LA Isupova et al., React. Kinet. Catal. Lett., 62 (1) (1997) 129-136
2. L.A. Isupova et al., Int. J. Inorg. Mat., 3 (2001) 559-562
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HAMPABJIEHHBII CHHTE3 Yl IYTH PETYJTHPOBAHHS
MOPUCTOM CTPYKTYPBI MIPOMBILILIEHHBIX CMECEBBIX
THAPOKCHIOB AJJIOMUHUA

Antuxamena A.I'., JlamGepos A.A.*, JleBun O.B.**, Eroposa C.P.

* Kazanckuti xumuseckui Hay4HO-Uccae008amensCkuil URCmumym
- 420029, Kazane, Cubupckuii mpaxm, 0. 27, Poccus
men.. (8432) 720324, E-mail:lamberov@kstu.ru
** 000 ”Hosoxyiibviuesckuti 3a600 kamanuzamopog”
446207, Hogoxytibvuuescx Camapckoti o6n., Poccus
E-mail: nzk@satcomtel.ru :
Kazanckuil 2ocy0apcmeenHulii MexHON02UYeCKul yHugepcumem
420015, Kazans, yn. K. Mapxca, 0. 68, Poccus
E-mail: segorova@kstu.ru

OKCIUTyaTalMOHHBIE XapaKTEPUCTHKH psAfa IPOMBIIIICHHBIX KaTaJlW3aTOpPOB BO
MHOTOM OIIPE/IENIAFOTCA CBOMCTBAMH HOCHTENSA, B KAYECTBE KOTOPOr0 OOBIMHO HCHONEB3yETCs
aKTHBHEIA OKCHI amoMHHMA (AOA). OxHOH M3 Ba)KHEHIIHX XapaKTePHCTHK SBIAETCH
nopucrasd cTpykTypa AOA. Tak, HocuTens fommkeH ofnafath He TONBKO Pa3sBHUTON YIEILHOMN
IOBEPXHOCTBIO (Sy;) M BBICOKMM IIOPOMETpPUYECKHM oOveMoM (Vy), HO Takke NOpPaMu
OIPENENCHHOro pa3Mepa. B psange ciaydaeB TpeOYIOTCS HOCHTENH C BTOPHYHBIMH IIOPAMH
auameTpom >100 A.

Ha OOO «HoBokyiOpimesckuii 3aBox karamusaropoB» (H3K) peanusosana
TCXHONOTHA CHUHTe3a THAPOKCHAOB amoMuHHA (I'OA) nepHoauuecKuM oOcaxIACHHEM
Tpurgapara rnmHOo3eMa. ['OA momydaroT cMemeHHeM HHIMBUAYAIBHBIX - THAPOKCHIIOB,
CHHTE3UPOBaHHBIX IpH To=102°C (rumpokcuarl ropsdyero ocaxaeHus) H To=30°C
(TMAPOKCUABI XOIOJHOTO OCAKACHHA) CYNbGATHBIM H HUTPATHBIM METO/IaMH.

BBuay MHOroCcTamMiHOCTH Iporecca TEKCTypa CMECEBOTO THAPOKCHA OIIPEIeIeTC
B IIEPBYIO O4Yepeldb CBOMCTBaMHM HHIUBUAyanbHbIX ['OA, XapakrepoM B3aHMOJACHCTBHS
YacCTUL U TpaHCGHOpMaIHEH OPUCTOM CTPYKTYPHI THAPOKCH/IOB ATIOMHHHUA Ha BCEX CTAiMAX
TexHoJIorHYeckoi nenu. [TosroMy ans neneHanpaBlneHHOTO CHHTE3a HOCHUTENEH C 3a/laHHOH
IOPUCTOH CTPYKTYpoH HEOOXOAMMO H3ydeHHE TIeHe3Uca TEKCTYPhl WHIUBH/YaTbHBIX
THJIPOKCHOB U UX CMeCeH Ha KaXXJOM J3Talle IPUTOTOBICHUSA HOCHUTENA, a TAKXKE BBHIABICHUE
HanboJee 3HAYUMBIX Y3JIOBBIX TOYEK TEXHOJIOTHH, Ha KOTOPBIX MMPOUCXOMUT POPMUPOBAHHUE
TIEPBUYHON M BTOPHYHOM ITopucToit cTpykTyphl 'OA.

Hamu u3ydeHs! cMeceBble THAPOKCHIBI AIIOMUHUSA (Cyhb¢aTHas BEpCUsl) CoepKalue

44% I'OA ropsraero ocaxieHus u 56% I'OA X0I0aHOTO Oca)IeHHS.
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YCTaﬂéBneHo, YTO B TEXHOJOTHYCCKHX ONEpallsX OCHOBHAsA TpaHC(HOpMamus
CTPYKTYphl 'OA IPOMCXOMHUT IyTEM TIEPECTPORKH MepBHYHOM TekCTyphl [OA; |

-cMemmenne 'OA ropsigero (uiesneo6pasHele MOPHI) U XOJNONHOTO (UMIMHAPHIECKHE C
IIEPETsHKKaMH [IOPBI) OCAXKAEHHS IPHBOIUT K 06Pa3soBaHHMIO THAPOKCHIA C HIENE06pa3HEIMA
Opamy;

-TEXHOJIOTHYECKHE ONCPallM{ IO THIY BO3JACHCTBHA Ha IEPBHYHYIO MOPHCTYIO
CTPYKTYPy THIPOKCHAOB MOXHO YCJIOBHO pasfeluTh Ha JIBa Kiacca: CHOCOOCTBYIOIIHE
YBEIHYCHHIO TOHKOIIOPHCTOH  (CMELICHHE, DENyJbIIMPOBAHHE) H  MIHPOKONOPHCTOH
(bunpTpOBaHHE, OTHKHUM) COCTABJIAIOIMX,

-IPOLECC YBENHYECHUS HIMPOKONOPHCTOM COCTABISOMIEH, BEPOATHO, IIPOTEKaeT
CaMOINIPOM3BONBHO  (TEPMOJHHAMHYECKH Gonee BBITOJIEH), yBehnqune Y3KOIIOPUCTOi
COCTaBIAIOIIECH TPEOYET NPUIIOKEHUS ONOTHHTENBHON SHEPTHH;

-TpaHC()OpPMals NEPBHYHOH ITOPHCTOM CHCTEMBI IPOTEKAET NPEHMYIECTBEHHO
TIYTEM YABOGHHS JUAMETPOB IOp B HANPABICHHH YBENHUYEHHS B TEXHONOTUIECKUX CTANHSX
«I0KOS» (PUIBTPALHUS, OTKHM);

-PH NENTH3alHH NPOHCXOIMT NEPEXOA OT IeNeoOpasHoM K IHIHHAPHIECKOR €
NEPETSHKKAMH CHCTEME TI0p H YABOESHUIO JHaMeTpa MaKCUMyMa B 00J1acTH Mé3onop;

-BTOPHYHBIH IOPOMETPHUECKHH O6BEM (BTOpHYHBIE TIOpHI) IPEUMYINECTBEHHO
M3MEHSIOTCA B HallPaBIeHUH, IPOTHBONONOXHOM H3MEHEHHIO ME3OIIOP;

-U3MCHEHHC BCJIHYMHEI yACIbHOH IOBEPXHOCTH ONpPEAENACTCH KOIHYECTBOMY
TOHKOIIOPHCTOH COCTABIIAIOIIEH (~ 37 A) cipykTyphl rnnpoiccﬁz[a — ueM ee Ooiblre, TeM

BBIILIC 3HAYEHHE Sy

R
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BJIMAHUE TEMIIEPATYPBI IIPEABAPUTEJBHOI'O
INPOKAJINBAHUS HA ATOMHYIO KATAJIMTUYECKY1O
AKTUBHOCTb HAHECEHHBIX IINTATUHOBBIX Y ITAJUIAIMEBBIX
KATAJIM3ATOPOB I'/TIYBOKOI'O OKACJIEHNS YTJIEBOI[OPOI[OB

Yoy JLIL, Ipipyasunkos ILT.

Omckutl unuan uncmumyma xamanusa um. I K. Bopeckosa CO PAH,
Omck, yn. He¢pmeszasoockas-54, Poccus
E-mail: tsyr@incat.okno.ru

O¢deKT pe3Koro yBeIHYCHHs aTOMHOM KaTaIuTHUeckod akTHBHOCTH (AKA)
KaTaIX3aTOPOB NOCJIE HX NPOKAIMBAaHMUA HAa BO3[yXe IIpH IOBBIUEHHBIX TEMIIEpaTypax
(Ha3zBaHHBIM 3Q¢exkToM TepMoaKTHBaNMH) OBUI YCTAaHOBIEH M HCCIENOBaH i
Karanu3aTopHHX cucteM Pt/MeOx u Pd/MeOx, rae MeOx — Al,O3, CeO,, ZrO,, La05 [1].

Jns HaHeCEeHHBIX IUIATHHOBBIX KaTalM3aTOpOB STOT 3(deKT mnposBisgercs IpH
mepexofie OT TeMIepaTyp IpeABapHTeNbHOTO mpokarmmBaHus o6pasnoB 500°-600°C  k
temrieparype 700°C u cooTBetcTBYeT 111 cucteMsl Pt/y-Al,O3 Bo3pacranuio AKA npuMepHO Ha
TIOpSAROK, A1 cucteMbl Pt/ZrO; — npumepHo B TpH pa3a u 1yist cucreMsl P/CeO; — nmpuMepHO B
MOJITOpa pa3a B MOJENBHOH peaknuu TIIyOOKOro OKHUCIIEHHS H-TeHTaHa. IIpu 3ToM
aKTUBHOCTh BCEX KaTajau3aTOpoB Ha | r majgaer, 4To OOBACHSETCS YMEHbIIEHHEM
JHCIIEPCHOCTH IUIATHHEI B KaTAIH3aTOpaX C MOBHIMIEHHEM TEMIIEPATYPHI [IPEBAPHTENLHOTO
mpokajuBaHuA. Ha OCHOBaHMH HMEIOIIUXCA B JIUTEPATYPE U IONTYyYCHHBIX B MPECTABICHHOMH
paboTe HaHHBIX MOXKET OBITH CIENaHO CIEAYIOIlee TPEAIONIOKEeHHEe O MpHuHHEe 3¢ dexTa
yBenuueHus AKA kaTalu3aTOpOB C MOBHIIIEHHEM TEMIIEPATYpPH MPOKATHBAHUSA: COCTOSHUE
LEHTPOB HA MTOBEPXHOCTH Kafann3aTopa, OTBETCTBEHHBIX 3a aKTHBALIHIO MOJIEKYJ KUCIIOpO/ia,
OCTaeTCA HEM3MEHHBIM IIPH YBEJIMYCHHH TEMIIEpaTypsl TepMooOpaboTku o6pa3noB Ha
Bo3ayxe. IIpH 3TOM OJHOBPEMEHHO MPOMCXOIUT YBEIHUYCHHE HOIM LEHTPOB, COLEPIKAIIHX
Pt(0), koTOpEIE ABJIAIOTCS OTBETCTBEHHBIME 32 aKTHBAIIMI0 OKHUCIAEMBIX YIIIEBOJOPOJOB, YTO
U TIpUBOJHUT K pocTy AKA.

B cnyd4ae HaHECEHHBIX NAUIAJUEBBIX KaTalu3aTOpoB 3(Q(EKT pe3Koro yBEIHYCHHs
aTOMHOM KaTAMHTHYECKOH aKTHBHOCTH B MOZEIBHBIX pEaKmuAX TIIYOOKOr0 OKHCIICHHSA
ME€TaHa M H-TIEHTaHa TPH IEPEXOJAe OT TeMIIepaTyp MpeBapHUTEIbHOIO IMPOKAIMBAHUA
o6pasmos 500°-600°C k Temmeparype 700°C ycranoBneH uia cucteM Pd/y-Al,Os, PAd/ZrO; u
Pd/CeO,. /na cucremsl Pd/La;O; naunsiit a¢dekt ve Habmonaerca. Kak u 114 [IaTHHOBEIX
KaTajM3aToOpoB, aKTHBHOCTH BCeX oOpasmoB Ha | T majaeT, 4To Takke OOBACHAETCA

YMEHBIICHHUCM JHCIICPCHOCTH HAHECCHHOr0 UalaAug C IOBBIIICHHCM TEMIICPATYPBI
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IIpEIBAPUTENLHOTO NPOKANHMBaHUA. B JaHHOM ciydae 3Q@EeKT TepMOAKTHBALHHM MOXKHO
OOBACHHTbL HaJHUYHEM B npoKaJieH'Hbe IIp¥ BBHICOKOH TemmepaType oOpasnax KHﬁeTnHeCKﬁ
CTa0HIM3MPOBAHHBIX KIACTEPOB BOCCTAHOBJIEHHOTO NajlTanus (Pd®), sBisiomuxcsa HeHTpaMu
AKTHBALMM OKHCIIAEMBIX YITI€BOIOPOJIOB. -
Kpome 3Toro, A HaHeCEeHHbIX MaJUIAJMEBBIX KAaTaIM3aTOPOB YCTAHOBJIEHO, YTO A
Ipolecca OKHCJIEHHs YIIEBOAOPOJOB ONHHM H3 BaXHBIX (PAKTOPOB, COIPOBOXIAIOUIHNX
W3MEHEHHe aTOMHON KaTadUTHYECKOH aKTHBHOCTH, SBJAETCA pasMep YacTHIl HAHECEHHOTO
MeTay1a. T1oBRIIEHHE TEMIIEPATYPHI PEeaBAPUTENBHON 06pabOTKH Ha BO3AYXE HAHECEHHBIX
NajUTaHeBhIX KaTaiu3aToOpPOB NPHBONT K CIICKAHHIO AKTHBHOTO KOMITOHEHTA H POCTY YaCTHI
HAHECEHHOro naragus. I[lpH 3ToM yMeHbILAETCA B3aUMOJCHCTBHE NaJIaJHEBLIX
Kpncréﬂnmos C TMOBEPXHOCTBIO HOCHTENA, 4YTO OOIerdaer 'nepexon najymagus B

BOCCTAHOBJICHHOC COCTOAHHE M COIIPOBOXAACTCA YBEINICHUEM AKA.

[1] ,I[H Uy, ILT. Lpipymsaukos, E.H. Kynps, M.Jl. Cmonukos, B.®. bop6art, A.B. by6Hos
//Kunetnka u kataiu3. 2002. T.43. Ne3. C.410.
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HUCCIEAOBAHUE U30TOITHOI'O OBMEHA B MOJIEKYJIAX CO
| HA Pt-Rh/ALO; ! AL,O;

bpeesa H.B., ’KaBopoukosa K.H.

PXTY um. 1. H. Menoeneesa, Mockea

Ha xatanuzarope 0.4%Pt-0.1%RWAL O3 (KHTP-2) u yscrom HocuTene v-Al,O; 6511a
HCCIeN0BaHa peaKﬁHﬂ TOMOMOJIEKYJISIPHOTO H30TOITHOTO obMeHa CO:
12180 3160 13(x18(y {12516y

Halfi[eHo, aro kak Ha 0.4%Pt-0.1%RNWAL,03; Tak ¥ Ha 9ECTOM HOCHTEJIe, HMEIOTCS
JBE  TEMIICpaTypHBIe  OOJIaCTM  IIPOTEKaHHs rOMOMOJNeKysipHoro obtmeHa CO,
XapaKTePU3YIOUIMECS DPasIMYHBIMH  BEJIMYMHAMHM 3HEPIMU aKTHBauWMH. B mepexogHoi
obnactu Mexmy Hu3Ko- (oT —100°C mo +80°C) m BrIcoxoTemmeparypubmM (1>250°C)
OOMEHOM HMEET MECTO YMEHbBUICHHE HabmogaeMoif CKOPOCTH OOMEHA C yBeJIMYCHHEM
TEMIIEpaTypPhl.

[Ipemonoxkeno, 4Yro oOMEH B HH3KOTEMIIEPATYPHOH 06JIaCTH IIpOTEKaeT IIo
accollMaTHBHOMY MeXaHu3My (depes 06pa3013aHp1é aCCOIIMATHBHBIX npoMe)KyTquHx
KOMILIEKCOB M3 JIBYX (M Goiee) ancopbupoBanHbx Moiiekyl CO Ha HOBEpXHOCTH
y-ALO;.

120 133
12C180r+13cl60r(_>l {:He 130180 4120160,
160 180 0

Habmofaemas ckopocTh roMOMOJIeKyNIsipHOro u3zoTomHoro oomena CO ma KHTP-2

npu T> 250°C cyutecTBeHHO BbIe, YeM Ha Y-ALO3. MokHO IIpeanonoxuTs, uro Ha v-Al,03
00OMEH IIpoTeKaeT yepes rerepoobMeH u3otonamu kuciopoga Mexay CO H IMOBEPXHOCTHBIM
xuciopogoM y-ALO;, a Ha 0.4%Pt-0.1%Rh/A1,0; B oOMeHe MIpPHHMMAIOT Yy4acTHE
npo4HoagcopdbupoBanusie Gopmsr CO.

PaccuMTaHO 9MCNO aKTHBHBIX HEHTPOB Ha IIOBEPXHOCTH IO TEOPHH aOCONOTHBIX
CKOpPOCTEH peakuui, HeoOXxoauMoe Iasi IPOTEeKaHHs IOMOOOMEHa MO acCOIHaTHBHOMY
MEXaHU3MY. | '

| Jina xapaxtepuctiku 0.4%Pt-0.1%Rh/Al,0O; Ha HeMm OblIa HcCiIenOBaHA anaCcopOLUs
Bogoposa upu —196°C. Haiimena ynensHas aKTHBHAsd *I[IOBEPXHOCTH KaTalH3aTOpa
SHyﬂ=0.73 MY/, uro cocrasmser 0.5% OT IOIHOM noBepxXHOCTH  (Sy~140 M/T),
OIIpEJICIICHHOM METOJI0M HU3KOTEMIIEPATYPHOU aicOPOITHH KPUITITOHA.

Taxxe ©Opmla mccnemoBana ajcopbumss CO B hHTepBalle  TEMIIEpaTyp
oT +25 10 + 310°C, u gons o6paruMo ancopbuposannoro CO. '

Tlpu ofcyXaeHHMH NMOMy4eHHBIX pe3ydbTaTOB GBI HCIONB30BAHE! HPEICTABIECHHS O
pasmuuHBIX ¢opmax - agcopbuun CO- Oonee cnaboii -—nuHeftHOW U Oollee IMPOYHOHN
MOCTHKOBOH (opM.
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PLATINUM NANOCRYSTALS SUPPORTED BY SILICA, CERIA AND

ALUMINA: METAL-SUPPORT INTERACTIONS DUE TO HIGH-
TEMPERATURE REDUCTION IN HYDROGEN

S. Penner, D. Wang*, D.S. Su*, G. Rupprechter*, R. Schlégl*, K. Hayek

Institut fiir Physikalische Chemie, Leopold-Franzens-Universitdt, Innrain 52a,
o A-6020 Innsbruck, Austria
*Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany
E-mail: simon.penner@uibk.ac.at

Regular Pt nanoparticles, obtained by epitaxial deposition on (001) NaCl surfaces,
were supported by thin films of amorphous silica, amorphous alumina and crystalline ceria,
respectively, and subjected to reductive treatments in flowing hydrogen (1bar) at increasing
temperature up to 1073 K. The changes in morphology and comp.osition were followed by
(HR)TEM, electron diffraction and EELS, and possible structures were checked by image
simulation. After reduction above 773 K similar structural changes are observed on all
supports, despite their differing chemical properties. The observed platelet- and cube-like
structures, some exhibiting double lattice periodicities in diffraction patterns and high
resolution images, arise in part from surface reconstruction in the hydrogen and in part from
alloy formation. Reduction of the ceria support above 973 K leads to stable Ce suboxide films

with large periodicities.

Introduction §

| In heterogeneous catalysis, model systems are indispensable to élucidate the
mechanism of structure-sensitive reactions. Regular metal particles on planar thin supports
greatly facilitate the characterisation by electron microscopy, and provide a defined initial
state for subsequent structural alterations due to oxidation and reduction. Noble metal
particles grown epitaxially on NaCl and thereafter transferred to different supporting films are
ideally suited td study the influence of different supports on identical nanoparticles. Lately,

they have been extensively studied as model systems for supported catalysts [1;2].

Experimental

B Pt particles epitaxially grown on (001) NaCl single crystals were cové;ed with a
supporting film of amorphous silica. Subsequently, the NaCl was dissolved in water and the
films were mounted on gold grids [1]. After an oxidising treatment (O,, 673 K, 1h) the
samples were exposed to H, at temperatures varying from 673 to 1073 K for I.h‘,‘é'ither ina

flow system or in a circulating batch reactor. The morphology and structure of the samples
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were examined by HRTEM and compared to the as-prepared state. The images were taken
with a Zeiss EM 10C,with a Philips CM FEG 200 and with a JEOL 400 microscope.

Results and Discussion

Fig. la shows a low-magnification image of the "initial state" of the Pt particles
(which is identical in all catalysts) in the as-prepared Pt/SiO, sample, together with the
corresponding diffraction pattern. Most of the as-grown Pt particles exhibit square or
rectangular outlines and were identified as truncated half octahedra with (001) faces
perpendicular to the electron beam [1] (insert). In contrast, after a reductive treatment at 873 K a
considerable number of Pt particles have undergone a change in either shape or orientation
(Fig. 1b). Those with round edges also have increased in size, obviously due to

agglomeration. Particles with sharp edges

ARSI NSAR
S

S

Fig. 1. a) Pt nanocrystals supported by SiO,, as grown with SAED pattern and HR image of a selected
particle; b) after a 1 bar hydrogen treatment at 873 K for 1 h; c) ceria-supported Pt particles after the
same treatment as in b); d) ceria-supported Pt after hydrogen treatment at 1073 K, with large lattice
spacings of CeQ,.

are cube-or platelet-like and double periodicities are observed in both the diffraction pattern

and the lattice fringes at high resolution (inserts in Fig. 1b). At the same time the formerly

amorphous silica support has crystallised around the Pt particles which apparently act as
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. nuclei. Under the given experimental conditions silicide formation [3] must be taken into
account, at least to some extent, but it does not explain all features of the diffraction patterns.
Moreover, very similar results were obtained when Pt nanocrystals supported on alumina
were reduced under identical conditions. Again, sharp edged platelet and cube-like structures
~were formed while amorphous alumina had crystallised (not shown here). Finally, platelets
and cubes were also formed upon reduction from Pt particles in contact with crystalline ceria
already upon hydrogen treatment at 773 K and above (Fig. 1c), whereby the epitaxial relation
between the Pt particles and the ceria grains was retained. Upon further reduction the support
is reduced to a chemically stable Celll oxide with large lattice spacings (Fig.1 d).

At present, imége simulation and EELS measurements are carried out in order to
discriminate between alloy phases and superstructures due to surface reconstruction under

hydrogen [4].
This work was supported by the Austrian Science Fund (Project S 8105).
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CTPYKTYPHASI OPT AHU3ALUS U KATAJTMTHYECKUE
CBOMCTBA Cu’'- COAEPKAIIETO THAPOTEJISI
TUOKCHIA IUPKOHUS

Kogajepa E.I'., HIHIIIMaKOB*A.B.*, Xapuyk B.I'.", Ky3aenosa O.B.", "Knanos n.H.,
Herpos JLA. , Slnaenxo M.IO. , Moaounuxos JI.C.

Ypanvckuii 2ocyoapcmeennwlii necomexnuyeckui ynusepcumem, 620100 Examepunbype,
Cubupckuit mpaxkm, 37,Poccusi, e-mail gek@mail ur.ru;
*Uncmumym opzanuyecrkozo cunmesa YpO PAH, Examepunbype, Poccus;
** Hnemumym xumuu meepoozo mena YpO PAH, Examepun6ype, Poccus

B pafoTe ucclefoBaH XapaKTep pacupeiencHMs HOHOB Cu’’ Ha [OBEpPXHOCTH
0OBIYHOTO U CynbdaTHOro ruzaporeneit ZrO, m ompeneneHa KaTaaiUTHYeCKas AKTHBHOCTH
bopMHpPYIOMUXCA TOBEPXKHOCTHBIX MEAHBIX CTPYKTYP B PEaKIHH JKHUAKODAZHOIO OKHUCIEHHSI
TpuMmetHiarugpoxunona (TMI'X) kak Moienu ruIpOKCHAPEHOB. |

HoBas nomudyHKIMOHaTEHAs TETEPOreHHas KATAIUTHYECKas CHCTEMa XUAKO(Ma3Horo
OKHCJIEHHS THIPOKCHApEHOB KHCIOPOAOM, npeacrapmmomas coboit  Cu’'-cozepramme
ruaporend ZrQO,, obiafaeT XapaKTEpHBIMH OCODEHHOCTAMH, NPUCYIIMMH TEISM - BBICOKO
CTENEHBIO CTPYKTypHpOBaHHS oOBeMa 3a CYET BOJOPONHBIX CBA3€H, JOCTATOYHOM
HOJBMXXHOCTBIO M IIPOHMUAEMOCTHIO U cyOCTpaTa M pacTBOPUTENSI, YTO Hapsiy C IPYTHMH
XUMAYECKAMH U (PU3HKO-XUMHYECKUMH CBOHUCTBAMU ATOH CHCTEMBI OKa3bIBAaeT 3HAYUTENIBLHOE
BJIMSHHE Ha PeaKHUOHHYIO CIOCOOHOCTH cyOcTpara M okuciurens [1,2]. B 3ToM oTHOIICHHH,
OJTHUM M3 ONPEIETSIIONHUX (PaKTOPOB CUCTEMBI SBISETCA CTPOCHHE U XapaKTep paclpeesicHHs
KATATHTHUECKHX IIEHTPOB - KoMIUTekcoB Cu’* Ha ripaTHpOBAHHOM OKCHIE IHPKOHHS.

Ananu3 OIIP cnekrpoB mccienoBaHHBIX Telell mokasal, 4To Ha MX IOBEPXHOCTH
HOPMHEPYIOTCS TPH THIIA MEAHBIX CTPYKTY, a, HMEHHO, MOHOSAePHbIe Kommmekcsl Cu* (B
KPHCTAJUIAYECKUX IOMAX CAMMETPHA Dan), UX accouuarsl ¢ MOBBIMICHHOM JIOKaIBHO
KOHIeHTpanued noHoB Cu’’ [0 CpaBHEHHMIO ¢ MOHOSIEPHEIMH KOMILIEKCAMH M
coenunenus Cu’’, He Jlafonme IPH UCTIOJB3YEMOM 9acTOTe B TeEMIIepaType HabI0qaeMoro
cuektpa DIIP {3]. B KauecTBe MOCIEHHAX MOTYT OBITH 460 OTIAENbHAS q)a:sa fHﬂpOKcnz{a
MefH, MO0 TIONHANEpHBIE COCAUHEHHS ¢ MOCTHKOBeIMH OH rpynmamu. Pasnuaus B
napamerpax JIIP mis MoHOsAepHBIX KoMmmtekcoB Cu’’, GOpMHPYEMBIX Ha MOBEPXHOCTH
06BIYHOTO (gy=2332 ¢ 0.005; Ay =13.9 £ 0.3 MTn) u cymedatnoro (g = 2.353 + 0.005;
Ay=132%03 MTJI) THAPOTENEH, YKa3bIBACT HA MX PasHOE CTPOCHHE. HaiizieHo, 9T0 HOHEI
Cu® CBs3aHBI C TOBEPXHOCTBIO 2-X THIOB rejiedl IIOCPEJCTBOM aTOMOB KHCJIOPOJA

pa3iudHBIX (YHKUHOHANBHBIX Tpynm. Ha moBepxHOCTH Cynb(aTHOro reisd Hapsamy ¢
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BEIIIEYLIOMSHYTHIM KOMIUTEKCOM OGHApY)KEH TakKe 4UHCTO THapaTHe kxommrekc Cu®™ ¢
g = 2.408 + 0.005; Ay = 12.0 = 0.3 MTn. ®akT ero nosBneHUs ObUI TaKXKe MOATBEPKIEH
METOJIOM BOJIETAMIIEPOMETPHH. BapbHpOBaHHEM TaKHX | napaMeTpoB KaK Cojep)KaHHe
Cu**(ccu) M KOHIEHTPAHMY Tefiell Ha MOBEPXHOCTH IOCTEAHHX GBUIH MONYUCHBI PasIHIHBIE
KOJIMYECTBEHHbIE COOTHOIIEHHs MEXTy TpeMs THINAMH MENHBIX CTPYKTyp. KommuecTsa
BBIIIIEHA3BAHHBIX CTPYKTYp U HX joM B obmeMm colepxaHud Mead B ¢ase reneit
OIPENETIINCH IIyTEM KOMIIBIOTEPHOTO pa3fesIeHHs CUIHAJIOB BHP.

YcTaHOBIeHa Gonbluas IOYTH B 2 pasa KaTaluTHueckas axTuBHOcTs Cu’'-
CoZIeprKaIlero CyJnp(aTHOTO THAPOTENst 10 CPAaBHEHUIO C OOBIYHBIM, YTO MOXET OBITH
06L;1quHo KaK pa3lM4YMsIMU B CTPOCHHH MEIHBIX KOMILIEKCOB, TaK H B XapakTepe HuX
pacﬁpeﬁeneﬁnx Ha TIOBEPXHOCTH UCCIelyeMBIX Tuaporeneil. HaiijieHsl yaenbabie HayaabHEIE
CKOPOCTH OKMCJIEHHUS TPUMETHITHAPOXMHOHA DPa3IMYHBIMH MEIOHBIMH CTPYKTYpaM#d B 2-X
THIAX TeNed, XapaKkTepU3yIoIMe HX HWHAMBHAYANbHYIO PpEaKUHOHHYIO CIOCOOHOCTS.
Oxasanoce, 4T0 accolMaThl MOHOSIEPHBIX KOMIUIEKCOB W HecurHasume B OIIP mennbie
CTPYKTYpHl 3HAuWTeNbHO OOJiee AKTHBHBI 10 CPABHEHHI) CO MOHOKOMIUTekcamu. Ilo-
anxﬁMOMy, 3TO BBI3BaHO MOBBINEHHOH TMOABUXHOCTHIO 3JIEKTPOHOB B CHCTEMAaX CBI3AHHBIX
JIPYT C APYTOM MOHOB U BO3MOXHOCTBIO MIepeHOCa B HUX 3JEKTPOHHOM ILTOTHOCTH.

B pabore ﬂaHHbie o CTPYKTYPHOM OpraHu3aiii U KaTAIUTHYECKOH aKTHBHOCTH
Cu**-comepsxarmero rfmporeng Z1O; cpaBHUBAIOTCA C COOTBETCTBYIOIIMMH 3aBHCHMOCTSIMH,

YCTAHOBIIEHHBIMH [T paHee H3y4eHHBIX rujporeneit SiO,, SnO,, u TiO; [4].
Pa6ora 6rlna BeinonHeHa npu GuHaHcoroi noxnepxke PODU (I'paut Ne 01-03-P 96523).
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| [2] Xapuyk B.I',, IllummakoB A.b., Kopskosa O.B., Tokape E.A. u ap.// ZKOpX. 1999. T.35.
Bem.7. C.1118.

[3] E. Kovalyova, V. Charchuk, A. Shishmakov, L. Petrov and L. Molochnikov, Abstr. Intern.
Mem. K.I. Zamaraev Conf. “Physical methods for catalytic research at the molecular level”,
Novosibirsk, 1999, P.101. N |

[4] E.G. Kovalyova, A.B. Shishmakov,V.G. Kharchuk, L.A. Petrov et. al, Abstr. Rﬁss.-Dutch

Workgroup “Catalysis For Sustainable Development”, Novosibirsk, 2002, p.263-269.
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AKTUBUPOBAHHBIN AJIIOMUHHAM. PEAKIIUSI C BOJIOU U
CIIUPTAMH

bacosa U.A.*, Huzosckuil A.U., Byonos A.B.

Omckuti punuan uncmumyma kamanusza um. I K. Bopeckosa CO PAH
644040, Omck, yn. Hegpmesasoockas, 54, Poccus
E-mail: val@incat.okno.ru '
*OmI'TY, 644050, Omck, np. Mupa, 11, Poccus

B nanHo# pabore paccMaTpuBaeTcs B3aMMOJAECHCTBHE ATFOMHUHHS H CIUIABOB Ha €ro
OCHOBE, aKTHBHPOBAHHBIX XHAKHM MeTaimdeckuM crasom In-Ga (OKMC), ¢ Bogoit u
CITUPTAMH, a TAK)KE H3YYCHBI [IAPAMETPHI, BIHAIOIIME HA CTEIEHb aKTHBUPOBAHNUSA ATIOMHHHS.

B pabGoTe HCIOMB30BAaH METOJA MPEABAPUTECIBHOH aKTHBAIMH METAIHYECKOTO
ATIOMHHHA 1 CIUTABOB Ha ero ocHoBe JXMC 3BTekTHYecKOro coctasa. Paree Gbio0 I10Ka3aHo,
4yT0 00paboTKa IOBEPXHOCTH AIIOMHHMS AKTHBHPYIOIIMM CIUIABOM IIPUBOJAHMT K DPE3KOMY
IOBBIIICHUIO PEAKIMOHHOHM cIocoOHOCTH 00pa3loB MO OTHOHICHWIO K BOJIC M CIIHPTaM, C
00pa3oBaHUEM T'HIPOKCUIOB U COOTBETCTBYIOIIUX JIKOTOIATOB [1].

Jis pabore! ucnons3oBanyu amoMuHuil (99.95%), mpoMblmiIeHHBIE CIUIAaBBI MapoK:
CHII 0, AKSM2, 11T, A1, AMr6, JI16T, a Taroke cnenuanbHO MPUTOTOBIEHHBIE CIUIABBI
Al-Cu (50%), Al-Ti (2.5%), Al-Fe (4.7%).

OKCHepUMEHTH! IIPOBOAMIH, UCTIONb3YsI METHIIOBBIH, IPONTUIIOBBIH, H30TPOIHIOBBIH,
M300yTUIIOBBIH, OyTUIIOBBIM, OCH3WIOBBIM CHOUPTHI, TVIMLEPHUH M 3THIICHIIMKONb. AHamH3
IPOAYKTOB peakuuu npoBoAuics MerogoM POA Ha peHITEHOBCKOM AH(paKTOMETpe
HZG-4A72 «Carl Zeiss Yena».

B mpomecce HCCIENOBaHHSA YCTaHOBJIEHO, YTO BCE CIUIABBL, AKTHBHPOBAHHEBIC
COMJIAaCHO METOAMKE, DEarupyloT C BOJOH ¢ 00pa3oBaHHEM THAPOKCHIOB, KOTOpBIE
OTIHYAIOTCS N0 COCTaBY M LBETY B 3aBHCHMOCTH OT HCXOIHOTO cocraBa ofpasua H
TEeMIlepaTypsl IPOBEIACHHUA peakuuH. Peakuusa c OIIHOB.TOM.HBIMI/I crmpTziMH [I03BOJISIET
[OJIYYUTh COOTBETCTBYIOIIHE ANKOTOJATH. (OCcoOEHHOCTEH B3aUMOJCHCTBHSA pPa3IUYHBIX
CIIMPTOB C aKTMBHPOBAHHBIMHU CIIJIaBAMH HE BBIABICHO. C IByXaTOMHBEIMH M TPEXaTOMHBIME
CIIMPTaMH, TAKUMH KaK 3THICHIVIMKOIb U TIHMLEPUH, B3aHMOAEHCTBHA He HaOM0Aanocs. B
MOCIEAYIOIEM alKOTOAATEl THAPOJU3OBAIUCH BOJOH C IIOJIYYEHHEM THIPOKCHIOB,
HocIeyonIasi IPOKaJIka KOTOPBIX JaBajla OKCHIBL. .

HccnenoBano BiusiHHE VyCHOBI/If/'I aKTHBHPOBAHHA MeTallinyeckoro amomutus XMC
In-Ga Ha xapakTep HOCHIeAyrolero B3auMojeicTeus ¢ Bogoi. IlokaszaHo, 4To B Ipouecce
aKTHUBHPOBAHMS BAXHBIMH IIapaMeTpaMH SBIAIOTCA HE TONBKO BpeMsA H TeMIeparypa
B3aHMOJICHCTBHS METAUIMYECKOTO Al ¢ XHAKMM CIUIaBOM, a TaKkKe BpeMs H TeMIIEparypa

nociieytomei Belaepx Ku (cTapeHus). KpUTHYHBIM IIapamMeTpOM SABIIAETCS TaKXKe HaBJICHUE
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MOCTENYIOIEeH BBIIEPKKH (crapenns). Kpurnunsm [apaMeTPOM SBIAETCA TakoKe JlaBJICHHE
[apoB BOABI B cCpelle, B KOTOPOH BBIIEPXKHBaeTCs obpazenr. Bonemyio axTuBHOCTE
B3aUMOJEHCTBUSA C BOIOH HMeNH 0oOpasmBl ¢ GOJIbMIM BPEMEHEM BBIIEPKKH B CYXOH

aTtMocdepe.

AKXTHBHpPOBaHHE CHIIYMHHA (CUTT 0 - 11.04% Si) TIPOM3BOAMIIOCE TIO CTaHAAPTHOM
MeTtomuke. M3 dasosoii nuarpammer Si-Al OYCBHIHO, YTO KPEMHHH CONEPKHTCS B CILIABE B
BHAC pactBOpa 3aMemenus. [2] Ilpogykr aKTHBHDOBaHHsS CHJIYMHHA AaKTHBHO
B3aMMOJCHCTBYET ¢ Bojoii. Ha AudpaxTorpamme HabmoxaoTCs Crabo HHTCHCHUBHEIE ITHKU
THApoKCcHAa Al U He BUIHBI NUKU KpeMHHHCOAEpKAIHX TIpoayKTOB. Ilocie IPOKAaJKH Ha
BO3/lyXe Ha TU(paKTOrpaMme MOSBIAIOTCS MHKK 0-ALO; u SiO; (kBapua).

’ buin necnenosan cnenmansro IIPHTOTOBJICHHEIH ciutaB Al-Ti, copepxaumii ~ 2.5%
TdTana. Tutan COACPKHUTCS B CIIIaBE B BUJAEC MHTEPMETAILIMIA TiAlL;. [2] AxruBHpOBanue
CIIaBA  HPOHCXOMUT  Ges CYWIECTBEHHBIX ~ OCOOEHHOCTEH, OmHAaKo B TIPOYKTax

- B3aUMOJICHCTBUSA C BOAOH HaGIIOMAt0TCs IUPPAKIHOHHbIE THKH, OTHOCAIIHECS K TiAl.

Hau6osee untepecusm no XapaKTepy B3aUMOAEHCTBUS TIPOIyKTa aKTHBHPOBAHHS C
BOJIOH M cmupTaMH Gbut cias Al-Cu 50/50. Crunae npencrapnser co6oi HHTEPMETA/UIHT
CuAl; ¢ ebonpmum COICPIKaHUEM CBOOOIHOrO AMIOMUHMS (~1%) [2]. Hpﬁ B3aHMOJCHCTBHU
C BOJIOH IIPH HE3HAYHUTENLHOM BBIIC/ICHUH BOZOPOJa IIPOJYKT aKTHBHPOBAHMUS TIpeBpaniaeTcs
B TTUCTIEPCHBIA OCAaZOK TEMHOro IBETa. Hanusle POA IIOKa3bIBAIOT, YTO BEICYLIEHHOE
BCIIECTBO MPEACTABISET coOOM B OCHOBHOH Macce HHTepMeTaIuA CuAly, ¢ HeGoIbIIUM
COACPXAHUCM TMAPOKCHIOB AMFOMHHHS. [Tom06HEBIH PE3yNpTaT MONY4YeH M IUiA peaKuuu
CIlIaBa C METaHOIOM. Peakuus mpotekaer MHTCHCHBHO, TIDH 3TOM BBIJICIIAETCS CYIIECTREHHOE
KOJIMIECTBO BOAOPOJA, B IIPOAYKTAX TAKIKE coxepxutcs CuAl,.

Beisoamr: ,

1. Bee YKa3aHHBIC CIIABHI 10C/Ie aKTHBHPOBAHUS B3aUMOZCHCTBYIOT € BOZOM M CIIUpTamuy.

2. VlHTepmeTammibl, BXOASIME B COCTAR AKTHBHPOBAHHBIX AIIOMHHHUEBBLIX CILIABOB, Ipu
B3aUMOJICHCTBHH C BOJIOH M CIIHPTaMH B PEaKIHIO He BCTYHAIOT.

3. T HApPOJIN30M COOTBETCTBYIOIIHUX ANIKOTOJIATOB OBLTH IIOJIY4YEHEI T'HAPOKCHIBI AUIIOMHHHS,
IIpoKajika KOTOPBIX maer ‘{HCTBIC OKCHIBI AMOMHUHUSA, HE coacpxanue IIPHUMECH INEIOYHEBIX

METaJLIOB.

Jlurepartypa:

1. C.IL Suenxo. «ammmii, Bzaumoneiicteue ¢ MeTannamu», M.; «Haykay, 1974.
2. JL®. Mougonsdo. «CTpyKTypa u CBOMCTBA AIFOMHHHERDIX crutaBoBy. Ilep. ¢ anrm. nog
pea. ®.U. Ksacopa, M: «Hayxkay, 1979,
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BJIVSIHUE YCJIOBUI MTPUTOTOBJIEHHUS HA KATAJIUTUYECKUE
- CBOMCTBA AJIIOMOILIATHHOBBIX KATAJII/BATOPOB
I''TYBOKOI'O OKUCJ/JIEHUS

JloGbinneB E.A., Berasa JLA.*, Murosa H.B., Hpipyasaukos ILT.

Omcruti punuan Huemumyma kamanuza um. I' K. bopecrosa CO PAH,
yn. Hegpmeszagoockas, 54, 644040 Omck, Poccus
E-mail: tsyr@mail.ru
*Omcruii 2ocyoapcmsenmvlii mexuuveckuti yuusepcumem, Omck, Poccust

DopMHUpPOBaHHE aKTHBHOIO KOMIIOHEHTA HAHECEHHOIO METAIUTHYECKOTO KaTalH3aTopa
HayHHAETCS C TIEPBOH CTaJMM €0 NPHIOTOBJEHHS, a HMEHHO, ¢ aJCOPOLMH MCXOTHOIO
coeuHeHus. 1IpHpo/ia 3TOr0 COENMHEHHs B 3HAYMTENBHOH CTEIEHH ONpENENSeT CTPOSHHE
OyIyIiero akTHBHOI'O IEHTPA M €r0 KaTaIuTHYECKUE CBOHCTBRA.

JIns  OpHrOTOBNEHHS — ATIOMOIUIATHHOBBIX  KATAJIM3aTOPOB  OKHUCIEHHS  OBUIH
HCHOJB30BaHbl KOMILIEKCHBIE COCTUHEHUS TUIATHMHBI, OTIHYAIOIIMECS CTEIEHBIO OKHUCICHHS
ITaTHHBI, €€ JUTraHAHbBIM OKDY)XCHHEM H CTPYKTYpO#l: KapOOHHJIBbHBIA KIIACTED MIIATHHBI
(0) — Ho[Pts(CO)s]s (manee— Ptys), murpaT maatusst (IV) — Pt(NOs); u H,PtCls. Usyuensr
CBOMCTBA (AKTHBHOCTD, IMCIIEPCHOCTE) 2% Mace Pt/6-Al,0; Katanu3aropos, MONYYeHHBIX H3
yKa3aHHBIX BBl COeNMHeHHH. IIpHroToBNeHHE KaTaqM3aTropa BKIIOYANO CIEAYIONIUE
cramud: 1 - ancopOnMs KOMIUIEKCA IUIATHHBL, 2 - cymka ofOpasma mpu 100°C 2 ugaca,
3 - npokanuBanue Ha Bosgyxe 1pu 600°C 2 yaca. KatanuTu4eckyio akTHBHOCTD OTIPENEIIIH
B JBYX MOJC/BHBIX pEakKiMAX: OKHMCICHHE MeTaHa U OKHCIEHHE OKCHAA YIJIEpOoAa.
AKTHBHOCTbL 00paslioB B OKMCIEHHHM MeTaHa OINpPEeNEsUIM B MPOTOYHO-LMPKYISNHOHHOMN
ycranoske, npu T = 500°C. Cocrap peaxmuonHoi cmecn — 0.5% o06. CH; B BO3ayXe.
AKTHBHOCTB KaTanu3aTopoB B okucieHun CO ompenensiv B mpoToYHON ycTanoske. CocTaB
peakuuonHo# cmecH (% 06.): 0.1-CO0O, 14 -0, 10 - H,0 u a3ora; Vie= 0.3 CM3, V=150 n/q.
B kadecTBe KpUTepHUsA aKTHBHOCTH Hcmoyb3oBand T pocruxkenus 50%-nou komsepcuu CO.
JlucriepcHOCTh HaHECEHHOM IUTAaTHHBI onpeensui MetoaoM Hy-O; TuTpoBanus. Pe3yabTaTsl

UCIIBITAHUI TIPHBEREHBI B Ta0IHILE.

Hexomnoe | o | Vino, | CL, % W-10°, | W,,-10%, o
BeIIeCTBO Ne %06. | macc. | % D d. A eM/rc cm’/atPtc T59°"C0’ c

1 |- — 2 0.47 20 31 10.6 93

2 |- - 10 0.15 60 14 115.0 116
Ptys 3 120 - 2 0.17 60 1.4 13.0 127

4 |40 — 2 - — 1.3 — 132

5 160 - 2 0.09 100 |06 12.0 146

6 | — 024 2 0.19 50 0.5 43 165
HoPtCle 7 |- 0.06 10 0.14 70 0.6 7.0 165

8 |- -~ 2 0.29 30 1.2 7.1 157
PUNOs)4 9 | - - 10 0.15 60 1.0 10.7 128
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Haubospime## aKTHBHOCTBIO B OKHCICHHH MeTaHa OOJaJaloT KaTalu3aTopel,
IOJIy4ECHHBIE M3 alleTOHOBOIo pacTtBopa Pt;s kiacrepa (oOpasen 1). OtmedeHO cuibHOE
BJIMSHHE BpPEMEHH TepM0oOpabOTKH KaTanu3aropa Ha €ro akTHBHOCTb M JIMCIIEPCHOCTS.
O6pazoBanue Oofiee KPYyNHBIX YACTHILl CHH3WIO JONIO aTOMOB INJIATHHBI, YYaCTBYIOUIUX B
peaknuu. JTO NPUBENO K YMEHBIICHHIO YIENBbHOW aKTHBHOCTH B 2.2 pasa, HECMOTpA Ha
yBequyeHue B 1.5 pasa aTtoMHOM KaranutHdeckod akTMBHOCTH (AKA). Poctr AKA
IIOKa3bIBaeT, 4TO 0o0Jiee aKTUBHBIMH B OKHCJIEHMH METAHA SBIAIOTCS YAaCTHIBL, B KOTOPBIX
COCTOSTHHE IIJIATHHBI MPHOTKACTCA K METAIMYECKOMY B OTIMYHE OT KIACTEPHOTO, CHIBHO
B3aUMOJIEHCTBYIOLIETO C HOCUTENEM.

CumbatHOoe yMeHbIIEHHE OOLeH AaxKTHBHOCTH M JAHCIEPCHOCTH KaTalu3aToOpOB
HaOMomaeTCd TaKxKe IIPU Tepexojie OT alleTOHOBOro pacTBopa Ptys kiacTepa K €ro BOAHO-
aIleTOHOBBIM pacTBopaM (oOpasiet 3-5). 3TO CBS3aHO C YKPYIHEHHEM KIIACTEPHBIX YaCTHI]
BCIEICTBUE  0o0Opa3oBaHMS  MHOXXECTBa  BONOpPONHBIX  cBs3eit momekyn H,O ¢
KoOpAuHUpOBaHHBIMM NnaTuHOH CO-imrannamu. HaneceHue Oonee BBICOKOSAEPHOTO
Klactepa Jake MpH MalOM BpeMEHH MPOKAMBaHUS MPUBOAUT K 0ojiee HU3KOAUCIEPCHBIM
obpasnam. B To ke Bpemsa AKA nns Gomee kpynHBIX 00pazoBaHUM INIATHHBL TAKXKE BBIIIIE,
YeM I JUCTICPCHBIX YacTHII.

Ilepexoq K OKHUCIEHHBIM HWCXOIAHBIM COEHMHEHUSM IINIATHHBI COIMPOBOXKIACTCA
YMEHBIIEHUEM Kak oO0med akTuBHOCTH, Tak M AKA B cpaBHEHHH C KaTalHu3aTOPOM,
IIPUTOTOBICHHBIM M3 Ptjs KiacTepa. YBeNIWYeHHE BpeMEHH MPOKATHBAHHUS Majo BIUIET Ha
o0mIyro akTUBHOCTH oOpasuioB 6,7 u 8,9, B To BpeMs kak AKA 3ameTHO yBenuuuBaeTcs.
[TpuuuHON ATOrO0 MOXET OBITh KaK YKpyNHeHHe Pt-dacTun ¢ mpubIuXeHHeM COCTOSHHA
IUTaTHHBI K 60JIee aKTUBHOMY METAIITMYECKOMY, TaK U JIONOTHUTENLHOE yIalleHUEe JTHTaH 0B,
CTabMIM3UPYIOIHX ITATHHY B OKUCIICHHOM COCTOSHHH. 3aKOHOMEPHOCTH, HaboNaroimecs
B okucinenuu CO, npakTHYECKH aHATOTHMYHBI UMEIOIIAM MECTO B OKHCIICHHM METaHa, 3a
HCKJTIOUCHHEM BIHAHHUS BpPEMEHHM IIPOKAIMBaHHS Ha OOLIyI0 aKTUBHOCTh KaTalM3aTopa,
MOJyYEeHHOTO W3 HUTpaTa IUIaTHHHL (oOpaszubl 8,9). DTO BIUSHHE NPOTHBOIOJIOKHO: B
OKHCIICHHH MECTaHa obpazen, npokanéHHelii B TeyeHue 10 4yacoB, MEHee AKTHBEH, a B
okucnenun CO OoJyiee akTHUBEH, YeM oOpasell, moaBepriHics Oollee KpaTKOBPEMEHHOM
tepmMoobpaboTke (2 u). .

[TonydeHHsle pe3yspTaThl IO3BOJAIOT CHAENaTh CIEAYIOMMH BBIBOJ: aKTHBHOCTD -
ATFOMOIUIATHHOBRIX ~ KaTalW3aTOpPOB CYIMIECTBEHHO 3aBHCHT OT IPHPOJABI  HCXOIHOTO
coenuHenus mnaTulel. [lpu aTomM Hambosee AKTHBHBIE KaTamu3aTopel (GOPMHPYIOTCS M3
COEIMHEHHUS. HU3KOBAJICHTHON IIJIaTHHBI - KapOOHMIIA TUTATHHEL (0), 4To. 06yCIOBNEHO Golee
BBICOKOH JHMCIIEPCHOCTHIO TOJIYYEHHOTO U3 Pt)s KaTann3afopd, a TaK)Ke OTCYTCTBHEM XJIOp- U
a30TcoepsKaIux JINTaH/IOB, cm@nnmnpyloﬁmx HOBerHOCTHyio IJIATHHY B MaJIOAaKTHBHOM

OKHCIEHHOM COCTOSHHUH.
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CHHTE3 HEOJIMTA THIIA MOPAEHHUT C UCIIOJIb30BAHHUEM
PA3JIMYHBIX KPEMHHN- U ATIOMHUHHUMUCOAEPKALINX
PEATEHTOB

Maxamarxasnos P.A., HHasaos M.JL., Kyrenos b.1., Aukapumosa I'.H., IxxemuJie V.M.

Hucmumym negpmexumuu u kamanuza Axademuu Hayx,
Pecnybruxu bawrxopmocman u ¥Yumckozo nayunozo yenmpa
np. Oxmabpa 141, Ygha 450075, Poccus
E-mail: rest@mail.ru

Brniepsrie paspaboran 6eccTOYHbIN, SKOJNOTHYECKH 0e30MacHbl Ccrocob cuuTesa
L(eOJIMTOB THIIA MOPAEHUT, OCHOBAHHBIH HA HCIOJB30BAHME B KAYECTBE HCTOUHHKA KPEMHHS
OTXOJI0B IIPOHU3BOCTBA KpHcTaiutnueckoro kpemuus (OTTKK).

VCTaHOBJIEHO, YTO BBICOKOJMCIEPCHBIH I€OJIUT THIA MOPACHHT (4+5 MKM),
00JIafaoui CTENEHbO KPUCTANIMYHOCTH Oim3kod k 100%, Moxer OBITH moNyden mpH
HCITOJb30BaHHM B KaYeCTBE AIFOMUHHICOEPKAILIETO CIPhs PAaCTBOpa Cynb(ara alFOMHHUA.

IToxa3aHa BO3MOXHOCTB CHHTE3a HEOJHTOB THIIA MOPJIEHHUT C BBICOKHM MOJIBHBIM
otHomeHHeM Si0,/Al,03=15+20 (Moxyns-M), ¢ HCHOIB30BAHHEM PA3IMIHBIX OPraHHYECKHX
TEMILIATOB: MOHOATAHOJIAMHUHA, U300YTUIIOBOTO CITUPTA.

CHHTE3UpOBaH TalUIOCUIUKAT €O CTPYKTYpPOH IeoNuTa THIA MOPACHHUT IyTeM
KPHCTAIVIM3alMd PEAaKIHOHHOM CMECH, coJepKamled BOJXHBIE pacTBOPBI CHJIMKATa H
THIPOKCH]IAa HATPHUs, a TAK)KE HUTpaTa rajTus.

CuHTe3upoBaH ancopOeHT it OCYIIKH KHCJBIX T230BBIX Cpell Ha OCHOBE
BBEICOKOAMCIIEPCHOIO II€0IMTa THIa Mop/ieHI/IT u v-Al,O3, B KauecTBe CBA3YIOUIETO,
IPEBOCXOISAIIHE 110 a[COPOIHOHHBIM CBOMCTBAM (IMHAMHYECKAss EMKOCTh 10 I1apaM BOJEI
45 mr/em’) paHee U3BECTHHIN MopneﬁﬂTconepmamHﬁ ancopbent (40 Mr/en).

Briepsrie nokasaHa BEICOKas KaTalnuTHYecKas akTUBHOCTh LEOJIMTOB THUIIA MOPJICHHUT B

JieKaTHOHMPOBAaHHOH (opMe B CHHTE3e M30NPEHOMIHBIX aHAJOTOB C-TOKO(Eeponia, a TaKxe

JMHERHBIX TUMEPOB OL.-METHIICTHPOIIA.
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©OPMHPOBAHUE OKCHIHBIX CJIOEB C COAEPKAHUEM
IMEPEXOAHBIX METAJLIOB METOZ{OM MUKPOJXYTOBOI'O
OKCHUIUPOBAHUS

E.B. Xoxpskos, ILW. Byrarun, A.A. Mamaes

Hucmumym @uzuxu npounocmu u mamepuanosedenus CO PAH Tomck
E-mail: atte@mail.tomsknet.ru

OnHo#l W3 aKTyambHBIX NPOONEM B COBPEMEHHOM KATAIM3E SBISETCS npobiemMa
CO3MIaHKS HOBBIX KaTalM3aTOPOB U CHOCOOOB HX NPHTOTOBIICHHS. [IepCIeKTHBHBIM METOIOM
B JIAHHOM acCIeKTe MOXHO Ha3BaTh MHKPOAYroBoe oxcuaupoBanue (MJIO) moBepxHOCTH
Pa3TIHBIX METAJUIOB, NIPEXKJE BCeTo, antoMuHis. MJIO 1o3BosIseT oy4YaTh Kak pasiHdHbe
MOJH(UKAINH OKCHIIA ATIOMHUHHS, TaK H COCAHHEHHS IIMUHETbHOM CTPYKTYPHI C Y4aCTHEM
BBCAICHHBIX B OJIEKTPOJIWMT COEIUHEHHH. BKIIOYEHHE B COCTAB MOKPHITHA PpasTHYHBIX
METAJUIOB  OTKPHIBAET BO3MOMKHOCTh HCIIONB30BAaTh CIOH HEIOCPEJCTBEHHO B KauecTBe
OKCHIIHBIX ~ KaTalu3aTtopoB. CaepkHBAIOWIMMH  (aKTOpaMH  SBJIAIOTCS  HEIOCTATOYHO
H3YYCHHBIH MEXaHW3M MHKDOIUIa3MEHHBIX PEAKIHi W CBA3AHHAS C STHM npobrema
IIOJIy4eHHsL CJOEB 3alaHHOTO COCTaBa M CTPYKTYpHL B Hacrosmieir paGore anBoﬁﬂTcx
JIaHHBIE II0 M3YYCHHIO MEXaHU3Ma (OPMHpPOBAHUA MI[O~ﬁ0KpbrrHI7I H II0 OIpeAETIEeHHIO
COCTaBa U CTPYKTYPhI norcpf,:[mﬁ.

Obpasupl w3 cnmaBa amomunus J116 obpabaTbiBanmch B Teuenue 30 MHUHYT B
JNEKTPOJIUTE, cofepxkamieM ¢ocdatsr, comu xenesa u [TAB. Hanpsokenue na BamHe

coctaBisiio 520 B, hopMa UMITYIBCOB TOKA CHHYCOMAATBHAA.

Puc. 1. Jlucnepcuvie obpasosanus na nosepxnocmu nOKpuIMUA.

B MOMEHT MHKDONIa3MEHHOTO pa3psia Ha IMOBEPXHOCTH CIUIABA ATIOMHHHS
(opmupyeTcs MOKpHITHE  amMOpPGHO-KPHCTAILIHIECKOI CTPYKTYpBl K3 KOMIIOHEHTOB
JNEKTponuTa U Cliapa. M3 puc. 1 BUIHO, YTO Ha MOBEPXHOCTH MOKPHITHS HAXOIHTCS

60JIbII0E KOJTHYECTBO KpHUCTALIIOB.
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Tax Kax B pacTBOp AHCIEpCHBIE YacTHII He ABBOHI/IIII/ICB, a d)mnqecxne YCIIOBHSA B
~ o6nacTu MUKPOTUIa3MEHHOTO Mpo6os zzené}oT HEBO3MOXHBIM [IOCTEIEHHBIH MeXaHU3M
KPHUCTAINH3AHH, TO MOXHO CHENaTh BBHIBOA O (opMupoBaHHM MONOOHBIX YACTHI BOIH3H
TPaHHUIBl pasfena SMEKTPONTUT-METAlI, B IIPHIIEKTPOIHOM CIIOE. JanHble 31€eMenTHOTO
aHalli3a KPUCTAIIOB U CONOCTaBIEHHE HX CO CPeIHHMHU KOHIIEHTPAIHSAMH [OATBEPKAACT
AaHHOE TIpEMIIO/IOKEHHE. MOXHO BBIIENMTEL CIydau 00pa3oBaHUAd KaK YHCTHIX KpHCTaJJIOB
Al O3, Tak U KPHCTAIIIOB U3 BCEX OCHOBHBIX KOMIIOHEHTOR IIOKPBITHS.
Hsyuenne szasmcuMoCTell cocTapa NOKPBITHH OT COHNEPXaHHS KOMIIOHEHTOB B
anekTponuTe (Tabnuma 1) mokasamo ckayek KOHICHTPALUM JKEJIe€3a, COOTBETCTBYIOMIU
snexrponury  Ne75. Ilpm  jmanbHeiimem — yBenmdeHuu KOHIEHTpAIUd  H3MEHEHHUS

HC3HAYHUTCIbHBIL.

Tabnuya 1. Cpednue snavenus KOHYEHMPAYULl OCHOGHBIX 31eMEHIN0EG
8 noKpetmuu ¢ naowaoxy 100x100 miu

Ne P Al Fe Ne P Al Fe

65 5,0 30,3 2,7 81 9,5 19,8 23,1
66 3,6 32,0 2,4 85 10,5 9,3 29,2
67 4,2 28,3 43 86 8,9 8,1 19,8
68 4,3 27,0 4,4 87 8,7 10,3 24,4
69 34 28,2 3,8 88 9,5 24 9,8

70 2,7 26,9 4,0 89 4,9 16,9 8,9
71 3,0 28,9 4,9 90 39 23,2 8,6
72 5,6 21 10,9 91 4,3 24,6 8,0
75 8,6 19,5 20,1 92 5,7 13,4 10,7
78 9,9 17,5 23,7 93 5,5 13,4 14,8
79 10,3 15,1 24,9 94 14,8 10,5 24,0
80 10,2 16,8 23,6

Ha ocHOBaHMM mONMy4eHHBIX  JAHHBIX, BO3MONKHO IIPOTHO3UPOBATh  COCTAB
HKETE30CONEPHKAPIX MHKPOILIA3SMEHHBIX IOKDHITHH. - M3yueHne GnaronpusTHeIX yenoBuil ans
(opMHMpOBaHMS B NPHDNEKTPOIHOM  ClIOe KPUCTAUINYECKHMX  00pa3oBaHHii, I1O3BOJMT

MOZETUPOBATH FETEPO(A3HYIO CTPYKTYPY HOKPITHS U1 ONPEIEEHHbIX KATATHTHIECKHX 3aat.
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EFFECTS OF La ON CATALYTIC PROPERTIES OF BIMETALLIC
? Nl/F e CATALYSTS FOR HYDROGEN GENERATION VIA ETHANOL
PARTIAL OXIDATION

Wang W.P., Lu G.X.*

State Key Laboratory for Oxo Synthesis and Selective Oxidation Lanzhou InStituté of
Chemical Physics, Chinese Academy of Sciences Lanzhou, 730000, PR China
*E-mail: gxlu@ns.lzb.ac.cn

The wide use of fuel cell is a knotty problem because of the difficulties in H, storage
and distribution. Production of hydrogen from hydrogen containing liquid for fuel cell will be
-an alternative solution to resolve this problem. Comparing with methanol, ethanol, which is a
renewable material obtained from biomass, is promising. In recent years, a respectable
amount of studies on ethanol steam reforming have been published, dealing either with
thermodynamic analysis of the water/ethanol system [1-2] or with preliminary catalytic
testing experiments. In our previous work, we found that Ni/Fe catalysts show good activities
for ethanol partial oxidation to hydrogen under mild conditions (573 K), but the stability of
which 1s poor [3]. In this paper, effect of the introduction of promoters, especially La, and the
reaction temperature on catalytic performance has been investigated in detail.
1. Experimental
M/Ni/Fe (M=Cu, Zn, Cr, Ce, La, Mg, Al) catalysts were prepared by co-precipitation
method. The compositions of the catalysts were expressed in the ratio metal of M, Ni and Fe,
Le., LagNisgFeys Partial oxidation reaction was carried out in a fixed-bed continuous flow
quartz reactor (P4mm). Gas phase effluents were analyzed on two on-line chromatographs.
XRD and XPS characterization was also reported.
2. Results and Discussion
The comparison of ethanol conversion and hydrogen selectivity are listed in Table 1.
When the reaction temperature is 573 K, only NispFes; catalyst exhibits high ethanol
conversion (88.58%). The corresponding hydrogen select1v1ty 1s low 28.98%. The hydrogen
selectivity of LasNisgFeqs catalyst reaches 42. 92%, which is much h1gher than that of the
NispFeso catalyst under the same conditions. Addition of Ce, Cu, Al, Zn, Cr and Mg
components shows less improving effects. With the reaction temperature increasing to 773 K,
the hydrogen selectivity of LasNisgFesg catalyst is 71.46%, still higher than that of NisyFeso
catalyst. These results indicate that La exhibits a very high improvement effect for hydrogen

generation via ethanol partial oxidation.
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Table 1. Activities of different catalysts for production of hydrogen by ethanol partial oxidation

573K 673K 773K
Catalyst Ethanol H, Ethanol H, Ethanol H,
Conversi  Selectivit  Conversi ~ Selectivit Conversi  Selectivit

on (%) y (%) on (%) y (o) on (%) y (%)
NisoFeso 88.58 28.98 95.85 55.91 95.94 60.36
LasNissFeqs 68.11 42.92 87.23 68.24 92.16 71.46
CegNiggFess 65.94 2471 80.27 55.12 85.29 57.23
CugNigrFesr 64.26 23.88 72.29 30.73 81.91 40.97

Alg NigsFeqr 47.15 28.91 48.90. 36.72 52.14 44.90
Zng Nig;Feqr 51.30 27.82 72.13 52.55 77.06 61.33
Crg NigsFesr 53.90 32.55 62.78 43.66 66.47 50.16
Mg ¢Nig;Feys 41.05 38.88 50.36 65.69 68.94 66.54
Experimental conditions: mass of catalyst: 200mg; 0,/C,HsOH=1.5; P=100kPa.

It was shown that there are (Ni, Fe)Fe,04 species and FeNi; alloy species in the Ni/Fe
catalysts [3]. The results of XRD patterns of the used and fresh LagNigsFess cétalyst are
prosecuted. Formation of LaFeO; phase was observed in used LasNisgFeqs catalyst bedsides
(N1, Fe)Fe;O4 species and FeNis alloy species. It is interesting that LaFeO; phase or the other
La species phases is not observed in fresh LasNissFess catalyst, which indicates that La
species is highly dispersed or exists in amorphous state. Peaks in the fresh LasNisgFess
catalyst are broad and weak as compared with the used ones, which means that the extent of
crystallization of LaFeO; is greatly enhanced during the reaction, and this may be caused by
the reconstruction of the sample. The average particle sizes of the phase of LasNiygFe s and
NisoFeso catalysts were calculated by Scherrer formula. It is found that the average of particle
size of FeNis in NisoFeso catalyst is the largest, which corresponds to the decrease of the
catalytic performance at higher temperature. LasNigsFeyq catalyst which has rather small
particle size of (Ni, Fe)Fe;O4 and FeNis, shows higher catalytic activity, XPS results of
LasNissFess catalyst after argon ions sputtering for different times show metallic Ni and Fe
can be attributed to FeNi; which locates ma_inly on the surface of catalysts, while qxidized Ni
and Fe can be attribqted to the complex. compound (Ni, Fe)Fe; Oy that primarily Hexists in the

bulk of this sample, and LaFeO; species disperses well in the catalyst.

[1] Garcia E.Y. and Laborde M.A., Int. J. Hydrogen Energy, 16, 307 (1991).
[2] ShengP.Y, Yee A., Bowmaker G.A. and Idriss H. J. Catal. 208, 393 (2002).
[3] Wang W.P., Wang Z.F., Ding Y. and Lu G.X., Catal. Lett. 81, 63 (20)
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THE ACTIVE SURFACE CHARACTERISTICS OF COPPER-
CONTAINING CATALYSTS FOR DEHYDROGENATION OF
METHANOL TO METHYL FORMATE

L.L. Simentsova, T.P. Minyukova, L.P. Davydova, A.V. Khasin, T.M. Yurieva

Boreskov Institute of Catalysis SB RAS, 3, Prosp. Lavrentzeva 630090 Novosibirsk, Russia
‘ Tel: +7-3832-344109; Fax: +7-3832-343056

E-mail: sii@catalysis.nsk.su

The dehydrogenation of methanol to methyl formate has the advantage over methanol
carbonylation. The latter is the main method of methyl formate production in industry
nowadays and it demands keeping and using carbon monoxide. The aim of present work is to
study the properties of active surface in copper-containing catalysts for methyl formate
obtaining from methanol.

Earlier it was demonstrated that copper metal particles of different strength bounding
with the surface were formed as a result of the pretreatment (reduction) by hydrogen of
copper-containing oxides with different structure - copper hydroxysilicate (Chrysocolla,
CuSi), copper-zinc hydroxysilicate (Zincsilite, CuZnSi), copper chromite (tetragonally
distorted spinel, CuCr) and copper at the surface of chromia (Cu/Cr,03).

In this work the adsorption properties of catalysts were studied by the temperature
programmed desorption (TPD). Two catalysts preserving the structures of their precursor-
oxide after reduction (CuZnSi and CuCr) and having strong bonding of metal particles with
the surface was found to have high temperature form of hydrogen adsorption. This form is not
observed for’ other two catalysts CuSi and Cu/Cr,0; and for pure metallic copper surface
‘(films [1] or monocrystals [2,3]).

' The process of methanol dehydrogenation proceeds via successive reactions:

2CH30H = CH;00CH + 2H; (I) and CH;00CH = 2CO + 2H,. (II)

The selectivity to methyl formate for the catalysts studied was close to 1.0 at low
methanol conversion, X < 0.1, where dehydrogenation process is represented by reaction (I),
occurring far from its equilibrium. At 0.2<X<0.55, the selectivity decrease with increasing
conversion, and the ratio of the activities in successive reactions may serve as catalysts
comparative characteristic. At high conversions, when reaction (I) is close to its equilibrium,
selectivit)'; is independent on the properties of studied catalysts and depends on the methanol
conversion. :

The catalyst activity in reaction (H)v greatly depends on the state of metal copper in the

catalysts. It was assumed that the catalyst activity in methyl formate conversion to CO and H,
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and, hence, the selectivity of methanol dehydrogenation in respect to methyl formate in the
region of moderate methanol conversion depénds on the character of interaction between
metal copper particles and catalyst oxide surface, which is determined by the composition and

structure of oxide-precursor.
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BJIMSIHAE UCXOJHBIX BEIIECTB ! YCJIOBHI CUHTE3A HA
XAPAKTEPUCTHKH KATAJIM3ATOPOB Pt-Ru/CUBYHHUT JIJIS1
CEJEKTUBHOTO OKMCJIEHMSI CO B ITPHCYTCTBHH BOZOPOJA

HLsanul JLA., Casrrnukos ILB.*, Hpipyasaukos ILT ., Co6saaun B.A.*
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B JganHOH paboTe WCHONB30BIA B KAueCTBE INPEAINECTBEHHHKOB IUIATHHEI
ImIaTHHOXJIOpHCTOBOAOpoaHyto kucnory HyPtCls, xapbommn Pt,(CO)y ¥ aMMuauHbIH
komiieke [Pt(NH3)4]JCl,, B kauecTBe mnpemmecTBeHHMKa Ru  HCHOONB30BAM  €r0
kapbamuaabiit koMruieke. Cozepxanne Pt u Ru B momydeHHpIX o0Opasiax COCTaBIIAIIO
0.1 - 0.4 macc. %. Karanuszaropsl mOJyJalmd W3 BOJHBIX pPAacTBOPOB COBMECTHBIM JIHOO
HOCTENOBATEILHBIM  HAHECEHWEM  IPEANISCTBEHHHKOB aKTUBHBIX KOMIIOHEHTOB Ha
rpaduTononoOHBH yruepoaHblH MaTepHan CHOYHHT ¢ IOCJIENYIOIIMM BOCCTAHOBIECHHEM B
TOKe BoJiopoJia npH temmneparype 450°C.

Hcneitanuss 00pa3moB  MPOBOJMWIM IpU  aTMOC(epHOM JaBICHHM B HHTEpBale
temneparyp 25-200°C 1 CKOpPOCTH ITOTOKA peaklHOHHOH cmecu 7000 u!. PeakiHOHHAS CMeCh
06buHO cocrostia u3 CO (1 06. %), O, (1-2 00. %), Hy (74-75 06. %), H,0 (3 06. %) u CO,
(20 06. %).

B pabore mpoBezieHO Hccle0BaHue ancopOuu mpeamecTseHHUkoB Pt Ha Cubynure

u Ha obpasite 0.2 macc. %Ru/Cubynnt. [lonyyensrle nanHbIe NpeacTaBieHsl B Tabnune 1.

Tabnuma 1. Benwuunabl aacopOUMU MpeIeCTBEHHUKOB fIaTuHbl Ha CubyHute U obpasle
0.2 macc.% Ru/cubynut npu temmneparype 25°C

IpexmecTBeHHAK MaxkcuManbHas BeJIHYHHA MaxkcumanbHasi BeJATHHA
HJIaTHHBI ajxcopOuuu Ha cHOyHHTe, MI/T apcopdnuH Ha obpasue
0.2%Ru/cnbynuT, Mr/r
H,PtClg 30 25
[Pt(NH;)4]Cl;, He ancopbupyercs He ancopbupyercs
Pt,(CO)2m 60 25

Bunno, uro anmcopbuus H,PtCls va CuOynmre, comepxkatueM 0.2%Ru, HECKOIBKO

CHH)KEHA IO CDABHEHHIO ¢ angcopbuueil Ha ucxogHom Cubynute. Ilo-BHauMOMy, 4YHCIIO
aJicOpOLMOHHBIX IIEHTPOB yMEHbINAETCA 3a CYEeT MpOBEJeHHOH npenobpaborku -
BOCCTAHOBJICHHS KapOamuaHoro kommiekca Ru Bomopomom mnpu 450°C, 49TO0 MOXET
IIPUBOJMTH K HCUE3HOBEHHIO KHCIOPOJ COIEpXalluX ancopOUMOHHBIX HEHTpoB. [pyras

YacTh OKa3bIBAETCH 3aHAThIMM dacTuriamu Ru. Ecnu Ha apcopOumu H,PtClg 310 mouru He
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CKa3bIBACTCA, TO MaKCHMATbHAs XxeMocopOnus Ki1actepa Ptn(‘CO)Zn CHIDKAETCS BIIBOE [10
CpaBHEHHIO ¢ afcopbuuel Ha yuctoM CUOyHUTE.

Ha pucynke 1 wupuBeNeHBl pe3ynbTaThl; HONYdeHHBIE i KaTald3aToOpoB,
copepxamux 0.3 macc. %Ru u 0.2 macc. %Pt. Kpussie (1) u (2) oTpaxkaioT akTHBHOCTh
00pa3oB, NpUroToBieHHEX U3 Pt;(CO)2y U kapbaMuIHOTO KOMIUIEkca Ru, HO ¢ pasHbIM
HOPSIKOM HAHECEHHS MPEILIECTBEHHHKOB. O6pazern (1) momy9yanu HaHeceHHeM CHayana Ru,
3ateM Pt, a oOpasen (2) — HaHECEHHEM KOMIIOHEHTOB B 0OpaTHOM nopske. Kpussie (3) u (4)
IpMHazJiexaT obpa3naM, IpUroTOBIEHHBIM ITyTeM HaHECEHHs cHayana Pt, 3atem Ru, mpuuem
B KadecTBe npenmeCTBeHHﬁKa Pt nna obpasma (3) 6pamu H,PtCle, a mis obpasua
(4) — aMMHaAYHEIN KOMILIEKC.

100 B (1) 0,3%Ru- D .. S
90 | _

0,2%Pt(xap6)/cnbyHuT

. 38 == (2) 0,2%Pt(xap6)-
°. 0,3%Ru/cudyHuT
o 60 -

Seo | —@—(3) 0,2%PYH2PLCIE)-

40 0,3%Ru/cubyHnT
%.30 4 == (4) 0,2%Pt(amm)-
290 0,3%Ru/cudyHuT
S
< 10
0 i) ' T e e e
0 20 40 60 80 100 120 140 "Temnepatypa, °C

Puc. 1. AktuBHOCTS KaTanuzatopoB Pt-Ru/cHOYHHT, MPUroTOBNEHHEIX W3 KapbaMUIHOTO KOMILIEKCa
PYTEHUS ¥ PA3IHYHBIX [PEALISCTBEHHUKOB IIATHHBI

Ha puc. 1 BUAHO, YTO AN KaTalIH3aTOPOB, IPHTOTOBJIEHHBIX C HCHOJB30BAHHEM
Pa3NHUHBIX IPEIINeCTBeHHHKOB Pt, komsepcus CO, Gmmskas x 100%, mocturaercs pu
temmneparypax 125-150°C. M3 npencTaBneHHBIX NaHHBIX MOXHO CHENIAaTh BBIBOJA O TOM, 4TO
Oonee . akTHBHBIA  00pa3el, - TIPUTOTOBIEHHBIH C = HCIONB30BAHHEM : B - KayecTBE
NPeIIECTBEHHHUKA Pt (CO)ap, nonyqaeTca IIPH TOCIEA0BATEIFHOM HaHeceHHH Ha CH6yHHT
cHagana Ru, 3atem Pt. DT0 MOXHO 0OBACHUTE ClIeTyIOIHM 06pa30M B [1] coonaeTcx 9TO
‘Ru, HaHeceHHBIH H3 pacrBOpa RUClg, ABISIETCS JUCTIEPTUPYIOUIMM areHToM i Pd,
HaHeceHHOro U3 pactBopa PdCl,. Ilo aHamoruu ¢ 3TUMH JaHHBIMH MOXHO TIPEIIOJIOXKHUTh,
4to Ru BBICTYITaeT B KaYeCTBE AUCHEPTHPYIOIIETO areHTa u i Pt.
Pabota BpIMONHEHa TIpU MOAJEPIKKE MemyHaponHoro 6J1aI‘OTBOpPITeJIbHOI‘O Hay4HOTO

¢donna um. K. U. 3amapaera u rpanta CRDF REC-008.
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CHUHTE3 KATAJIM3ATOPOB METOJOM AHOJHO-UCKPOBOT'O
OCAXKIEHUSA
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E-mail: sol@chem.dvgu.ru
*Uncmumym xumuu Jlanonesocmourozo omoenenus PAH, Bnadusocmoxk, Poccus

CoBepieHCTBOBaHHE H3BECTHBIX H IMOUCK HOBBIX 3(h(EeKTHBHBIX CIOCOOOB IOIy4EHHUS
KaTaJIuTHYECKH aKTUBHBIX CTPYKTYp - BECbMa akTyajibHas 3anada. Hactosmas paborta - omHa
W3 TIEPBBIX TOMBITOK INPUMEHHUTH METOH aHOJHO-HCKPOBOTO OCAXIEHHS M3 BOJHBIX
SJIEKTPOJIUTOB U1 HANpPaBIEHHOTO OJHOCTAAMHHOIO CHHTE3a Ha METaaX KaTAIHTHYECKH
AKTHBHBIX TOBEPXHOCTHEIX CTPYKTYp. Llens paGoTh: a) pa3paGoTaTh YCIOBHS OCAXICHHSA
AHOJIHO-MCKPOBBIM METOJIOM IIPH TeMIIepaTrype BOAHOro anekTponmmrta He Gomee 100°C Ha
MOBEPXHOCTh CITABA THTaHA CJIOEB, COACPKAIMX HapsIy C OKCHJIAMH THTaHa OKCHIAbI H
COCTMHEHHS MapraHila, HHKels, koOanbTa WM Xene3a, 0) HCCIeNOBaTh KaTaIMTHYECKHE
CBOMCTBA TAaKUX CTPYKTYP Ha IpUMEpE pEaKkIIMd OKHCIEHHS OKHCH YIJIepoda, a TakK Xe
BO3MOXHOCTh UX IPUMEHEHHS B KQUYECTBE 3JIEKTPOAHBIX MaTEPUAIIOB.

TpamgunuonHBIT Meron (GOPMHPOBAHUS OKCHUIHBIX KAaTaIH3aTOPOB - TEPMHYECKOE
pa3JIoXEHHE COJIeH MIIM THAPOKCHIOB COOTBETCTBYIOINMX M Ha NOBEPXHOCTH MPEABAPUTENHHO
MOJTrOTOBJIEHHBIX HocuTened. Conu wiu THAPOKCHABl M Ha HOJUIOXKY HAHOCSAT IIPOITMTKOMN
WIH OCAXIECHHUEM H3 PAacTBOPOB, PACHbUICHHEM IOCIENHUX, OCAXICHHEM M3 ra3oBo#l ¢haswl,
HATHPaHUEM H T.IL

OrmnpeneneHHBIE BO3MOXXHOCTH B CHHTE3€ Ha IIOBEPXHOCTH METAUIOB Pa3HOOOpA3HBIX
BBICOKOTEMIIEPATYPHBIX OKCHAHBIX CTPYKTYp, B TOM 4YHCJIE IIPHMEHSEMBIX B KATAlu3e,
TIpeICTaBIIseT METOJ aHOAHO-HCKPOBOTO OCAXAEHWS M3 BOJHBIX JJIEKTPOSHTOB. B cocTase
NOKPBITHH, (OpMHPYEMBIX Ha ITOBEPXHOCTH METAJUIOB BEHTHJIBHOM TPYIUIbI 3THM METOHOM
MOXXHO OXXHJATh HAJIMYH OKCUJOB, TBEPJBIX OKCHIHBIX PACTBOPOB HJIH INITHHENEH Ha OCHOBE
37IeMEHTOB 06pabaThIBAEMOr0 METAIIA H ANMEKTPOIHTA HIIH TONBKO 3IEKTPONNTa. BaxHo, 4To
IIpU aHOJHO-HCKPOBOM OCAXKACHUH HHUIIUHUPYEMBIH JEHCTBHEM JJIEKTPUICCKHX HCKPOBBIX HIIM
MHUKpPOJYTOBBIX INPOOOEB CHHTE3 BBICOKOTEMIIEPATYpHBIX OKCHJIOB H COEIHHEHHH ¢

 BKIIOYECHHMEM HJIM HA OCHOBE KOMIIOHEHTOB JJIEKTPOJIATA IIPOMCXOJUT Ha IIOBEPXHOCTH
METaJUIMYECKOTO aHOJa IIPH CpeAHEH TeMiepaTrype B 00beMe BOJHOTO 3NEKTPONIUTa He Holee
100°C. Kpome TOro, ¢ TOYKM 3pEHHs IIPHTOTOBJIEHHS OKCHJHBIX KaTalH3aTOpPOB, K
JIOCTOMHCTBAM METOJIa MOXKHO OTHECTH: a) HAJIMUME MEXIY METAJIOM K aKTHBHEIM OKCHIHBIM
CIIOEM HOJCIOS OKCHIA AHOAUPYEMOrO MeETajula, KOTOPBIM MOXXET BBIIOJHATH (PYHKIMA
HOCHTENA; 0) BO3MOXHOCTh 00OpabaThiBaTh M3JE/Hs CIOXHOH TeOMETPHH; B) BO3MOXKHOCTD

' BOCCTaHOBJICHHS CBOMCTB KaTaJII/I:«;aToﬁé [IyTeM [IOBTOPHOMN 06paboTKH m3nenus. Bumecte ¢ Tem,
HECMOTPS Ha 3HAYHTENHHOE YHCIO MyGIHKALMH B 06IaCTH hOpMHPOBaHHS aHOHO-UCKPOBBIM
OCaXIEHHEM Ha METAUIaX 3alUTHBIX IOKPHITUH pa3jMYHOrO HA3HAYCHUS, H3YUYCHHIO
IIPUMEHEHH1 METO/A Il IPUTOTOBIICHHS KaTATUTHYECKH aKTHBHBIX CTPYKTYD paHee [OYTH He

“yaensuioch BHUManus. [1o 310l TeMe HaM u3BeCTHHI TOJIBKO paboTh [1-3].

B Hamel npeapigymed IyOIuMKanuu' moka3aHo [4], uTto B TeTpabopaTHOM BOAHOM
SNEKTPONIUTE B PEXUME HMCKPEHHS M MHKDOAyT HA THTaHE OGPa3ylOTCS aHOAHBIE CIIOH,
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collepKaulue TEepMOCTAa0HMIbHYIO pyTWibHylo Momudukammioo TiO;. B HacTosAWeH pabote
HCCJIEJIOBAHO BIMAHME BBEJEHMS B TETPabOpATHBIA JNEKTPOIHT BOJXOPACTBOPHMBIX CONEl
Mn(1I), Mn(VII), Ni(II), Co(Il), Fe(Il) Ha dpopmupoBaHHue, deMEHTHBIA ¥ (aA30BHIA COCTABEL,
MOpP(HOIOTHIO aHOTHO-HCKPOBBIX CIIOEB Ha THTaHe. B TaGIIiIe npuBe/ieHb! dazoBelit (POA) u
>aeMeHTHBIH cocTaBbl (DC, Mac.%) HEKOTOpHIX CHHTE3HPOBAHHBIX HAa THTAaHE aHOAHO-
MCKPOBBIX [IOKPBITHI. ' |

Ti0, TiO, Mn,O;, | Mn,TiO M | 1102 (PyTHn, Ti0,
PDA (pytun), (pyTan) MO aTiO aHaras), (pyTHn),
TiBO, . 3 Fe, 0, NiO, Ni
e Mn 3.2; Mn 11.3; Mn 49.8; Mn 42.9 Fe 48.0; Ni d4,4;
Ti53.6 Ti57.4 T16,2 Ti 16.0 Ti2,5 Ti 10,0

Cocrtas, cTpoeHne, MOPYOIOrHI0 GOPMHUPYEMBIX OKCUIHBIX CIIOEB OIpesieNseT IPUpoa 1
CTENEHb OKMCICHHd M, KOHLEHTpalMH M TOPAAOK pAacTBOPEHUS KOMIIOHEHTOB IIpH
OPUTOTOBICHUH  BOJHOTO  JNIEKTPONHMTA,  COCTOSHHE  ANIEKTPOJAMTA  (MCTHHHBIMN,
MeTacTaOMIBHBIH, KOJUIOUHBIHA U T.II. pacTBOp), MapaMeTphl npouecca odpadoTku. Hanpumep,
OC@XIECHHBIE AHOIHO-HCKPOBBIE CIIOH, COJEpXAIIHe OKCHABl MapraHija, UMEIOT CJIOHCTOE
cTpoeHHe. BHemHMH ClOH COCTOMT INIPEMMYMIECTBEHHO H3 OKCHIOB Mapradma. Mexmy
BHEIITHUM CJIOEM U THTaHOM paclojiaraeTcs CJI0i OKCHIOB TUTaHA.

YcraHoBiaeHO, 4TO MOIUdHUKANMS MOKPBITHH C OKCHAAMM MapraHiia COCIUHEHHSIMH
pYTEeHHs, MapraHlia Wi KoOaibTa ¢ IOCIEIYIOMNM OTXKHUIOM IIPUBOJUT K 3HAYMTEILHOMY
CHIDKEHHIO HMX O3JIEKTPHYECKOTO COIPOTHBIEHHS. [lomydyeHBl JJIEKTpOJHBIE TOKPBITHS,
CeTeKTHBHbIE K PEaKIMM BBIAETEHHS XJI0pa IpH dIeKTPOIH3e XTOPHIHBIX PACTBOPOB.

BrinonHeHHble HCCIEOBaHMS [I0Ka3ajd, YTO AHOJAHO-UCKPOBBIE CJIOM C OKCHIaMH
Maprasua npH Temneparypax 250 - 300°C karanmusupytot okucienue CO B.CO,.

Takum o00pa3oM, NONydYeHHBbIE NaHHBIE IOKA3bIBAIOT, YTO METOJ] AHOJHO ~— MCKPOBOTO
OCa’KJIeHUs BeCbMa IEPCIEKTUBEH UL (OPMUPOBaHUS HAa METAJLIaX, B TOM YMCIIE JIETKOIUIABKHX,
HarnpuMep, Ha aFOMUHMM U €ro CIUIaBaxX, KaTaMTUYECKH AaKTUBHBIX BBICOKOTEMIIEpATYpPHBIX
OKCHIHBIX CTPYKTYp. BMecTe ¢ TeMm, MHOTHE BOIMpPOCHI CBSI3aHHBIE C HalpaBJICHHBIM AaHOIHO-
HCKPOBBIM OCaXIECHHUEM 3aJaHHBIX OKCH/HBIX CTPYKTYP, MEXaHM3MaMH HMX CHHTE3a IO
JIWCTBHEM IEKTPUYECKUX MpoOoeB, CTpOeHHEM U (PYHKIIMOHANBHBIMM CBOHCTBAMM OCTAKOTCS
MaJIOM3y4YeHHLIMH U TpeOyIoT JaTbHeHIINX UCCIeIOBAHMIMA.

BriBozibI:

a) IPHHINIHATIEHO II0KA3aHO, YTO HA IIOBEPXHOCTH METALIOB BeHTHILHOM rpymmsl (Ti,
Al, Nb, Zr u gap.) MeTOIOM aHOJHO-HUCKPOBOIO OC@XACHHUA MOXHO OJHOCTAIUHHO
(bOpMHUPOBATH KAaTAIMTUYECKH AKTHBHBIE CIIOU U3 BOJHBIX 3JIEKTPOIHTOB; .

6) paspaboTaHsl YCIOBHS CHHTe3a Ha THTaHE MOBEPXHOCTHBIX CIIOE€B, COAEPKAIIUX
OKCH/IBI HJTH COCIMHEHHS MapraHiia, HUKeNs, KobanbTa, jKene3a;

B) IOKa3aHO, YTO COJEpIKalllie OKCHIBI MapraHia CIOH KaTaIH3HPYIOT OKHCIEHHE
OKHCH YINepojia, a Toce NONMONHHTENBHOTO BBEIEHHS PYTEHHS M IIOCIEMYIOLIET0 OTXKHIa
MOTYT IPMMEHATECA B KAYECTBE HJIEKTPOKATATIN3ATOPA PEAKIIUHU BBIICTICHHS XJIOpa.

[1] Fopmuenxo I1.C., Pynues B.C., I'nenenxos C.B. u np. // K.opuknaguoit xumuu. 1995, T.68,
Ne6. C.971.

[2] Tat. TZIP 273364.

[3] Iar. TJIP 248 064.

[4] BacuiaseBa M. C , Pynues B.C., Terpuna H M. u np. // K.npuxnanxoit xumun. 2002, T.75,
Ned. C.583.
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. KATAJIMTHYECKUE 3JEMEHTbI KUCJIOPOIHbBIX TATYHKOB

Tynnxb_na E.H., 'opannosa H.E., IlOmuna E.B.

Camapckuit 20cy0apcmeenHblil A3POKOCMULECKUL YHUBEPCUMEM UMEHY
axaoemuxa C.II. Koponesa, 443086, Camapa, Mockoéckoe wiocce, 34 a, Poccus
E-mail: chem@ssau.ru

Pa6oTa mocBdmieHa HCCNENOBAHHAM B OONACTH CO3AHHS TBEPAOIIEKTPOIUTHBIX
SIEKTPOXUMHYECKHX CHCTEM, KOTOpBIE IIPEACTABILIOT HHTEPEC B KAYECTBE KUCIOPOIHBIX
JAaTYHKOB. JJaTYNKU KMCIIOpOJa B IOC/IEAHEE BPeMs HaXOIIT BCe BO3pacTaroniee IIpUMEHEHHe
JUIA  DHEPTeTHYECKHX YCTaHOBOK, aBTOTPAHCIOPTA, TOIUIMBHBIX 3JEMEHTOB, Ta30BOrO
aHanu3a. VX mprMeHeHMe IO3BOJISET CHHU3MTH PACXOA TOIUIMBA M BBHIOPOCHI B aTMoc<bépy
TOKCHYHBIX KOMIIOHEHTOB.

B KMCIOpPOAHEIX  JaTYMKaX  HCHOMB3YIOTCH  KATAIHTHYECKHE  DJIEMEHTHL
noTeHuMao0pasylomas sneKTpoxuMudeckas sdeiixa (3XS) — cencop, opMmupyrommit
curHan (QyHKUMOHATBHOH 3aBHcHMocTH DJ[C or MapiManbHOrO JNaBJICHUS KUCIOpoaa B
CJIOXHBIX I'a30BBIX CMECAX, H KaTaJIATHYECKUH OJIOK, HCTONMHAIOMMA QYHKIMH ITOATOTOBKH
ra3oBoi mpoOs1 U 3amuTe 3X .

KucjiopomHbI  CEHCOp COCTOHT W3 TBEPHOro DIEKTPONHTA, OOJIaJAOIIEro
KHCIIOPOJOHOHHOM [POBOZMMOCTBIO, MW JBYX IUIATHHOBBIX SJEKTPOIOB. JUIs co3jaHms
ONIEKTPOOB  HCHOJB3YETCS ~ OPHTHHAIBPHBIA ~ METOA  aBTOKJIABHOTO  TEPMOJIH3a,
3aKJIFOYAIOIMACA B XHMHYECKOM BOCCTAHOBIICHHM IUIATHHOBOIO KOMILIEKCA M3 BOJHOTO
pacTBOpa. VBrOTOBNEHHBIE OITeKTPOABI OONAJAIOT JOCTATOYHOM KATATHTHYECKOH W
aﬁcop6un0ﬁHoﬁ aKTHBHOCTBIO, YTO JOCTHIAETCS AUCHEPCHBIM COCTOSHHEM HAHECEHHOTO
METalla, a TaKkKe - BBICOKOH JJIEKTPOIPOBOJHOCTBIO M HH3KHM CONpPOTHBIeHHEM. Kpome
TorO, SNIEKTPOJBl XOPOWIO CIEIUIEHBI C IOBEPXHOCTBIO TBEPHOrO OJJIEKTPONUTA M HE
PaspyIIaOTCs MIPH TEPMHUYECKHX M MEXAHHYECKUX HArpy3Kax.

IIposenens! naboparopusie ucnbiTanus DX, Mccnenyemble ceHCOPI MOHTHPOBAITH B
KHCJIODOJHBIE AATYMKH, Ha KOTOpHIE NOJABAIM TEXHWYECKHH a30T, BOJOPOJA MM CMEChH
KHCIIOpOoZa H a30Ta co ckopocThio 20-60 a9 B unTepBasie temneparyp 200-600°C.
Onpenenens! $yHKnMOHAIBHBIE XapakTepucTHkd DX (MHTepBan paGoumx TemmepaTyp,
3aBHCHMOCTB S/IC ot cocTaBa, CKOPOCTEH U TEMIIEPATypHl Ta30BOTO MOTOKA, BPEMs OTKIIHKA
CHTHaNa JAaTYMKa Ha M3MEHEHHE COCTaBa a30BOH cMecw). [lokasano, 4TO B HHTepBaje
TéMnepaTyp 300-600°C mpu pacxoze razopoit cMecu 20-60 1/ 3uagenus DJIC [IPaKTUIECKH

IIOCTOAHHEI.
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Karamarnueckn#i MaTepuan . faT4MkoB TpeACTaBIsET coOOH - METAIUTHYECKHi
(HepIKaBEIOLIAst CTalb, HUXPOM, HHKEIIb) GJI0K, BHIIONHEHHMIH [0 TeXHONOIHHY IIPOM3BOJICTBA
Aemnpupyromux u3genuit ("meramiopesnna"), ¢ BBICOKOJMCIIEPCHBIM HOKPBITHEM M3
IUIATHHOBBIX MeTaluoB (Pt, Pd, Ir). Tlokpritus HaBOCAT METOIOM aBTOKJIABHOTO TEPMOJIH3a
KOMIUIEKCHBIX COEMHEHHH COOTBETCTBYIOIMX METALIOB. [IpEMEHeHHe MaHHOTO MeTona
II03BOJISET MOJTYyYaTh KaTaIu3aTOPhI C COJepKaHHEM IUIaTHHOBOrO MeTauia 0.1 %.

QyHKOUHM KaTaTMTHYECKOro OJI0Ka 3a1<moqé}0rc;1 B . TOOKUCJIEHUH KOMIIOHEHTOB
ra3oBOH MpPOOE! H [IEPEBOJE CHCTEMBl B PaBHOBECHOE COCTOSHHE B CIIYYAsX CyIHECTBEHHO
HEPAaBHOBECHBIX ~ Ta30BBIX IIOTOKOB, CMEWICHHA TIa30BBIX CMecell ¢  pa3HYHBIMH
KHCJIODOJHBIMH MOTEHUMaTlaMHu. B pe3yibrare 3TOr0 CHrHal OaTYHKAa HE 3aBHCHUT OT
Pacxo0B H CKOPOCTEH ra30BBIX [TOTOKOB.

Onpenenens! ycnoBus 3¢ GeKTHBHON paboTH GI0YHOr0 KATATHTHIECKOTO MaTepHaja
FaTYMKa KUCIOpOza. VI3ydeHBI 3aBUCHMOCTH KATalIMTHYCCKOW AKTMBHOCTH OOpasioB Ha
METAUIMYECKUX (HEPKABEIOWIAs CTalb, HHXPOM, HHKENh) HOCHTEIAX, OTIMYAIONIHXCS
NpHPONOH HAHECCHHBIX IUTATHHOBRIX Meramtos (Pt, Pd, Ir), or ycnosuii, MOIENUPYIOUIHX
paboTy KHCIOPOIHBIX JAaTYHKOB (TEMIEPATypEl, COOTHOWIEHHS TOILIMBO/OKUCITHTEND,
HaJIM4Usl B PEaKUHOHHOH CMECH CEPOCOEPKallX COEANHEHH ).

ODKCIICPUMEHTRI NIPOBOJMIM Ha JTabOparopHOH yCTAHOBKE MPOTOUHOrO THIA C
H30TEPMHYECKMM pPeaKkTopoM. B KadecTBe MOZENBHOrO yIJieBONOpOJAa HCIIONB30BAH
H-rexcad. Peakuwro mpoBomunu mnpu Temmeparype 200-600°C u ofbeMHOl CKOpOCTH
peakuuonHod cmecu  7500-35000 uwl.  Amamus PCAKIMOHHOM CMECH INPOBOIUIIH
rasoxpomarorpapuueckuM metogoM. OO0 aKTHBHOCTM KaTalM3aTopa CyIUNH II0 CTENeHH
NpeBpamieHus H-rekcaHa. [{nst OpeseNieHus: YCTOHMUHBOCTH KATATHTHYEEKOTO MaTepHana K
OTPaBICHHIO COCIMHEHHSAMH CEPEl B OKHCISIEMbUi YIJIEBOAOPOA JOOABIANM THOGEH B
xommdectse 0.1, 0.2 u 0.3% macc. B mepecueTe Ha cepy, CEIUIA 32 H3MEHEHHEM aKTHBHOCTH
KaTaju3aTopa npu temieparype 250-350°C, oGbeMHOM ckOopocTH ra3oBoil cmecu 7500 u™,
COOTHOINEHHH TOIIJIMBO/OKUCIUTENS (Q) = 1.

MeTtonamu CKaHHpYIOmel 9JIEKTPOHHOH MUKPOCKOITHH (COM) 1%}
pentreHooToznekTporHoi (POIC) vccnenoBany MOBEPXHOCTH KATATUTHYECKHX 2JIEMEHTOB

JaTdBKa KuCiIopoza.

Pabota BrimonHena npu 4acTHuHO#M nopaepikke Grupmbl «Xansaop Tonce A/O».
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MOJYYEHUE AJJIOMAHANCOJEPKAIIMX CIOUCTBIX
I[BOI/IHI)IX FAPOKCHIOB M3 FTHAPOATIOMOKAPEOHATA
HATPUSA (JAYCOHHUTA)

Crapuxosa E.B."*?, Tapacos K.A. 12 Hcynos B. 1.2, Yynaxuna JI. 3.
MuTtpodanona P.II. 2

! Hosocubupckuti 2ocydapcmeennviii ynugepcumem, Hosocubupck, Poccus
? Hosocubupckuti uncmumym xumui meepoozo meia i MexXanoXumuu
CO PAH, Hosocubupck, Poccus
I Hayuno-o6pazoeamenvhuiii yenmp «Monexynaprolil Ou3aiiK 1 IKOI02ULECKU bezonacrvle
mexnonozuu» npu Hosocubupckom zocyoapcmseennom yrusepcumenmne, Hoesocubupck, Pocuus
E-mail: Katya@solid.nsc.ru

Cnouctsie npojineie ruapokcuasl (CHI) - Oonmblias rpynma COSAHHEHHI,
XUMHUECKYI0 POpMYITy KOTOPBIX MOKHO IPEJCTABHTH B 00OIIEM BHE KaK

[M(ID 0 oMDx(OH), (A% ys) mH,0, rie M) = Li*, Mg*, Ni**, Co™, Zn™,
Ca?* w mp., M) = AP, Cr**, Fe™, Mn™* u 1p., A™ - Mexcioessie annonsl. CTPyKTypa STHX
coeqUHEHHI 00pa30BaHa U3 YEPEAYIOUIMXCS MTOJIOKUTENRHO 3aPKCHHBIX OpyCUTONONOOHBIX
CJIOEB COCTaBa [M(H)(l_x)M(HI)X(OH)z]Y+, U cloeB, cojepxammx A" M MOJEKynbl BOJBL
Katuonst M(I) 1 M(III) pacnosararotcsi B OKTa3APUUECKHX MYCTOTaX THAPOKCHIHBIX CIIOEB.

CJII" IuMpoKO MCIIOJB3YIOTCS B KAYeCTBE KATAIU3aTOPOB H NPEUIECTBEHHUKOB 1 UX
nonyuenus [1-3]. 'Tak, OHM aKTMBHO MPUMEHSIIOTCA B IIPOM3BOJACTBE CHHTE3-Ia3a,
KEeTOHU3AHH chyCHOﬁ KHCJIOTBL, PEaKIUsX [MONUMEepH3allit, albJ0NbHON KOHIACHCAHHH H
MHOTHX JPYTHX npoﬁeccax.

OmguH u3 Hambojee XOpOIIO HM3BECTHHIX METOJOB CHHTE3a CIAI' ocHoBaH Ha
COOCAKIICHUH U3 PAcTBOPOB, coaepxammux cmecu coneit Me(Il) u Me(Il) o peaximu:
(1-x)M(H)+xMe(HI)+2(OH)‘+x/nA“'+mH20=[M(1_X)M(HI)X(OH)Z]”(Ax,n)“'-mHzo.

OJIHAKO ATOT IPOHECC CBA3AH C TAKHMHU CYIIECTBEHHBIMU HEIOCTATKAMH, KaK IJIoXas
OKPHCTAITM30BAHHOCTh [IPOAYKTOB H Y3KHMH HHTepBan coctaoB CHI" (X JIeXHT B HHTEpBATIE
0,2-0,4). TakuM 06pa3oM, pa3paboTKa HOBBIX METOIOB CHHTE3a STUX COCIUHCHUN 1 H3yUCHHE
X (U3MKO-XMMHYECKHX CBOMCTB NPECTaBIsAET cOO0H HECOMHEHHbIH HHTEpeEC.

IpennaraeMpii HaMH DOAXOA K cﬁHTesy OCHOBaH Ha peakuud “‘TBeploe
Tefo + EKHUAKOCTSL”, B KOTOPOM HPOUCXOAUT COXPAaHEHHE OTIEIBHBIX JJIEMEHTOB CTPYKTYPhI
MCXOJHOTO TBepJoro pearenta mpu ero npeppamennu B C/AI. TonoTakcHanbHbIH XapaKTep
B3aHMOJICHCTBHS. TPHBOJUT K TOMY, YTO B CIydae XOpOINEH OKpPHUCTaJIM30BAHHOCTH
HCXOJHOI0 peareHTa, 00pasyromuucsa TPOIYKT TAKKe XOPOIIO OKPHCTAIIH30BaH. B KauecTne

MCXOJIHOTO TBEPAOTO PEareHTa ObUI HCIOJL30BaH KPHCTALTHYECKUH TMOPOANOMOKapOOHAT
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Hatpust NaAl(OH),COs- xH,O (gayconut). JlayCOHUT cCOmEpXHT B CBoOeH CprKType‘
NMHeHHBE =~ NEMOYKH M3 aToMoB Al, KoTopsle B  mporecce B3aHMoneﬁ0TBnﬂ
PEKOHCTPYHPYIOTCS ¢ 00pa30BaHHEM JBYMEPHOH IeKCaroHaIbHOH CETKH, Ha OCHOBE KOTOPOH
HOC’I‘pO:eHBI CAr.

Hccnenosanus B3a¥MOAEHCTBHA NAayCOHHTA C BOIAHBIMH PAaCTBOPAMH CONIEH JIUTHS,
MAarHus ¥ IEePEeXONHBIX METAII0B NIPOBOAMIOCH AN Pa3/MYHBIX COOTHOLICHHH pEarcHToB U
BpeMeH peakiuu. Beuti monyueHs! MoHOGa3HbIe 06pa3usl ¢ otHomenneM M(I/AP =172 — |
(X B wmmrepsane 0,5-0,66), 1 M(ID=Li*, Mg®, Ni*’, Co**. Ilonyuennsie CAT umenu

Pa3nUYHBIA aHUOHHBIN COCTAB, KOTOPBIM 3aBUCEN OT YCIIOBHH B3aUMO/IEHCTBH.

Tabmuuma 1. Xumuueckui cocraB Hekotopbix CJIT, monyueHHBIX NOpH B3aMMOACHCTBHU
JTayCOHMTA C BOAHBIMK PAaCTBOPAMH COJIEH JIMUTUS U IIEPEXOAHBIX METAJUIOB.

J)?ZK(I;&) I:lg rﬁ?j AL% | M% | N.% |ClLe% | c.% | NM | micr | oM
LiCl 05 | 05 | 245 | 318 | - N T 1025
Ni(NO2), | 05 | 05 | 164 [ 1931 03 | - | 11 (007 - |o033
NiCl, I | 08 | 152 | 2651 - |81 <0051 - | 199 | mo.
CoCl, T 1 08 | 152 | 255 | - |78 <005 - | 197 | mo.

Peaknuro 114 B3aMMOIEHCTBHA JAyCOHHTa C pacTBOpaMH COJIEH Ha Ipumepe
nonydeHus LiAl-CATI" MOXHO BBIPa3HTh CIEAYIONIMM yPaBHEHHEM:
4NaAl(OH),CO; + 2LiCl + 3H,0 — [LiAL(OH)s],COs + 2NaCl + 2NaHCO; + CO,T.

TakuM o06pa3oM, HOBBII MeTOJ CHHTE3a [O3BOJNAET MOJYy4aTh XOPOILO
okpuctammizoBanasie CAIN ¢ pa3nuuHbIMU COOTHomeﬁmMH MII)/M(III), B TOM HHCIE U CO
IITHHEIbHBIM, KOTOPBI TNpPakTUYECKM HEBO3MOXHO MOMYYUTH paHEE H3YYCHHBIMH
METOJAMH.

Hccnenosanua nopzaepkansl nporpaMMod “HaydHble HCCII€I0BaHUS BBICIIIEH LKOJIBI
B IPHOPHTETHHIX HampaBieHUsIX Hayku U TexHonoruu” (I'pant Ne 3H-118-01) u Poccuiickum

donnoM GysaaMeHTANIBHBIX HccaenoBannii (I'pant Ne 02-03-32066).

[1] F. Cavani, F. Trifiro and A. Vaccari. Catalysis Today. 1991. Vol. 11. P. 173-301.
[2] Kulamani Parida, Jasobanta Das. J. of Molecular Catalysis A: Chemical 151. 2000. P. 185-192
[3] Andrey I. Tsyganok et al. Catalysis Letters. 2001. Vol. 77. No. 1-3. P. 75-86.
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MCCJIEOBAHHE BJIMSIHVSI CIIMPTOB HA AKTUBHOCTD
KATAJUTHYECKON CACTEMBI [PPh;],Ni + BF:-OEt, B
HU3KOMOJIEKYJISIPHOM OJJUT OMEPH3ALIMU STHJIEHA

Matsees JLA., Buasmce A.H., Capaes B.B.

Hpxymcxuii 2ocydapemeennviil ynugepcumem, Hpxymck, Poccus
E-mail: saraev@chem.isu.ru

W3BecTHO, UTO KaTamurHdeckas cucteMa [PPh;]4Ni + BF3-OEt, sBiseTcs akTHBHOU B
PEaKIHH OJIArOMEpH3aluy 0Je)HHOB. AKTHBHOCTD 3TOH KaTATHTHYECKOH CHCTEMBI 3aBUCHT
OT COOTHOIIIEHHS €€ KOMIIOHEHTOB M €€ MaKCHMyM B PEaKLHUH JHMEPH3AlMH 3THJICHA U
Tpommiena Habmo/aeTcs npu GosbmoM u3beiTke BF3-OEt; (B/Ni>60).

B  npucyrctBum HpOTOHO}j;OHOpHI)IX COeIMHEHHH ~ MPOHUCXOAMT  aKTHBALMA
KaTaJMTAYECKOM = CHCTEMBI H aKTHBHOCTh €€ IIPOSABIAETCS IPH IOpasfo MEHBIIHX
KOJIMYeCTBAaX KUCIOTHI JIptouca.

" B pmanuoit paboTe MpeACTaBIICHB! PE3YJbTaThl HCCIENOBAHUS BIHMSHMS CIHHPTOB Ha
aKTHBHOCTD KaranmuTudeckoil cuctemsl [PPh3]sNi + BF3;-OEt; B HH3KOMOJEKYIIpHOH
OJIATOMEPHU3alMM OTHJICHA. DBhUIM MCIONB30BaHBI OJTUIIOBBIA, H30-TPONMIIOBBIA, TpeT-
OyTHJIOBBIN 1 OCH3UIIOBBIH CIIMPTEI B MOJIEIBHOM PEAKIIUH OJIMTOMEPH3AllUH STUIICHA.

3aBHCHMOCTH aKTMBHOCTH KAaTAIATHYECKOH CHCTEMBI OT COOTHOIICHHSA KOMIIOHEHTOB
HOCHT SKCTpeMaIbHBIM Xapakrep. Hampumep, s OSTHIOBOrO # OCH3HIOBOrO CIHPTOB
(ROH/Ni =2) MakcuMalbHas aKTHBHOCTb TOCTHIaeTCA IPU MOJIBHOM COOTHOIICHHH B/Ni=3.

C YBEIUYEHNEM COOTHOIICHHS ROH/Ni mojoxeHHe MaKCHMyMa aKTHBHOCTH
CcMelaeTcs B CTOpoHy Gonpiux 3Hadennii B/Ni. Hanpumep, npu orHomenuu (ROH/Ni = 5),
JUIS 3THJIOBOIO M OEH3MIOBOIO CIHPTOB MaKCHMalbHas aKTHBHOCTH JOCTHIANach MPU
cootHouneHnd B/Ni = 5. B ciyyae HM30-TIIpONHIOBOTO CIIMpTa MakCHMajibHas aKTHBHOCTh
HabII01aeTcs npu cooTHoweHun B/Ni = 15, mns TpeT-6yTrnosoro crupra — 20.

Coorromenue B/Ni B 5KCTpeMallbHBIX TOYKaX pacTeT B psdy IPOMOTOPOB: EtOH ~
BnOH < i-PrOH < t-BuOH. Cpem vccleoBaHHbIX CIIAPTOB HAHOOMBIMMY IPOMOTHPYHOIIHMH
CBOMCTBaMH 00JIaA¥OT STHJIOBBIN M O€H3UIIOBBIM CIUPTEL

AHanM3 NPOAYKTOB IpeBpailieHHs 3THJICHA IOKa3bIBAET, YTO UL H30NPOIIHIOBOrO
CIHMpTa B NPOAYKTaX OJIMIOMEPH3AIMH COJIEP)KAaHHE TPUMEPOB BBILIE, YeM JHMEPOB; UL
OCTAIBHBIX CIIMPTOB COJIEPKaHUE AUMEPOB TPAJHIIMOHHO BHIIIC.

3aBUCHMOCTH COCTaBa NMPOAYKTOB OJMIOMEpPH3allMUM OSTHJEHA OT TPHPO/BI CIHMpTa
YKa3bIBAET, YTO AJIKOKCHJIBHAS IPyNIla BXOJHUT B COCTaB AKTHBHOIO KATHOHHOI'O KOMILIEKCA.
StH nasHble ObuM monTBepkAcHBl DIIP HMCClIeNoBaHMAMY KaTHOHHBIX KoMIuiekcoB Ni(l),

BBIACIICHHBIX H3 KaTATHTHYECKON CHCTEMBI.
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VAPOUR PHASE TERTIARY BUTYLATION OF PHENOL OVER
MESOPOROUS H-AIMCM-48 CATALYST

S.E. Dapurkar, F. Hussaih and P. Selvam
Department of Chemistry, Indian Institute of Technology-Bombay, Powai, Mumbai 400 076, India

The discovery of thermally stable silicate and aluminosilicate mesoporous molecular sieves
having one-dimensional hexagonal MCM-41 and three-dimensional cubic MCM-48 étructure [1] has
attracted significantly research interest and opened up new opportunities in many areas,‘ in particular
heterogeneous catalysis [2]. It is, however, noteworthy here that despite the successful development of
AIMCM-41 catalysts [2,3], only very little is known about AIMCM-48 and its characteristics such as the
acidic strength, catalytic properties, etc. [4] owing to the difficulty in preparation of good quality samples.
However, the three-dimensional pore opening of AIMCM-48 is interesting for catalytic applications
because it is resistance towards pore blocking and entails more agitated flow, which increases the number
of interactions between reactants and catalytic sites than the one-dimensional opening of AIMCM-41. On
the other hand, the tertiary butylation products of phenol, viz., para-tertiary-butyl phenol (p-+-BP) and
2,4-di-tertiary-butyl phenol (2,4-di-t-BP), are industrially important [S]. In view of the importance of
tertiary butylation of phenol as well as the promising characteristics of mesoporous AIMCM-48 catalyst,
in this investigation, we prepared, characterized and evaluated the catalytic activity of these materials.

The synthesis of AIMCM-48 with Si/Al molar ratio of 60 was synthesized carried out following a
similar procedure described elsewhere [6] with a typical molar gel composition of: SiO,: 0.25 (Na,0),:
0.30 (CTA),O: 60 H,O: 0.0083 Al,O;. The solid product obtained was washed repeatedly, filtered and
dried at 353 K for 12 h. The as-synthesized material was calcined at 823 K for 2 h in N, followed by air
for 6 h. The protonated form, viz., H-AIMCM-48, was prepared from the calcined AIMCM-48 empk;ying
ion-exchange method [7]. All the samples were systematically characterized by various analytiéal and
spectroscopic techniques. The tertiary butylation of phenol was performed using 750 mg of H-AIMCM-48
catalyst in a homemade fixed-bed flow reactor. The reactant mixture, i.e., phenol and
t-butyl alcohol (¢-BA), with a desired (molar) ratio and weight hour space velocity (WHSV) was fed into
the reactor using a liquid injection pump with nitrogen as carrier gas. The various products, viz.,
ortho-tertiary-butyl phenol (0-t-BP), meta-tertiary-butyl phenol (m-t-BP), p-t-BP and 2,4-di--BP, were
identified by gas chromatography. _ _

The results of XRD, TG-DTA, N, sorption isotherms, TEM and *Si MAS-NMR on AIMCM-48
confirms the cubic ordered mesoporous MCM~48 structure [1,2]. The *’Al MAS-NMR of as-synthesized
AIMCM-48 indicates that the triYélent aluminium is presenf in the tetrahedral framework while the

calcined sample showed an additional weak signal corresponding to octahedral aluminium. This is well
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calcined sample showed an additional weak signal corresponding to octahedral aluminium. This is well
supported by NH;-TPD studies where a broad peak is observed at higher temperatures, which is typical of
Lewis acidic sites. Furthermore, the NH;-TPD studies also give evidence for the presence of high
concentration of moderate-to-strong Bronsted acid sites, which is desired for the chosen reaction. Table 1
presents the results of tertiary butylation reaction of phenol over H-AIMCM-48 under optimized
experimental conditions. For a comparison, we have included our own results on AIMCM-41 [7]- Tt can be
seen from table that the substrate conversion is much higher in the case of the former. This could be
attributed to the large surface area and three-dimensional pore system of AIMCM-48. Further work is 1n

progress to investigate the effect of TOS, reaction temperature WHSV and molar rat10 of phenol : t-BA.

Table 1. Tertiary butylation of phenol over various mesoporous materials.

Reactant/Products H-AIMCM-48 H-AIMCM41
[This work] [7]
Phenol Conversion (wt %) 59.1 359
Selectivity (%)
0-t-BP 8.1 8.1
m-t-BP 2.5 47
ptBP ' 79.8 83.3
2,4-di-+-BP - 9.6 ~ 3.9

"Reaction conditions: T = 448 K; WHSV =4.8h'; TOS = 1.5 h; -BA: Phenol = 2:1.
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MESOPOROUS VMCM-41: HIGHLY EFFICIENT AND REMARKABLE
CATALYST FOR SELECTIVE OXIDATION OF CYCLOHEXANE TO
CYCLOHEXANOL

S.E. Dapurkar, A. Sakthivel and P. Selvam
Department of Chemistry, Indian Institute of Technology-Bombay, Powai, Mumbai 400 076 India

Thevoxidation products of cyclohexane, viz., cyclohexanol and cyclohexanone, are important
intermediates in the production of adipic acid and caprolactam as the latter are used in the manufacture
of nylon-66 and nylon-6, respectively [1]. Other uses of éyclohexanol are in the preparation of
cyclohexanol ester, viz., cyclohexyl phthalates, which is widely employed as plasticisers, solvent for
lacquers, shellacs, varnishes, and stabilizer as well as homogeniser for soaps and synthetic detergent
emulsions [2]. Realizing the important of cyclohexanol, considerable work on selective oxidation of
cyclohexane to cyclohexanol was carried out over numerous homogeneous catalysts [3]. However, the
difficulty encountered in the separation of the catalysts from the products as well as the disposal of
solid and liquid wastes pose serious problems to the environment. Hence, the design of processes that
reduce or eliminate the use and generation of hazardous substances will achieve the dual goals of
environmental protection and economic benefit. In this regard, several heterogeneous catalysts have
also been tried for cyclohexane oxidation [4]. In most cases, a low conversion, different product
distribution, and leaching of active metal species from the catalyst were noted. In this investigation,
we report on the synthesis, characterization and catalytic properties of novel mesoporous VMCM-41
molecular sieves. ‘ _

The following chemicals/reagent were employed for the preparation of VMCM-41 and for the
oxidation of cyclohexane. Fumed silica (SiO,; 99.8%; Aldrich), tetramethylammonium hydroxide
(TMAOH; 25 wt.%; Aldrich), cetyltrimethylammonium bromide (CTAB; 99%; Aldrich), vanadyl
sulfate hydrate (VOSO,.3H,0; 99%; Aldrich), sodium hydroxide (NaOH; 98%; Loba), sulfuric acid
(H,SO,; 98%; BDH), cyclohexane (99.5%; Merck), hydrogen peroxide (H,0,; 30%; Qualigens), acetic
acid (99.5%; Fischer), methylethylketone (MEK; 99%; SD). The VMCM-41 catalysts were prepared
hydrothermally at 373 K for 4 d with molar gel composition: SiO,: 0. 135(CTA)2O 0.075(TMA),0:
68H,0: (0.02 — 0.0025)V,0;. The catalysts were characterized by various analytical and spectroscopy
techniques. In order to check the intactness of vanadium ions, one part of the catélyst was-treated separately
with 1M ammonlum acetate solution for 12 h at room temperature. The ‘oxidation of cyclohexane was'
carried out using 50 mg catalyst with 30% H,0O, as oxidant in acetic acid medium and MEK as an initiator
at 373 K for 12 h. The reaction products were analyzed by GC with Carbowax column.

The results of XRD, TG-DTA, N, sorption isotherms and ’Si MAS-NMR of catalysts confirm
the mesoporous MCM-41 structure [5]. DRUV-VIS of as-synthesized and calcined sample shows a

two intense absorption band at around 275 nm and 340 nm, corresponds to the charge transfer band
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signal was observed, as V** is EPR silent. Table 1 summarized the reaction results and clearly
indicated that the catalysts are h1ghly selective for the reaction. Furthermore, VMCM-41(50) showed
much higher conversion over other catalysts. In addition, ammonium acetate washed VMCM-41(50)
gave nearly the same result indicating that only a marginal leaching of vanadium is noticed. This is
consistent with vanadium analysis and recycling studies carried out on all catalysts. That is, during
first recycling, all catalyst showed small decrease in conversion, however, after which there is no loss
in activity was observed. This indicates that small amount of vanadium is leaching under reaction
cond1t10ns On the other hand, vanadlum free MCM-41 and w1thout catalyst showed only ~10% con
version while a continuous leaching was observed for the V,05 supported MCM-41 catalyst [7].

Table 1. Cyclohexane oxidation over various vanadium containing MCM-41 catalysts.

Catalyst' Conversion Selectivity (wt %)

(wt %) Cyclohexanol  Cyclohexanone  Others
VMCM-41(200) 373 95.4 1.9 3.6
VMCM-41(100) 45.8 93.5 5.5 3.5
VMCM-41(50) 99.0 94.5 1.9 3.6
VMCM-41(50)* 93.4 90.0 5.4 5.6
VMCM-41(50) 90.2 92.4 2.5 4.1
VMCM-41(25) : 75.6 88.6 8.3 © 31

Reaction conditions: substrate-to-oxidant (molar) ratio = 1; acetic acid (solvent) =10 ml; time =12h;
temperature = 373 K;; initiatior = MEK (0.5 ml); catalyst amount = 3.3 wt %.

"The numbers in parenthesis indicate the Si/V molar ratio in gel; *Washed catalyst §3rd recycled
catalyst.
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HPUT'OTOBJEHHUE KATAJIU3ATOPA PUOGOPMUHT A JIJISA
HOJYYEHUSA APOMATHYECKHUX YIJEBOAOPO/JA0OB

Joragnna H.B., *Kapsakuu B.A., Pynenxo B.A.

Capamosckuii 2ocyoapcmeennviii ynusepcumem, Capamos, Poccus

*OA O «Capamosckuii Hepmenepepabamvisarowuii 3a600», Capamos, Poccus
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Katamutiueckuit puOpMHHT TPagHIHOHHO OCTAETCS OCHOBHBIM MHOTOTOHHAXKHBIM
TIPOHU3BOJICTBOM KOMIIOHEHTOB MOTOPDHBIX TOIUIUB M apOMAaTHYECKAX YITEBOJODPOIOB,
ABJLIOMHMXCA BAXHEHIIMM CBHIDBEM B OPraHHYECKOM CHHTe3e W Hedrexumuu. Pasputhe
npoiiecca pHGOPMHHIA HANpaBIEHO Ha NOHCK HOBBIX J(MGEKTHBHBIX M JIEIIEBBIX
kataymm3aTopoB (Kt), a Taxke Ha paciiUpeHHE CHIPEBOH 0a3bl, B YaCTH HCIIOJIH30BaHHS
HHU3IIUX YTIIEBOAOPOAOB [1].

ITapaduHOoBEIE yTIIEBOAOPOAB! B Iiporiecce pHUGbOPMHHTa TMOABEPratOTCS PEAKIUIM.
JCTUIPUPOBAHHs, ICTHAPOLUMKIN3ANM, H30MEPH3allMd H TuaporeHonusa. llporexanue
VKa3aHHBIX peaKknuil mpenpomnpenensercs OHQYyHKIMOHANLHBIM XapaKTEPOM KaTalH3aTOpPOB
pUGOPMHHTa, COYETAIOMHX KUCIOTHYIO U THAPUPYIOIIE-IErHAPUPYIOYIO QYHKITHH.

C nenpro MOBBINICHUS KaTaNUTHYECKOH aKTHMBHOCTH B IIpoliecce NMpHroToBiIcHHs Kt
HCIIONB3YIOT pa3IMYHbIE METOJABl H3MEHEHHS CTPYKTYPhl TIOBEPXHOCTH HM €€ COCTaBa:
MeXaHOXUMHUYECKYIO aKTHBALHIO, OOIyICHHE MOBEPXHOCTH M YIBTPa3BYKOBOE BO3JICHCTBHE,
06paboTKy B HHM3KOTEMIIEPATYpPHOH IUTasMe, B 30HE TICIOIIEro paspsija W MOJ ACHCTBHEM
CBY-n3ny4eHnsd.

TIpaKTHYECKH BCE YKa3aHHBIE BHINIE (PU3MUECKHE BO3AEHCTBHA COCPENOTOUYEHHI B
3IEKTPOTHIPABINIECKOM yaape, OTKpbIToM FOTKuHbM [2].

Bnusnue anexTporuapabanyeckoro 3¢gpdexra Ha aKTHBHOCTEH AIFOMOILTIATHHOMEIHOIO
katanusaTopa (2,5% Cu +0,1% Pt/Al,O3) uccnenoBaHo pH HaHECEHHH IUIATHUHBI METOAOM
IPOIUTKH H3 PACTBOpA TUIATHHOXJIOPUCTOBOAOPOIHON KHCIOTHL. DJIEKTPOTrHAPABIHIECKOMY
yaapy IoJABEpranach TIeTepoTeHHas CHCTeMa, Bkimodaromas 2,5% Cw/Al,Os; ¥ BomHBIL
pactBop HoPtClg .

YCTaHOBIIEHO, YTO Ipe/BapUTENbHas 00paboTKa HCXONHON KATATNTHYCCKOH CHCTEMB
OI'Y Ha cramuu nponutka Cuw/Al,O3 IIaTHHOXTOPUCTOBOAOPOAHON KUCIOTOH MPHBOINT, B
ommuue ot 2,5% Cu 0,1% Pt/AL,Os - xaTanuzaropa, NOJYYEHHOTO TPAaAMITMOHHBIM METOZOM
TIPOTIMTKH, K BdépaCTaHHIo BBIXOJIa LIE€IEBOrO MpoayKTa - 6en3ona ¢ 30,8 o 64,1% mac. npu
T=550°C. | |
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Tabmuua. Pesynprarer npeBpamenns H-rekcana Ha 2,5% Cu 0,1% Pt/Al,Os - katanuzatope

(umcnut.) 1 o6paborannom OI'Y (3HaMeH.)

T, °C | V6., CocTaB npoayKTOB npeBpalneHus, Mac.%

g 2Ci-C; | 2Ci-Cs 1-C; Cs-OI'TY CsHs CsHis

450 2.1 1.4/0.1 | 6.8/0.2 99/- 1239/03| 224/ 37.0/
‘ 36.3 63.2

500 24 33/02 [10.7/04 | 95/- [228/0.5| 249/ 32.1/
50.1 49.0

550 22 60/12 | 18.8/4.0| 49/- |13.8/09| 332/ 293/
64.8 303

Crnenmyer OTMETHTh H3MEHCHHE MeXaHH3Ma 00pa3oBaHHA OeH30l1a M3 H-TEKCaHA B
IMPUCYTCTBHH AIIIOMOILUIATHHOMEJHOIO KaTalnu3aropa, MoJIydeHHoro mox aeicreuem OI'Y. B
KaTanM3aTe NPaKTHYECKH OTCYTCTBYIOT IpoxaykThl Cs-mermppouurmmsanuu (Cs-AI']), B To
BpeMs Kak Ha Kt TpaJuIMOHHOIO M3rOTOBJIEHHS B aHaMOrM4HbIX ycioBusax (T=550°C) ux
BBIXOJ cocTaBnseT 20% mac. u BbIme. Pe3ynpTaTsl npeBpailieHus H-reKCaHa B IPUCYTCTBHH
Cu,Pt/Al, O3 (B1'Y) npencraBneHsl B TabIHIIE. )

C Lenbio BBIACHEHHS ponﬁ OI'V Ha nponecc dopmupoBanus Kt, 3aKimrodaroiuiics B
KOMIIJICKCHOM BO3ICHCTBHH HEJIOTO p;ma $aKTopoB, CONMPOBOKIAIOMMX THAPOYIAp —
yAbTPa3ByKa, KaBMTALMOHHBIX M YyJapPHBIX BOJNH, MAarHHTHOMY H SJEKTPHYECKOMY
BO3/CUCTBHIO, l'IpbBC}iCHBI JIOTIOJIHUTEIbHEIE OIBITBL 11O npeBpameHmo
ITaTHHOXJIOPUCTOBOAOPOAHOM KHCIOTEL. Bosgaeiicteue OI'Y Ha Bommbni pactBop HpPtClg
IPUBOJUT K 00Pa30BAHHIO METALIMYECKOH IUIATHHEIL, 3aperHCTPHPOBAHHON METONOM Macc-
CHEKTPOCKOIHH.

TaxuM 06pa3zoM, IOKa3aHO, YTO MOJA BO3JCHCTBHEM YIBTPa3ByKa, KABHTALIMOHHBIX U
YAapHBIX BOJIH, a TaKxe YKECTKOTr0 VO-uznyuenus, COIIPOBOXKIAOIHAX
JJIEKTPOTHJIPABITMYECKHUHA yap, IPOMCXonuT BocctaHopierue H,PtCls mo miaTuHBI yke Ha
CTaJMH IPOIMTKH HOCUTENA Karauus3aropa H (GOpPMHPOBAHHE LEHTPOB ITOBEPXHOCTH
KaTauu3aropa, aKTHBHBIX B IPOBEJCHHH PEaKOWH ACTHAPOUHKIM3AIMM H-TEKCAaHa, YTo H

prHBOI[HT K 3Ha4YUTCJIPHOMY BBIXOMY apOMaTHYECKOTO YIJICBOJOPOIA.
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B IocjielHee  BpeMss B JMTeparype  Oonbmioe  BHAMAHHE  YAENAETCA
JACATIOMUHHPOBAHHBIM MOPACHHTAM, Kak KaTaszaTopaM CENeKTHBHOTO ANKHITHPOBAHUS
apoMaTHYECKuX yriesoaoponos [1,2]. M3BecTHO, 4TO CETEKTHBHOCTH 3THX KaTATH3aTOPOB
OIpefieNAeTCS IPUPOAOH M CHJIOM KHCIOTHBIX IIEHTPOB, a TAKKe WX JIOKAIM3AlHed H
JOCTYNHOCTBIO. OfHaKo, NPAMOH 3aBHCHMOCTH MEXIY STHMH (DAaKTOpaMHM M aKTHBHOCTBIO
KaTaJIi3aTOpOB HE HalIEHO, YTO CBA3aHO € OTCYTCTBHEM HANEKHBIX METOOB, II03BOJISIOIMX
YCTaHOBHUTE NPHPOAY U JIOKAIHM3AUMIO KHCIOTHBIX UEHTPOB N10CNE ICATIOMHAHAPOBAHHS.

B nHacTodme#l paboTe NIpemnoXeH METO] HCCIEJOBAHHS MPUPOALI M JOCTYIHOCTH
KHCIIOTHBIX LIEHTPOB B JCAIOMHHHPOBAHHBIX I€OJUTAX, OCHOBAHHBIA HA COBMECTHOM
ancopbnuy 3aMemieHHBIX mupuauHoB H CO. IIpupomy u CHIy JOCTYIIHBIX M HEJOCTYIHBIX
HEHTPOB  ANA  MOJIEKYJI-30HJOB  Pa3HOTO  pa3Mepa OUpEAENsyid € IIOMOIIBIO
HH3KoTeMIiepaTypHoi ancopbuuu CO, KoTopas IpoBOIIIACH KaK Ha HCXOIHOM 00pasue, Tak
4 Ha o0pasiie nociie aacopOLHH COOTBETCTBYIOMNX JU3aMEIICHHBIX MHPUANHOB.

3aMeIieHHbIe IMPUAMHBL PasHBIX pa3MepoB: mupuaud (Py), 2,6-mumerwmmupuaus (Lu),
2,4,6-rpameriomupuaH (Coll), 2,6- murperOyrwmupuans (DTBPy) u 2,4,6-TpHsTunApHIuH
(TEPy) wucmons3oBaliCch B KaueCcTBE MOJICKYJI-30HAOB IS ONpPEICICHHS JOCTYNMHOCTH
KHCIOTHBIX  IeHTpoB. HMK-cmekTpockonmdeckue  HCcnefoBaHWS  NPOBOAMINCH  Ha
UK-cnextpomerpe ¢ @ypoe npeobpazoanmeMm Protégé 460 ¢mpmer Nicolet, ocHameHHOM
MCT perektopoM. Jlns HuskoremmeparypHoi ancop6ouun CO “Hcmonp3oBanack sdeika,
onucaHHas B pabore [3]. Meromuka Obuta ampoOupoBaHa Ha CEpPHH  Y3KOIIOPHCTBIX
MopaerutoB (Grande Parroise, ®@paHuus), JeaTlOMHHHPOBAHHBIX TOCPEICTBOM 00pabOTKH

MCTchyHB(i)OHOBOI‘/‘I KucnoToi. OCHOBHBIE XapaKTCPUCTHKH HCCICHOBAHHBIX KaTaJM3aTOpPOB

109



OP-11-1
NPpUBCIACHEI B Ta6nnue. Oﬁmee KOJIHYECTBO KHUCJIOTHBIX LICHTPOB GBI.IIO ONpCACICHO METOAOM

TEPMOIPOrPaMMHPOBaHHOM ecOpOIUY aMMHaKa.

O6pazen Si/Al | Al, mem/r |  ANTPDyys3)
, ‘ : " MEKM/T

GP180 Grande Parroise 55 2259 1188

ZM510 Grande Parroise 11 1219 1040

ZM510MS 2M CH;3S0,0H u3 ZM510 12 1139 1105
ZM510MS1 6M CH;SO,0H u3 ZM510 14 985 908
ZMS510_750MS |  750°C+ 2M CH3SO,OH u3 18 | 823 492

ZM510

PesynpTaTthl MOKa3anW, 4Yro JEATIOMHHHDOBAHHE MODPAEHHTOB C IMOMOLIBIO
METaHCYIB(POHOBOH KHCIOTH pa3pymiaeT BXOIb! B GOKOBbIE KapMaHbl ¥ JIEN1aeT AOCTYHbIMH
UCHTPEI, HAXOAAIIMECS B HAX JIA TAKHX MOJEKYN KaK MUDHIMH H 2,6 DMMETHIIITHPHIHH.
Hpnqu yBEIHYEHHE KOHueHTpauHH KHCIOTHI YKECTOUCHHE yCIOBHI 06paboTKK IPHBOAUT
K eme Ooibliled AOCTYNHOCTH IeHTpoB. KoMOMHHpOBaHHe TepMHYeckol 06pabOTKH ¢
HOCne,z[onmeﬁ 06paboTkoi Kﬁcnoroﬁ TIPUBOJMT K CO3AAHUIO BTOPUYHOH Me3.onopI/ICTocm 5
yBeJmthaeT JOCTYIIHOCTh KHCIOTHBIX LIEHTPOB, YTO IOATBEPXKIACTCS SKCIEPHMEHTAMH C
fojlee KPyNHBEIME MoJIeKy/IaMH 2,4,6 ’I‘pI/IBTI/HIHI/IpI/IIII/IHOM U 2,6 TUTPeTOYTUNIHPUIMHOM.

I/IHTCpeCHO YTO CHuJia HEAOCTYIIHBIX IIeHTPOB KaK IpaBHIIO, HUXKE CHJIBl JOCTYIIHBIX I_IeHTPOB

[1] J-H Kim, Y. Sugi et al.// Microporous Materials, 1995, v. 5, p. 113-121

[2j Perego C., Amarilli S,, MlllmlR , Bellussi et al. // Microporous Materials, 1996, §6 p. 395-404
[3] F Mauge, J. Lamotte, N.S. Nesterenko, O. Manoilova, AA Tsyganenko /I Catalysis
Today, 2001, v. 70 p. 271-284
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Koptyug L.V.', Lysova A.A."*3, Kulikov A.V.2 Kirillov V.AZ
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!International T omography Center, Institutskaya St. 34, Novosibirsk 630090, Russia
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3 Novosibirsk State University, Pirogova St. 2, Russia
E-mail: lysova@tomo.nsc.ru

Heterogeneous catalytic processes occur inside the porous catalyst pellets and are
affected strongly by the spatial distributions of reactant, intermediate and product
concentrations, temperatures, etc. The experimental investigation of the spatial organization
and evolution of catalytic process inside catalyst pellet directly in the course of the reaction
seem to be accessible only by the application of the in situ imaging methods.

Among the numerous modern techniques, only a few can directly visualize the
processes inside catalyst pellets in a non-invasive way under reaction conditions. The 'H
NMR imaging has been shown in the last few years as a powerful nondestructive method for
the in situ studies of various physical-chemical processes in porous medium, e.g. liquid
sorption and desorption [1,2]. At the same time, the potential of the NMI technique in
catalysis is yet to be appreciated and exploited. NMI can provide information about the
distribution of liquids and gases in optically non-transparent porous solids.

In our study we have applied for the first time the NMR microimaging for the in situ
investigation of heterogeneous catalytic reactions in order to visualize the evolution of these
reactions inside the catalyst pellets, including the catalytic processes at elevated temperatures.
All investigated reactions are the examples of the processes where mass transport is coupled
to a chemical transformation.

The MRI studies of chemical reactions published to date predominantly deal with the
Belousov-Zhabotinsky chemical oscillator. The reaction is 'characterized by the formation of
propagating waves due to an inherent coupling of molecular diffusion and chemical reaction.
All earlier studies of this reaction were performed in homogeneous solutions stabilized by
agar-agar to prevent the destruction of chemical waves by convection [3]. We have carried out
the experiments in the model heterogeneous media consisted of small glass beads. The
behavior of propagating waves in the inhomogeneous media was investigated.

The second example of the possibility to use the NMR imaging for the in situ
investigation of catalytic reactions is the decomposition of hydrogen peroxide over

Ag/y-Al,O3 pellet at moderate temperature. It has been shown that in this three-phase process
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hydrogen peroxide does not diffuse into the catalyst pellet and the reaction occurs only in the
thin surface layer.

In our work we have shown for the first time that NMR imaging can be used to become
the data of the liquid phase distribution inside the catalyst pellet directly in the operating reactor.

This investigation has both theoretical as well as practical interest because many
heterogeneous catalytic reactions in industry, especially in petrochemical synthesis, occur in the
reactors with the fixed bed of catalyst and the co- or counter-current gas-liquid flow. Usually such
reactors work in the stationary regime, but under certain conditions the occurrence of dangerous
critical phenomena such as hot spot formation, temperature oscillations, exothermic reaction by-
passing is possible. All this can result in a reactor runaway [4].

Thus, it is highly desirable to investigate experimentally the critical phenomena on a
porous catalyst grain under conditions of an exothermic reaction, WMch 1s accompanied by
evaporation in order to determine the safety conditions of the reactor operation. In particular,
it is important to investigate the distribution of the liquid phase inside the porous catalyst
grain, the dynamics of the grain drying for an exothermic reaction and particle runaway.

The state of the catalyst grain in the reactors with the fixed catalyst bed and the co-current
gas-liquid downward flow is studied using the exothermic a-methylstyrene hydrogenation. It was
shown the existence of large gradients of the liquid phase inside the catalyst pellet during the
catalytic process at the different regimes of the pellet operating. The possibility of use of the NMR
imaging to distinguish the reactant and product distribution during the catalytic process is shown.
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NMR STUDIES OF LIQUID, GAS AND SOLID PARTICLES
FLOW IN CATALYSIS

A.V. Matveev, LV. Koptyug', V.M. Khanaev?, L.V. Bafyshevaz, A.S. Noskov’

"International T omography Center, Novosibirsk 630090, Institutskaya 3A, Russia
' E-mail: matveev@tomo.nsc.ru '
?Boreskov Institute of Catalysis SB RAS, Novosibirsk 630090, Russia

It would be hard to overestimate the importance of the flow liquids and gases for
modern technologies in chemical engineering and catalysis. Pulsed field gradient (PFG)
nuclear magnetic resonance (NMR) and NMR imaging can be successfully used for
investigation of flow in different objects widely used in catalytic applications. It may be
porous media, fixed bed reactors, monolithic catalysts and other. In some cases two-
dimensional spatial maps of flow velocity distribution may be obtained with 100-400 ym in
plane resolution. Maps can be obtained for transport channel diameters more than 50 pm for
liquid flow and more than 0.5-1 mm for gas‘ flow. Flow in smaller channels as well as in
porous media can be successfully characterized by the displacement NMR spectroscopy based
on PFG NMR techniques, which yield effective diffusivity values and acrodynamic dispersion
coefficient on the time scale from milliseconds to hundreds of milliseconds. This approach is
employed successfully to detect certain average characteristics of motion, such as P (z, 1), the
probability for a molecule to be displaced by the distance z in time 1, sometimes called an
“average propagator”.

V, cm/sec
-3 -2 -1 0 1-2 3 4 5

-10 -5 0 5 10 15
X, mm Fig. 1

In our work we have applied NMR microimaging to study the flow of liquids and

gases in shaped catalysts. In all our experiments NMR flow-imaging technique allowed us to
fully characterize the complicated flow pattern. It is demonstrated that NMR imaging can be

employed to visualize the flow of thermally polarized proton-containing gases at atmospheric
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pressures despite a much lower signal/noise ratio and a much higher diffusivity of gas as
compared to water.

So we have applied PFG NMR to study the flow of liquid and gas (fig. 1) in model
porous system, which consists of nonconsolidated bed, composed of solid glass beads with
different diameter. In all experiments the values of velocity and hydrodynamic or
aerodynamic dispersion was obtained. These parameters are key elements in heterogeneous

catalytic processes.

V, cm/sec
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3.5
3.0
2.5 1
2.0
1.5 §
1.0 ;
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0.0 - . . h
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X, cm Fig. 2.

P(X), cm™

- Other part of our investigations is studies of motion of particles through the fixed bed
in a gas-solid-solid down flow reactor by the PFG NMR. Usage of moving solid particles as a
heat carrier in fixed bed reactors seems to have definite advantages for highly endo- and
exothermic processes, because moving particles provide additional heat supply to the reaction
zone. Moving particles have strong influence on the rate of heat and mass transfer in catalyst
bed. Rate of mass transfer between catalyst and gas — solid flow depends on the velocity of
moving particles. Fine alumina of 50-250 pm was used as moving solids. All experiments
were carried at ambient coﬁditions using a glass column of 25 mm ID packed with spheres of
4-6 mm diameters. Solids flow rate was varied. Generally, cold flow studies are used to
investigate basis of hydrodynamics of fixed bed reactor. The result of one such experiment is
given in Fig. 2. It can be seen in Fig. 1 that all moving particles can be divided into “slow”
moving particles and “fast” moving particles. “Slow” particles are particles that are sliding
over the sphere surface, and “fast” particles are particles that are falling between the spheres.

The relative amount of particles in these two phases changes with solids flow rate.
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- ®MP METAJVIMYECKUX U OKCHUJIHBIX HAHOYACTHL B
'KATAJIM3ATOPAX: D®®EKTHI CYIIEPIIAPAMAT HETU3MA

10nkos M.M., Mapresanos O.H., FOganos B.®.

HK CO PAH, 630090 Hosocubupck np-m axademuxa Jlaspenmvesa, 5
E-mail: yulikov@catalysis.nsk.su

B rnocnennee BpeMs BO3poc MHTEpec K IPHMEHEHHIO METOA dbeppoMarHuTHoro
pesonanca (PMP) /uist mccne0BaHus BEICOKOAMCIIEPCHOM (eppOMarHUTHOM ¢aszs! [1-8]. O10
CBA3aHO, C OJHON CTOPOHBI, C PANOM SKCIEPHMEHTATBHBIX 0COOEHHOCTEH MeTona (BBICOKAN
YBCTBUTC/IHOCTS, BO3MOXKHOCTR IIPOBCHCHHMS M3MepeHHil in-situ). C Apyroi cTOpoHEI, B
TIOCNIE/THHE TOABI CHENAHO HECKONBKO paboT IO pacyeTy CIeKTPOB MAarHMTHOTO PE30HAHCA
HAHOPa3MEPHBIX (epPOMArHUTHEIX YacTHI (T.H. CylepHapaMarHHTHEINR pe3onanc uwiu CIIP),
YTO IO3BOJAJIO H3BICKATh M3 JAHHBIX 3KCICPHMEHTA KONMYECTBEHHYIO HH()OPMAIMIO O

JUCTIEPCHOCTH (eppoMarHuTHOH hassl [6-8].
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Puc. 1. 3aBucumocts (pacuer) pesomamcHoro Puc. 2. PacueTHrbIe CHEKTPHI .
Noas  OT  OpHeHTAalMH  (EppOMAarHATHOM CymepHapaMarHHTHOTO pe3oHaHca
gactuel  (Ni, /£/[,=1.6) BO BHEmHEM MOHOJHUCIEPCHOIO Iopomka (Ni,

marautHoM mone. Ilo ocu abeuuce ornoxen 4///1~1.6) nns pasnuuHbIX 3d¢EKTHBHBIX
YTOJI MeXIy HallpaBJICHHEM MarHUTHOIO NOJIA . auaMeTpoB  dactun. Coekrp  OMP

OCBI0O  4YacTHIBL  JQQEKTHBHEI  IHAMETP COOTBETCTBYET HacTHUAM C dert20 HM
qacTHUB de= 3uM( ), 6HM(0) u 12uMm((X]).

IIpsamast cooTBeTcTBYeT pesonancy ¢ g=2.2 (g-

dakrop ams Ni)

Mozens [6,7], mosBomstomast nenare pacyeT i JOCTATOYHO CIIOXKHBIX CHCTEM,

OCHOBAaHa Ha CTaTHCTHYCCKOM YCPEIHCHHHA MoJeH MarduTHOM AHHU30TPOIIHHA
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(eppOMarHATHOM 4YacTHUBl 110 PAaBHOBECHOMY (DOJNBIMAaHOBCKOMY) —pacIpe/esIeHHIO
HaIpaBJeHHH BEKTOpAa HAMATHHYEHHOCTH YacTHUHL B [6,7] Mo aHU30TPONMK YUTEHBI Kak
Majlad T[IOIIpaBKa K pE3OHaHCHOMY Tomo. B Hacrosiied pabore mpemtoxeHa
YCOBEPILECHCTBOBAHHAS MOJENb, IIO3BOJMIONIAS pAcCUMTHIBATH YCJIOBHS pE30HAHCA B
CUTYallHH IPOM3BOJIBHOTO COOTHOIUEHHMS MEXAY IOJNAMH MAarHUTHOH aHU3OTPONHH M
BHEIIHMM MAarHMTHBIM ITOJIEM. MoJenb OXBaThiBaeT BCIO 00JAcTh yCIOBHM OT "uucroro"
(eppOMarHUTHOrO pe30HAHCAa [0 pPEe30HAHCA CyNepIapaMarHHTHBIX YaCTHIL, COrIacysich B
IpeNeNbHOM cly4yae OonbmMX dacTH ¢ Teopuedt OMP [9] a B ciyyae Manpix moseit
aHH30TPOIIHH C NpeALIeCTBYIONIeH Moenbko [7].

UnCIeHHOE MOJIEIHPOBAHHE TIO3BONUIO OOBACHHTH HECKOIBKO CIIEKTPAIBHBIX
3ppeKToB, HAOMONACMBIX B OKCIEPHMEHTE (OCOGEHHOCTH ITOTJIOMICHHS B MAIBIX IOJAX,
JIOTIOJIHMTENBHBIH MUK MOITIOIEHHS BOIU3H g-paKTopa).

B paGote nmpuBesieHBI pe3yNIbTaThl IKCIIEPUMEHTANTLHOTO HCCIEI0BAHHS JUCTIEPCHBIX
cacreM. Meronom OMP uccnenosansl Merammmdeckue dactuusr (Ni, Co, NiCoj,) B
oxkcunHo#t wmarpuue [10,11], HaHeceHHEIE kaTaJIH3aTopLI, HaHo4dacTHUB!  Ni na
MOHOKPHCTAIUINYECKOH noBepxHocTH ALO; 1 ap.

[IpoBeneHO  4YWMCIEHHOE MOJENHPOBAHHE OKCIEPHMEHTANBHBIX CIIEKTPOB  HA
OCHOBAHUH IIPEUIOKEHHOH MO/IEIIH.

Pabota noxnepxana rpantamu POOU Ne 02-03-32066 u Ne 02-03-33322, rpanTom
MIIIT UK CO PAH, unterpaunonasm rpantoM CO PAH Ne 10.5.

[1] Isobe T. et.al., Journal of Non-Crystal Solids 189 (1995) 173-180

[2] Diehl M.R. et.al., J.Phys.Chem. B 105 (2001) 7913-7919

[3] Sanchez R.D. et.al., J. Phys.: Condens. Matter 11 (1999) 5643-5654.

[4] Hseih C.T., Huang W.L., Lue J.T., Journal of Physics and Chemistry of Solids 63 (2002)
733-741

[5] J.L. Dormann, D. Fiorani, E. Tronc, Adv. Chem. Mater. 98, 283-494 (1997)

[6] R.S. de Biasi and T.C..Devezas, J. Appl. Phys. 49, 2466 (1978)

[7] R. Berger, J. Kliava, J.-C. Bissey, and V. Baietto, J. Phys.: Condens. Matter 10, 8559
(1998)

[8] Raikher Yu.L., Stepanov V.1, JMMM 149 (1995) 34-37

[9] Ckpouxmit I'.B., KypGatros JILB., B ¢6. DeppoMarHHTHHIH pe30HAaHC, HOJ pe.
C.B. Boncosckoro, M., I'oc. U3x1-Bo pusmar. Jlut-pe1, 1961

[10] MM. Yulikov et.al, NATO ARW "Mfa"g;'netic; Resonance in Colloid and Interface
Science" abstracts, St. Petersburg, Russia, June_26——30; (2001), pp.167-168

[11] K.A. Tarasov, V.P. Isupov, M.M. Yulikov, A.E. Ermakoif, D. OHare, Solid State
Phenomena, in press (2002);
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- A3YYEHUE KPUTHYECKHX HBJIEHI/IfI B PEAKIUU OKUCJIEHHUSA

CO HA T'PAHMU Pd(110): PEKOHCTPYKI A ITOBEPXHOCTH,
XUMHUYECKHWE BOJIHbBI H ABTOKOJIEBAHHUSA

Martsees A.B.
Hucemumym xamanusa um. I K. Bopecxosa CO PAH,
np. ax. Jlagspenmoesa, 630090, Hosocubupck, Poccus

matveev@catalysis.nsk.su

OI{HI/IM U3 HauboJee HHTEPECHBIX ABJICHHH B PEaKIUAX I‘CTCPOI‘CHHOI‘O Karaju3a

ABJIAKOTCA TakK HAa3bIBAEMBIC KPUTHYECKHE ABJICHHA! MHOXECTBEHHOCTL CTAllMOHAPHBIX

COCTOSHHH M aBTOKOjeOaHHA CKOpPOCTH peaKLum, CONIpOBOXAaEMBIC IIpOCTpaHCTBeHHOI/I H

BpCMCHHOﬁ caMoopraHmauneﬁ B aﬂ00p6I/Ip0BaHHOM CJIOC Ha NOBEPXHOCTH KaTajlk3aTopa.

* 'V3ydeHHe KPHUTHYESCKHX SBJICHHH NPEICTaBiseT 3HAUYUTENBHEI HHTepec IS pa3BHTHA

IPEACTABJICHUH O MEXaHH3MaX HMpPOTEKaHHs TeTEPOTeHHBIX KAaTaIHTHYECKUX peakunuit. llens

JIAaHHOH paboTHI 3aKII0YAETCS B SKCIEPHMEHTANBHOM H TEOPETUHIECKOM M3YYCHHH NPHPOJIbI

KpUTUYECKUX ABIECHUN B peakuuu oxucienus CO Ha rpanu Pd(110).

Merogamu TAC, TIIP u POIC Ha rpanu Pd(110) npoBeneHO H3yueHHE MEXaHHU3MA
B3aumozpencTBus moisiekyn CO ¢ pa3HbBIMH (bopMaMn KHCIIOpO/a, ancopGKpOBéHHLIMH Ha
MOBEPXHOCTH METa/lIa B BHJE MOJEKYJSIPHOTO, aTOMapHOTO HJH «npnnosepxnocmoro»
kucnopoaa. C HCIONB30BAHHEM H30TOIOB KHCIOPOAa O, YCTAaHOBIEHAa MAKCHMAIBHAS
aKTHBHOCTh aTOMapHOH (OpMBI aICOPOUPOBAHHOTO Ha HOBEPXHOCTH KHCIOPO/A.

““Ha'~ ocCHOBE = NIONYYEHHBIX  OKCIEPHMEHTAJIBHBIX  pe3yJbTaTOB  IIPOBEIECHO
MojienupoBaHue MeronoM: MoHTe-Kapino MexaHW3Ma BO3ZEHCTBHS INPHIOBEPXHOCTHOTO
KHCIIOpOoJa Ha KHHETHKY peakuuu okucienus CO. Ilpu onpeneneHHoM Habope IapaMeTpoB

MOJIeNb JIEMOHCTPHPYET “aBTOKoJie0aTelibHOe moBeJaeHHe ckopoctH oOpasoBanus CO; u

'KOHIIGHTpAIuil - peareHTOB Ha mnoBepxHoctm Tpann Pd(110), B cooTBeTcTBHH ¢

9KCIEPUMEHTANBHBIMIE!: pe3ylibTaTaMH.. BO3HHKHOBEHHE aBTOKOJICOaHHH OOBACHAETCA

- HAJIMYUEM aKTHBHOH aTOMapHOH Oy, M ManoakTHBHON Opacrs POpM KHCIIOPOIA:

~ DO2as+2%—204,; + 2)COrag)+*>CO0xpc;
3)COapc+Oanc—CO+2%; © Ot *v=>*Opgers;
S)COanc+ Opam—>COz+2*+*v; 6)COgqpct*—=*+ COqye,

" IZle * ¥ *, — aKTHBHBIE EeHTPbI TOBEPXHOCTH M NPUHOBEPXHOCTHOTO CIIOS, COOTBETCTBEHHO.

B nonosHenue kK craauaM 1) — 6) BBeieHa BO3MOKHOCTh 00pa30BaHUA KOMILUIEKCA U3

CO na pactBopeHHOM KUCI0POJAE [COqaOpacs), Kax depes ancopomuro CO u3 rasosoit dasel 7),
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‘TaK H BCIEACTBHE HOB¢pXHOCTHOﬁ audodysun 8). Ilpemnoxken IONONHUTENBHBIH - MYTh
obpaszoBanus Monekyn CO; B pe’3yJibTaTe peakIMy B KOMIIIEKCE: ’
7)C0(ra3)+*Opam(_)[coaucopana];
8)C0auc+*0pacm_>*+[Coancopacm] 3
9)[C0aﬂcopacrs]_>coz+*+*v-

ITokasano, uto pons Auddy3uu ¥ pa3mMepa MOJCIUPYEMOH MOBEPXHOCTH KpHCTaiIa
COCTOHMT B CHHXPOHH3AI[MH W CTAaOHIM3aIMK KoneOaHHH IO IOBEPXHOCTH. ABTOKONEOaHHS
COMPOBOXIAXOTCA NOSBIEHAEM H pacnpoctpaHeHreM NoBepXHOCTHBIX BOMH COgye H Ogye,
(GpOHT KOTOPHIX XapakTEpPHU3yeTCs BBICOKOH KOHIEHTpallMed aKTHBHLIX IIEHTPOB,

CHOCOGCTBYIOLIMX aKTHBHOMY IpoTeKaHHi0 peakiuu Mex Ay COqye M Ogye BO (poHTE.

H3BectHO, uTo afcopbuus monekyn CO mim qucconuaTHBHAS ancopOIys KHCIopoaa
- BBI3BIBACT PEKOHCTPYKIHIO TPaHH Pd(110): (I1x1) — (1x2) ¢ obpa3oBaHHEM CTPYKTYphI
“IpomyieHHbIX/M00aBNeHHBIX” panoB. B pesynsTate muddysns monekyd COyyc BAONL PAAOB
. aTOMOB MeTaJlla IPOMCXOAHMT OBICTpee, yeM momepek psmoB. OKa3alocs, YTO y4e€T 3TOrO
a¢dexra HE MPHBOAUT K H3MCHEHHIO HHTETPAILHBIX XapaKTCPUCTHK H3yd4aeMOH MOJEHH:
CKOPOCTH peaKIFH H OKPHITHH IOBEPXHOCTH pearenTaMu. OIHAKO PACpOCTPaHEHHe BOJHEI 110
MozenupyeMoit noBepxaocTH rpand Pd(110) mpuoGperaeT Spko BIPAXEHHBIM aHH30TPONHBIN
xapakrep. Ha puc. 3 npencraBneHa AuHaMMKa M3MEHEHHsI KOHIIEHTPALMH PEareHTOB C yYeTOM
auu3otporHu Juddy3un: O,y 0003HaUEH YepHBIM IBETOM, Opacrs 75% ceporo 1sera, COqye 50%

ceporo, [COgucOpacrs} 25% ceporo, YUCTas HOBEPXHOCTL NAUIAHA Oenast.

Pa6ora BEImoNHEHa Iy nozaepikke rpanToB POOU Ne 99-03-32433, 02-03-06246 1 INTAS Ne99-01882.
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CTPYKTYPA HU3KOTEMIIEPATYPHbBIX OKCHJ1OB IIHPKOHM S
o LA. 3103uH, 3.M. Mopo3, A.C. UeanoBa, A.H. llImakos

Hucmumym xamanusa um. I' K. bopeckosa CO PAH, np. Jlaspenmoesa 5, Hosocubupck,
630090, Poccus
E-mail: zyuzin@catalysis.nsk.su

B HacTosmiee BpeMs H3yYEHHIO CBOHCTB OKCHAOB LIMPKOHHS M MATEPUAIOB Ha UX
OCHOBE Y[eNAeTCS MHOTO BHUMAaHMS. JTO CBA3aHO C IIMPOKOH 0ONACThi0 MPUMEHEHUS THUX
MaTepHajioB — B YaCTHOCTH, B KQYECTBE KAaTalIU3aToOpoB M HocHTeneH. OcoOrIi HHTEpEC M
KaTalu3a TPEACTaBIAOT  HU3KOTEMIepaTypHBIE Bmcoxonncnepcmle U  amop(dHBIE
MOU(HUKAIMY OKCH/A IIUPKOHHUS.

Cy1iecTByeT HECKONBKO METOZIOB IPUTOTOBJIEHUS OKCH/Ia IUPKOHUS, B YaCTHOCTH, U3
BdnHHx PacTBOPOB IUPKOHUIIXAOPHIA U IUPKOHUIHHTpaTa. OCOOEHHOCTHIO POPMHUPOBAHUSL
OKCHJIOB IIMPKOHHS M3 IIMPKOHWIXJIOPUJIOB SBJIIETCS COXpaHEHHUE, KaK B PacTBOpE, TaK U B
MaCCHUBHBIX 00pa3liax, CTPYKTYpHOTO (¢)parMeHTa — TeTpaMepa U3 KaTHOHOB HupkoHus. Hamu
HCCIEIOBAHbl THAPOKCHIB M OKCHIBl IIMPKOHHMA C J[APYTUM TpPEIIIeCTBEHHUKOM —
IIUPKOHUIHUTPATOM.

OOpa3supl HOMyYamu OCAXICHHEM U3 pacTBOpa a30THOKMCIOINO IMPKOHMIA BOAHBIM
pacrBopoM ammuaka (1:1) opu pH 7 (obpasust 1, 2) 1 9 (obpasusl 3, 4), ipu TeMnepaType
70+2°C, ¢ TOCHEAYIOMMMH CTAIUAMH (HILTPAIlNH, IPOMBIBKH OCAJKOB AHUCTHILIMPOBAHHOM
BOJIOH 10 OTCYTCTBHS HHUTparoB B ¢uisTpe. OcCagku CyHmMIM Ha BO3JyXE, 3aT€M B CYIIMILHOM
mwikady mpu 110°C B Teuenue 12—14 gacos (o6pasusl 1, 3). Tepmurdeckyro 06paboTKy HpOBOAMIN
B TOKE OCyIIeHHOro Bo3ayxa npu 380°C B TeueHue 4 yacoB (00pa3isl 2, 4).

Pentrenosckue guQpakiMOHHBIE KAapTHHH OBUIM IONMY4EHH Ha AUGBPAKTOMETpE
BBHICOKOIO paspellicHHst Ha CTaHIMH CHHXPOTpOHHOro u3nydenus B Cubupckom Ilentpe
(UsA® CO PAH) ¢ ucrionp30BaHUEM Ha AU(PPAKLMOHHOM IIy4Ke KPHCTAILI-MOHOXpOMAaTOpa
Si (1.1.1), BeImensromEero A=0.695A u obecIeuHBaOIEro CTeNeHh MOHOXPOMATH3ALMH
U3IydeHust AA/A ~ 10™*. CxanupoBaHHe IPOBOJHIM B HHTEpBaJie yIJIOB oT 5 0 135° (1o 26),
¢ maroM 0.1° ¢ HakormieHHeM 5 cekyHI B Touke. KpHBhIE pajMaIbHOTO pPacIpeeneHUs
31exTponHo# miotHocTH (PPOIT) paccuuTsiBanu 1mo Meroauke [1].°

JudpakimoHHbIE KApTHHBI TTOKa3alH, YTO pa3Mep 00nacTeli KOTEPEHTHOTO paccesiHus
B o0pasuax, BeICYLIeHHBIX pu Temrepatype 110°C, He npesbiaet 15A. Tlpu Temmeparype

380°C mpoOMCXOAMT KPHCTAITH3AIHUS KyOUIeCKOH M MOHOKIMHHOH (a3.
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Kak cnenyer u3 xpuBbix PPOIT o6pasuos, BeicymieHHBIX npu- 110°C, pasmepsr
00acTel KOrepeHTHOTO pacCesHHS HE IPEBBIIAIOT 10-15A, uro COBIAJacT C NaHHBIMH,
IOJIYYEHHBIMHU M3 TUOPaKIHOHHOM KapTuHbl. 13 kpuBbix PPOII Takxke cﬁéﬂyeT, 9TO YK€ IpU
110°C (bopMpreTcx ocToB cTpyKTypsl ZrO,: paccrosguue Zr—O pasHoe 2. 14A, Zr-Zr - 34A.
CTpyKTypHO# OCOOECHHOCTBIO 3THX 00pa3sloB SBIAIOTCS YMCHBIUCHHBIE MEKATOMHEIE
pacCTOSHUS U KOOPAHHALIHOHHBIC YHCTA.

MopenupoBanue kpusbsix PPOIT o6pasnos, npokaneHssix npu 380°C, mokasbiBaert,
YTO KaTMOHHbIC MOJPEIEeTKH KyOW4ecKoH M MOHOKIMHHOH (a3 He coiep:kaT BakaHCHH, a
NPAKTHYECKH BCE PACCTOSHUSA, COOTBETCTBYIOIIME B 3THX (pa3zax pacCTOSHHUAM LUPKOHHH-
KHUCJIOPOJ, XapaKTepU3yloTCs OOJBIIMMH KOOPAHWHALIMOHHBIMH 4YHCJIAaMM KHCIOpOJa Iio
[UPKOHUIO. ITO CBMICTENLCTBYET O TOM, YTO HpH IPOKAJIMBAHUU 046pa3y10T051 MOHOKJIMHHAsS
H Kybowdeckas (aspl OUOKCHMAAa NMPKOHHA, B KOTOPBIX KaTHOHHas MOJpEINETKa YKe

copMHUpOBaIaCh, a aHHOHHAS MOAPEIIETKa BCE €Ie COAEPKHUT ocTaTouHbic OH-rpynimsl.

[1] E.M. Moroz, Rus. Chem. Rev., 61 (1992) 188.
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SR-TAD: A NEW METOHOD FOR CATALYST INVESTIGATION

J. Dmytrzyk, A. Kotarba, A. Baranski

Faculty of Chemzstry, Jagiellonian Umverszty Ingardena 3, 30-060 Krakow Poland
E-mail: dmytrzyk@chemia.uj.edu.pl

In order to improve the catalytic properties of industrial catalysts (efficiency, long—
life, selectivity, etc.) uéually the small amount of adciitional substances — prdiﬁoteré — are
added [1]. Alkali metals are one of the most commonly used. Styrene synthesis, ammonia
synthesis, and steam reforming are typical examples of the processes where alkali promotion
is of the crucial importance.

Despite much research has been made [2] on alkali promoted surfaces the role of
promoters and their impact on catalysts performance remain unclear. This is mainly due td the
difficulties in investigating a low abundance of the alkali promoters (less than few per cent) _
The recently developed approach to help this problem is SR-TAD: species r resolved thermal |
alkali desorption. The method is based on the three physical effects: surface ionization [3],
field ionization [4] and electron thermal emission [3]. Measurements consist ih the monitoring '
of desorbing fluxes of alkali atoms (ground and excited states) and ions as a function of
temperature and electric field. The complementary measurements of thermoemitted electrons
are also accomplished. Next, using the Arrhenius equation (or Richardson—Duschman one in
the case of electrons) a graph of logarithm of desorbing signal versus temperature reciprocal
can be drawn. The bonding energies of alkali atoms (Eo) and ions (E,) to the catalyst surfacé
and its work functivdn (®) value can be determined (with an error smaller than 1 %) from a
linear part of the graphs. In contrast to earlier alkali promotion studies, the thermdjdefsorption
measurements may be conducted in vacuum and high pressure of reacting _ﬁﬁxthms in near-
catalytic conditions. The results are interpreted in terms of Schottky energy cycle @ —IP = Ey— E.,
(IP - ionisation potential).

The obtained desorption parameters permit to address the following issues:

o alkali promoter surface stability [5],

. kinetics of promoters loss [6], R

. surface promoter ionisation resulting in electronic promotion [7],
. catalyst deactivation by poisoning and industrial usage [8],

. the interaction with the catalyst support and the active phase [7],

121



OP-11-7

. identification of particular catalyst phases (by comparison with the results
obtained for model systems) and phase transition on the catalyst surface [9].
Each of these aspects will be illustrated with typical results referring to model systems

(Cs/C, K/Al,O5) as well as industrial catalysts (for ammonia synthesis and steam reforming).

Acknowledgement: This study is supported by KBN grant No. 4TO9B 039 22.
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OKHUCJIEHHE THJIEHTJIMKOJIS B IIMOKCAJIb. U3BMEHEHUE
CBOWCTB KATAJIU3ATOPA NOX AEMCTBHEM PEAKIITHOHHOH
CMECH U HEOPTAHUYECKHX ITPOMOTOPOB

Kasizes A.C.*, Bogsnkuna O.B.**

HHcmumym xumuu negpmu CO PAH, Tomck
" Tomcxuii 2ocyoapcmeennbiii ynugepcumem, Tomck

E-mail: kas854@mail.ru

I'mHokcans (3TaHOMaIb) — BBICOKOAKTHBHOE OMQYHKIMOHATBHOE OPraHHYECKOE
COCAMHEHHE, IIMPOKO HCHONB3YeMOE B  HONYYECHHH MOJHMEPHBIX MaTepHajIOB,
TETCPOIMKIIMICCKAX coenMueHud u ap. Ilpomecc cHHTe3a InHOKcans HapUuaIbHBIM
OKHCJICHHEM STHIICHIIINKONIA HA METAMNTHYECKHX CePEOPSHBIX KATATH3aTOPaX Pealu3yercs B
anuabaTHyeckoM pexuMe Opd Temmeparype 750-900 K u XapaKTEepU3yeTCA BHICOKOH
kouBepcHel (90-93%) u ceneKTHBHOCTBIO 1o rHokcanro (60-70%).

Bo3peiicTBHe peakIMOHHOH CMecH IIPHBOIMT K 3HAYMTENIBHOMY H3MEHEHHIO
COCTOSHUSA HOBerHocm MAacCHBHOro cepebpsHoro karammsaropa. ITo Mepe o6paGorku
MOBEPXHOCTH cepebpa B YCIOBHAX peakiuu HabmromaeTcs obpasoBaHue MaKpOKaHaJIOB,
3Q4CXJICHHE  TIOBEPXHOCTH  MPOAYKTAMH  YIVIEOTIOKEHHS HHTEBHIHOH  CTPYKTYpBL,
CYMECTBEHHO MEHSIONME NH3aHH KaTal3aTopa M ero KaTaliMTHIeCKYK aKTHBHOCTH [].
AHaH3 COCTOSHUS TOBEPXHOCTH CepeOPSHBIX KaTaTH3aTOPOB, 00paboTaHHBIX B YCIOBHAX
mporecca, OMM3KMX K  [OPOMBIIUIEHHBIM, METOJAMH PEHTIEHO(POTOIIEKTPOHHOM
ciexTpockonnu (POIC) u pacTpoBoit 31eKTPOHHOR MUKPOCKOITHE (POM) moxazan Hanuaue
TpajHeHTa KOHUCHTPAMH IPOJAYKTOB YIJIEOTIOKEHHS KaK IO CIOK KaTauH3aTopa BIOJb
IIOTOKA PEAKI[MOHHOA CMECH, TaK H 10 00BEMY IpaHyJIbsl KaTalH3aTopa. |

IIpenoTBpaTUTh NPOHHKHOBEHHE YINEPOA-KHCIOPOAHBIX CIPYKTYP B  0OBEM
KPUCTAITMYECKOH ~pemreTkH cepeGpa (B NOCNEACTBHH NPHBOAANIEE K O06GPasoBAaHHUIO
MPOAYKTOB YTIEOTIOXKEHHS) MOXKHO € IOMONIBEO HAHECEHHS Ha NOBEPXHOCTH KaTalTH3aTopa
TYTOILUIaBKOH IIEHKH coned. IIpu sTom Gombluoe 3HayeHHE MMeET IPHPONA BBOIMMOTO
COCAHHEHHS, KOTOPO€ JOJKHO BBICTYNaTh B PONHM IIPOMOTOpA, HHTEHCHOHIMPYIOMIErO
NpPOTEKaHHe MPOIECCa B CTOPOHY 0Opa3oBaHMs IIEJIEBOTO MPOITYKTA — IIHOKCANA. Beenenue
HEOpraHU4YeCKuX IIPOMOTOPOB Ha OCHOBE coeauHeHHH ¢Gochopa u Gopa NO3BOILET
HCNICHANPABIIEHHO MEHATh CBOMCTBA KaTalW3aTopa, IOBBINAA €r0 aKTHBHOCTh 3a CYET
nepepacipeieNieHis aKTHBHbIX [IEHTPOB.

Merogom POM moxasano, 4ro mocne BBejeHMs B cocTaB cepebpa KaTanmusaropa

tocdop- u Gopconepxanmx coeAUHEHHH TOBEPXHOCTD KATANTH3aTOPa B npoilecce 06paboTKH
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PEaKIMOHHON | CMecbio 'HE TpeTepIEeBacT CTONb 3HAYMTENBHOM TEPECTPONKH, KaK Ha
HEI[POMOTHPOBaHHBIX ofpasuax. HecMoTps Ha [UMTeNbHYIO 00paOOTKy B YCIOBRAX
BLICOKOTeMHepaTypHOFO Tpoliecca, Ha IIOBEPXHOCTH INPOMOTHPOBAHHBIX OOpasiloB He
pa0imonaercs 06pasoBaHHe CKBO3HBIX KaHalOB M OTIOXKCHHS YIIIEPOJCOACPKAIMX
POAYKTOB. DTO MOXET OBITH CBA3AHO C 0Opa3OBaHHEM CTEKJIOMONO0HBIX HEOPraHUIECKHX
coneif, MOKPHIBAIONIMX IOBEPXHOCTh CEPEOPAHOrO KaTanu3aTopa H MPENATCTBYIOIIKX
NPOHHKHOBEHHIO B IIPHIIOBEPXHOCTHYIO 001aCTh yIIepOI-KHCIOPOIHBIX CTPYKTYD. 0]
CHUKEHHH CKOpocTH nuddysuu Kuciopola B 06heM KPHCTAIIMYECKOH peIeTKH cepedpa
CBHIETENbCTBYIOT KaTAIMTHYECKHE JaHHBIC [0 BIHSHAIO IapIAATBHOTO  JABJICHHUS
KACIOpOJA Ha CENeKTHBHOCTb IpoIecca MO TJIHOKCAmoO, IAe OOHApyXeH —CJIBHT
MaKCHMaNbHOIO 3HAYeHHsS CENEKTUBHOCTH B CIOpoHy Oomee "BBICOKOTO COJEp)KaHUA
KHCJIOPO/Ia B PEAKIIMOHHOH CMECH.

CpaBHEHME KaTATUTHYCCKON AKTUBHOCTHM IIPOMOTHPOBAHHBIX W HENPOMOTHPOBAHHBIX
06pasIioB cepedpa MOKa3alo, YTO BBEJECHHE POMOTOPA II03BOJIET 3HATUTE/BHO YBEHIHTD KaK
CEJICKTABHOCTH 110 TITHOKCATIO (Ha 15-20%), Tak ¥ KOHBEPCHIO STHJICHITAKONSA (Ha 5-7%). D10
MOXET OBITh CBS3aHO C dopMHpOBaHKEM Ha IIOBEPXHOCTH IPOMOTHPOBAHHOIO KaTalu3aTopa
60JIBIIEr0 KOJMYECTBA aKTHBHBIX LIEHTPOB, OTBETCTBCHHBIX 32 CENCKTMBHOE NPEBPAILCHHC
STHJICHIIMKONA B TIHMOKCaib. B paboTe 0OCYXKHaeTCs MEXaHH3M pPECTPYKTYpHPOBAHUA
OBEPXHOCTH IIPOMOTMPOBAHHOTO KaTanusaTopa. [lpeamonaraetcs, 4YTo YHHKallbHAsd
CIOCOOHOCTH (bOC(bopcoﬁepmamnx coJieif K HOHHOM IPOBOAMMOCTH 00YCIIOBIHBAET OBLICTPOE

dopMupoBaHHE HEOOXOIUMOH CTPYKTYPbI aKTUBHBIX LIEHTPOB IIOBEPXHOCTH.

BoipakaeM 6/1aronapHOCTb 3 CEMKY MISKTPOHHBIX MHKpodoTorpadui k.x.H. CanaHoBy AH.

PykoBozuTenu: 1.X.H., mpodeccop Kypuna JLH., n.x.H. Boponun A.H.

. Vodyankina O.V., Kurina L.N., Boronin AL, Salanov AN., Koscheev S.V., Yakushko V.T.
Physicochemical investigation of the copper and silver catalysts of the ethyléne glycol

oxidation // J. Molecular Catalysis. - 2000. - V.158. - Nel. - P.381-387.
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THE STRUCTURE OF Zr(1V) COMPLEXES IN SOLUTIONS AS
PRECURSORS FOR CERAMICS AND CATALYSTS SYNTHESIS

V.V. Kanazhevsky, V.P. Shmachkova*, N.S. Kotsarenko*, D.I. Kochubey*

. Novosibirsk State University, Novosibirsk, Russia
Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia

-Compounds of zirconium are used widely for ceramics and catalysts synthesis. They
are traditionally prepared from solutions of zirconium inorganic salts and alcoxides. Many of
them contain a number of polynuclear complexes; the composition and structure of which
depend on different factors. Those complexes may be included in the sediment during
precipitation. On varying the composition of solutions one can prepare oxides with the reset
properties even at the step of solutions. Thus it is important to study the structure zirconium
complexes in solutions of inorganic and organic zirconium compounds as precursor of solids.

Most frequently are used for synthesis inorganic zirconium water solutions of the next
salts: ZrOCLx9H,0, Zr(SO4),x4H,0, ZrO(NO3);x2H,0. Organic one is usually used as
zirconium butoxide: Zr(OC4Hg)s. Poly-nuclear complexes form in mentioned solutions. Reset
state of these complexes usually depends on concentration, anion nature, pH and water to
zirconium ratio in organic compounds.

Using EXAFS and SAXS methods ZrOCly, Zr(SO4), and ZrO(NO3); inorganic salts
aqueous solutions, and Zr(OC4Hg)s butyl alcohol solution were investigated. Concentration
range of inorganic solutions was 107 — 0.5 M Zr. Their ageing period at the room temperature
was long enough (up to twelve month). Zirconium butoxide solutions were prepared by
dilution zirconium butoxide solution (concentration of ZrO, 0.3 g/ml) with butyl alcohol in 3,
5 and 10 times. Ageing time under review for these solutions won’t within a week. Hydrolysis
were held with ratio Zr:H,O up to 1:8. All operations with organic solutions were held in inert
atmosphere to avoid hydrolysis of compounds. Spectra were measured in impermeable
containers. The X-ray absorption spectra at the zirconium K-edge were measured according to
the standard method at the EXAFS Station of the Siberian Centre of Synchrotron Radiation
(Novosibirsk). For this purpose, the sample thickness was chosen to obtain Apy = 0.8 for
zirconium. For inorganic samples, the oscillating parts of absorption spectra (z(K)) were
analysed as &’ y(k) in the wavenumber range k = 3-16 A’ for organic samples range was a bit
shorter up to 13 A™'. The VIPER and EXCURV92 programs were used for data processing. The
particles size distribution was studied with the method of small-angle X-ray scattering

(SAXS) at the KRM-1 unit using CuK,, radiation.
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For water solutions Zr-O distance was measured close to 2.2 A using EXAFS. It is
typical for highly symmetric zirconium surroundings like in cubic dioxide. Two pairs of
distances Zr-Zr were obtained: the first — approximately at 3.6 and 5.1 A, the second at 3.3
and 4.7 A. Moreover, comparison of the RDF (radial distribution function) curves for fresh
and aged nitrogenous half molar solution shows us intensity changing for Zr-Zr distances.
Furthermore it happens in pairs of distances simultaneously. Ratio of distances in pairs equals
square root from two. This facts lets us assume that main structural unit in our complexes is a
square with zirconium atoms in corners. These complexes are associated in flat particles with
average thickness about 10 A in solutions. To all appearance — from considerations of the
crystallography basis and molecular mechanics modelling — we congider distance Zr-Zr 3.3 A

_.appears in flat square sides that formed by double oxygen bridges. Besides distance 3.6 A
appears when mentioned tetramers are connected together by single oxygen bridges.

The structure of zirconium oxicloride obtained via X-ray diffuse scattering was known
previously. We found that all three inorganic salt water solutions have practically equivalent
structures. The differences consist in the small change of the interatomic distances. That
differences connected with the ligand acidity.

Three Zr-Zr distances observed by EXAFS: 3.3, 3.6 A with the coordination numbers

2 and 3.9 A with the coordination number 1. Also three groups of oxygen ligand connected
with zirconium ions. From these data we suppose that one of the proper complex structure of
zirconium butoxide in butyl alcohol solution is a flattened pyramid with zirconium atoms in
. corners bridged by double non-equivalent oxygen. One of the diagonals of that square formed
by single oxygen bridge. Each zirconium has about 6-8 ligand. According to the SAXS data
tetramers associate to the flat particles with diameter above 200 A and average thickness
about 17 A. These particles are included in ligand cower. To all appearances progressively
more association in flat direction (without any change of thickness) take place during ageing
of the samples. Hydrolysis process gained with dissociation of the particles and subsequent
transformation of the tetramer to zirconium dioxide-like structure.

In the work we also discuss community and difference of the structure of zirconium

complexes in butyl alcohol and water solutions.
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V3YYEHME B3AUMOJAENCTBHSI METAJLI-ITPOMOTOP B
PYTEHI/IEBBIX KATAJIM3ATOPAX HU3KOTEMIIEPATYPHOT'O
CHUHTE3A AMMHAKA

| 10.B. Jlapuues, b.J1. Mopo3, HL.I1. IIpoceupun, C.H. Tpyxan, B.U. Byxruspos

Hucmumym kamanuza um. I'' K. bopecxosa CO PAH, Hosocubupck, Poccus

B mocnexnee BpeMs HaOmoAaeTcs NMOBBINCHHBIH HHTEpEC K HHU3KOTEMIIEPATYPHOMY
cuHTe3y aMMuaka. OaHuM U3 Haubosee MEPCIEKTUBHBIX KaTATH3aTOPOB ABIAIOTCS PYTEHHH,
HAaHECCHHHIH Ha OKHCh MarHUs M IPOMOTHPOBAHHBIH COJIIMH INEJIOYHBIX METANIOB. M3
JIHTEPATYPHI H3BECTHO, YTO AKTHBHOCTB HENPOMOTHPOBAHHBIX KaTalIu3aTopoB Ru/HocHTENs B
CHHTE3¢ aMMHaka B  3aBUCHUMOCTH OT  HOCHTENS  H3MEHAETCA B piijly:
Ru/C<Ti0,,<Nb;0s5,<A1,03,<MgO [1-3], uTo CBHIETENBCTBYET O BOZMOXKHON MOIH(DUKAIINT
OKCHJIaMH JIEKTPOHHOTO COCTOSHHSA Ru. Be3 IpoMOTHPOBAHMS CONAMM IIETOUHEIX METAILIOB
AKTHBHOCTh DPYTEHHEBBIX KAaTajlH3aTOPOB OYEHb HHU3Kasd. O(PQeKTHBHOCTH IPOMOTOPOB
BozpacTaeT ot Na k Cs [4,5], TO eCTh ¢ yCHIeHHUEM UX OCHOBHBIX CBOMCTB.

Ilensro naHHO# pabOTHL ABISETCA H3YYEHHE MEXAHH3MA MOTU(DHUKAIINH IEKTPOHHOTO
COCTOSHMS Ru 3a cyeT ero B3aMMOJEHCTBUS C IIPOMOTOPOM, a TaKXE €€ BIHMAHHA Ha
KaTATUTHICCKUE CBOMCTBA META/IIa B PEaKIIMU HU3KOTEMIIEPaTypHOIO CHHTE3a aMMHaKa.

O6pasipl OBUIM TIPHTOTOBJIEHBI NPONUTKONM OKHUCH MarHHS pacTBOPOM XJIOpHZAA
PYTEHHUs B alETOHE C IOCIEAYIOIEeH CYIIKOH M BOCCTAHOBIEHHEM B TOKE BOJOpPOAA MpH
T=450°C. ComepxaHne pyTeHHS B 0oOpasmax COCTABIANO mopsaka 5% Bec. B kauectse
HpeaIIeCTBeHHHKa 1npomMoTopa Obul  mcmonbs3oBaH (Cs;CO;. Hanecenue mnpoBoamiocs
IPONHUTKOM 3TAHOJBHBIM PAacTBOPOM, C MOCJIEAYIOIIHM BOCCTAHOBIIEHHEM B TOKE BOAOpOAA
IpH T=450°C. Pasmep yacTun, cormacHo anubiM [TOM, cocrapnser mpumepHo 30-40 A u
IPH POMOTHPOBAHUH NIPAKTHYECKH HE MEHSIICH.

B pabote Obu10 mMOKazaHo, uTO HpH npomoTupoBaHMH Ru/MgO kapGoHaToM nes3us
3HayeHHe SHepruu cBa3H Ru3d ymensmaerca ¢ 280.5 no 279.8 3B, uto 00ycioBieHO
TIOSIBJICHHEM orpmiaTeJILHoro 3apa/a Ha JUCHIEPCHBIX YAaCTHIIaX PYTEHHS IIPU MX KOHTAaKTe C
HPOMOTOPOM, IIPH 3TOM aKTHBHOCTB KaTIN3aTopa B CHHTE3€ aMMHaKa pe3KO BO3pacTaert.

Ilo namueM BAMC, P®3C, II3M npomoTop pacupencieH He PaBHOMEPHO MO
rpaHyjie HOCHTENsA, a CUMOATHO C PYTEHHEM, TO €CThb MMEET KOPOYKOBOC pPaCIpEHC/ICHHUE.
HaHecenne me3usi Ha HOCHTENb 0€3 pyTeHHs NPUBOAMT K ©Oosiee paBHOMEPHOMY
pacrpelelieHHiO IPOMOTOpa 110 TpaHylle OKHCH MarHus. JTO pa3iuuue OOBACHAETCA TeM

(I)aKTOM, YTO YaCTUIIbI PYTCHUSA ITOKPBITEL HHeHKOﬁ, COCTOSIIEHN U3 COeIMHCHUM 11€3H4.
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pacipeeneH’o poMoTopa o rpaye OKHCH Marmus. 7o pasinyme 0OBACHSETCH TeM
(baKTOM, 4TO YaCTHIBI PyTEHHS HOKpLITLI IICHKOH, cocroxmen U3 COCAUHEHHH Le3H.

Coueranue POOC u TIIJ] 103B0IHIO0 BRIABHTH 3HAYMTENLHBIE H3MEHEHHUS IIOBEAEHHU
IIpOMOTOpa B upncyTCTBnn H OTCYTCTBHH YaCTHII pyTeHmi. IlpoBeneHHbId  aHaTH3
(GOTO3/IEKTPOHHBIX CHEKTPOB ypoBHA Cs3d O3BONSET cENaTh MPEAIIONOKEHHE O PA3THIHBIX
BAJIEHTHBIX COCTOSIHHAX IPOMOTOpA.

W3 mnomydeHHBIX JMaHHBIX ObLI CHENaH BHIBOJ O TOM, 9TO npoMomposaHne
OCYIIECTBILIETCS 32 CHeT I[OHI/IpOBaHI/ISI aneKTpOHOB PYTCHHIO COCJMHEHUSIMH IE3HS.
YBenuveHHe 3EKTPOHHOH MUIOTHOCTH Ha 9YaCTHHAX PYTEHHS YCKOpSeET a,ucop6umo a30Ta,
YTO NPHBOJHT K JOCTATOYHO BLICOKOH KaTalMTHYECKOH aKTUBHOCTH oOpasna B peaKunn

CHHTC3a aMMHaKa.
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U3YYEHHUE METOJO0OM P®3C IPUPOJBI YT JIEPOZ[HI)IX
OTJIO)KEHI/II/I HA IOBEPXHOCTH Pt(111) IPHA BO3I[EI/ICTBI/II/I
' METAHA ¥ ITHJIEHA

Haxernos E.M., Komees C.B. Boponun A.H.

Huemumym xamanusa um. I' K. Eopec:coéa CO PAH,
‘Ap. Ax. Jlaspenmoesa, 5, 630090 Hosocubupck, Poccus
Daxc: (3832) 343056, E-mail: gosha@catalysis.nsk.su

Jle3aKTHBaIMs AaTIOMOIUIATHHOBBIX KAaTaJIH3aTOPOB BCIEACTBHE 3aKOKCOBLIBAHHS
SABISETCS. OIHOM M3 CEPBE3HBIX MPOOJEM B TEXHONOIMH X MPHUMEHEHHS IS nepepaboTKH
YII€BOZOPOAHOrO CBIphA [1]. Jliis MOHMMAHHS MEXaHH3MOB 3aKOKCOBBIBAHHUS LIEECOOOPA3HO
U3YYEHHE YIIEPOJHBIX aACOPONMOHHBIX CIOEB HAa aKTMBHOM - KOMIIOHGHTE B BHIE
MOHOKPHCTAJUIOB, IIIaTHHbI C HOMOIIBI0 QH3HIECKHX METOIOB aHAIH3a TOBEPXHOCTH.

B nmauxo#t paGore metomamm POIC m TIIP Hccimenosansl opMBI. YriepogHEIX
ornomeﬂnﬁ B npoueéce B3AUMONEHCTBHA METaHa M OTHICHA C MOBEPXHOCTHIO
MOHOKpI/ICTaJIJIa Pt(111) B mmpoxom TeMnepaTypHOM HHTEpBaJie TeMnepaTyp 670-1370 K u
NaBNeHmit YrieBogoponoB. Ilomyuennble P®3-cnekTpel cONOCTaBIEHE CO CHEKTpaMH
STAIOHHBEIX 00pPasioB YIJIEPOJHBIX AUIOTPONOB (aMa3, rpadut, HaHOTpyOKkH). BosmeiicTie
9TUJICHA, TaK e Kak M MeTaHa npu 1T > 900 K npuBomur k pasmuusoro Tmma
rpaduUTONOROOHBIM OTIOKEHHSM Ha MoBepxHOCTH Pt(111).

BsauMozeiictBue MeTana ¢ moBepxHocThIO Pt(111) mpoucxonut sddexTHBHO mpH
TNOBBINEHHBIX JaBIeHUAX > | Pa u temneparype T > 670 K 1 mpUBOIUT K OTJIOXEHHIO
yIJiepoJia B BHIE OCTPOBKOB rpa)uTa, KOTOpbIE IOKAa3bIBAIOT BHICOKYIO aKTHBHOCTE IIPH HMX
CKHIAHMH B ‘kucnopone. Omxur moeepxHocTd Impu T > 1300 K B atMochepe Merana
OPUBOIUT K (OPMHPOBAHHMIO OJHOPOZHOTO ClIOA rpaguTa Ha Beell IOBEPXHOCTH
MOHOKPHCTAJLIa ILIATHHE! BCIEACTBHE 3(Q(GEKTHBHOIO «3aIMMBAHHA» IYCTHIX MECT MEXIY
OcTpoBKaMM rpaduTa. B 3TOM ciyyae CTymeHYaTelf XapakTep MOBEPXHOCTH
MOHOKpHCTauH4eckoro aucka P(111) (1 crynens na 100 ) He nposmseTcs.

B ciryyae Bosnencmm 3THJICHA CyLeCTBOBaHMe cTyneHeii Pt(111), HanpoTus, urpaer
cymeCTBeHHylo POJb M IPHBOJHMT K TOMY, UTO IIOCNE OTKHra noeepxHoctd Pt(111) mpm
T > 1300 K mnpoucXOIWT MHCKpUBIECHHE OCTPOBKOB rIpaguTra 3a CYeT BBIXOZAA
CerPErMpoOBAHHOrO yIiepoja B obnacTh CTyHeHeid. B 3ToM ciTyyae amcopOIMOHHAs IUICHKA
CTaHOBUTCS (QYyILIEPUTOOOPA3HOM.

TaxuM 06paszoM, yCTaHOBIIEHO, UTO B 3aBHCHMOCTH OT THIIA yIJIEBOAOPOAA H YCIOBHH
uX Boaneﬁcmng Ha 10BepxHOCTH Pt(111) MOXHO MOMYYHTH TPH OCHOBHBIX THIIA IPadHTOBBIX
OTJIOKCHHH.

[1] ByHHOBPA 3aK0KCOBaHHe KaTanu3aTopos. - Hosocn6npc1< HayKa 1983. - 208 c.
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MEXAHH3MbI ®OPMHPOBAHHS AJICOPBIIMOHHBIX
¥ OKCH/IHBIX PEKOHCTPYKTHBHBIX CJIOEB B
IIPOIECCE B3AMMOJENCTBHS KHCJIOPOJIA C Pd(110)

TurxoB A.H., Cananos A.H.

Hucmumym kamanuza um. I' K. bopecxkosa CO PAH, 630090, Hosocubupck, np. Axademuxa
Jlaspenmuesa, 5, Poccus
E-mail: Titkov@catalysis.nsk.su
Hamnanuii  sBiseTcs ONHHM M3 OCHOBHEIX KOMIIOHCHTOB KaTalu3aropa s
HEeHTpalu3aluK BEIXJONHBEIX Fa30B aBTOMOOHIICH, KOTOPEIE B HACTOSMLIEE BPEMS COCTABIIAIOT
OJ{HY M3 IJIaBHBIX SKOJOTH4ecKux mpobiem B mupe [1]. [llupokoe npuMeHeHHe MayUiajus B
HeliTpanu3aTopax OOYCIOBJIEHO €ro aKkTHBHOCTBIO Kak B peakmuax okucieHHs CO u
YIIIEBOJOPOAOB, TaK U B peakuuu BoccTaHOBIeHHS NO. DTuM 00BACHAETCS MOBBINECHHEIH
Herpec K HCCIIEZIOBaHHIO 3akoHOMepHocTel xemocopbmuu NO, CO, H; u O, Ha nannaauy.
AH@?{3_HHTepaTypHLIx J@HHBIX TOKa3bIBAET, YTO MPH HHU3KHX NaBieHHsX O, (<107 Topp) u
TeMnépaTypax T < 600 K Mexanu3Mbl B3aUMOJCHCTBHS KHCIOPOAA ¢ MaIafdeM JeTAIBLHO
u3ydeHsl [2,3,6], Torna kak mpu BbICOKHX AaBieHusx O; = (0,1-10 ITa) u temmepatypax
> 600 K, T.e. ycnoBusx, ONM3KHUX K peajbHBIM YCIHOBHAM paboOThl KaTaIH3aTOPOB-
HEUTpaM3aToOpoB  BBIXJIOMHBIX a30B, B3auMOJEHCTBHE KHCIOpOJa C  IIajltagHeM
IPaKTHIECKH He HCCIIe0BaHo. '
Ilesbio MaHHOM paGoThI GBUTO HCCIEIOBAHHE METOIAMH TepMOIECOPOIIMOHHON Macc-
cnekrpockonu (TJl) ¥ MareMaTH4YecKOro MOJENHPOBAaHHS IPOLIECCOB B3aHMOICHCTBHSA
KHCII0posa ¢ MorokpHcTamioM Pd (110) B mEpoxoM HHTepBaite aaBieHmit (Po; =10°-10 I1a)
teMmieparyp (400 — 1200 K). Pabora BeImoIHEHa Ha CBEPXBLICOKOBAKYYMHOM CIIEKTPOMETPE
LEED-240 (Varian), ¢ KBaapymoOJLHEIM Macc-clieKTpoMeTpoM Monitor 200D (VG) s
3anucH T/1, ¥ KaTamuTHYECKOH Kamepoi st 06paboTKH 06pasloB MPH BBHICOKHX }IaBJIeHPI}IX
xucnopoga (107° —10° ITa).

W3 ananu3a ancopOUMOHHBIX M [JECOPOLIMOHHBIX J@HHBIX, ONYYEHHBIX B IIHPOKOM
uaTepBasie TeMmmneparyp (400-1200 K) wu JaBNCHAAX KHCIOpOJa (1010 IMa), - u
NMTEPATYPHBIX [AHHBIX, HonydeHHBIX Metogamu STM, LEED, XPS, A, LEELS [2-7]
yCTaHOBHIIH oOIIyro cxemy B3aumogpeiicTBus O; ¢ Pd (110). Ilpu Hu3KHX TeMHepaTypax
(= 550 K) u Husknx masineHusax O (10 Tla) KHCIIOPO/l THCCONUATHBHO xeMocopGpreTc;I
Ha l'IOBerHOCTH Pd(llO) ¢ S0=0.7-0.8, npu 3TOM GOPMHUPYIOTCHA YIMOPAAOYECHHEIE IIEIIEBIE
CTPYKTYphI, COCTOSHIME€ H3 OJHOMEDHBIX pAJOB aTOMOB [ajUIaus, H KHUCIOPOa,

3aHUMAaOmiCro B 3THX ICIAX SHCPreéTHUYCCKH BBIIOJHBIC threefold aI[COp6HHOHHBIe MECTA,
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(1x3) u (1x2) npu mokpertuax 0.3 u 0.5, cootBercTBenHO. IIpn Harpesanuu obpa3mna maHHBIe
CTPYKTYPhl pa3/araroTCi, H KHCIOpPOA pecopbupyercs P2 muxom ¢ Tp=885 K. C
YBENMYEHHEM SKCIOSUIMH KHCiIopoza (> 3 L) GhopMHpYIOTCS OCTPOBKH IIOBEPXHOCTHOTO
okcuma PdO, koTopele TIpH  HarpeBaHMH  pa3laTalOTCI C  BLUIEJICHHEM 0,
Hu3KoTeMITepaTypHeiM B1 mukoM ¢ Tp=770 K (Eq =217 xJlx/Mois mO ypaBHeHMIO Penxena
AIA TmepBOro mopsjka). IIpu fanbHeidlleM yBENMYEHHH HAaBICHHS KHCIOPOJAA ¢ 107 I1a)
obpasyercs IUICHKa IOBEPXHOCTHOro oxcuna PdO, npu pasnoxeHHMH KOTOpOi KHCIOpOJ
BBIIENACTCS HH3KOTEMIEPaTYpHbIM HKOM By ¢ Tp=730 K (Eq =203 x[{x/Mons). ITepexoxn B
00iacTe BBICOKHX TeMmmepaTyp (> 550 K) cymiecTBeHHBIM 00pa3’oM MeHseT XapakTep
B3aumonercTBua O, ¢ Pd(110). Hapamy c mponeccom ancopbuum — necopbumn O,
00pa3soBaHKUs — Pa3IOAKEHHs MOBEPXHOCTHOro okcuaa PdO, xeMocopOHpOBaHHEIH KHCJIOpOA
BHEPACTCA B IIPUIIOBEPXHOCTHBIA cnod Pd u nubdynnupyer B 06pem Metamna. Kpome Toro,
TIpH Harpese 10 BEICOKHX TeMmeparyp B cuekrpax T/l HabmoaeTcss BEICOKOTEMIIEPATYpHEIH
mik B3 (Tp=1200 K), KoTopeii MOxeT OBITH CBS3aH C BBUIEJICHHEM KHCIOPOJIA,
PacTBOpEHHOro IIy0OKO B 00beMe maiiajMs. ﬂeTaJII;HLIfI aHaJIU3 TIOIYYEHHBIX KpPHBBIX
mormomenuss O u  cmekTpoB T/l MO3BOMMI  YCTAHOBHUTH MEXaHHM3MBI IIPOHECCOB,
TMIPOTEKAMIUX 1pu B3aumozeiicteuu O, ¢ Pd (110) mpu Po, =10° — 10 IMa u TeMIIEpaTypax
400-1200 K. Ipu ru3KMxX gaBreHusx O, (<107 ITa) u Temneparypax (< 550 K) dopmupyrorcs
PCKOHCTPYKTHBHBIC IICHHBIE CTPYKTYphl 3a CYET B3auMoOJeHCTBHS ajcopOMpOBaHHBIX
MOOHILHBIX ~aTOMOB INallafHd C XeMOCOPOHPOBAaHHLIMH aTOMaMH  KHclopoja. C
yBenuueHneM Po, (> 107 ITa) mocreneHHo GOPMUpPYETCS IIIEHKA IOBEPXHOCTHOIO OKCHIIA
PdO 3a cuer pexoHCTpyKuMM HeNHBIX CTpYKTyp. Ilpu BeIcOKHX Poy (> 1072 IIa) u
Temueparypax (> 550 K) moBepXHOCTHBIH OKCHA pa3spyuiaeTcss M KHCIOPOJ BHEApSETCS
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BOJILTAMIIEPOMETPHS KAK METO/ OLIEHKH
KATAJIMTHYECKON AKTUBHOCTH I'MIPOTEJEBBIX
OKCHIHBLIX KOMILUIEKCOB Cu** B OKMCJEHHU
THAPOKCHAPEHOB

i Mmcvumua 10.B., Xapuyx B.T'., IlerpoB JL.A., *byaxaxosa JI.A., *SIuuenxo M.IO.

Hucmumym opzanuneckozo cunmesa ¥YpO PAH, Examepunbype, Poccus
*Unemumym xumuu meepoozo mena ¥YpO PAH, Examepun6ype, Poccus

Panee aBTOpaMH IOKa3aHO, YTO TPHCYTCTBHE THIpOTeNicd OKCHIOB 3JIEMEHTOB
OKa3bIBA€T CYIIECTBEHHOE BIMAHUE Ha XOJ H IapaMETPhI OKHCIHTENHHON TpaHC(hOpMAIHi
rUpOKCHapeHoB. ['HApaTHpPOBaHHbIE OKCHIBI HIEMEHTOB MPEACTABIAIOT COGOM MOABUKHEIC
BBLICOKOOPraHM30BaHHKIE CTPYKTYPBI, 00Nalafolie pa3BUTOH CHCTEMOI BOJOPOAHEIX CBS3E,
HOJAPHBIMH OKCHJIHBIMH CBA3SMH. OTH M JpyrHe OCOOE€HHOCTH THIpOTeNied NMPHUBOAAT K
CIIOCOGHOCTH HE TOJILKO COPOMPOBATH Ha CBOEi MOBEPXHOCTH PEAreHThl, HO U H3MEHATH UX
CBOMCTBA H PEaKUMOHHYIO CHOCOOHOCTb, NMPHBOAAILYI0 K H3MEHEHHIO CKOPOCTH DEaKIHH
OKHCJIEHHS H MOBBIIIICHUIO €€ CEIEKTHBHOCTH.

B pabore ocymecTBIEHO CONOCTAaBICHHE HAYAIBHBIX CKOPOCTEH OKHCICHUS
TPHMETHIITHAPOXHHOHA (MOJENb THAPOKCHAPEHa) B PacTBOPE U H3MEHEHHA OKUCIUTEIHHO-
BOCCTaHOBHTEJILHOTO IIOTEHIIMAIA MOHA MEIHM NTPH copOiuu Ha ruzporensx (Si0,, TiO,, SnO,
u Z10O,). Okucnesne rufipoxcHapena MpoBOIMIIH C yIacTHeM U 6e3 yuacTus HoHoB Cu(2+), a
TaKXKe C BBEJEHHEM H 0e3 BBEJECHHMS B PEaKUHOHHYK cpexy ruaporeieil. [loTeHnuansi
OKUCIICHUS-BOCCTAHOBJIEHH  MeNM Uil = JaHHbIX  YCJIIOBHH  ObImH  ONpEeNeHbI
BOJITAMIICPOMETPHYECKA C  MCIIONb30BaHHEM  YrONBHO-NIACTOBOrO  3jieKTpoja. Jlus
MOJATOTOBKH 3JIEKTPoAa oOpasell rens BBHICYIIHBAIH IO BO3AYLIHO-CYXOTO COCTOSIHHS IIPH
TeMIlepatype He Gonee 105 rpagycos, TOYHYIO HaBeCKy rejisi BBOIHIM B COCTaB YIONBHO-
IIaCTOBOTO  9JIEKTPOJA M HM3YYaJld IPOLECCHl  3NEKTPOXHMHYECKOTO OKUCTeHHS ¥
BOCCTaHOBIIEHHs] HOHOB ME€IH, COPOMPOBAHHBIX U3 PACTBOpA Ha I€llb, BBEJICHHEIN B yTOIBHO-
nacToBei 1eKkTpod. llomydeHHbie I‘IOTeHIII/IaJ'iBI TAK)Xe CPaBHHBAIH CO SHAYCHHSIMH 1L
MeJlH, TIpe/IBapUTENILHO COPOMPOBAaHHON Ha relb, KOTOPHIA 3aTeM BBOAMIIM B 3MEKTPOJ, KaK
onucano panee. Ilocne BLIAEPXKH B pacTBOpe B TeyeHHe 15 MHHYT MOTEHIHMAIE! B TOM H
IpyToM cifydae coBnaid. HavanbHoe H3MEHEHHE TOTEHIHANA MBI CBA3BIBAEM C THIpaTallueit

obpasoBaBmierocss Kceporeis. - CpaBHEHHE [NPOBOJWIH OTHOCHTENHHO TMOTEHIHAIOB
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OKHCJICHHA-BOCCTAHOBJICHHS HOHOB M€Y Ha YrOJIbHO-IIACTOBOM 3JIEKTPOJIE, B KOTOPKIit rely
HE BBOIMJIHCH. J[aHHBIH METOJ IO3BOJNAET NPOBOJUTE H3yUECHHE H3MEACHHS OKHUCIIUTEIBHOM
aKTUBHOCTH MOHOB MeAH(II) B ycmoBHAX, NPHOIHXEHHBIX K YCIOBHAM NPOTEKaHHUA PeaKi(iH
OKHCJIEHUS THAPOKCHAapeHa.

YCTaHOBIIEHO, 9YTO H3MEHEHHE CKOPOCTH pEaKIHH OIpEIeseTCs H3MEHCHHEM
notennuana BoccTtagopiaeHHs Cu(ll) => Cu(l). B cnyvae, Koriza BOCCTAaHOBJIEHME MEHH
IIpOTEKAET He B 1Be, a B oagHy cranuio (Cu(ll) => Cu(0)), u3aMEHEHH B CKOPOCTH PEAKIIUH HE
Habmiomaetca. 3aMKCHpOBAaHO, YTO M3MEHEHHE HA4YalbHOM CKODOCTH OKHCIIECHHS
rufipokcrapeda (Wo) npsaMO NPONOPIHOHATHHO H3MEHCHHIO NOTEHIHaJa BOCCTAHOBIICHUS
Cu(Il) == Cu(l).

ITonyyeHnsle qaHHBIE TO3BOJIAIOT CHENATh BEIBOJA O NEPCHEKTHBHOCTH HCIIOIL30BAHUS
BOJITAMIIEDOMETPHH IIPH HM3y4YEHMH MeXaHHM3Ma peaklHii ¢ YYacTHEM KaTajlH3aToOpoB -
IIEPEHOCYHKOB, OCOOEHHO B YCIOBHAX HMX aAcopOuuu Ha HHIHGOEPEHTHHX H

HeuHAU(DEPEHTHHIX HOCHTEIIAX.
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HCCIEJOBAHUE KMHETUKH OKUCJIEHUSI AMMMWAKA HA
OKCHUIHBIX KATAJIN3ATOPAX

Cytopmuna E.®@., Kyzsmuu B.A.

Hucmumym xamanuza um. I' K. bopeckoea CO PAH
Hosocubupck 630090, np. Axademuxa Jlagpenmoesa, 5, Poccus

: E-mail: selena@catalysis.nsk.su
OKcHBl NEPEXOMHBIX METANIOB 06aJal0T BHICOKOH AKTHBHOCTBIO H CENEKTHBHOCTHIO B
peaKIuM OKHCIeHHsS aMMHaka 10 NO. F3BeCTHO, 9TO B IIPOMBIIUICHHBIX YCIOBHAX PEAKIHA
OKHCIICHHA aMMHAKa Ha IJIATHHOBBIX CETKAX, KOTOPHIE ABIAIOTCA Haubolee 3((heKTHBHEIMH
KAaTaJIH3aTOPaMH JIaHHOHM peaKiuM, NpOTeKaeT BO BHemHeAu(dy3uoHHOM pexume [1].
OIHAKO HEACHO, CIIPAaBEIJMBO JM 3TO JIA GJIOYHBIX OKCHIHBIX KaTaiM3aTOPOB, aKTHBHO

HCIIOJIB3YEMBIX B HACTOSIIEE BPEMs B TIPOMBILILIEHHOCTH B KAYECTBE BTOPOIi CTYIIEHH.

B JIaHHOH paboTe HCCIlIeOBaHBI KaTaJIHBaT(')pI;i: Ha v:ocmv)Be OKCHJIa )KeNe3a B BHjE (parMeHTOB
6IIOKOB IMaMeTPOM 26 MM JymHOi 16, 33 1 49»M1\.4, éonepxcamne pasIMYHOE KOIMYECTBO OKCHIA
AMIOMUHHS B KAYecTBe CTPYKTypooOpa3yroiero Moaudukaropa. IKCIEPUMEHTH] 110 OKHUCIICHUIO
aMMHaKa OCYILIECTBIUIM B KBaplIEBOM pEaKTope npﬁ amocq)epnéM JaBICHUU U TEMIIEPaTYpe
650—95_O°C. CkopocThk Ta30BOTO IOTOKA cocmiamma 0.3-0.9 M/c, KOHUEHTpaLMIO aMMHaka B
chom%oﬁ cMmecu BapbupoBa OT 1 no 9%. [Ins onpenenenus konueHTpauuii NHi; n .NO
HCIIONB30BaH CIIEKTPOhOTOMETpPUIECKHi METOJ aHAIM3A B pexume on-line. IIpo6er orbupack

henocpencnaeHHo rocne 6)101(03 0T60p po6 ¥ aHanu3 MpoBOaWicA Ipu Temieparype 250°C,

'-ITO6BI I/I36C)KaTI> JaJIbHEHIIIETO BBaHMOIICHCTBHSI Me>1<11y amMmuakoM H NO.

Ioka3zaHo, 4ro nOOaBICHME OKCHAA ANIOMMHHA K MCXOJHOMY OKCHAY ele3a HECKOJBKO
YMCHBIIAET CEJICKTHBHOCTH KaTanusaropa no NO, npuyueM CTENeHb IIPEBpALICHUs aMMHaKa
ocTaercs MOCcTOSHHOH. CyliecTByeT MakCHUMYM CeNeKTHBHOCTH IIpH TeMIlepaType OJoka
~okono 875°C. O6HapyxXeHa: 3aBHCHMOCTB CTEIICHH IIPEBpAIUCHHS aMMHaKa OT CKOPOCTH
ra3oBOTO TOTOKA, YTO CBUAETEILCTBYET O BIMAHHM BHEMHEH AH(QY3HH Ha CKOpPOCTh
npoTexkaHus peakuud. Habmiomaercs cmabas 3aBUCHMOCTh CKOPOCTH DPEakiUH OT
TEMIIEPATYPHL: paccanaHHaa KaXyIlasicd JHEprus akTuBanud paBHa 1.02 Kkai/MOIb.
BriaucIeHHbIH TOPATOK peaxunn no ammuaky cocrapuser 0.97. Taxum 00pa3oM, MOXHO
yBepeHHo npe)monoxcmb YTO peakUus OKHCIEHHS aMMHaKa Ha JKele300KCHIHBIX

KaTanmaTopax npOTeKaeT B )mq)q)ys'nonﬂon obnacth.

1.Anens0aym JI., Temxun M.U., XK. @u3. Xum. 1948, T.22, C.179.

137



OP-I11-2
JTMHAMAYECKHI 9ODEKT B TETEPOTEHHOM KATAJIM3E

Jlenexuna H.B., Ilaaxuakun A.A.

Tomckuii nonumexnuyeckuti ynueepcumem, Jenuna 30, 634050, Tomcxk, Poccus
E-mail: vezunchick@yandex.ru

Ilpy wm3ydeHMH XHMHYECKOTO B3aHMOIEHCTBHA 4aTOMOB C HEOPTaHMYECKHMH
.TBEp/ILIMM BelleCTBaMH ObLI 3aMedeH HEM3BECTHbI paHee AHHamu4veckuii >ddext [1].
JuHamuaeckuid 3¢dekT - 3TO cHa, KOTOpas IEHCTBYET B Cpele aTOMAapHOro rasa Ha
TOJIOXKKY, Ha OJIHY CTOPOHY KOTOPOH HaHECEeH KaTaau3aTop.

Hunamudgecknii 3QGEKT BO3HHKAET INIPH TeTEPOreHHONM pPEKOMOMHAIMH AaTOMOB,
IIO3TOMY BOSHUKHOBEHHE IMHAMHYECKOrO 3(h(heKTa BOIMOKHO TONBKO €CIH HPOHCXOIHT
ancopOLus aTOMOB W MX HOCHENYIOmas peKOMOHHAIHS Ha HOBEPXHOCTH KaTATH3aTopa.

JUIs  KHuCIIOTHO-OCHOBHOTO TCTEPOTEHHOT0 KaTalu3a OKa3alcs YAATHBIM OAXON
nepeHoca IPEACTaBIECHUA O MpHpoJE KATATHTHYECKOTO JIEHCTBHA KHCIOT B pacTBopax Ha
Cly4ail IPOTEKaHHs PeaKIlHii Ha MOBEPXHOCTH TBEPABIX KUCIOT [2]. OCHOBHOI TPYIHOCTHIO
KHCJOTHO-OCHOBHOTO T€TCPOTeHHOTO KaTajlu3a SBJISETCS ONpeleiCHHEe THUIA, CHIBl H YHCIa
KHCIOTHBIX IIEHTPOB. B 3T0M CBA3M NpencTaBnseT HHTEPEC HCMOIB30BAHHE JHHAMUYECKOTO
a(dexra Ha KaTanU3aTOpax JUIT ONPENENEHHs X KHCIOTHBIX UeHTpoB. Ecim JUHAMIIECKAH
s¢dexT Ha KaTanm3aTope HabMIOZaeTCs NpH aACOPOIMH aToMOB BOAOPOJA, TO HX Goree
eCTeCTBei{Ho OTOXJECTBIATh C OPEHCTENOBCKMMH KHMCIOTHBIMH IEHTPAMH, & €CIH IIpH
a,ucopGIiIin aTOMOB a30Ta — C JBIOMCOBCKUMHU. OIpe/ielieHne 3aBHCHMOCTH JIHHAMHYECKOTO
s dexra 0T TeMIepaTypsl Karaam3aropa T03BOMAET ClieNiaTh BBIBOJ, O CHJIE H KOHIEHTPALMH
KHCJIOTHBIX IEHTPOB OIPEAETICHHOTO BH/IA.

OnmHuM M3 JOCTOMHCTB HPEANOXEHHOTO METOZA SBIAETCA TO, YTO KOPPEISIHS CHNbBI
KHCJIOTHBIX IIEHTPOB C KaTATHTHYECKOH aKTHBHOCTBIO HMEIOT SCHYIO XHUMHYECKYIO IIPHUPORY,
‘YT0  MO3BOJMSET HCHOJB30BaTh OTH KOPPENAIHMH JUIS IHeledf  [POTHO3HPOBAHHS

<KaTAIUTUYECKOTrO AEHCTBHA.

1] Jiucenxmit B.H. Jlunamudeckuii 3ddexT mpH reTeporeHHoil pekoMOHHAIMM aTOMOB.
Tomck.: U3parenscteo TI'Y, 1996. 200 c.
[2] Taykmrruc E.A. WudpakpacHas CIEKTPOCKONHSA B FE€TEPOr€HHOM KHCIOTHO-OCHOBHOM

kaTanuse. HoBocubupck.: Hayka, 1992. 254 c.
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K BOITPOCY N3YYEHUSA KNHETUKH PEAKITMA OKUCJIEHUS
IIPUPOJTHOI'O I'A3A TEXHOJIOTHEA ADPO30JbHOIO
KATAJIN3A

M.A. I'nukun’, JLA. KyTaKOBaz, WM. [npkuna’

'000 Hayuno-mexnuueckuii yenmp «Xummodepuy, Cesepodoneyx, Yrpauna
ocyoapcmeennyiii HAy4HO-UCCIEO06AMENbCKUT U NPOCKMHYLI UHCIUMYM XUMUYECKUX
mexnonozuti “Xummexnonozun”, Cesepoooneyx, Ykpauna
3 Bocmouno-Yxpaunckuii HayuornanoHulil yHugepcumem
CegepoOooHeyxutl mexHONO2UYECKULL UHCIMUMYM,

93400, Jlyeanckas o6n., Cegepoooneyx, Yxpauna
E-mail: glikin@sdtcom.lg.ua

JlanHas paboTa OTHOCHTCA K TEXHOJOTHH a’pO30JIBHOTO KaTalu3a — HOBOMY
HAIIPaBNeHHIO B Pa3BHTHH Tra30(a3HBIX TETEPOr€HHO-KATAITMTHYECKHX IPOLECCOB.
KOHKpeTHO paccMaTpHBAETCA PeaKys OKACIEHUS IPUPOIHOTO Ta3a.

Jins aspo30NbHOTO KaTajiM3a XapaKTepHa OmNpelie/icHHas KaTaIUTH4ecKasd CHCTEMa,
KOTOpas COCTOMT W3 KATAIUTHYECKH AaKTHBHOTO BEIIECTBA M HHEPTHOIO MaTepuala,
HaXo[MiMxcsg B HeCTalHOHapHOM cocTosHUH. OHa obecnieuyuBaeT PpaBHOZOCTYIIHOCTh
AKTHBHOM IIOBEPXHOCTH, IOBBIUAET AKTHBHOCTh KaTalu3aTopa Ha 4-5 IOPSAKOB K
YMEHBIIIAET €ro 3arpaThl B 2-5 pa3, a TAKKe YCTpaHAeT BHYTpUAH((Y3HOHHBIE CTaauH
peaknuit. [To maHHON TEXHOIOTHH a’3pO30JIBHOTO KaTajiM3a B JADOPATOPHM M Ha ONBITHEIX U
ONBITHO-IPOMBIIUIEHHBIX ~ YCTAHOBKAX  OCYLIECTBIEHBI  IIPOIECCHI:  IIyOOKOro M
[ApIUATBHOrO OKUCIEHHUS OpPraHHYECKHX M HEOPTaHHYECKUX COEIMHEHHH, BOCCTAHOBNICHHS,
BHHHJIMPOBAHHUS, KPEKMHIa, XJIOPHPOBAaHHS M IETHAPOXJIOPUPOBAHHS, OOE3BPEKHMBAHHS
IPOMBIIUIEHHEIX OTXOMOB PasiHyYHOrO arperatHoro cocTosHHs. J{ns Toro, 4ro0wl Ooiee
TOYHO M C MEHBIIMMH 3aTpaTaM# HCCIIEJOBATh KWHETHYECKHE XapaKTEPHCTHKH DPEaKIMi,
6pUTa paspaboTana MeETOJONOTHS U co3laHa ynabopaTopHas Oe3rpaJHeHTHas yCTaHOBKa C
BHOpocIoeM Karanu3aTopa. Ha IepBoM JTale IOKa3aHa MACHTHYHOCTH KHHETHYECKHX
3aBHCHMOCTEH, MOMYYEHHBIX KaK Ha HNPOTOYHOM, TaKk M Ha Oe3rpaJueHTHOHM yCTaHOBKaxX Ha
IpUMEpE YKCYCHON KHCIOTHI M EHXJOP3ITaHA, OCHOBHOM COCTaBISIOIIEH IIPOMBIINICHHOTO
CTOKa IPOM3BOACTBA BUHUIXJIOPHJA.

Peakiiss OKHCICHHS IPHPOJHOTO Ia3a JEKHT B OCHOBE DEINEHHS IHEPreTUHYECKHX
npobieM psAfa XUMHYCCKHX NPOM3BOACTB. MlccmenoBanus NPOBOJMIN B a3po30Ji€ OKCHAA
xenesa (III). BeuiM HCCIENOBaHE peakUy IIyOOKOro OKMCIEHHS PHPOJHOTO ra3a i CMECH

€ro ¢ BOJOpOaIOM H aMMHAKOM.
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HonyqéHLI 3aBHCHMOCTH CKOPOCTH pEaKLUH OT KOHIIEHTPAaUMH KaTajJu3aropa M
collepXaHus IPHPOJHOTO ra3a B PEAKIMOHHOM CMECH, 9acTOTHI KoneGaHHs peakTopa,
conepxanus npuMecell. Hixe npuBeneHa olHAa M3 3aBHCHMOCTEH He XapaKTEepHBIX I
TPajMIHOHHOr0 KaTajiu3a M MOKa3blBAIOIIAs BIMSHHE KOHLEHTpAlMM KaTaiu3aTopa Ha

CKOpPOCTEH p€aKLHH.

o 9007
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CKopoCTL peakumm, rim>*
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KoHueHTpaLms karanusaropa, rim’

Puc. 1. 3aBHCHMOCTE CKOPOCTH peakiMy OT KOHLIEHTPAlMH KaTajli3aTopa /s Mpouecca OKHCIeHHs
IIPHPOAHOTO Tasa B 6€3rpalHeHTHOM peakTope, paboTaroLieM B YCIIOBHAX a3PO30JIbHOIO KaTaIM3a.

Ha mpexncraBneHHOH 3aBHCHMOCTH MOXXHO OOHapyXHUTh TpH 00IAcCTH IIPOTEKAHHUS
JaHHOM peaki(HH: oONacTh HACHINECHHS CHCTEMBI KaTalM3aTOPOM, ONTHMANBHYIO 0GNacTh
peakiiy U ee TOPMOXKEHHUE H30BITKOM KaTalu3aTopa.

Pe3ynpTaTel, NONyYeHHBIE B YCIOBHSX TEXHOJOTHH a’pO30IBHOIO KaTallu3a,
HaXOJATCA B COTVIACHH C M3BECTHBIMHM NpPUHIUIIAMH KaTajiu3a, HO TPOSABIAIOTCS M HOBBHIE
CBOWCTBA KATATHTHYECKOH CHCTEMEL IIpH 3TOM OCHOBHYIO pOJb MIpAOT HAHOPA3MEPHBIE

HaCTHUIEI KaTaJlg3aTropa U HX CBOIICTBa B YCJIOBHAX MCX&HOXHM&KTI/IBaHI/II/IAin situ.
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CTAIDIUOHAPHASA KHHETHUKA TIEPOKCHUIA3HOT'O OKUCJEHUS
ACKOPBHHOBOM KHACJIOTHI B HNPUCYTCTBHA
I/IH,I[OJII/IJI-3-YKCYCHOI71 KHNCJIOTBI

- Poroxuna T.B., Poroxun B.B.*

Axymcexuii meouyunckuii uncmumym, Axymcex, Poccus
*SMrymckas 20cydapemeennas cenvckoxossticmeennas akademus, yn. Kpacunvnuxosa, 13,
' ' 677007, Axymcxk, Poccus
E-mail: vrogozhin@mail.ru

Hepoxénn&Hoek‘oxncneHne acxop6m{0130171 KHCIIOTHI M3y4eHo B pabote [1]. ITokazano,
4ro okHcienne AK 3aBHCHT OT uyucClia MOJIEKyn cybcTpara, B3aHMonéﬁchyiomnx c
OKHCJIEHHBIMH (opMaMu nepokcuiassl. Eciu ¢ (epMeHTOM CBS3BIBAIOTCS 0OJiee OMHON
MOJIEKYJIFI CyOCcTpaTa, TO nocneﬁylomee KaTaIUTHYECKOE npepanieHue AK yckopsercs.

HNVYK uHrubupyer mepokcuiasy B peakIUsaX OKHCICHHUS aCKOPOUHOBOM KHCIIOTHI.
IToaTomy HaMH ObUT HCCENOBaH XapakTep MHTHOMpoBaHHsA mepokcumassl VYK mpu
CBA3BIBAHHH OZHOM Monexkynsl AK B aktuBHOM 1eHtpe ¢epmenrta. ITokazaHo, uTO
3aBHCHUMOCTH OOpaTHBIX Ha4albHBIX CKOPOCTEH nepoxcnnamorb okucieHus AK umeror Bua
ceMeHCTBa HpPSMBIX, ﬁepecexaromnxca Ha OCH OPAMHAT, 9TO COOTBETCTBYET KOHKYPEHTHOMY
TUNy MHTUOMpPOBaHHsA. J[aHHBIA THI MHIHOMPOBAHMS YKa3bIBaeT HA TO, YTO MHTHOMTOP M
cy6c1paT MOTYT CB3BIBATECS B OJJHOM H TOM XK€ MECT€ aKTHUBHOrO IeHTpa (epmenta. [Ipu
3TOM MEXZy CyGCTpaToM HHIHMOUTOpOM HaOIIO#aeTCs KOHKYPEHITHA 3a uefnp CBSI3BIBAHHSL.
Iepokcupasuoe oxucnenue AK, mpu cBS3bIBAHMM JBYyX H GoJee MONEKYN cy6GcTpara,
COPOBOXIATOCH HeKoﬁKypeHTHLIM XapaKTepoM HHm6npOBaHm [EpOKCHIASE] NYK. To
€cTh I/IHPH6HTOp CBA3BIBACTCA BJAIM OT y4acTKa CBSI3pIBaHUA BTOpOM mMonekynbl AK, ogHako
€ro CBS3BIBAHHME Ha MOBEPXHOCTH OelKa HapymaeT HopManLHoe B3aHMOJICHCTBHE CybCTpaTa ¢
AKTHBHBIM IIEHTPOM (epMEHTa [2] _

Ces3pBanne UYK ¢ Hepoxcpmason B PEAKITHAX KOHKYPEHTHOIO HHrH6HpOBaHH51
nocraroqﬂo HpOYHOE U cocTaBiseT 5,4-20,5 MKM, YTO COM3MEPUMO C BEIMYMHAMH KOHCTAHT
CBA3BIBAHAA ACKOPOMHOBOH KHCIOTEI H Ov—III/IaHI/I3I/IIII/IHa,‘ U KOTOPBIX KOHCTAHTEI
Muxasnuca npu pH 4,5-7,0 pasuer 6,1-11,5 u 5,5-20 MxM cootBerctBenHo [1,3]. B peaknusx
HeKOHKypeHTHOFO HHI‘H(SHpOBaHH;I NYXK cBs3pBaercs ¢ nepoxcnz[amn B 3,2-10,2 pa3a JTyue,
YeM CBS3BIBAHHE BTOpOH MOJIEKYITBI AK. Ilpu >TOM BEMMYMHBI KOHCTaHT I/IHrH6HpOBan{ B

peaxiuaX HeKOHKypeHTHoro uHruOuposanus npu pH 4,5-7,0 ms UYK paBHs 27,3-34,6 MKM.
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Taxum oﬁpazoM, CBA3BIBAHME MHIMOMTOpa NPAaKTUYECKU He 3aBHCHT OT pH, Torja kak 3HaueHus
BeuykH Ky g AK n3mensiores B npenenax ot 88 1o 353 MxM [1]. | |

HMccnenosanne 3aBucumocteit 1gk /K, o1 pH 19 mepoKCcHIa3sHOro OKMCIEHHS OqHOMH
MOJICKY/Ibl aCKOPOHHOBOH KHCIOTHI U JBYX Monekyn AK He IO3BOISeT ONpeneNuTs MpHpomy
(QYHKIMOHAEHBIX TPYIN AKTHBHOTO IleHTpa, NpHHMMAIOEX B KaTamse AK. Amanormdmas
3aKOHOMEPHOCTh OTMEYaeTcs M Ha KpuBbIX I1gK; oT pH 119 KOHCTaHT KOHKypeHTHOro u
HEKOHKYPEHTHOTO HHIHOMPOBAHHS, TPHYEM BETHIMHE! KOHCTAHT KOHKYDEHTHOTO HHTHOHPOBAHHS
NpaKTHYeCKM HE 3aBHCEMM OT pH, Torna Kak 3Ha9YeHMS KOHCTAHT HEKOHKYPEHTHOTO
MHTHOHPOBaHHS MOHIKATKCH B Muana3oHe pH 5-6 ¢ BospacTaHMeM B KHCJIOH M HelTPaIbHOI
obnactax pH. .

TaxkuM o6pasoM, ucmomssys MYK moxHO HPEANOIOXKHTE MECTO JIOKATH3al[HH
y4acTKa cBs3bIBaHUS Mosiekyn AK B AKTHBHOM HEHTpe mepokcuaasel. [lo-supumomy, TaKum
Y4acTKOM SIBISICTCS TUCTANbHAsA 00/1acTh aKTHBHOTO IIEHTPa epPOKCHAa3hl, Cs3piBanne YK
B 9TOH OONACTH NIPH HH3KHX KOHIEHTPAIHSX CyOCTpaTa co3acT KOHKYPEHIHIO 32 y4acTox
CBSI3BIBAHUS, npoxBnﬁeMon B PeaKHiX MepokcuaasHoro okucnenus AK, xorna B akTusHOM
IeHTpe hepMeHTa CBA3BIBaCTCA MO KpaitHeil Mepe of1Ha MoJleKya cyGeTpara.

 Ilpu cBsaspBanuuM aBYX u Gomee Mmonexyn AK c Hepoxcnna:fdﬁ HabmonaeTcs
YCKOpEHHE pEaKIHu OKHCTIeHHs AK, u4ro, BO3MOXHO, BBI3BAHO KOONEPATHBHEIMH
B3aUMOZNEHCTBHAMH MEXIY YYacTKAMH CBSI3BIBAHHS 3THX JIBYX MOJEKY1 cybcTpara.
Hcnonesopanne MYK mo3Bolister BhICKA3aTh NPEHMONOKEHHE, HTO YYaCTKH CBSI3bIBAHHS
MonieKyn AK IpoCTpaHCTBEHHO YIaNIEHB], hpomeeHneM 3TOTO SABIIAETCH HeKOHKypeHTHmﬁ
XapakTep MHTHOHPOBaHUS epokcumass MYK npH okucieHud AK B IpHCYTCTBUH BTOpPOM
MOJIEKyNIBI CyOcTpata. Ilpu sTom cBsaseiBanne MYK B aKkTWBHOM LEHTPE IMEepPOKCHAA3HI
coszaet IIPEMATCTBHE JUTA NPOTEKAHUS PEaKiuy TEepOKCHAa3HOro okucienus AK. Opmako
MHTMOUTOP NPOSBIIAET HEKOHKYPEHTHEIN XapaKTep MHTHOMPOBAHHS IPH OKHCICHHH IBYX H
Gonee morekyn AK. DOto, BO3MOXHO, OGYCIOBIEHO OTPHIATEIHHBIM KoonepémBﬁsm

BIIHSAHUEM Pa3JIHYHBIX YYaCTKOB aKTHBHOTO HCHTPa HEPOKCHIA3EI.

1. Porosxum B.B., Bepxorypos B.B. Broxumus.-1997.-T.62.-C1678-1682.

2. Vaiitr A, Xengnep @., Cmut 3., Xumn P., Jleman I/I OcHosel 6HOXHMuE.- M.:Mup,
1981.-T.1.-C.264-265. | |

3. Jle6enena O.B., Yraposa H.H., Bepesu U.B. Buoxmus.-1977.-.T.42.-C.1372-1379.
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OKHCJIEHHE METAHA B KBAPHEBBIX H KEPAMHAYECKHX
TPYBKAX

Caentepes A.A., Hpipyabuukos ILT,, CaabHukoB B.C.

OMCKuu punuan Uncmumyma kamanuza um. I' K. Bopeckosa, yn. Hegmezasoockas 54,
644040 Omck, Poccus
E-mail: tsyr@mail.ru

3Ha4YeHHE NPHPOAHOrO ra3za KaK IEPCIEKTHBHOIO SHEPTOHOCHUTENS MPHOOpeTaeT Bee
Oompiind uHTepec. B kauecTBe mpuUMepa MOXKHO Ha3BaTh KAaTAIUTHYECKHE IPONECCH
CHHIaHHs METaHa B ra30TYpOMHHBIX YCTaHOBKaX [1] H B KAaTaIMTHYECKHX HArPEBATEIbHBIX
3JIEMEHTaX pa3iM4YHOro HasHadeHHsA. OcoOblii MHTEepec BHI3BIBAET JOKUTaHHE METaHA B
BEHTBBIOpOCaX M3 IIaXT NPH KCIOJb30BAHWHU peBepcC-Ipolecca ¢ yTuiu3anued Termma [2].
IIpHu 3TOM TEMIO IK30TEPMHUYECKOH PEAKIHH aKKYMYJIHPYETCS B peaKTope, U TeMIepaTypsl B
HeM MoryT gocturath 800°-1000°C. B Takux YCIOBHSAX YK€ BO3MOXHO TMpPOTEKAHHE
TOMOT€HHOI'O OKHCJIEHHs METaHa B IPOMEKYTKaX MEXIy KPYIHBIMH 3€pHAMH KaTaju3aTopa,
B CJI0¢ KEPaMH4EeCKHX Koell Paiiura M Ha MX [OBEPXHOCTH, a TAKXKe B IYCTOM 00beme,
KOTOpPBIM MOXET OBITh B HEKOTOPHIX CXEMaxX peaKTOpoB. ISl CO3aHUS PEaKTOPOB CO CJAOSIMH
KaTajJu3aTopa M HHEPTHOM HACaJKH BaXXHO IONYYHTh MOJHYH) KHHETHYECKYH) MOJENb
OKHCJICHHA METaHa C y4ETOM KaK I'eTepOreHHOr0 OKHCJICHHS Ha nonepxnocm. KaTaJln3aTopa u
Ha IOBEPXHOCTH MHEPTHOH HACaJKH, TaK H TOMOTEHHOTO OKHUCJIEHH:A B CBOOOJXHOM ITOPOBOM
IPOCTPAHCTBE HACa/KHU.

[o paspaboTaHHOH MeETOAMKE OBUIM NPOBEJEHBI SKCIEPHMEHTHI 1O IOMOIEHHOMY
OKHCJICHMIO METaHa B KBapUEBEIX M KEPaMHYCCKHX TpyOkaX pasHBIX AHAMETPOB, NPH

pa3IMYHBIX BpEMEHaX KOHTAKTa U pasiMYHBIX TEMIIepaTypax.
C, Monb/M>
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Puc. 1. O6mmii Bu 3aBHCHMOCTEN npeBpamieHus Merana (1), 06pazopanus

oKcyja yriepoja (2) u auokcuaa yraepoaa (3).
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TunuvHas KpuBas NpeBpaIleH s MeTaHa B KOOPIMHATAX CCH4 ~T npencrasnena na

puc.1, xpus. 1). Habmonaercs obpasoBanue 6ombmoro komudectsa CO, KOHLIEHTpalus
KOTOpOro MpOXOAUT 4e€pe3 MaKCHMyM, NPHXOIAIMHICS Ha Y3KYI0 O6NacTh cTeneHei
fipeBpalleHus MefaHa - 70+80% (puc.l, xpus.2). OGpasoBaHHe ApPYTHX HPOLYKTIOB
HEHOJIHOTO OKHCIIEHHS METaHA (erICBOV,HOpOIII:I C») cocraBnser He Gonee 2+3% OT HCXOIHOM
KOHIICHTPAIH METaHA U NMPHXOAUTCH Ha Ty € TEMIIEPATypHYIO 00JacTh, YTO U JUIA Hayaja
obpazoBanus CO. Kpusas o6pasoBanus CO, ©MeET MAKCHMYM H MHMHMMYM (pHcC. 1, kpuB. 3),
DA 3TOM MHMHMMyM oOpasoBanus CO, MOYTH BCErZa COOTBETCTBYET KOHBEPCHH METaHA
40+60%.

Ilpu BBIBOZE KHHETHYECKOH MOZEIH TOMOTEHHOTO NPEBPALICHA] METAHA MCIIOIb30BATH
TPH OCHOBHBIC KHMHETHYECKHE 3aBHCHMOCTH, MOKa3aHHBIC Ha puc. .1 — mpespamenns CHy,

obpasosami CO u CO; B cooTBETCTBHH C 06LIEH CXEMOM IPOTEKAHUS PEAKLIHH:

ki
TN
CHy ¥ CO—» CO
kz k3

rae ki —KoHCTaHTa CKOPOCTH HPAMOro IIy60KOr0 OKHCIEHHS MeTaHa, K; M K3 — KOHCTaHTHI
CKOPOCTH 00pa30BaHMs M PacXOJOBAHHA OKCHIIA yriiepoza.

"BBUI0 mpeanonoxkeHo, YTo peaknuMH ¢ KoHcTaHTamH Ky, K HEPBOrO TIOpAJIKa M
MOIYMHSAIOTCS YPaBHEHHIO BHAA: K = koeXp(-E/RT)Crey. ITockonbky kpuBas 3 HMeEeT ApPKO
BBIDAXXCHHBIH MUHEMYM (rpanuna obnactu I u I Ha puc. 1), coomefcrsymmnﬁ HaJTHYHIO
metaHa, CO u otcyreTBrio CO,, TO Ha OCHOBAaHHH 3TOTO GBLIO MPEJION0KEHO, YTO B JAHHOIH
TOYKE MPOTEKAET PeaKUys OKHUCIEHHS MeTaHa Tonbko B CO. C IPYTOi CTOPOHEI MPOTEKAHHE
PEaKINK OKUCIIEHHS METaHa B 06/1acTH I IIpH MalIbIX CTENEHAX HpeBpalleHHs MeTaHa B COyu
oTcyTcTBHE 06pa3oBanus CO COOTBETCTBYET OKHCIIEHHIO METAHA TONBKO B CO;.

Ha ocHOBanuM NpHBENEHHBIX BEILIE NPEANONOKEHHH MNPEICTABIAETCS BO3MOMHBIM
BBIYUCIICHHE KOHCTAHT Ky, kz. Kunetuka oxucnenns CO B CO, 6bu1a H3Y4E€HA HaMH OTJIEJIbHO
Y U3 IIOJTy4EHHOH KMHETHKH ObLIO onpesieneHo 3HadeHue Ks. [Tonydennrie naHHbIE B MEpBOM
NPUGIMKEHHH TO3BOJHIIN OITHCATh KHHETHKY TOMOTEHHOrO OKHCJIEHMS METaHa B KBapIEBhIX

U KEpaMHYECKHX TpyOKax.

[1] Marcus F.M., Zwinkels, Sven G. Jaras, P. Govind Menon, Catalytic Materials for High -
‘Temperature Combustion, Catal. Rev. — Sci. Eng., v.35, N3, p.p. 319 - 358, (1993).

[2] A.S. Noskov, L.L. Gogin, O.P. Klenov, V.S. Lakhmostov, Catalytic heat units to process
coalbed methane vented emissions, In: Coalbed methane: 'forecasting,'monitoﬁng, utilization.
Preprint in Russian // Coalbed Methane Center. — 1995.-N1-3.p21.
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TOMOTEHHOE OKMCJEHHE MOHOOKCH/IA YIJIEPOJIA B
KEPAMUYECKHX TPYBKAX

Cuentepen A.A., [{pipynasuukos ILT., Caapnuxos B.C.

Omckuii punuan Ancmumyma xamanusa um. I' K. bopeckosa,
yn. Hegpmiezasoockan 54, 644040 Omck, Poccus
E-mail: tsyr@mail.ru
JIist HOCTPOEHHUS TONHONW KMHETHIECKON MOJIe I OKHCIICHHUS MeTaHa Ha KaTalu3aTope
pu Temneparypax ot 800°C u BbIIe HEOOXOAUMO YYHUTHIBATH KAK T€TCPOTCHHOE OKHUCIICHHE
Ha HOBerHOCTI/I KaTAM3aTOpa, TaK M TOMOTEHHOE OKHCIEHHE B CBOGOJIHOM IMOPOBOM
IIpOCTpaHCTBe Hacam(n Ha ocHoBe npoBeAEHHBIX 3KCHCpPIMeHTOB TI0 HCCNEOBAHMIO
KHHCTHKM OKHCIICHHA METaHa B ITyCThIX KBapI.IeBbIX U Kepaanecxnx TpyGKax Gpira

npezmoxceHa cXeMa Hpomuecca:

ki

/
CHy —» CO — CO,

ka ks

Kax BHJIHO, B 5TOT MEXaHH3M BXOJHT peakLus OKHCICHHUS MOHOOKCH/A YIiiepoaa [0
nuokcuaa yriepona. IostoMy ans onpesenerus ks 6bL1a OTAENBHO HCCIEI0BAHA KMHETHKA
3TOll peaKluH B KEPAMHYECKUX TPyOkaX. DKCIIEPHMEHTHL MO TOMOTCHHOMY OKHCIEHHIO
MOHOOKCHJ2 YIiIepofa OBLIM NpOBedeHs! Ans TPyOOK pPasHBIX [AMaMETPOB, IIPH PasHbIX
BpeMeHaX KOHTAKTA U IIPH PasnHdHBIX Temmepatypax. OTmeueHo Maoe BIMSHHE HCXOTHOH
konuenTpanuy CO Ha 3HAYEHHE CTEIICHH NPEBPANIEHHUS, UTO MOXKET CBHICTENHCTBOBATH O
HOPSAKE PeaKuuy GIM3KOM K IepBoMy. Kpome Toro, cTenens NpeBpallieHHs Mallo 3aBUCHT OT
JMaMeTpa TPYOKH, T.e. TETEPOTEHHAs COCTABNAIOMIAs peakuuy Mana. Jiis peakiuu nepsoro
mopsiaxa mveeM: X = 1 — exp(-ksT). Jns onpenenenus Ks 6buin onpeieNeHb 3aBUCUMOCTH
‘XCO-T AN PASTHYHBIX BPEMCH KOHTAKTa T. TIpOBOAA CeueHMH HTHX 3aBHCHMOCTEH I
Pa3NMYHBIX TEMIEPATYP, OTydaH CpeIHHE 3HAYCHHS KOHBepcnn CO oT BpeMCHn KOHTAKTa
up IIaHHOPI TeMIleparype. Orcrona Grua ompeziencHa appeHnyCOBCKaa 33BHCUMOCTb JUIA
CKOpOCTH pealcupm omcnemm CO u 3aTeM OI_ICHCHI:I Eam H k03 '

OtH 3HAYEHHUS HapaMCTpOB 3aTeM OBLIH I/ICHOHB3OBaHI:I B KMHETHYECKOH Moz

* pEaKIuy rOMOT€HHOT'0 OKHCJICHHS METaHa.
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PEIIEHHE OBPATHOM 3AJAYHA JJISI KATAJIMTHYECKHX
PEAKIIAM, XAPAKTEPA3YIOIUXCSI MHOKECTBEHHOCTBIO
CTAIIMOHAPHBIX COCTOSIHHUM

IHarmap J.C., Kossnos H.H.

Yyeauwickuii 2ocyoapcmeennulil yHugepcumem, Yebokcaput, Poccus
E-mail: koltsov@chuvsu.ru

OnHo#t W3 aKTyanbHBIX HpOONEeM KHHETHUKH SBISCTCS peleHue oOpaTHOM 3amauM -
HaXOXJEHHs MEXaHH3Ma M IapaMeTPOB MO H3BECTHBIM KHHETHYECKMM KPHBBIM
(COBOKYITHOCTH MOHOIIApAMETPUYECKHX 3aBHCHMOCTEH CKOPOCTH PEaKIHMH OT KOHIIEHTpAIlHi
pearupyionmx BEUIECTB UIs HccreayeMoi peakuuu) [1]. B ciydae eamHCTBEHHOTO
cranuoHapHoro coctosHus (CC) pnaHHas 3ajada pelaeTcs CTaHAAPTHHIMH METOJAaMHM
ontumusamuu [2]. B ciysae muoxkectBeHHOocTH CC (MCC), mpH KOTOpOH pa3jIH4HBIM
3HAYEHHSAM CKOPOCTH PEaKIMH COOTBETCTBYIOT OJIHU H T€ )K€ KOHIICHTpAIIMH pearupyroInX
BENIECTB, PelIeHHe OOPaTHOH 3a7ayM 3HAYUTENIBHO yenoxkHsIeTcs. Ha ceronusaimumii 1eHp He
CyHIECTBYET IOAXOMOB, MO3BOJAIOMMX 3PQEKTHBHO pemars 3Ty 3azady. g ee pemieHus
HaM¥ pa3paboTaH MOAX0, BKIIOYAMOIMit ClIeAyIOLIHe YTAIbL.

1) JUis HccnegyeMOH peakiMH CTPOSTCS BCE BO3MOXHBIE MEXAHM3MEI €€
upoTexanus. JIg 5Toro ykaseIBaroTCs OCHOBHBIE H BO3MOJKHBIE TIPOMEXYTOYHBIE BEINECTBA,
MaKCHMaJIbHas MOJIEKYJIIPHOCTD CTa[Mi (KaK IIpaBHIIO, OHA JOJDKHA OBITH HE BhIle Tpex). Ha
OCHOBE€ 3THX HaHHBIX MporpaMma "CTPOHT" BCE BO3MOXHBIE CTAIHH DEAKIHH, H3 KOTOPHIX
- BKCIIEPUMEHTATOP MCKIIIOYAET Te CTa[JHH, KOTOpBle (H3MYECKH He peanmusyemsl. [lanee, Ha
-OCHOBE OpyTTO pEakUMM M BO3MOXHOIO 4YHCIa CTAQuHid, a TaKKE HMX COBMECTHMOCTH
IporpaMMa CTPOHT BCE BO3MOMKHBIE MEXaHH3MHI peakiud [3]. OTMeTHM, 4TO pe3yJbTaThl
paboThl IpOrpaMMBl MOTyT OBITH JOCTAaTOYHO OOBEMHBIMH. Tak, JuId peakuuu
KaTanuTHYecKoro oxkucieHus CO mporpaMma nocTpomia Goliee NATHAAIATH pa3iIHYHBIX
OHMMOJIEKYJIIPHBIX CTAAMH M Ha MX OCHOBE "CKOHCTpyupoBaia' 10 IATHJIECATH PasIHIHbIX
~ BO3MOJXKHBIX MEXaHH3MOB PEAKLHH. o |

2) IIpousBomuTcs HCKIMOYEHHE MéxaHmMOB, KOTOpPBIE HE MOT'YT Pealn30BbIBATH
CTPYKTYPHBIE OCOGEHHOCTH SKCICPUMEHTANBHO HOJlyYeHHBIX KHHETHYECKUX KPHBEIX,
' HAIPUMED, KPHBBIX, OOJNANAIOIMMX pa3TdYHBIMH (I‘):Op.MaMI/I npoxBneHn;I MCC [4]. Tlox
CTPYKTYPHBIMH OCOOEHHOCTSMH IIOApa3yMeBaeTCs HCIO OCOBEIX TOUEK - TOUEK MaKCHMyMa,
BETBJICHHA M camomepecedeHus, a Takxke yucao CC. IlporpaMma ompenenst crpykrypHbie

0COOEHHOCTH AU BBEACHHBIX B KOMIIBIOTED 3KCICPUMCHTAIBHBIX KUHETHUECKHX KPHBBIX.
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Ha ocHOBe 3THX HaHHBIX BBIOHPAIOTCS MEXAaHH3MBI, /s KOTOPBIX MOIYT OBITH peallu30BaHBI
KUHETHYECKHE KPUBBIE COOTBETCTBYIOIIEH CTPYKTYPBL.

3) Jid KaXJOro 13 OCTaBIIMXCS MEXaHHU3MOB IIPOBOJUTCA IOCTpOEHHE "0o0mero
noptpera”, MOJX KOTOPHIM IOApPa3yMEBAcTCS ONHCAHME BCEX BO3MOXHBIX H3MEHCHHI
KUHETHYECKOH KPUBOH NpH MOHONMApaMETPHYECKOM BapbHPOBAaHHMH OJHOIO M3 NAapaMeTpoB
(omHO# M3 KOHCTAHT CKOpOCTe# cTaxuii) U PUKCHPOBAHHBIX 3HAYCHHUAX JPYTHX IapaMeTpoB.
OTMeTHM, 4YTO TOYHOE ONHCAHME TOrO, KaK HM3MEHSETCs KUHETHYCCKas KpHUBas IpH
HU3MEHEHHH JaHHOTO I1apaMeTpa, CYIIECTBEHHO 3aBUCHT OT 3HA4YEHHUH Ipyrux NapamMeTpoB
cucrembl. OpHako, BIMSHHE 3TOro napaMerpa (IpH HEH3BECTHBIX 3HAYCHUSAX JPYTHX
[IapaMeTpoB) He IPOM3BOJIBHO, a OCYINECTBILETCSA, KaK IpaBUIIo, eAMHO00pa3HO (HanpHMep,
IIpH U3MEHEHHH IlapaMeTpa MPOUCXOAUT CABUT KPHUBOH BJIEBO MM BIIPABO, BBEPX HJIHM BHU3,
MOXET IIPOUCXOJUTH YBEIHUEHHE HIIH YMEHBUIEHHE PACCTOSHUSA MEXAY OCOOBIMH TOUKAMH U
T. 1.). B X0/1€ 3TOT0 aHajM3a HCMOIB3yeTCs MapaMeTpudeckas popMa 3a1aHUsA KUHETHUECKON
kpuBoii 1(Ca) B Buae 3aBucuMocteit r(p) u Ca(p), rae p - mapamerp. [Ipu 3toM, B citydae
MCC, npoucxoauT mnepexox OT MHOrozHayHo# 3aBHCHMOCTH I(Ca) K OJHO3HAUYHBIM
3aBucHUMOCTsM 1(p) U Ca(p), UTO ympouraeT aHaIu3.

4) [IpoBoauTCs YHCNEHHBIN NOMCK NapaMeTPOM CTAMOHAPHBIX KUHETHYECKHX
MoJleniel  COOTBETCTBYIOHIMX MEXaHH3MOB C TIPUMEHCHHMEM H3BECTHBIX METOMOB
ontuMu3anuu [2] u MH(pOpMAIHWH, MOMYYEHHOH B pe3ysbTaTe BBHILICONMCAHHOTO aHAJH3a.
Ocymectpisiercss BBIOOp KHHETHYECKOH MOJENM M COOTBEICTBYIOMIETO MeXaHH3Ma,
XapaKTepU3YIOMUXCS HAMMEHBIIMM OTKJIOHEHHMEM pacyeTHBIX M  3KCIIEPUMEHTAIBHBIX
KMHETHYECKUX KPHBBIX.

Jansbnii Metox peanmm3oBaH Ha sa3bike Ilackane. Meron ucnonp3oBaH  [Uis

HCCICTOBAHUA MCXaHH3MOB pCaI(I.II/Iﬁ okucnenus CO u Hz Ha TUIaTHHOBLBIX MCTATIIIaX.

JIntepatypa:

1. Coueak C.H., T'opckuit B.I' // JIAH CCCP. 1981. T. 257. Ne2. C. 412 - 414.

2. baxsamos H.C., Xuakxos H.II.,, KobenprkoB I'.M. Uucnennsie Metompl. M.- CII6.:
dusmariut, 2000. 622 c.

3. Alexeev B.V., Koltsov N.I., Keil F.J.// Hungarian Journal of Industrial Chemistry. 2001
Vol. 29. Ne 2. P. 81-86. )

4. Koltsov N.L, Keil F.J.// Hungarian Journal of Industrial Chemistry. 2001 Vol. 29.Ne 1. P. 27-34.
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HU3KOTEMIIEPATYPHOE XHIKO®A3ZHOE
OKCUTEHNPOBAHME YHJIEKAHA B IPUCYTCTBHUHA
KATAJIM3ATOPOB HA OCHOBE KOMILJIEKCOB METAJLJIOB
NMEPEMEHHOM BAJJEHTHOCTH

basxmeroBa b.b, lllokoposa JLA., ’Ky6anos K.A., Moiica P.M.

HUH Hosvix xumuyeckux mexnonozuil u mamepuanos, npu KasHY um. ane-Dapabu,
Aamamu, ya. Kapacaii-6amvipa 95° Kazaxcman,

E-mail: ludmila_sh@nets.kz.

Karanu3 xoMIuiekcaMy MeETa/UIOB NEPEMEHHOHW BaJIEHTHOCTH IPENCTaBISeT COOOH
BeCbMa NEPCIEKTHBHBIH CIOCO0 MOJyYEHHUS pAfia KHCIOPOACOAepKAUMX coeauHeHni. Hamu
H3y4deHa KHHETHKa XHIKOGhA3HOIO OKHCICHHS YHIEKaHa KHCJIOPOZOM B pacTBOpE
JuMetmiigopMamuia npu teMueparype 30 — 50°C B npHCYyTCTBHH KaTaau3aTOPOB Ha OCHOBE
KoMIUIeKcHbIX coeuaeHui Meau (II) u kobanpra (I1), MOogudUIIMPOBAHHEIX COEMUHEHHAMHU
onosa (II):

4 C1Ha4 + 3 O; — 4 CH3-CO-CoHi9 + 2 H,0 ()]

Peaxiius nporekaer 6e3 HWHIYKIMOHHOTO IIEpHOJA C  CENCKTHBHOCTBIO II0
METHITHOHHUJIKETOHY 110 97%.

[Tonpo6HO M3yHeHs! KMHETHUECKUE 3aKOHOMEPHOCTH OKHCIUTENBHOro npomecca (1) B
MaHOMETPUYECKOH YCTaHOBKE IIPH JaBJIE€HHH KHCIOPOJa 9.3-10*ITa. Heo6X0MHMO OTMETHTS,
YTO KUHETHKa OKCUICHHPOBaHHUS YHJAEKaHAa B IMPEACTABJICHHBIX CHCTEMaX OTIMYAeTCd OT
cucTeM, u3yucHHBIX paHee [1]. M3Menmics xapakTep KHHETUYECKMX 3aBUCHUMOCTEH -
ayTOKaTATMTHYECKUH BHJ CMEHWICA Ha HUcXoxsmuil. Brnepspie 8-10 MUHYT KUHETHUECKUE
3aBHCHMOCTH HMMEKOT Y4YacTKU CTalHOHApHBIX cKopocTeit. Ilpu okucnenun cybcrpara Ha
rnybuny 15-20% peakiius OKCHUT€HHPOBaHHS YHJIEKaHa NPEKpamaeTcs BCIEACTBHE
Jie3aKTHBaNMy Katainuiaropa. [Ipoucxoaur pacnan komruiekca 1 okuciende Sn(Il) no Sn(IV).

Ha ocHOBaHMM KHHETHYECKUX, CHEKTPANbHBIX M HOTEHIHOMETPHYECKHX IaHHBIX
apdextr Sn (II) oObsAcHAeTCS B paMKax MHOTrOMAapIIPYTHOTO MeXaHH3Ma peakiy{
BEITCCHEHUS TOHOPHBIX JTMraHoB, Takux kak Cl', B kommiekcax Meau (I1) umu kobansta (IT)
¢ obpaszoBanneM rerepospepHoro kommuiekca [Cu(Il) — Sn(I1)] wmu [Co(IT) — Sn(IT)]. B
pe3yibTaTe B pacTBOpE MOSBIAETCA COEQMHEHHE, obnajaroinee B;;ICOKOﬁ KaTaJTUTHUECKOH
aKTUBHOCTHIO. JTO MPEANONIOKEHHE ONpaBNAaHO H C TOYKH 3PEHHA HMEIOIHUXCA
JUTEpaTypHBIX CBEJICHHUH.

VYcranosneno, yro koMiuieke Cu(ll)-Sn(ll) axtuBaee, yem Co(II)-Sn(Il) B mponecce

OKCHUT¢HUPOBaHUS yHAekaHa. [IpelnokeHO ypaBHEHHE CKOpOCTH peakiuu (1), anekBaTHO
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aKTHBHOCTBIO. OTO IIPEINONOXECHHE . ONPaBIAHO M C TOYKH 3DEHHS HMMEIOIHXCS

JHTEPaTypPHBIX CBEIECHHIA.

YCTaHOBIIEHO, YTO KOMILIEKC Cu(H)-Sn(H) aKTHBHEE, 4eM Co(II)-Sn(Il) B nponecce
OKCHI€HMPOBaHUS YHICKaHa. ﬁpéﬁﬁb)keﬂo ypaBHerié lCKOpOCTH peaknuu (1), amekBaTHO
ONMCHIBAIOILIEE IIPOLECC, BKIIOYarollee B cebs TeKylwe KOHIEHTPAlWM KaTalu3aropa,

cy6crpaTa H OKHCJIINTCIIA. OHpeI[eJICHBI KHHECTHYCCKHE H TEPMOIUHAMHUYCCKHC

XapaKTEPHUCTHKH IIporecca.

[1] Iloxoposa JI.A., Moiica P.M., XKy6anos K.A., Uaurimesa M.C., Basxmeroa B.B.,
KunkopasHoe HH3KOTEMIIEPaTYPHOE OKHCIEHHE AalKaHOB MOJEKYJAPHBIM KHCIIOPOLOM//

Bectauk Kasl'V, cep. xum. —2001, Ne2(22), ¢. 174-178.
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HETEROGENIZED TRANSITION METAL COMPLEXES WITH
CHITOSAN AND ITS DERIVATIVES AS NEW ENVIRONMENTALLY
FRIENDLY OXIDATION CATALYSTS

N.V. Kramareva, A.V. Kucherov, E.D. Finashina,
A.Yu. Stakheev, and L.M. Kustov

Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Leninsky prospect 47,
Moscow, 119991, Russia
E-mail: nkramareva@mail.ru

Chitosan, i.e. N-deacetylated chitin (poly(1-4)N-acetyl-f-D-glucosamine), is a
biodegradable polysaccharide containing different functional groups. It is well known that this
polymer demonstrates unique adsorption ability toward many metal cations and atoms of the
Periodic Table. Thus, this system being capable of strongly binding of different ions now

attracts growing attention in view of its utilization for the removal of

cations of heavy metals from dilute aqueous solutions [1-2]. Systems

o prepared by the immobilization of cations by the chitosan matrix can be

< considered as environmentally friendly catalysts. Surprisingly, few

' publications focused on the application of chitosan-supported metal

complexes in heterogeneous catalytic processes [3], although transition metal ions and

c0mpléxes immobilized on the polymer supports combine advantages of homogeneous and
heterogeneous catalysts.

The aim of this study is to prepare various chitosan-supported catalysts (based on Cu,
Co, and Pd), to study the morphology and properties of these catalysts, and to carry out the
catalytic tests of the redox sites immobilized on a chitosan matrix in oxidation processes such
as the oxidation of o- and p-quinones and olefins.

Heterogenized copper and cobalt-chitosan samples were investigated by ESR, FTIR
and UV-VIS methods. Theyb are active and stable catalysts for liquid-phase oxidation of
o- and p-dihydroxybenzenes. There is direct evidence that the matrix of heterogenizéd
chitosan is able to stabilize and retain isolated Cu™ and Co®" jons in highly unsaturated
coordination state, in contrast to homogeneous systems demonstrating metal-hydroquinone
complexation with a negligible' yield of quinones. Intermediate quinhydrone formed at the
initial stage of oxidation seems to yield a stable molecular complex with the amino groups of
heterogenized metal complex. The redox transformations of the active sites upon catalysis or
prolonged boiling in water are not accompanied by copper leaching from the chitosan matrix,
and the catalyst reoxidation by H,O, leads to 100% recovery of the metal.

The homogeneous oxidation of terminal olefins into carbonyl compounds catalyzed by
Pd(Il) salts is well known as the Wacker process [4]. In this study, we synthesized various
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heterogenized complexes of palladium with chitosan-and its derivatives as macroligands. The
structures of palladium complexes were investigated by elemental analysis, SEM, FTIR, ESR,
XPS, and EXAFS and we found that the palladium atom is coordinated to chitosan rings via
amino and hydroxyl groups and has coordination vacancies for the catalytic activity. The
complexes were used for the oxidation of terminal olefins (hexene-1, heptene-1, and octene-1)

in aqueous solutions in the presence of palladium cooxidants.

CH;-C-(CH,),R
+1/20 1
Pd(I)cat, |-
CH,=CH(CH,),R H,0,, H CH;3CHy-C-(CHp),R
R=H, CH;, CH,CH; : or CuCl,0)]  +1/20,

CH;-CH=, CH-CH),R
CHJCHZCH~CH(CH,)2R

Substrate Hexene-1 Heptene-1
Catalyst
. Yield, % . ' Yield, %
[4) 3 0 . £l
Conversion, % 1 2 3 4 Converslon, Y% B 2 3 4
Pd 52 29 |11 7|5 22 20011 -
impregnation .
Selectivity,% Selectivity,%
1 2 3 4 1 2 3 4
56 [21]14] 9 Jols]sT-
Conversion, % Yield, % '
1 2 3 4
28 20| 5[ 3]
Pd template Selectivity,%
1 2 3 4
72 |18 [ 10 ]

We found that the heterogenized process has characteristics similar to the classical
homogeneous Wacker-process, the selectivity and product distribution depending on the
structure of a palladium complex. Thus, we achieved some success in heterogenizing the

conventional homogeneous Wacker-process.

[1]. R.-S. Juang, F.-C. Wu, and R.-L. Tseng, Wat. Res. 33 (1999) 2403.

[2]. K. Inoue K. Yoshizuka, and K. Ohto, Analytlca Chimica Acta 388 (1999) 209.

[3]. G. Paradoss1 E. Chiessi, F. Cavalieri, D. Moscone and V. Crescenzi, Polym Gels
Networks 5 (1997) 525.

[4] LI. Moiseev. n-Complexes in liquid-phase olefin oxidation. Nauka, Moscow, 1970 (in

Russian)
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TAJBLBAHOKOAT YJISINAOHHOE OBE3BPEJKUBAHUE
®EHOJICOIEPKAIIAX BOTHBIX PACTBOPOB

)Kancanoi;a JL.Bb., Batoesa A.A., PazanueB A.A.*

baiikanscxuti uncmumym npupodononvizosarus CO PAH
670042, Ynan-Yo3, yn. Caxwvanoson, 6, Poccus
E-mail: abat@binm.baikal.net
*Cubupckuii 2ocyoapcmeenniti ynugepcumem nymeii cooowjenus, 630047, Hosocubupck,
yn. [[. Kosanvyyx, 191, Poccus
E-mail: raastu@online.sinor.ru

PaGora HampaBieHa Ha pelneHHe Hay4yHOH NpOONEMBI, CBA3aHHOW C (H3HMKO-
XMMHYECKUM H3Yy4YEHHEM CIIOKHBIX TEXHOTEHHBIX CHCTEM, IPOIIECCOB B3aHMOJCHCTBHA
3arps3HAIONIMX KOMIIOHEHTOB C BEIIECTBaMM, MCIOJIB3YEMBIMH Ipu 00paboTKe BoOBI, a
UMEHHO MEXAHH3MOB XHMHUYECKOH JETOKCHKAIlMM BOMHBIX pacTBOPOB (eHOJIA H €ro
IIPOM3BOJHEIX B IIPOLIECCE UX TJIbBAHOKOATYISIIHOHHOH OYHCTKH.

@DeHONB OTHOCATCA K KAaTeropud «IKONOTHYECKH BBICOKO OIMACHBIX BEUIECTB» H
SBISIIOTCS.  BBICOKOTOKCHYHBIMH ~ COE/IMHEHMSMH, OKa3hIBAIOIIHMMH  HeOnaronpusrHoe
BO3/ICHCTBHE Ha KH3HEICATENFHOCTh JXHUBBIX OPraHH3MOB H PAaCTEHHH BOJOEMOB, IIPHYEM
OHO TPOABNSETCS YK€ IPH HE3HAYHTENBHBIX KOHIEHTpamuax. [losTomy mpeacTaBisercs
BaXHBIM NOUCK 3P (PEKTHBHBIX METOJOB 00E3BpEKHBAaHUS BOJHBIX pPacTBOPOB (DeHOIOB.
OnuyM U3 NEePCIEKTHBHBIX HANpaBIICHHN B 3TOH o0nacTh sBiseTCA, Ha Haml B3IJIAI, METOJ
raJbBAaHOKOATyJISAMH, OCHOBAHHBI Ha HCIOIL30BaHUM d(¢deKkTa MHUKpPOTranbBaHONAPEHI,
BO3HHMKAIOILETO NpPHU MPOIyCKaHMH BOABI 4epe3 akTuBHyo 3arpy3ky — Fe-C [1]. Ilpm
Ta/IbBAHOKOATY/SIIN B OJJHOM YCTPOHCTBE IPOHCXOMAT aHOIHOE OKHCICHHE xenesa go Fe?*
u Fe**, o6pazoBanue reTepono MKaTHOHOB H CIOXHBIX THIPOKCOKOMILIEKCOB B PE3Y/bTaTe
THJIPOJIH3a NPH OIpe/IeICHHBIX 3HadeHusX pH cpenpl, copOuus 3arpA3HSIOIUX BENIECTB HA
cBe)ke0Opa30BaHHBIX THAPOKCOCOCAMHEHMAX W HMX koarymsuusa. Ilpy Hamuumu B
peakIMoHHOM 30He okucnurened, Hanpumep H,O,, B mpouecce ransanokoaryuanuu (I'K)
MMPOTEKAIOT PEaKIHH C y4acTueM pearcHta PeHTOoHa (Fe2+-H202), IPUBOAAINKE K ITyOOKOH
JECTPYKIIMH OPraHUIECKUX IPHUMECEH. )

[ems nmanHO# pabOTBl — H3y4YCHHE 3aK0H0MepHocfef/i raJIbBaHOKOATyIAIIHOHHOTO
06e3BpekMBaHHa  (PEHONCOAEPKAMMX  BOJIHBIX pacréprB; OOBeKTaMH  HCCIIEI0BaHUS
SIBIITACH MOJENBHBIE pacTBOpHl  (peHoNAa, rnzxpoxnﬂona: o l'II:Ip0KaTCXI/IHa. Uzyqenne
nponecco 'K NpoBoIiIH B anmapate ¢ 3arpy3koit u3 CMECH KeNle3HOi CTPYXXKH M KOKCa B
IIPUCYTCTBHH nepokcuza Bogopoaa (I1B) u 6e3 nero.

B pa6ore [2] Hamu OpUIO TOKA3aHO, YTO ONTHMAIBHBIE YCIOBHA /IS KaTAIHTHYECKOTO

OKHCICHHA (eHoNa MEpPOKCHAOM Bojaopona B Iponecce I'K B NPHUCYTCTBHHM COCIUHEHHH
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Kenesa peamusytorcs npu pH 3-3.5. B atux ycmosmax HabmonaeTcs MONHAs AeCTPYKIHA
terona mpu -1-MuHYTHOH TIpogOMKHTENBHOCTH nponiecca 'K 1 pacxoze IIB 50-70 % or
crexuoMetpud. Ilpu Gomee BbIcokmx 3Hadenusax pH u pacxone oxucimarens < 50 % or
CTEXHOMETPHUH, CO3JAIOTCH ‘yCJIOBmI At HaOMONEHHS TPOMEXYTOYHBIX NPORXYKTOB
oxucneHus ¢enona. CormacHo mamHeM BOXKX cHawana o6pasyiorcs IUPOKATEXHH H
TH/IDOXHHOH, a Jajiee OKHCJICHHE CONPOBOXAAeTcs 00pa3soBaHHEM XMHOHOB, KapGOHOBBIX
KHCIIOT H TPOAYKTOB MOJHOH MHHEpATH3AlUH (EHONa, YTO COTTIACYeTcs C JIHTepATYPHBIMH
JaHHBIMH.  KpoMe TOro, NpOMEXYTOUHblE IPOAYKTHI OKHCIEHHS (heHOMA MOTYT
COPOHpPOBAThCS HA IOBEPXHOCTH THAPOKCHIOB XKele3a, 06pa3yromuxcs B npoiecce I'K. Cam
¢enon B 06paboTaHHOH Bojie He 0OHApYXeH. ' '

YcraHoBreHo, 4TO opTozaMerneHHbIH Audenon B nponecce I'K 6e3 nobasnetus [1B
yAalIdeTcs W3 BOAHOIO pacTBopa IyTeM copOLUM Ha rm[poxcﬁz[ax Kejiesa, IpPH 3TOM
IIPOHCXONNUT OKMCIICHHE MHPOKATEXHHA KHCIIOPOAOM BO3/TyXa 10 COOTBETCTBYIOIEr0 XUHOHA.
WHas kapTHHa nomyueHa IS pacTBOPOB THAPOXHHOHA. Ilpn TK 6e3 IIB mpoucxoaur
[IpOLECC OKHCIICHHA THAPOXHHOHA B DAacTBOpe, IpH JTOM HabGmiomaeTcs HeEMOHas
ACCTpyKIHMsA JupeHona A0 n-GeH30XHMHOHA. JlaHHBIE NOATBEPKIALOTCS - pe3ynbTaTaMu
XpoMaTorpa¢pu4eckoro aHajausa. '

Ilpu TK 06paboTke MOAENBHBIX pACTBOPOB N-GEH30XHHOHA TIDOUCXOIHUT
s¢¢pexTHBHA COPOIHA MOCIENHETO HA 0OPA3YIOMUXCS THIPOKCHAAX Xene3a. B mporecce 'K
¢ nobasnennem oxucnurens H,O, B cmekTpe 06paGoTaHHOrO pacTBopa n-6eH30XHHOHA
HCHYe3aeT IOJIOCA TOTJIOMEHHsS B 00nmactu 245-247 HM, 9TO CBHOETENTLCTBYET O MOJTHOM
PpaspyIIeHHH XHHOHAHOH CTPYKTYDBI B PEXXHME OKHCIHTENBHOM JECTPYKIHH.

Taxum 0oOpasoM, pe3ynbTaTsl IKCIEPHMEHTOB IO  TaJTbBAHOKOAry IAIHOHHOH
00pa0OTKe MOJNENBHBIX PAaCTBOPOB IMPOKATEXHHA, THAPOXHHOHA H  N-OSH30XHHOHA
CBHACTCILCTBYIOT O TOM, YTO JaHHBIH METOJ IO3BOJAET MOTHOCTBI YAAIATH (GEHONBI U3

BOJIHBIX PaCTBOPOB O COPOLHOHHO-KATATHTHYECKOMY MEXaHH3MY.

JluTepatypa:

1. larenr P@® Ne 2057080. Croco6 OYHCTKH CTOYHOM BOJbl W YCTPOMCTBO I ero
ocymecTBieHus / A.A. Pasannes, A.A. Batoesa. — Omy6. 27.03.96. Bion. Ne 9.

2. JKancanosa JI.b., BatoeBa A.A., Paszamnes A.A., XanxacaeBa C.II. OxuciurenpHas
ACCTPYKIHS OPraHWYECKHX 3arpA3HUTENeH CTOYHBIX BOJ METOJOM [aibBaHOKOAIYISHAH //

XuMHUs B HHTEPECAX YCTOMYMBOrO pa3BHTHS, 1998. — 1.6, Ne 5-6. — c. 409-415.
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STEPUOHUKAIINSA H-BY THJIOBOI'O CIIMPTA YKCYCHOM
KHACJIOTOM B IPUCYTCTBUHU H;PW,,04, SAKPEILIEHHOM HA
ME3OIOPHUCTBIE YIJIEPOHEIE MATEPHAJIBI

Tumodeesa M.H., MatpocoBa M.M., Wnpunuy I'.H., Pemerenxo T.B., Aneesa JLb.,
Kson P.1., Yyswmn A.JL, BynneBa A.A., Ilaykurruc E.A., JIuxoyio6os B.A.

Hucmumym xamanusa um. I K. Bopeckosa CO PAH, npocn. Axad. Jlaspenmopesa 5,
Hoeocubupck, 630090, Poccus
E-mail: timofeeva@catalysis.nsk.su

I'etepononukuciorsl (I'TIK), sBrsommecs CANBHBIME OpEHCTEJOBCKUMY KHCIIOTaMH,
HAXOJAT INHPOKOE IPHMEHEHHE KaK TOMOTEHHBIE U F€TEPOreHHEIE KMCIOTHBIC KaTalIH3aTOPhI.
B mocnenHee BpeMs 3HAYMTENBHO Bo3poc MHTepec K HaHeceHHBIM ITIK, mockonbky ux
AKTHBHOCTh HEpPENKO He ycTymaeT akTHBHocTH MaccuBHBIX I'TIK [1]. Muorume nopucteie
MaTepHalbl IMPOKO MCHONB3YoTcs B KavecTBe noanoxek jusa I'TIK (Si0;, aktuBrupoBaHHbIe
yron (AY), MgF,, ALO;). Ilpu Hanecemmn I'TIK Ha HocuTenk kucinoTHsie ueHTpH I'TIK
ocnabnsoTes B pamy Hocutener: SiO; > AlOs > AY. B cnywae T'TIK/AY ocnabnenue
KUCIOTHBIX II€HTPOB Ha TOBEPXHOCTH YTIId, BEPOATHEE BCEro, CBA3aHO C CHIIBHBIM
B3auMopeiicTeueM Monekyn I'ITK ¢ moBepXHOCTHBHIMM Ipymmamu yriisd. Ha 5To ykaseiBaeT
HeobpaTuMas ancopbims I'TIK Ha yrim B KommuectBe ~5-10% (B pacyeTe Ha HOCHTENB).
HecMOTps Ha HOHMKEHHYIO KMCIOTHOCTh IIPOTOHHBIX IEHTPOB, B psiie peaKuui 'MIK/AY
SBISIIOTCS JOCTATOYHO aKTHBHBIMY KaTanH3aTopamy [2].

B HacToslIllee BpeMs H3BECTHO OTPOMHOE KOIMYECTBO YIIEPOAHEIX MaTepHaios (YM)
pasnHYHOH CTPYKTYphl, Cpead KOTOPHIX 0Co0Oe MECTO 3aHMMAIOT —KaTaIHTHYECKHH
BOJNIOKHHUCTHIH yrnepoa (KBY), mosydaeMblil pasioXCHHEM YIIeBOAOPOJOB B INPUCYTCTBHU
KAaTaIH3aTOPOB Ha OCHOBE NEPEXOAHBIX META/IOB IOATPYIIIEI XKele3a. Bapbupys napamMeTpsl
CHHTE3a MOXHO IICIICHANPABIEHHO H3MEHATh CTPYKTYPHBIE M TEKCTYPHBIC XapaKTEPUCTHKH
KBY [3]. Bonbmoii HHTepec AJs CO3JaHMSA HOBOrO Kiacca KaTalU3aTOPOB MPEACTaBIACT
(uKcanus Ha IOBEPXHOCTH TOPHCTBIX YM reTepoaroMoB a30Ta, NPUBOAAIAT K
o6pazopanmio C-N CTpYKTYp DHPHIMHOBOIO H INHPPOJIOBOIO THIIA, apOMATHYECKHX AMHHOB
(C-NH,) u apyrux N-conepxawmux rpymn [4]. Braronaps Me30nopHCTOH CIPYKType KBY u
MouduIHpoBanHsii aromamu asota KBY (N-KBY) paCCManHBa;OTC}I KaK IepCreKTHBHBIH
MaTepHall JJs HCIIONb30BaHUA B a[COPOIMOHHO-KAaTATUTHYECKHX NPEBPALICHUAX 00BEMHBIX
cyOcTparoB.

B pabore Obuta u3ydeHa ancopOuus H3PW 504 (TIK) Me30nopHCTHIMH

yrneponsbiMu HocuTenaMu (KBY, N-KBY) u3 MeTaHOIBHBIX PacTBOPOB. Y CTaHOBNIEHO, YTO
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no 10% macc. FHK aacop6npyeTc;1 Ha HOBerHOCTB KBV HCO6paTHMO Takoii xapakrep
amcopbumu  yKkaspiBaeT Ha CI/IJ’ILHOC B3aHMOJEICTBHE azlcop6aTa (Monexyn I'TIK) ¢
TIOBEPXHOCTHBIMH TPYNIaMH yrisi (KapOOHOBBIMHM, JJAKTOHOBBIMHM H T.J.) ¢ 0GpasoBaHHeM
MEXMOJIEKYIIAPHOH BOJIOPOJHOM CBSA3M C M-2JIEKTPOHHBEIM B3auMoielicTeieM. IIokasano, 4To
ma anmcopbuuio ['TIK Ha mosepxHocTs N-KBY, o0Ka3biBaloT BIHSHHE IIOBEPXHOCTHBIC
N-comeprkamie  UEeHTphL.  M3ydeHbl  KHCIOTHO-KaTaIMTHYECKME  CBOHCTBA  CHCTEM
IMIK/N-KBY B peakuuu dTepudpHKanyd H-OyTHIOBOTO CHOHMPTA YKCYCHOH KHCIOTOM
([BuOHJ/[HOAc] = 1/15 momnb/moms, 80°C). Ilokasano, uto npu Hanecenud I'TIK cuma
IIPOTOHHEIX UEHTPOB, OUpeieNeHHas KaK BeIHYHHA IPOTOHHOTO CpoACTBa (PA), HOHMKAETCA.
Katanutuueckas aktuBHOCTh ['TIK/N-KBY 3aBucuT oT nmpupoisl N-colepxaliydx Ipyuin
Ha [OBEPXHOCTH HOCHTENS H IIOHUXKAETCA C yBeJmtieHHeM KOHIIEHTPaluH

THPHIXHONOAOOHBIX TPYIII.
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KATAJTATHYECKOE OBE3BPEXKUBAHUE XKAJAKHAX
OPTAHUYECKHUX OTXOAOB IIPEANIPHSITUI ATOMHOM
| IIPOMBIIIIJIEHHOCTH

Kapnenko B.H., Illesenes A.M.*, HecTpsakos A.H., OcrpoBckuii FO.B.**

Tomckuil nonumexnuyeckui ynugepcumem, Tomck
*Cesepckuii 2ocyoapcmeennuiii mexnonozuyeckuii uncmumym, Cesepck

¥*BHUUIIHIT, Hogocubupck
E-mail: karpenko vita@mail.ru

IlepepabGoTka OONYy4EHHOTO SIEPHOTO TOIUIMBA IPHBOJMT K HAKOIUICHHIO
3HAYUTEIHHOIO KOTMYECTRBA PATMOAKTUBHBIX OTXO/IOB Pa3INIHOTO MPOUCXOKACHHUS.

Xupkue panroaKTHBHBIE OTXOJBI, COJIEPXKALIHE OPraHHMYECKHE BEHIECTBA, HMMEIOT
CNOXHBIH (DH3MKO-XUMUYECKHH cocTaB. Hambonee TpymHO IepepaGaThiBaeMble — 3TO
9KCTpareHTsl M WX pa30aBHTENH, 3arpA3HEHHBIE YPAaHOM, IUIYTOHHEM H IPOIAYKTaMH HX
nenenns. Ha GoibUIMHCTBE NpENpPHATHA aTOMHOM OTpaciid U3-3a OTCYTCTBHS TEXHOJIOIHMH
uepepaboTKH 3TH OTXOAHl JIMOO HAKAIUIMBAIOTCS B EMKOCTSX, JIMOO 3aKaudBaAIOTCH B
TyCHHHBIE CKBAaXHHBI, THOO CXKHTAIOTCs B OTKPHITOM ITaMeHH. Bee Tpu cnocoba nmpu3HaHb
MHpPOBOH 00INECTBEHHOCTHIO, HE0E30MaCHBIMH, NPEACTABISIONIUME HOTEHIUATBHYO YIPO3y
OKpYXaloIleH cpelie.

I{ensro manHOW pabOTHI ABNSAETCS:

Pa3zpaboTka KaTamUTHYeCKOH TEXHOJIOTHH IS YTHJIM3AIMH XHJIKAX OPraHHYeCKHX
OTXO0ZOB,  cojepxamux  ¢ochopopraHuyecKkue  COEAWHEHHS W 3arpA3HEHHEBIX
pPalTNOAKTUBHBIMH HYKJIMIaMM, IYTEM IOJHOTO OKHCICHHS OpraHH4YecKod ¢assl 10
Ge3BpeHBIX COEIMHEHH M COPOLIMH PaTMOaKTHBHEIX KOMIOHEHTOB HA 3€pHE KaTalu3aTopa.

H3-32 HEBO3MOXHOCTH MPSAMOT0 KaTATHTHYECKOTO MUPOJIN3a IKCTPAKIIHOHHOH cMecH,
B CJIEJCTBHH CHJIBHOTO OTpaBIeHHs Karanusaropa okcumamu docdopa, MOXHO 0003HAUUTH
IIBa HAampaBJIeHHA JOCTH)XEHHWS IOCTABJIEHHOH IHenu: moxdop Hambosee CTOMKOroO K
oTpaBiieHHI0 (ochopoM Karanmsaropa M pa3paboTKa TeXHONOTHMYECKOro IIporecca, Mpu
KOTOPOM KaTalu3aTop HE YUYaCTBYET B OKUCIEHHH (ochopcoaepKalieit opraHuKH.

s BBIOOpa U HccnenoBaHde 3GQPEeKTHBHOCTH paboThl KaTaaM3aTOPOB, & TAKXKe IS
BHIGOPA ONTHMATGHBIX PEXHMOB PaGOThI MPOMBIILIEHHBIX KATATUTHUECKMX PEaKTOPOB HAMI
OBUIH IOTYYEHBI M HCCIIEOBAHBI KaTaIW3aTOPHl pa3IMyHOro TUNa U cocrasa. Mcciexyemsie
KaTaJHN3aTOPhl OTHOCATCA K HAHECEHHBIM Karanu3aropaM. X oTnuunTensHas 0COOEHHOCTh B
TOM, YTO aKTHBHai ()aza HaHECEHA Ha HOCHUTENb: HWHEpTHyI0 MOmmoxky — AlOs, SiOs,

IIEONMHUTEI Pa3JINYHBIX THIIOB. B pa60Te, TaK XK€, OBLIH pacCYHTaHbl JHCPIrU¥ AKTHBAITUU
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KAaTATMTHYECKAX PpEaKuui JUis MCCIENYeMBIX KaTalM3aropoB H I[IPOAHAIM3MPOBaHA
BO3MOXXHOE BO3JCHCTBHE panﬁoélginsnoro U3JIy4eHHU Ha MpoLecC KaTaTHTHYECKOro
OKHCIICHHSL.
B pabore Takke TpeicTaBieHa pa3paboTaHHAs KaTaTATHYECKAs TEXHOJOTHSA

MHPOJIN3a SKCTPAKIIMOHHBIX CMECeH.
TeXHOMOrHIECKHA TIPOIIECC HPOBOJATCS B TPU CTaZUU:

- paszelieHHE 3KCTPaKIMOHHOW cMecH Ha JBe (a3pl: pa3baBuTens U TpHOyTHI(OChAT;

- OKHCIeHHE pa30aBHTENs B IICEBAOOXKHIKEHHOM CJIO€ KaTalH3aropa, C BKIIOYCHHEM
OKCHJIOB paz:ﬁoaxmsnmx METAJIIOB B Kpl{‘crannlnqecxy}o pEIIeTKy KaTaau3aTopa;

- THPOIH3 Tpn6ymnq)ocd);ﬂé ‘Ha.ﬁHepTI.{BIX JacTUnax, ¢ MCIOJIL30BaHHEM TEIUIa OT

OKHCJICHUA paB6aBHTCJIﬂ H3 KaTaTATHYICCKOT'0 peaKTopa.
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UCCJIEJOBAHUE KATAJJUTHYECKHX CBOMCTB
ILIATHHOCOEPKAIINX KATAJIA3ATOPOB KOHBEPCHH
H-TIAPA®HHOBBIX YT JIEBOJIOPO/IOB

Hanauxos A.C., Ixasagsau 10.B., Hasmyraunos J.T.

Kagedpa xumuueckoii mexnonozuu nepepabomxu Heghmu u 2asa, Camapcxuil
20cyoapcmeennbiil mexnuyeckuil ynugepcumem, Camapa, Poccus
E-mail: chtogr@sstu.edu.ru

Hpoueccm 'M30MEpH3AlH HOPMATGHEIX MapaHHOBEIX YIVIEBOJIOPONOB 3aHHMAIOT
3aMeTHOEe MECTO B HedTenepepabarhBaromieli ¥ HeQTEXHMHYECKOH NPOMBIIIEHHOCTH. B
He) TEXUMHH H30MEpHU3allHs ncnonﬁgyeTca JUIS TIOTY9EHHUs H3d6yTaHa Y M30IIEHTaHa — CBHIPbS
IUIs CHHTE3a M30IIPEHOBOTO KaydyKa, A poliecca alKUIMPOBAHHA U KaK HOXYyIPOAYKT IIPH
IONy4eHHH METHITPETOYTHIOBOrO 3(upa — BBICOKOOKTAHOBOH MO0aBKH K TOBapHBIM
OensuHaM. B HedTenepepaboTke NPAMEHSIOTCS IPOLECCH H30MEPH3AlMK JIETKOH OeH3MHOBOM
dpakiuuy, HemapapuHU3ANAM MU3ETBHOH (pPakuMM ¢ OEIbI0 CHIJKEHMS TeMIEpaTyphl
3aCTHIBAHHS, H30MEPU3ALHH TBEPIBIX YIJIEBOIOPOAOB C LEJBIO OTyYEHH] Macel.

C 1uenbl0 CO3MaHWA BBICOKOAKTHBHOM  KATAIHTHYECKOM  KOMIIO3HMIHH IS
H30MEPH3allMd HOPMAJBHEIX Iapa¢MHOBBIX YTIICBOJOPOAOB ObLIa CHHTE3HpOBaHa Cepus
KaTald3aTopoB, MPEACTABIAIOMMUX COOOH IEONUTCOAEpKAMUHA OKCHIHOATIOMHHHEBHIH
HOCHTEIb, IPONUTAHHBIH PaCTBOPOM COECIMHEHUA IJIATHHBL.

B KagecTBe HOCHTENId MCIOJB30BAIA ANIOMHHATHBIM IHMAPOKCHA HEMPEPHIBHOTO
ocaXzieHHA Tpou3BoAcTBa HOBOKY#HOBIIIEBCKOrO 3aBOJja KaTAIM3aTOPOB M CBEPXYUCTHIE reln
rUApOKCHAa amoMuHHsS mpomsBoicTBa GupMbl SASOL. 3TH ruAporenyt HONYYEHBI
THAPOIHM30M AIKOrojifATa AIOMHHHS, KOTOPBIA, B CBOIO OYepeldb, OBUI MONyYeH U3
BBICOKOYHCTOIO METAJUTHYECKOTO aIIFOMUHHS.

IleonuTcomepKalye OKCHIHOATIOMHHHEBEIE HOCHTENH OBUIM  IIPUTOTOBIEHEI
METOZIOM COIKCTPY3HH. DKCIIEPHMEHTAIBHO OBUIH BHIOPAHBI YCIOBHS HPONUTKH HOCUTENEH
pacTBOPOM  IUIATHHOXJIODHCTOBOJOPOMHOH ~ KHMCIIOTHI B OPHUCYICTBHH  KOHKYDPCHTa,
HO3BOJISAIOIIME TIOTy9aTh pABHOMEPHOE paclipeeICHUE IIAaTHHBI IO I'paHyJsie HOCHTEILA.

DKCIIEpUMEHTATFHO TIOKa3aHO, YTO KaTald3aTopbl Ha OCHOBE CBEPXYHMCTOIO IeEls
THAPOKCHIA amoMHHHS Mapkd SB  o6Gnagaior  Gornee BEICOKOH  H30MEepHU3YIOLIEH
AKTUBHOCTHIO. ECNH I8 CHHTE3a HOCHTENsA MCIIONBb30BaTh CMeCh Tuiporench — SB u
BT — 3T0 1103BoJISET IPOBOAUTH H30MEPH3AIHIO IIPH 60Jlee HU3KOM TeMIlepaType.

Hapsgy ¢ UeneBoif peakuuell H30MEpU3alliM NAapaQMHOBBIX YITIEBOJOPOAOB B

uHTEepBane Temmeparyp 260 — 320°C mpoTekaroT HoGOYHEIE peaKkUHH THIPOKPEKHHIA, a
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HHOTZIAa — apoMaTu3auuHd. bBBUIM IIpENNpPHHATEH IONBITKH CHIDKCHHS KpEKHpYIOIIeH
akTHBHOCTH. [loka3aHo, 4To J06aBKH HEKOTODBIX DJEMEHTOB CHUXKAIOT BHX_OJI IPOAYKTOB
KpEKUHTa.

CHHTe3MpOBaHHBIE KATalH3aTOPh! OBLTH HCIBITAHBI HA MUKPOMMITYJIECHOM YCTAHOBKE
B Hpolecce H30Mepnéaum1 ﬁ-reKCaHa c aHaJII/I3OMalOJIYKTOB peakunn Ha xpomatorpade.
Jlyumue 0Gpasis! GBUIM HCHBITAHb! Ha JTaGOpaTOPHOH HPOTOYHON YCTAHOBKE MO/ AABIEHHEM
BOJIOpPOAA B MpOLECCax H30MEPU3aLHMU JIerkod OeH3WHOBOH (pakuuu. Beuto momydeno
3aMETHOE TIOBBIIICHHE OKTAHOBOTO YHCNIAa HMCIBITAHHOH (PaKIMH IPH HEe3HAYUTENBHOM
raéooGpa'sOBaHHH. B nemapaduuM3alMM  THIPOOYHMINEHHOH  [IM3ENBHOH  (DpaKIHH
ﬁaﬁnmnanocr: CHIDKEHHE TeMHepaTyphl 3acTeiBaHus Ha 10 — 17°C npu BeIXOnE CTaOHIBHOTO

HM30MepHU3aTa Ha ypoBHE 85 — 90%.
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T'ETEPOT'EHHBIE KATAJIN3ATOPBI KOMIUVIEKCHOU OYUCTKH
ABIMOBBIX 'A30B

HNBanoBa IOB

Capamoecxuu eocyaapcmeeuubzu YyHUgepcumem, Capamoe Poccus
-V Eemail: ]vanovaUWCmfo Sgu.ru

B pgay BaxHeHINHX 3a7a4, PElIacMBIX XHMHYECKOH INPOMBIIUIEHHOCTBIO, 0c000e
MECTO 3aHMMACT MHTECHCH(HKAIMA MPOM3BOJCTBA INpPH OOECHCYEHHH 3KOJNOTHYECKOH
~GesomacHocTH. JTa 3ajada He MOXKET OBITh pemmeHa 0e3 pa3paGOTKH M BHEIPEHHS
- IPUHLMANAAIIEHO HOBBIX MaTEPHANIOB M TEXHOJIOTHH.

B macrosmee BpeMs momapisionlee OONBITHHCTBO XHUMHKO-TEXHOJOTHYECKHX
MPOIECCOB  HEMOCPEACTBEHHO CBA3AHO € HCHOJNB30OBAHHEM B TOH WM HMHOM Mepe
Te€TEpPOreHHOr0 KaTajlusa.

B nmanHO# paboTe HCCIENOBaHBI MeIb- W HHKEIbCOAEPXKAIME KATAIH3aTOPhl C

Pa3NHYHOM KOHLIEHTpalMeH akTHBHOTO KOMIIOHEHTA (Ta0iuIIa).

Tab6smna. CocTaB M CBOMCTBA HCCIEA0BAaHHBIX KATATH3ATOPOB

Ne | Karamusarop Cocrab katanmusatopa, | MeTox NpUroOTOBIEHHUS KAaTAIH3aTOpa
% Mmac.

11 | Cu, Ni/y-ALLO; Cu-3.0
Ni-2.0 IIponutka y-Al;O; pacTBopoM

22 | Cu, Niy-ALOs IC\;: - 328 alleTaTa MeId 1 HUTPATa HEKeNs

Karanmusaropsl moay4deHsl METOOM MPOMUTKH HocHTENs y-Al;O3 M3 cMecH BOIHBIX
pacTBOPOB arleTara MEAM M HUTpaTa HUKems1. Hocutens nponuTeIBaICS B PACTBOPE aKTHBHOIO
KOMIIOHEHTa B TedeHue 50 wacoB mpu Temmepatype 20°C u BeicymmBancs npu T=100°C B
Teyenue 1 gaca.

OKCUEPHMEHTH 110 CEJICKTUBHOMY BOCCTAaHOBIICHHMIO OKCHJOB a30Ta M OKHCJICHHIO
okcHia yriuepoaa (II) B IpHCYTCTBHE aTIOMOHMKENBMETHBIX KAaTAIM3aTOPOB IIOKA3aIM, YTO
obpazent (2), comepxamuit 2% Cu u 3% Ni, MeHee aKTHBEH B OKMCJIHTEIHHO-
BOCCTAHOBHTEIBHOH JETOKCHKAIHH Ta30BBIX BBIOpOCOB, ueM obpasen (1), comepxarmuii 3%
Cuu 2% Ni.

Karamuzatop 2% Cu, 3% Ni/Al,O3 nposiBisieT HeBBICOKY!O aKTHBHOCTD 10 KOHBEPCHH
NO, u CO B obnactu temmeparyp 1=200-300°C. Jlumps mpu T > 300°C crenens

MIPEBPALICHUS BpEAHBIX KOMIIOHEHTOB IIpeBsnaet 50%.
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ANFOMOHHMKENBMENHBIA KaTaju3aTop, cofepxamuit 3% Cu, 2% Ni/ Al,O,, o6nagaer
AKTUBHOCTBIO B TPONECCE KOMIUIEKCHOH OYMCTKM IasoB H npu Temneparype T=300°C
crenenb koaBepcun NOy gocturaer 100%.

BimisHue npexBapHTENBHON aKTHBAIMM KAaTalM3aropa Ha €ro CBOMCTBA MCCIICAOBAHO B
YCTIOBHMSX BOCCTAHOBHTEIGHOM M OKHCIHTENBHOM OOpabOTKHM KOHTAaKTOB IIepe] OIBITOM.
YcTaHOBIEHO, YTO aKTHBAIUA B TOKE Boizopoz[a crioco6cTByeT (POPMUPOBAHUIO Ha IOBEPXHOCTH
KaTajiu3atopa LEHTpOB, Oojiceé aKTUBHRIX B OCYIIECTBJIICHHH pEAKIMH COBMECTHOTO
00€3BpEXMUBAHUA OKCHIOB yriepofa M a3oTa. OKHCIMTENbHAs aKTHBAUMSA-B TOKE BO3AyXa
NPUBOAMT K CHIDKCHHIO CTeNeHH O4YMCTKM rasoB or NO. CrenoBarensHO, B IIpouiecce
KOMIUICKCHOH OYHCTKHM OTpaboTaBmMX ra3oB asroTpaHcropra or CO m NO, akTUBHBIMH
ABJISFOTCH KOHTAKTEI, UMEIOIIHE Ha IOBEPXHOCTH METAUTHYECKHE YACTHIHI MEAU M HAKEJIA.

B paGoTte npoBeleHO HCCNEOBAaHME BIHMSHHMS COCTaBa OYHMIAEMOrO ra3a Ha
aKTHBHOCTH KaTamuTHYeCKOH cucteMsl. Kpome okcupa yraepona (II) u oxcuaa azora (NO) B
PCaKIHOHHYIO CMECh BBOJHWIICS MeTaH. Bribop MeraHa o00yclIoBI€H BO3MOXHBIM
06pa30BaHKEM €TI0 B MIPOIIECCAX FOPEHHS MOOGOro BUA TOIUIMBA U XUMHYECKON HHEPTHOCTHIO
monekyist CHy, Tpebyromieit 1i1s riry00Koro OKHCIIEHHs BEICOKOAKTHBHBIX KATAIM3aTOPOB.

VCTaHOBJIEHO, 4TO BBEJEHHE B COCTaB MCXOJHOM CMECH MeTaHa INpPHBOJHT K
CHIKEHHIO AKTHBHOCTH KaTalu3aropa, O 4YeM CBHUAETENBCTBYET YMEHBIICHHE CTEHNEHH
IpeBpalliecHus] OKCHIOB as3oTa M yrjuepoja B HMHTepBaie temmeparyp T1=100-300°C.
:HOJTYHCHHLIC Pe3yNbTaThl CBHAETENBCTBYIOT, YTO METAH SIBISETCS CIaObIM BOCCTaHOBUTENIEM
oxcnunoﬁ a30Ta, YTO H MNPUBOAMT K CHM)KCHMIO aKTHBHOCTH KaTallH3aTopa B IPOIECCE

KOMIUIEKCHO#M OUHCTKH I'a30B.

BeiBoapi:

1. M3ydyeHa KaTaJMTH4eCKas aKTHBHOCTE OHMMETAUIMYECKHMX  ATFOMOHHKEIIBMEIHBIX
TeTPOreHHBIX CHCTEM pasnu4HOro cocrasa. [lokasaHo mpeMMyINeCTBO IpUMCHEHHS
KaTanu3aropa ¢ OONBIINM COAEPKAHHEM MEIH IIPH OYHCTKE ra30B OT OKCHJIOB a30Ta M YIIEPOJa.

2. YCTaHOBIEHO, YTO BOCCTAHOBHUTE/ILHAL AKTUBAIIHS KaTanﬁzaTopOB [IpEeAMOYTHTETILHEE
OKHCIIMTCIBHOM, TaK KaKk Ha IIOBEPXHOCTH KAaTaJM3aTOpOB aKTHBHBEIMH  SIBILTIOTCS
MeTtajuimdeckue HeHTpel . Cu m Ni. B peaknuu OKHCICHHS MOHOOKCHA YIJIEpoa JIo

YTJICKHCJIOTO Ia3a B BOCCTAaHOBJICHUA OKCHUIOB a30Ta 40 MOJICKYJISPHOI'O a3oTa.
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HCCJIENOBAHHE NPOUECCA TIOJYYEHHUS ATETOHA
AEI'HAPHPOBAHHEM M3O0ITPOIINJIOBOIO CITUPTA

AramamueBa @®.M., Axxxamos A.K.

A3ep6aﬁ09/cayckaﬂ 20¢y0apcmeeHHAs Hepmanas akademus,
baxy, Azepbaiioocancrkas Pecnybnuxa
E-mail: AgamalievaFarida@mail.ru

ALCTOH IIMPOKO WCIONB3YETCS B PAsIMYHBIX OTPACHAX IIPOMBIIUICHHOCTH.
CyIuecTBYIOT pa3HYHBIE METOABl €ro IONYYeHHd, B TOM UHCIE — JETHAPUPOBAHHEM
H30TIPONMJIOBOIO CIHMpTa Ha pasﬁanmx Katamusatopax [1]. JlaHHbIA croco6 axtyanen mis
yenopu#  AsepOalDKaHCKOH pecmyONuKH, pacmoNararomell 3HAYHTENLHBIMH  pECypcamu
H30NPOIHJIOBOTO CIHpTa. JOCTOMHCTBO 3TOTO METOHA, [0 CPABHEHHIO C KyMOJBHBIM,
3aKJTIOYaeTCs B BO3MOKHOCTH IIOTy4YEHHUS arleToHa 60jiee BEICOKO CTEEHH YHCTOTE].

Beimontien aHama3 paboT, NMOCBAIMIEHHBIX JAHHOMY CIOCOOy MONY4eHHS aleToHa H
YCTaHOBJICHO, YTO OCHOBHBIMH HEJOCTATKaMH MX SBJIAIOTCA BHICOKAs TeMIlEpaTypa Hpolecca
(500-550°C) 1 Hu3Kad KOHBEPCHs H3OIPOIMIOBOTO CIHpTA [2].

TepMonuHAMHYECKHMH ~ HCCENOBAHMSAMH  YCTAaHOBIEHO, 4YTO TIPH  BBIGOpE
COOTBETCTBYIOIINX YCIOBHi allETOH MOXET OBITh MOJY4YeH IPH 3HAYHUTENILHO 6OJlee HH3KHX
TEMIIEpATypax, 4T0 YIPOCTHT H YACIIEBHT Mporecc. BaxHoe 3HaYeHHe HMeEET Taxxke BHIOOD
ONTHUMANBLHOTO KaTanu3aTopa. [Ipu aToM BeIXOA anieToHa MOXET HocTUrath 90%.

Ha ocHOBaHMM mpe/BApHTENBHBIX HCCEZOBAHMH YCTAHOBIEHO, YTO IIPOLECC
ACTHAPHUPOBAHMA H3ONPONMIIOBOTO CIHPTA LenecoobpasHo OCYmIeCTBIATH Ha Me/Me,Oy
xatanu3arope. [Togobpan cooTBETCTBYIOMMHI KaTaTH3aTOP NPOMBIILIERHOro 06pasna.

BBINONHEHBl  3KCTIEPHMEHTANBHBIE  WCCHEJOBAHMS VIS YCTAHOBJICHUS  BIIMSHHS
PEXHMHBIX (haKTOPOB (TEMIIEPATYPHI H BPEMEHH KOHTAKTA) Ha BEIXOJHBIE OKA3aTeNH IpoLecca
AETHAPHPOBAHKA H30MpONWIOBoro cmupra. Temmeparypa BapbupoBaiace B muamnasone (100-
300°C), a Bpems komtaxta (0,5-2c). OIBITHI IPOBOJMIMCH IIPH aTMOC(EPHOM JABIEHHN.
Homyyennble xugkue U razoo0pasHblE NPOAYKTBI IIOJABEPIaMCh XPOMATOrpadugecKoMy
a”aimu3y Ha XpoMaTorpade Crom-5.

BBUIO yCTaHOBIEHO, YTO B HCCIeXyeMOM 00JacTH BBIXOA ANETOHA H3MEHSETCH B
apenenax 52-75%. Ilpu 3TOM CeNEKTHBHOCTH M3MeEHsETCS B Ipeneiax 55-85%, a BendumHa
xoHBepcHH poctaraer 95-98%. Cpemy HOIYTHBIX MPOAYKTOB HAGIIONAETCA HENpeAeTbHBIH
KETOH, IPOCTOH 3dup. B raszoBoit dase B HEGOMBIIHK KOIMYECTBAX NPHCYTCTBYIOT BOIOPO,

ITHIIEH U IIPOITHIICH.
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Ha oOCHOBaHMH IPOBEICHHEIX HCCEOBAHME MOXHO KOHCTaTHpOBaTh, YTO
MaxKCHMaTTbHOMY 3HAYEHHIO BBIXOJa alleTOHa COOTBETCTBYIOT 00IacTH 3HAYECHUH BpEMEHH
xoHrakra (0,75-1,5¢) u Temuepatypsi (200-275°C).

TaxuMm 06pa3oM, METOOM NMapo(a3HOro JErHAPHPOBAHHsS H3ONPOIIMIOBOrO CIMpPTA
Ha IIPOMBIIUICHHOM KATATH3aTOPE MOXHO IOJYYHTH AUETOH BHICOKOH CTETEHH YHCTOTHI IIPH

BEJIMUMHE KOHBEPCHH HCXOAHOTO IIPOAYKTa He MeHee 95-98%.
[1] IMTarent CIIIA Ne4600529, 15.07.1986

[2] Xopos IO.M. TepMonuHaMuKa XHMHYECKHX IIponeccoB. Hedrexumuueckuii cunres,

nepepaboTKa HeQTH, YT B npnponndfb rasa. M.: XumMmns, 1985.-264c.
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OKHCJHUTEJIBHOE P-O COYETAHHUE BEJIOT'O ®OCDPOPA
C ®EHOJIOM B HPUCYTCTBUH HOI-COAEPKAIIIAX
- KATAJJMTAYECKHAX CUCTEM

M.b. Aaues, ®.X. ®dausosa, P.P. A6apenvosa

Hucmumym Opzanuueckozo Kamanusa u Snexmpoxumuu um. JI.B. Coxonvckozo
Anma-Ama, Kazaxcman
E-mail: abdreimioce@nursat.kz

HenasHo HaMm OBUIO YCTaHOBIEHO, 4YTO B pactBopax cmemadHex FeCls-I, wmm
NaNO,-I; cucteM npoTekaeT peakius OKHCIUTENBHOro P-O coderanns 6eoro dpocdopa (P,)

¢ deromnoM ¢ obpazoBanueM Tpuderundochara:
P4+ 50, + 16PhOH + 4HI — 4PO(OPh); + 4PhI + 10H,0 (D

B 3aBucHMOCTH OT ycnoBMN peakiMu, B HpoAyKTaX ObUI OGHAapyKeH Takke
tpupenun-pocpur P(OPh); (1o 10%). Tlpu onTHMATBHEIX YCIOBHSX PEaKIH CyMMapHBIi
Bbixox PO(OPh); u P(OPh); (B pacyere Ha BBemeHHSBIH P; M mOrIomeHHEI 0O;) 6mu30K K
100%. Kunetuxy peakuun (1) u3ydanud BOMOMOMETPHYECKHM H IMOTEHIIMOMETPUUECKHUM
METOJaMH €  HEpPHOAWYECKMM OTOOpoM mpo® Ha XpoMmaTtorpaduyeckuii aHaius
docpopopranmuecknx  mpopykroB.  Tpudenmndocdar  6b1  BeIENEH yTeM
BBICOKOBAKYYMHOH  TNEPETOHKH ¥  HOJNHOCTBIO  OXapakTEPH30BaH €  NOMOIIBIO
SMP-cniekTpockonuy.

Hamur OBLIO JeTalbHO H3yYeHO BIHMAHHE TEMIEPAaTypbl, NPHPOIBI KaTAH3aTopa,
PacTBOPUTEINA, PA3IMYHBIX J00ABOK U KOHIEHTpAMHH peareHTOB Ha CKOPOCTh peakuuu (1) u
BBIXOJ TPOXYKTOB. yCTaHOBJIeHOV, 4TO cncfeMa NaNO,-I, xapakrtepusyerca Oombreit
KaTalHTHYECKOH aKTHUBHOCTBIO, yeM FeClz-I,. Kp0Me LEIEBOM pEaKlIMU OKHCITUTENHHOTO
apOKCHIMPOBaHHUA P4, B NPUCYTCTBHM O0GEUX KATANMTHYECKMX CHCTEM IPOTEKAET TaKxe
nobouHas peakuus HOANPOBAHMS (beﬁona. JlobaBka mHpHIMHA YCKOPSAET, a KHCJIOTHI
(yxcycHol) - samemnser peakumio (1). IlpuMecw BoAel IPHBOIAT K CHIDKEHHIO BBIXOJA
ocop-opranuyecKux coeuHeHMi 3a cuyeT obpaszoBaHms (ochopHOH H DochopHCTOl
KHCHOT. JIy4iuMe pacTBOPUTENAMHU SABIIOTCSA TOJMYON M TETPAXJIOPHJ YIJIEPOa, a B cpene
JIMOKCaHa, alleTOHWTpUIIA H JUMETWICYNb(okcuna peaxmus (1) 3HAYATENBHO 3aMeAeTC.
OnTumansHble TeMIEpaTypHBIE YCIOBUS IIpoLiecca cosaroTes npu 60°C.

[lomygennEle 3KCTIEpHMEHTANBHEIE JaHHBIE MO3BOMIN NPEIION0NKATH, YTO KaTAIN3

peakiuu (1) cmemandemMu cucreMamu NaNO,-I, u FeCls-I, ocymectsiserca 3a cuer
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pasnenenus GyHKIHE MeXIy KOMIOHEHTaMH JTHX CHCTeM. B 0GoHX cilyuasx HOZ sBIfeTCA

OTBETCTBEHHEIM 3a IIPOTEKaHKE IIPOLECcCa OKUCIUTENBHOTO apoKCHIHpoBanus Py (2):

I PhOH PhOH I PhOH
Py ———> P4l; ——> P4I(OPh) o P4(OPh); ——> P4l,(OPh), w;I—I—»
HI _
4P(OPh);
4PhOH| 4HI
: 21, 3PhOH 21,, 2PhOH 41, 4PhOH
— > P,J(OPh); ———» 2P, (OPh); —» 4PI(OPh); ———>
3HI 2HI 4HI
4PhOH
——> 4PI(OPh); ———> 4PI(O)(OPh); —> 4PO(OPh); 2)
4Phl 4HI

Brophie koMmoHeHTHI katamutHueckux cucreM, NaNO, u FeCls, urpaor pons

OKHUCIIUTEIICH HOAMIA BOOOpOIa:

2HI + NaNO; —> I, + NO + NaOH + H,0 3)
2HI + 2FCC13 —>L+ 2FeC12 + 2HCI (4)

B cBoto ouepens, obpasyrommecs NO u Fe(Il) nerko peoKHestoTess KHCIOPOIOM:

4NO + 4NaOH + O, —» 4NaNO, + 2H,0 (5)
4FeCl, + 4HCl + O, — 4FeCl;y + 2H,0 - 6)

B pe3yibTaTe HEMpPEPHIBHOrO MOBTOpPeHHsA peakuui (3- 6) oba KOMIOHEHTa

CMEINaHHBIX CHCTEM BO3BpalIarOTCA B KaTaTUTHICCKUN UKL

Pdboma evtnonnsiemes npu nodoepaicke epanmos MHTL] K-754p u HHTAC 00-00018.
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SYNTHESIS, CHARACTERIZATION AND REACTIVITY OF THE
TITANIUM HYDROPEROXO COMPLEX, (Bu,N),PW,;03TiOOH,
.~ AMODEL COMPOUND FOR TITANIUM-SILICATE CATALYSTS

- T.A. Arapova, R.I. Maksimovskaya, A.V. Golovin, O.A. Kholdeeva

. * Boreskov Institute of Catalysis SB RAS, Novosibirsk 630090, Russia
R E-mail:LE arapova@ngs.ru

The selective catalytic oxidation of organic compounds with the environmentally
attractive oxidant, aqueous H,0,, is a challenging goal of fine chemistry. Last years,
microporous and mesoporous titanium-silicates have attracted much attention as catalysts for
selective oxidation of bulky organic substrates, however, the mechanism of their catalytic
action and the nature of the active oxidizing species still remain a matter of discussion [1]. All
isolated titanium peroxo complexes appeared to be inactive towards organic substrates.
Hydroperoxo titanium species were proposed as the active intermediates operating with
titanium-silicates, however, none of titanium hydroperoxo complexes has yet been isolated
and characterized. Polyoxometalates (POMs) are believed to be viewed as discrete fragments
of a closed packed array of metal oxide lattice. Recently, Keggin type Ti-POMs have been
used as tractable homogeneous model catalysts for studying mechanism of thioether oxidation
with aqueous H;O, [2]. Here we report the preparation and characterization of the first
isolated titanium hydroperoxo complex.(Bu4N)4PW11039TiOOH (1) as well as its interaction
with 2,3,6-trimethylphenol (TMP). Previously, it was shown that TMP can be selectively
oxidized to 2,3,5-trimethyl-p-benzoquinone (TMBQ, Vitamin E precursor) with aqueous
H;0; in the presence of mesoporous titanium-silicates [3].

Hydroperoxo complex 1 was prepared by interaction of the p-oxo dimeric
heteropolytungstate (BusN)s[ {PtiW,;030},0] with an excess of 30% aqueous H,0, in MeCN.
The compound purity was confirmed by using IR, cyclic voltammetry, and *'P NMR.
Iodometric titration indicated the presence of one peroxo oxygen per molecule of 1, while
potentiometric titration with methanolic TBAOH revealed one acid proton. '**W NMR
spectrum of 1 consists of six lines indicating the Cs symmetry of the PW1;039TiOOH anion.
Characteristic feature of the IR spectrum of 1 is the presence of two bands observed at 690

and 630 cm’', which are lacking in the spectrum of the initial Ti-POM. According to
literature, these two bands may be attributed to symmetric and asymmetric metal-peroxide
stretches and thus evidence in favor of the side-on (n%) bonding mode of the peroxo ligand.
Importantly, the IR spectra of 1 are identical in both solid KBr and in MeCN that confirmed

the reservation of the n,-structure in solution.
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Impbrtantly, the IR spectra of 1 are identical in both solid KBr and in MeCN that confirmed
the reservation of the n;-structure in solution. ’

By contrast to the known titanium peroxo complexes, 1 readily reacts with TMP to
give TMBQ and/or 2,2°,3,3’,5,5’-hexamethyl-4,4’-biphenol (BP) depending on TMP/1 ratio.
When a 2-fold excess of TMP was used, the main reaction product was BP (90%), while
employment of a 2-fold excess of 1, led to TMBQ in a high yield (95%). This agrees with the
reaction stoichiometry 2:1 and 1:2 for the TMP oxidation to BP and TMBQ, respectively, and
evidences in favor of a homolytic oxidation mechanism that implicates the formation of
phenoxyl radicals ArO°®, which coupling gives BP, while further interaction with 1 leads to
TMBQ. Previously, it was found that the TMBQ yield in the H,O,-based oxidation over
mesoporous titanium-silicates increases with increasing catalyst amount and lowering TMP
concentration [3]. The same products nature and effect of the TMP/I (TMP/Ti,Si-catalyst)
ratio on the product distribution allowed us to view 1 as a good model compound for studying
mechanism of the H,O,-based TMP oxidation.

The kinetic study revealed that the stoichiometric reaction between 1 and TMP is first
ofder_ ‘i_n 1 and fractional (1-0) order in TMP. The Kkinetic data are consistent with a
meghahism that involves the formation of an m'-intermediate, containing both the
hycirgperoxo moiety and the substrate. The lack of kH/kD kinetic isotope effect found for the
TMP oxidation indicates that the rate limiting stép of the reaction is not a hydrogen atom
abstraction. An inner sphere electron transfer seems to proceed within the above intermediate,
yielding ArO® radicals, further transformations of which give the reaction products. Since the
reaction is not sensitive to oxygen, air and radical scavengers, a non chain radical mechanism
is to be Suggested.

In summary, the preparation and characterization of 1 and its use as the model
compound allowed to get insight into the mechanism of the practically important reaction, the
TMP oxidation with H,O, over titanium-containing catalysts. -

- Acknowledgment. The Russian Foundation for Basic Research (grant 01-03-32852)
funded the research. We thank Dr. Gennadii M. Maksimov for the synthesis of HsPW 1 TiO4

heteropoly acid. Mrs. Kapitolina F. obzherina for IR measurements.
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INEKTPOKATAJIATHYECKOE BOCCTAHOBJIEHUE
3-HAAHITMPHANHA

Actajnesa 3.M.

Huemumym gumoxumuu Munucmepcmea 06pd306ar:uﬂ u Hayku Pecnybnruxu Kazaxcman,
Kapazanoa, 470032, yn. M. I'azanuesa, 4; Kazaxcman
E-mail: arglabin@mail krg.kz

Wurepec uccnenosatenelt K XMMAYECKHM CBOMCTBAM HHTDHIIOB OIPENENISETCS TEM,
4TO M3 HAX MOXHO TIOJIy4aTh COSMHEHHS CaMbIX Pa3JIMYHBIX KJ1accoB. OIHUM M3 OCHOBHBIX
HAaNpaBJICHU# MPEBPAIlCHHUS IHAHIPYNINbI IIPH BOCCTAHOBICHHH SBIMETCS 00pa3oBaHHe
HEPBUYHBIX AMHHOB. Onnako, cyas 1o JHUTEpaTypHHIM JaHHBIM, ixanéico HE BCerza yJaercs
HOJIYYUTb 3TH COCIHHEHHS C XOPOLIMMH BhIxogamiu. [locienHee OGCfOHTeHLCTBo CBSI3aHO ¢
TEM, YTO TIOMHMO OCHOBHOH PEakIUH, IPHBOAAIIEH K MONYYCHHIO IEPBHYHEIX AMHHOB,
IPOTEKAIOT MHOTOYUCIIEHHBIE IOOOYHBIC IIPOLECCHI, IMPOAYKTAMH KOTOPHIX SIBIISIOTCS
BTOPHUHBIE U TPETHYHbIE aMHHEL.

B pane pabor peakuus KaTaJMTHYECKOrO THAPHPOBAHHS IMAHTPYNINB IIPH
MUPHIAHOBOM IMKJIC HCIIONB3YETCd KaK OfHA M3 IMPOMEXYTOYHBIX CTYINCHEH IpPH CHHTE3E
PasIHYHBIX (PH3HOJIOTHYECKH aKTHBHBIX COSIMHEHHI, B TOM HHCIIe, THPHIOKCHHA (BHTaMUHA Bg)
W pa3IUYHBIX ero aHainoros [1,2].

Hamy H3y4eHO 3IEKTPOKaTAIMTHYECKOEC BOCCTAHOBJEHHE 3-IHAHIHMPHAMHA IO
3-mMpuAMIMETHIAMHMHA, H3  KOTOPOTO, B  CBOK  OYepelb, MOXHO  IOJY4HThH
3-UpUAMIKapOUHOI - COEMUHEHHE, TPOSBISIOIEE CIOCOOHOCTL IMOHUXATL apTEpPHATLHOE
JIaBNECHHUE.

WccnenoBanusd NPOBOAMIHCH B INEKTPOKATANHTHYECKOH sSdeiike C pasfielieHHEM
KaTOJHOT0 M aHOJHOTO MPOCTPAHCTBA HOHOOGMeHHOH MeM6paH0171 MA-40 [3]. B xauectBe
KaTaIu3aTopa UCIONb30BATH HUKENb PeHes. | :

BJIeKTpOKaTéuanqecxoe BOCCTaHOBJICHHE 3-unaﬂnnpnnnﬂa HA  CKeNETHOM

HHUKCIIEBOM KaTAINU3aTOpE MPOTEKACT C 06p330BaHI/IeM HI/IHepI/IZ[HJ'I-B-MeTPUIaMPIHaZ

= CN CH,NH,
+ 5H, ——>
NS
N NH

C ISR  OCYHIECTBJICHUA CCIICKTHBHOTO THIAPHPOBAHUA 3-I_II/IaHHIrIpI/IJII/IHa 1o

TpOfIHOfI CBA3H NHAHI'PYIIIIBL, ObT HCIOJB30BAaH  H3BECTHBIHM IIpu€M  HYaCTH4IHOTI'O

173



PP-4

C mOemsro  OCYIIECIBICHHS CENCKTHBHOTO THAPHPOBAHMSA 3-LMAHNHUPUIMHA IO
TPOMHOM CBA3H [HMAHTPYINIBI, OBUT HCIONB30BAH HM3BECTHBIA IPHEM YaCTHYHOIO
“OTpaBlICHHA~  KaTAIATHYECKOrO  KOHTAaKTa:  CBEXCIPUTOTOBJICHHBIH  KaTalk3aTrop
HpOMBIBANICSA MUPUAUHOM H B TAKOM BHJIE 3arpyXaics B JICKTPOKATAIUTUYECKYIO SUCHKY.

OKCHEPUMEHTHl TIOKa3ald, 49I0 Ha “OTPaBIEHHOM™ KaTalu3aTope KOJIHYECTBO
IOIJIOIIEHHOIO BOJOPOAAa HE IMPEBBINAET TEOPETHYECKHM PACCUHUTAHHYIO BEITHYMHY,
COOTBETCTBYIOIYIO IIOIVIOLICHHIO ABYX MOJEH BOAOpoIa, HEOOXOAUMBIX IUIA IpEBpalICHHS

IMTAGHI'PYTIIBI B aMHHHYTO, H, CJIIEAOBATCIIBHO, ITPOHECC IIPOTCKACT IO CXEMCE!

= CN = CH,NH,
+ 2H, —— .
NS \N

N

1313001 OIpeeTIeHBI ONTUMAIIEHBIE yCIIOBHS JNEKTPOKATATUTHIECKOTO
BOCCTAHOBJICHUA 3-UMaHNUpHUAMHA 10 3-(aMUHOMETWI)IHpHAMHA B H3YYEHHBIX HaMH
npesenax: MIOTHOCTh TOKa - 40 A/aM’; KOHIIEHTpanus e104u — 1%, TeMIlepaTypa S4eiku —
30°C H COOTHOIIEHHME HCXOMHOro BemecTBa K Katamusaropy - 0,4. Beixon koHewHOro
NpOAYKTa 3-(aMHHOMETHI)IUPUIUHA IIPU 3TOM cocTaBui 98%. W3 peakHOHHOM cMecH OH
OBUI BBIZIENIEH DJKCTpakUUeH JpupoM H mnociexyoomeidl pekTHQuKamued W HMel
cleyromue KOHCTaHTHL T.IUL. 73-74°C/1 MM pr.cT., n*’p 1,5510. CrpoeHue H 4HCTOTA
HOJY4€HHOro mpoiykTa moarBepxaeHel Merogamu MK-cmextpockomuu u  I'XKX
(xpomatorpad “Xpom-5”, kononka Chromaton-N AW ¢ 5% SE-30 u ycnosus: T,=165°C,
T4=180°C, T,=200°C, V=30 Mmn/mMun).

[1] Harris S.A., Follers K. // J. Am. Chem. Soc. 1939. V.61. Ne 5. P. 1245.
[2] Harris S.A., Follers K. // Ibid. 1939. V.61. Ne 12. P. 3307.
[3] Kupuimoc M.B. OnexTpokatamiariaeckoe rujjpupoBanne. - Aima-Ara: Hayka. -1981. 134 c.
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YTEKTPOKATAJIMTUYECKOE BOCCTAHOB.IEHME
MUPUIAHOBBIX AJIKAJIONUIOB

ActadbeBa 3.M., Mycnna JLA.

Hucmumym @umoxumuu Munucmepcmea obpasosanus u nayxku Pecnybnuxu Kasaxcman,
Kapazanoa, 470032, yn. M. I'azanuesa, 4, Kazaxcman
E-mail: arglabin@mail krg.kz

TpanchopMHpOBaHHEIE ANKATOMAB = HPEACTABISIOT 3HAYMTENBHBIN HHTEpEC B
KaueCTBE CHHTOHOB IIPH MOJIyYEHHH JIEKAPCTBEHHBIX CPEACTB Pa3IMYHOr0 Ha3HAYEHHUSI.

HaMu H3y4eHO a/IeKTpOKAaTATMTHYECKOE BOCCTAHOBIIEHHE ATKATOMI0B THPHIHHOBOTO
psna aHaba3uHa M HAKOTHHA, BBIIETICHHBIX U3 HOCTYIHOTO PACTHTENBHOTO CHIPbS - eKEBHUKA
0e3nuctHOro (Anabasis aphylla 1.) u Tabaxa.

VI3BeCTHO, 4YTO TIMAPHPOBAaHHME NHPHAMHOBBIX OCHOBAHHH I€TKO MpPOTEKaer . Ha
KaTaln3aTopax U3 OIaropoJHbIX METAIIOB, HO 9TH IPOLECCH TPeOYIOT BHICOKHX TEMIIEPATYP
U JaBJIeHM# Boropona [1,2].

ONEKTPOKATATMTHYECKOE TMAPHPOBAHKE IHPHIMHA HAa CKEJIETHOM HUKENE IMOKA3hIBAeT
BBICOKYIO 9()()EKTUBHOCTh M 3HAYMTENBHBIC NPEMMYLIECTBA 5TOTO METONA TO CPABHEHHIO ©
KaTaJMTHYECKHUM THIPUPOBAHUEM H 3JICKTPOXUMHYECKHAM BOCCTAHOBJICHHEM [3].

Hamu cpemano mpedmosokeHHe, YTO 3TOT MPOLECC MOXKHO HCIIONB30BATh I
NONYyYCHHS TUAPUPOBAHHBIX IMPHIMHOBBIX QJIKAIOWIOB B YCIOBHAX ONH3KHX K
BOCCTAHOBJICHHIO TUPUHHOBEIX OCHOBAHUIA.

Ilpn  BOCCTaHOBNEHMH TaKHX aJKAIOMIOB, aHab0a3WH TpaHCHOPMHpYeTcs B

2,3'-oununepuami:

7
I “nm m—‘@
NS
NH

N

|

a U3 HUKOTHHA o0pasyeTcs 2(nunepuani-3')-N-MeTHIIHPPOIHINH (TeKCcardApOHAKOTHH):

~

Ty — Oy

CH, CH,
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DNEKTPOKATATHTHYECKOE BOCCTAHOBICHHE aHa0a3WHA M HHUKOTHHA IPOBOIHIIOCH B
3MEKTPOIUTHYECKOH sueiike [4]. Ha lclgeneTHQM HHKEJICBOM Karannéarope. |

KoHpopManHOHHBIM aHATH30M YCTaHOBJCHO, YTO MOJIEKYJIB aHaba3¥HA U HUKOTHHA
MOTYT CYIeCTBOBATH B BHIC nByX ycToHuMBBIX KOH(OpMepoB. BeposTHO mO3TOMY,
SNEKTPOKATATHTHYECKOE BOCCTAHOBJIECHHME aHaba3sMHA M HHKOTHHA IIpoTekaeT ¢ 6Gojee
HU3KUMH CKOpOCT;IMI/I, IO CPaBHEHHIO C MUPUIAHHOM.

OnpeneneHsl ONTHMAbHBIE YCIIOBHA 3NCKTPOKATAJIMTHYECKOTO BOCCTAHOBIICHHS
alKanou/IoB aHaba3HHA H HUKOTHHA Ha CKEJICTHOM HHKEJIEBOM KATAM3aTOPE B H3YYEHHBIX
HaMH IIpefienax. BEIXOnbl KOHEUHBIX IIPOAYKTOB TMIpHpOBaHUSA - 2,3'-OuUlMOepuanna u
: TeKCaruApOHUKOTHHA - COCTABIAIOT 58-60%.

TlpomyxThl ruApupoBaHus - 2,3"-Oununepuaun u reKcaanpoﬁHKomH BELACTISITUCH H3
PEaKIMOHHOM CMECH ODKCTPaKIMEH OpraHMYeCKHM# pACTBODHUTEISAMH M MOCIELYIOLIEH
KOJIOHOYHOH xpomarorpadueit Ha SiO,. CTpoeHHE NMOIYYEHHBIX COSTHHEHHI HOATBEPKACHO

. manHpME VK- u IIMP-cnektpockonuy.

[1] Coxombekmit JI.B., HemOmukuit A.A., Yamxanoa A. JXITX.-1985. T. 58. Ne2. C. 322-325.

[2] Yanuxanosa A., lem6unxuit A.A., Cokonbckuit JI.B., Canrteixop JI.I1., Maitnei6ae B.T.
M3B. AH Kas. CCP. Cep. xum. -1989. -Ne5. -C.55-58.

[3] 3axapun C.3., Kupumoc W.B., Tomunos AIL u gp. /Crioco6 nonydyenus nunepuayaa //
A.c. Ne1631965 CCCP. B.W. -1991. -Ne8.

[4] Kupwnoc M.B. DrekTpokaTamirrdeckoe ruapupoBanue. -Amma-Ata: -Hayka. -1981. 134 c.
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W30MEPH3AIS H-TEKCAHA HA HEOJIMTCOAEPKALIMX
Pd-KATAJIM3ATOPAX

Ayrtanos A.M., lllafimepaenosa MLK., 3akapuna H.A.

Huemumym opeanuyeckozo kamanusa u snexmpoxumuu um. J]. B. Coxonvckozo,
Anmamuel, Kazaxcman
E-mail: orgcat@nursat.kz

BudyHKIHOHATBHEIE HEOMHTCOAEPXKAIIIE KATATH3aTOPHl HCMIONB3YIOTCA B IPOLIECCAX
H30MEpU3ALHM H-aIKaHOB HE(TH U1 IOJTydYeHWS BBICOKOOKTAHOBBIX KOMIIOHEHTOB
MOTOPHBIX TOIUTHB. MIHTepec K peaknuu M30MepU3aluH NapadMHOB YCHIMICA B IIOCIENHME
Tofbl B CBA3H C BO3MOXXHOCTBIO MOBHIICHMS OKTAHOBBIX IIOKa3aTeiell NPAMOTOHHBIX
OeH3HHOBBIX (PaKIKil U yIyIUIEHHS SKONOTHIECKHX XaPAKTEPUCTHK TOINTHBA. B HacTosmei
paboTe ucCnefoBaHa aKTUBHOCTE H CEIEKTHBHOCTD NeicTBHA Pd-KaTaiusaTopos, B peakinu
M30MEpH3alHK H-TeKCaHa B 3aBUCHMMOCTH OT HPHpOABI eoiuta (ZSM-5, B, Mopaenur) u
HPe/IIeCTBEHHUKA aKTHBHOTO METAIA Ha MaTpulax u3 Al,O3 ¥ IPUPOAHEIX [VIHMH.

Peaknuio mpoBojmmM B MPOTOYHOM ycTaHOBKe mpu 250-450°C u atmocdepHOM
JAaBICHUM Bonopoxa, MonbHOM cooTHomenuH Hy:H-CeHis=3,5 n obweMuo# ckopoctd mo
m-rexcany 0,824". B kauecrse KaTaM3aTopoB Hcnoib3oBamuck Pd u Pd-Pt-karanmmsatops,
HONMy4YEHHEIE H3 COOTBETCTBYIOMIMX COJICH U KUCIIOT, a TAKKEe MOHO ¥ OH-METAUIMYECKUX 30/1eH
Pd u Momupuumposannsle ueomutamu ZSM-5, B, Mopnenur. Hocurenem cryxuia
7-AlLO; ¢ pobaBKaMH aKTHBHPOBAHHOM [IMHBI - MOHTMODHIIOHWTA. AHAmM3 NPOLYKTOB
OCYLIECTBJIUH XpoMaTorpadudecku. KomiiecTBo eoIMTOB B KATANMH3aTOpax cOCTaBiLwio 15%.

IToka3zano, 9TO aKTUBHOCTh M CEJIEKTUBHOCTh Pd-KaTaau3aToOpoB 3aBHCHT OT
HOPUPOABl  MOJH(DHUIHMPYIOMETO LEOJIMTa, OUCHEPCHOCTH METAWUINYECKOH (a3l u
. pacmpeleNieHus KHCIOTHBIX IHeHTpoB. Ilo yMEHBIIEHHIO KOHBEpCHH H-T€KCaHa
KaTajgu3aTopbl MOJYYECHHBIE INYTEM IMPONUTKH Marpunsl pactBopoM PdCl; MoxHO
pacnonoxuts B paa Pd/ZSM-5>Pd/Mopnenut>Pd/B. Hampasienue mporecca mpeBpaineHus
H-TCKCaHa Ha H3YYEHHBIX KaTalu3aTopax OIpeAesIeTCS KHUCIOTHBIMH U CTPYKTYPHBIMH
cBOMCTBaMH H3y4eHHBIX neonutoB. Ha Pd/karaimmsatope, MoIM(HIMPOBAHHOM MOPJEHHUTOM,
IpONecC MPOTEKAeT MO0 H30MEPU3AIHOHOMY HAIpABJICHHIO, B TO BpeMs Kak Ha ZSM-5 u
neonuTe 3, BO3pacTaeT yAEIbHEIN BEC MPOLECCOB THAPOKPEKHHTa ¢ 06pa3oBaHueEM GOIBLIOrO
KomudecTBa rasoobpasblx C; - Cs-yrmeBomopomoB. Tak, ma Pd-karamusarope,
IPOMOTHPOBaHHOM LEONUTOM f3, KOHBEpCHs H-rekcaHa mpu 350°C cocramser 18,4% mnpu

CEJIEKTHBHOCTH IO H30rekcaHam 33,4%, a ceneKTUBHOCTD IO BCEM H30MepaM, HauuHad ¢ Cy,

177



PP-6

paéHa 79,3%. B mponykrax peaknuH HapsIy ¢ H3orekcaHaMu ObUTH 0OHApY)XeHBI 6OJbIIHE
KonuyecTBa m300yTaHa H 2-MeTHIGYTaHa. Hpoueécsl' THAPOKPEKHMHTA 3HAYUTEIBHO
YCHJIMBAIOTCS C IOBBIIIEHHEM TeMIIEpaTypsI 10 45 0°C.

Ilpu ucnonp3oBanKH ruapo3oieit Pd it nponuTKy MaTpHIEL, COEpXKAICH MOPIEHHT U
LEOJHUT 3, MMEET MECTO CHHXKCHHME aKTHBHOCTH KaTaIH3aTopa C OIHOBPEMEHHBIM pPOCTOM
CEJICKTHBHOCTH II0 H30TEKCAHaM, B TO BpeMs Kak Ha Pd-karammsarope, npoMOTHpOBaHHOM
ZSM-5 xoHBepcHs H-Tekcana pacteT ocobeHHO npu 250 u 350°C. OnHaxo psi 10 YMEHBIIEHUIO
aKTMBHOCTM i1 KaTajM3aTOpOB, MPOMGTHPOBAHHBIX DPAa3IMYHGIMH IEONATAMH COXPAHSETCA.
OOGHapyeHO, YTO C POCTOM KOHBEPCHH H-TEKCaHa pacTeT HoJs IIPOLECCOB IUMEPH3AIH-
THIpOKpeKHHra ¢ o6pasoBanueM Cy-Cs - yrIeBoIopoI0B HOPMAIBHOTO H H30CTPOCHHS.

Beenenne Pt B Pd-xkatammsaroper ¢ meommToM- ZSM-5, ALO; w
MOHTMODHJ/UIOHHTOM IIPHBOJUT K YBEIMYEHHIO KOHBEPCHH H-TEKCaHA H  POCTY
CEJICKTHBHOCTH 110 H30MEPAaM HE3aBHCHMO OT TOT0, U3 KaKHX COCIMHEHHH BBOUIUCH Pd 1
Pt (u3 PdCl; m H,PtCls mmm u3 Oumeramueckux 3oieif). ComocTaBieHHE
buMeTannnyecknx Pd-Pt-kaTanu3aTopoB Ha MaTpHIIE OAHHAKOBOTO COCTABA, COEPKAIIHI
ZSM-5, noKa3BIBa€eT, YTO KaTaJIH3aTophl M3 OHMETAIUIMYECKHUX 30jel O6ojee aKTHBHBEI B
H30MEpH3allul H-T€KCaHa, YeM I0JIyYE€HHBIE IIPOIHUTKON Hocutens pactBopamu PACl, u
H,PtCls. Ha nan6onee ontumansaoM Pd-Pt-karanusarope crenens mpeBpameHHs H-TeKCaHa
cocrasisgeT 88,3% npH ceIEKTHBHOCTH 110 H3oMepaM 97,3%.

Crnepyer Tarke OTMETHTB, YTO H3OMEPH3YIOIIAs CIOCOOHOCTh KATalM3aTOPOB,
COCpXalMX  MOHTMODHJUIOHHT, BBIIIE IO CPaBHEHHIO C  COOTBETCTBYIOIIMMH
KaTanu3aTopamMH Oe3 INIHHEL

MeTtonoM 311eKTPOHHONR MHKPOCKOIHH ONPEENIEHO PacupeieeHHe YACTHII NalIaIus
0 pa3MepaM B 3aBHCHMOCTH OT MeToja IonydeHus. HaiineHo oxHopoaHoe paclpenecicHHe
HaCTHLl Nalafus IO pasMepaM IpH HMCIONb30BaHHH ruiaposoneit Pd u ux paBHOMepHOE
pacmpeieICHUE 10 TOBEPXHOCTH MaTPHIIEL

lposeneno comoctaBineHHe KHCIOTHBIX CBOMCTB M3yYEHHBIX KaTaliH3aTOPOB IO
TepMonecopbuun  NH3 ¢ m3oMepusyromedi H  TI'HOPOKpEKHpYIOWIEH aKTHBHOCTBIO.
ITomyyennsie pe3ynbTaThl KOPPEIMPYIOT C paHeE HOMyYEeHHBIMH M H3BECTHBHIMH M3 JAHHEIX

JTATEPATYPHL.
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KATAJIUTAYECKAS AECTPYKIUSI
OPTAHMYECKHX ITPUMECEU CTOYHBIX BOJI HA
Fe-IIMWIJIAP - MOHTMOPUJIJIOHUTAX

Bbaamaena C.B.

BHII CO PAH, Vran — Y03, yn. Caxvanosa, 8,
E-mail: shan@binm.baikal.net

['IuHEL, (QHKCHPOBAHHBIC OKCH/AMH IIEPEXOIHBIX META/UIOB, SBISIOTCS HOBBIM
KIIacCOM MaTepHanoB MOJICKYISIPHO-CHTOBOTO THIA C pPasBUTOH cucTteMod mop. OHu
obaanaroT GOJBLIOH yAETbHOH ILIOMAaABIO IMOBEPXHOCTH, TEPMHYECKON CTaGHIBHOCTHIO H
BBICOKOH KaTaJlMTHYeCKO# aKTHBHOCTBIO [1]. B mammoit paGore momyuen Fe-munap
MOHTMODPWIJIOHUT (Fe-MM) Ha OCHOBe MyXOpTaMHCKOM =~ IJIMHEI U
IO M IPOKCOKOMILICKCOB JKele3a. AKTUBHOCTH IONYYEHHOTO KAaTaliW3aropa H3yYeHa B
PeaKIMH OKMCITHTEIBHON ACCTPYKIMH OPraHUYECKOTO KPAacHTeNs. KHCIOTHOIO XPOM TEMHO-
cunero (KXTC), sBrsrommerocs 0HAM U3 TOKCHYHBIX [IPEMecell CTOUHBIX BOJ TEKCTHIIBHOMN
IIPOMBIIIIJIEHHOCTH.

Honyuenue Fe-nunnap-MM ocymecTBISUIH CIEAYIOMEM 06pa3oM: MHIIAPHPYIOIHI
pacTBOp OBIT IPUrOTOBJIEH BBEACHHEM B M pactBop FeCl; pactBopa NaOH c
KoHUeHTpauued IM (cootHomenme [OH)/[Fe*'] paBHsioch 1.5). Jlanee pacTBOp
BBUIEPXKMBAIE B TCYCHHE CYTOK NpPH KOMHATHOH TemIeparype /Ui 0OOpa3oBaHHS
NOJMANEPHBIX THAPOKCOAaKBAaKOMILIEKcOB ene3a [Fe, (OH)y (HzO)s,y](3x'Y)+. Cycnensmio
TIIMHBL IT0/IBEprany 00paboTKe YIbTPa3BYKOM H CMEIIHBAIH C [WIIAPHPYIOIIHM PACTBOPOM.
Konuenrtpanus BBOAHMOTO B IJIMHY J>Kele3a COCTaBHIAa 2.5 MMOJIB/T [IMHEL Ilocie
OTMBIBaHHUs 00Pa3Ibl BHICYIMUBAIM ITPH KOMHATHOM TeMIleparype U npokanusany npu 500°C
B TEYCHHUE JIBYX YaCOB. |

CTpyKTypHBlE XapaKTEPMCTHKH MOJyd9eHHOTO KaTanmmsaropa Fe-MM ompenemnsuu
METOZIOM HHU3KOTEMIEpaTYpHOH ancopOuuu a3oTa. BejaMuHMHa MOHOCHOS —COCTABHIIA
22.8176 cM’/r; 06BeM mukponop 0.0028 cm’/r; 06beM op 0.2089 cm’/r; CpelHHi quaMeTp
nop 84.1339 A u ynensuas NOBEPXHOCTH paBHsUIach 114 MYT. Conepxanue xenesa B
obpasue cocrasuio 34,75 Mr/T. . |

CunresupoBansbii Fe-MM ObUT MCIIONB30BaH B KauecTse KaTannzaTopd OKHCJICHUS
kpacutensi KXTC nepoxcumom Bozmopoma (IIB) B BoaHoil ¢dase. KuHeTnky okucnenus
KPacHTENd H3y4alH II0 W3MEHEHHIO HHTEHCHBHOCTH OKDAaCKH pacTBOpa KpacHTeNs BO

BPEMEHH, KOTODYHO M3MEpsIM Ha crekTpogoroMeTpe Agilent 8453 UV visibl (2001).
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AKTHBHOCTH KaTaIH3aTopa Olpeensuiack mpH koHneHTpamuu KXTC ‘0.96*104 - 9.64*10™* M;
KOHIIEHTPALHH IiB 1.72%103 - 2.0 M; pH 2.0 — 5.0. CoracHo 3KCHepUMEHTABHEIM JaHHEIM
(puc 1,2) CKOpPOCTBb peaKii BO3pacTaeT IIPH YBEIHYEHHMM KOHIEHTpanui kpacurens, I1B,

KaTaJn3aTropa U yMeHbieHHH pH.

’ = ' ' - ’ 30 40 = 50
0 10 20 30\ 40 o MU

Puc. 1. Kunernka oxmcnemns KXTC npu Puc. 2. Kuberuka oxucnenns KXTC mpu

pasTMYHBIX HayaJIbHBIX KOHIEHTpalMAX pa3/IMuHBIX KOHLUEHTpauuix Fe-MM* 10°: 1-0,34;
kpacurens: [Fe /MM= 3,36%10° M; [H,0,]=2,0 20,67, 3-1,68; 4-3,36; [H;0,]=0.05 M;
M; pH=2; t=39,5°C [KXTC]=1.92 *10*M; pH=2; t=39.5"C

}  Kunernueckue nopsaxu peaxuuu coctaBuin: 10 KXTC — 0.5; mo xaranusaropy - 0. 6;
Mo HOHaM H' - 0.83. Hop;mox peaKuHH mo IIB mpu Maneix HavalbHBIX KOHHCH’IpaIIPIHX
COM3MEPHMBIX C KOHLIEHTPAIIMAMH KXTC coctasma 0.5. Hpn BhICOKHX 3HaueHHsx [H,0,]
nopsigok 1o 1B Onu3ok x HyNm0, 4T0 00yCIOBIEHO KOHKYPEHTHBIM B3aumopercreuem OH
PAJIMKaNoB C MOJIEKylaMu I1B. HonyquHHe TIOPANKH PEAKIMH 110 HCXOJHBEIM peareHTaM
COTNIACYIOTCS € PaAHKATBHO-IETTHHM MCXaHH3MOM OKHCICHUA KXTC, npeanoxenupm B [2]
JUIs FOMOT€HHOM PeaKkUH OKUCIICHUS KPacHTeNs oA ACHCTBHEM HOHOB Fe**. MakcuMansHas

sddexTuBHOCTH OKMCIMTENRHON AecTpykiuuu KXTC cocrasuia 99%.

Pa6oTa BeImosiHena 1pu nogaepxke PODOHU (Ne 01-05-97254)

HHTepaTypa:
1. L.T. Kloprogge. // J. Of Porous Materials, 1998. Ne5. P.5-41.
2. A3l Cpues, BI. Hcax. I'oMOreHHBI Karaiu3 COCHUHEHHAMH Kenesa., Kumuues:

«tnrHDAY, 1988. 215¢c.
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KHCJIOTHOE JJEKAPBOKCHJIHPOBAHUE
2-4- THHUTPOPEHWJIYKCY CHOM KUCJIOTBI

*
Baiinakora J1.K. , A:;en B.H.**, CemenoB b.b.,
Popnonos U.JI. , Cmymkesny FO.H.

Poccuiickui xumuxo-mexnonozuueckuti yrusepcumem um. /[. . Menoeneesa,
125047 Mockea, Poccus
Daxc: +7 095 200 4204, E-mail: SMU@muctr.edu.ru, semenovb@mail.ru
Quauan uncmumyma 6uoopeaHuyeckou xumuu um. akademuxos [llemaxuna MM, u
Osuunnurosa FO.A. PAH, ya. Axademuyeckasn 6, 142290,
Iywuno Mockosckoti o6racmu, Poccus
E-mail: rodionov@fibkh.serpukhov.su
**Tapmckuii ynusepcumem, 02155 Medgopo, Tanbom aseno, 62, CILIA
E-mail: vazev02 @tufts.edu

*

Merogam  “IBOMHOr0” HCHONB30BaHHS BBICOKOHMTPOBAHHBIX COEJUHEHHI B
HACTOSIIEE BPEMs IPHAACTCS OONbUIOE 3HAUECHHE. BBHY 9TOr0 HaM MOKAa3a10Ch HHTEPECHBIM
pacIIMPUTs UX CHHTETUYECKUM NOTeHUHAI. B KauecTBe MO/IEILHOrO COEUHEHHST HAMHU Oblla
HCIONb30BaHa 2-,4- IIHHHTpO(beﬁHHchyCHaﬂ kucnora (2-4- IOYK), koTopas MOXeT OHITH
JIEFKO MOJyY€Ha U3 JOCTYIHOTO CHIPBA.

U3 nuTeparyphl M3BECTHO JeKapOOKCHIMpOBaHHME NIPM IIETOYHOM KaTalu3e
NOJIMHHTPO KapGOHOBBIX KHCIOT', OJ[HAKO HCIIONB30BAHHE B KAdeCTBE KaTajlu3aTopa, B
peakuuu JekapOoxcuimpoBaHus 2-4- JIOVK, MHMHEpalpHBIX KHCIOT JIO HACTOSIIETO
BpeMeHH He ObUI0 M3BECTHO. BBHAY 5TOro HaMH HalifieHHl yCJOBHS KHCIOTHOTO KaTajad3a
AeKapOOKCHINPOBAHMA 2-,4- JUHATPOGCHHUIYKCYCHOM KHCIOTHI, IIPH HCIONB30BAHHH B
KaueCTBe KaTajJu3aTopa colstHoM kucnotsl. Ilpu mposenennn peaximuu u3 JOYK namu 6b11

BBIZIENEH 2-,4- nquHUTpOoTONYyOol 1 ¢ BRIXOZOM 70%.

0

MO‘-ICBI/IHLI, B TOM YHCJIIC H CHMMETPUYHBIC, ABJIAIOTCA IIHMPOKO HM3BECTHHIM KJIaCCOM

)
OMOJIOTHYECKH aKTHBHBIX COCIHHCHHUH .
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B nnfepaType ONMHCaHO KapOOHWIHpOBaHHe aMHHOB cBoGomHEIM CO;, ¢
obpazoBaHuEM V_COOTBe;I‘CTB}’IOIIII/IX CUMMETPHYHBIX MOYEBHH . Peakuus NpPOTEKAeT MpPH
HCIIONB30BAaHMM B KayecTBe KaTalH3aTopa: NHPHAHHA, IIHHHKHOFCKCHHKaPGOIIHHMﬁIIa 7§
nudermwidocdura. OCHOBHIBAIChH HA 3TOM, MBI MPEATIONOXKHAIH, YTO TOHOPOM YTJIEKHCIIOTO
rasa B 3TOH peakLHH MOTYT SBJIATHCI Jle‘rKo'nexap6oxcnnnpy10mnecx COEIUHEHHUS, TaKUe KaK
2-,4- muHATPOodEHIITYKCYCHAsA KHCIIOTA.

B kayecTBe aMMHHOH KOMIOHEHTH HaMH ObUI BBIOpaH 7-METIWITPHIITAMHH BBHJY €rO
OCHOBHOCTH M anunodoOHocTH. Hamu HaiileHB! YCIIOBHS, B KOTOPBIX IPOHCXOMMT oOpa3oBaHue
NN - 6uc[2-(7-metun-1 H-ue0mn-3-1un)3Ti1 |MO4eBHHBT HAa OCHOBE  7-METHITPUIITAMMHA,
2-,4- nMEUTPOQEHIIYKCYCHOM KHCIOTHI H THApoxiopuaa 1-9Twin-3-(3-1uMeTnIaMHUHONPOIIHT)-
KapboiuuMuaa. ‘

[Ipu npoBeieHHH PeaKUHH BHIXOA COeNHHEHNS 2 cocTaBui 63%.

O
0 o
. N+
NH \ -
2 o
o o 4
HCI =
; et ap e
N N
\ !
H H

2

MexaHu3M peakiuH, MO-BHIMMOMY, BKIIodaeT obpasoparue N-[2-(7-merwn-1H-unpon-
3-un)ami] KapOaMHMHOBOM KHCINOTHI C TOCIEAYIOILEH JWTHApaTalliell B COOTBETCTBYIOLIMH
H30LIMAHAT, KOTOpHI, B CBOKO oOuepenp, obpasoBemaer N,N' - 6uc[2-(7-mermn-1H-unpon-3-
WI)3TWI|MOYEBUHY 2 CO BTOPOH MOJIEKYIIOH aMHHa.

TaxuMm 06pa3oM HaMmH OCYIIECTBIIEHB! paHee HE OINHCAHHBIC B JIMTEPATYPE PEaKUHH
néKap60KcnanOBaHm HNOJMHHATPOKAPOOHOBBIX KMCJIOT IpH KHCIOTHOM KaTalHuie, H
obpaszosanus N,N' - 6uc[2-(7-metun-1H-uH101-3-HI1)3THI|MOYECBUHE] 2 TIPH HCIIOJIB30BAaHHU
B Ka4eCTBe 'TOHOpa' YIIEKHCIIOTo ras3a 2,4-THHUTPOPEHUIYKCYCHOH KHCIOTHI B TPHCYTCTBHU
rugpoxaopuaa 1-atun-3-(3-quMernnaMuHonponui)-kapboaunMuna. CTpoeHHe MONYYEHHBIX
COCIHHEHUH NONTBEpXKAEHO HaHHbMH SIMP 1H, MacC—CIEKTPOMETPUH H 3JIEMEHTHOIO

aHaJIn3a.

Cuncok JdTepaTyphl: _

1. EJO. Opnoa, XuMHA U TEXHOJIOTHS OPU3aHTHEIX B3pHIBUATHIX BEILECTB, XUMus, 1973.
2:Von A. Kleemann, J. Engel, Pharmazeutische Wirkstoffe, NewYork, 1982, 1039.

3. Yamazaki, Higashi, Iguchi .Tetrahedron Lett., 1974, 1191.
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OCOBEHHOCTH NPEBPAIEHMS DTAHA HA
XPOMPOCPATHBIX KATAJIN3ATOPAX

bapen6jar U.A., I'ony6 H.IL., Fomonaii B.W., I'omonaii I1.B., Cexepem K.1O.

Varczopoockuii nayuonanvuwiii ynusepcumem, Yxpauna
E-mail: homonaj@univ.uzhgorod.ua

Pa3paboTKa CeneKTHBHBIX U aKTHBHBIX KAaTAIM3aTOPOB UL npeﬁpameHm IPHPOAHOTO
Ta3a B albJETH/BL, CIIUPTHI M APYTHE HEHHbIE XUMHUYECKHE BEUIECTBA NIPEACTABIIET GONBIION
IIPaKTHYECKUH M TeopeTnuyeckuil uHTepec. B nanHON paGote Gvu1 cumTesmporan CrPO, u
U3Y4YeH B KAYE€CTBE KaTaaM3aTopa B peakIlMy OKHMCIIECHUS TaHa,

O6pasupl rOTOBHIINCH U3 HHUTpaTa XpoMa IyTeM OCaXIEHHS PacTBOPOM aMMHAKa B
BUJC THApOKcHAa. Ilocne OTMBIBKH THAPOKCHAA OT HOHOB NO; u NHj, ocamok Opun

06paboTal KOHIIEHTPHPOBAHHOM 0pTo(hoCHOPHOMN KHCIOTOMH ¢ IOMyIeHHEM docdara xpoma.
CrPO, BbICymHBaJICs, TepMUYECKH 06padaTHBANICS npu 873 K B Tedenun 6 u U M3ydacs c
IOMOLIBIO  pa3lMYHBIX  METOJOB  HCCIEAOBAHHUS (pertreno-dasoBoro,  TepMo-
TPaBAMETPAYECKOro, MK-CIeKTpanbHOro, XMMHYECKOTO METOJOB aHaM3a). I/Ia)ﬁlanocs
TaKXe pacipeeleHHe KUCIOTHBIX LIEHTPOB TOBEPXHOCTH II0 CHIIE.

Katanuruyeckue CBOCTBA H3YYaIHCh B PEAKTOpPE C HETIOJBIDKHHBIM CIIOEM, 4 TAKKE B
HMITyIbCHOM peakTope (3TaH NOAABANCS HMIyIbcamd 10 1 oM’ ) C HCIIOIB30BaHHEM
xpomarorpadudeckoro amammsa. IIpefBapHTeNsHO KaTaNA3aTOp MOJBEPTaNCs OKHCICHHIO
TIOTOKOM KHCJIOPOJA B TeNIMM Ha IIPOTHKeHUH 3 gacoB mipu 773 K. -

OCHOBHBIMH TNIPOTYKTaMH peaki#u B obnacTd Temmeparyp 650 - 830 K 6puin
STHIIOBBIA CITUPT, YKCyCHas Kucnota, 3TwieH, CO u CO;. CaMplii BBICOKHIH BBIXOJ] STHIIOBOIO
coupra ObUT JOCTHTHYT mpH 773 K, BpeMs KOHTakTHpoBaHHS = 1,5 ¢ M COOTHONICHHH
KOHUEHTpanuu UCXOAHBIX BemecTB O2:CoHg = 1:1. CeneKTHBHOCTD 110 NIPOAYKTAM TaKOBa:
atuieHy - 14,0%, merany - 4,6%, CO - 7,5%, CO; - 2,6%, a xunxas dasa comepxana 94%
3THJIOBOrO CHHPTa (B IEpEeCYeTe HAa IIPOPEATHPOBABIIMA 3TaH BBIXOA COCTABIIT ~5%).
YkcycHas KuCOTa Oblma OOHapyKeHa TONBKO B TeX OSKCIIEDHMEHTAX, KOFAa KOHBEPCHS
KHcJIopoAa mpessinanaina 10%. N

Yicrione3ys HecTAMOHAPHBIH METOX IPOBENEHHS PEeaKUMH (MMIYJIbCHBIA peaKTop),

YAQIOCh IIOJTYYUTh JaHHEIC, OTKphIBAIOIIHE HEKOTOPEBIC 0COOECHHOCTH MEXaHH3MA.
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/ NN

A/C2H4 .\::::::::‘;::;?32.>O—A

0 2 4 6 8 10 12 14 16 18
N umnynsca

Puc. 1. Xoa kMHETHUECKHX KPHBBIX NIPEBPaIleHUd 3TaHa B 3aBUCUMOCTH OT HOMepa HMITyJIbCa Ha
okucneHHoii nosepxHoctu CrPO, npu 773 K

Kax cnexyer uz puc.l, okcunwl yriepoma CO u CO, oOpasyrommecs B IEPBBIX
HUMITYJIECAaX, BEPOSATHEE BCEr0 SABISIOTCA MPOMYKTAaMH B3aUMOAEHCTBHS 3TaHa ¢ Hamboiee
aKkTHBHOH (opmoit kuciopoma (Beposteo O), amcop6HpoBaHHOH Ha HOBEPXHOCTH
katanu3aropa. Ilocne CBA3BIBaHHMA 3TOI0 KHCIOpPOAa IIEPBBIMH HMIIYJIbCAMH 3TaHa,
OCHOBHBIMH TNponykTamu peakuuu craHoBsatca C;HsOH u CHy (B 3-M 1 4-0M uMITyJibcax).

MoxHO NpennoaoXKUTh, YTO B MOCIEAYIOINUX HMITYJIbCaX 3TaH B3aUMOMACHUCTBYET C
MeHee aKTHBHOH ¢opMoii kucinopona (Bepostao O).

BepostHee Bcero, UMEeHHO 3Ta (¢opMa KHCIOpOAa CIIOCOOCTBYET CeIEKTHBHOMY

OKHCJICHHIO 3TaHa B 3THJIOBBIH CITHPT.
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KATAJIMTHYECKOE I' EHEPHPOBAHUE AJKHWJIT'HHOXJIOPUTOB
U3 CCly 1 CITMPTOB IO JEMCTBHEM KOMIIIEKCOBMo UV U
HOCIEAYIOMEE OKHUCJIEHUE AJIKAHOB C UX YUACTUEM

P.1O. Bypanrysosa, }0.10. JIaBpentbesa, P.H. XycuyTannos,
H.A. MagueBa, Y.M. T:xemnieB

Hucmumym negpmexumuu u kamanuzsa AH PE u YHI] PAH,
450075 Ypa, npocn. Oxmabps, 141, Poccus @axc: (3472) 312750
E-mail: ink@anrb.ru

OcCyIecTBICHO OKHMCIEHHE AaNKaHOB, LHKIOATKAHOB H  AJKHIAPOMATHYECKHX
COeMHEHUH ¢ noMOmpo ankunrunoxiaoputoB (ROCI), renepupyemeix in situ uz CCly u
ciuptoB (ROH) mon aeficTBreM KOMIIIEKCOB MOMOeHa 1 BaHaaus: Mo(CO)s u VO(acac);.

Pesynbrar peakuuu oxucneHHs 3aBHCHT OT mpupoas! cmupra (ROH), mcxopmsoro
ankana, koHueHtpanud CCly u ROH, a Taxxe or ycnosumit. Tak, B -clOydae rekcana,
[MKJIOI€KCaHa OCHOBHBIMH HPOJYKTAMH PEAKIUU ABIAIOTCA — FeKCAHOH-2 ¥ [IMKIOTeKCAHOH;
9TUIOEH301 TIAIKO OKHCIeTcs 1o anerodpeHona. OKHCIEHHE ToNyona IPOXOAUT 6olee
ray6oko M IPUBOAMT K OOpasoBaHMIO GEH30MHON KHCIOTHI, KOTOpas TepupUIUpYeTCS
M30BITKOM CITUPTA, B YACTHOCTH METAHOJA, HCIONB30BAHHUE KOTOPOTo sBJAeTCS HauboJjee

IPEAIIOYTUTENLHEIM BCIIEJICTBUE BEICOKOH CKOpPOCTH OKHCIICHHUA MeOH B MCTHRITHUIIOXIIOPHT.

W»W

140 °C, 3 4, 86 % °
[Mo] O 0
ROH + CCl, - O?
' [VI | 170°C, 104 50%

R= CH3’ CZHS szs
[Mo] = Mo(CO), @ COCH,
[V]=VO(acac), -

170-180°C, 36 u,

85-92 % -

CH,

.

170°C, 8 4, 60 %
[Mo] :[CCL] : [ROH] : [RH] = 1: 500 : 500 : 200-300

B monmumetunOeH3omax He3aBUCHMO OT KOJHYECTBA 3aMECTUTENEH OKUCISIETCA JIMIIb OJHAa

CH; - rpyhna.

185



PP-11

CHHTE3, MOJAUGHITUPOBAHUE, ®U3UKO- XUMHMUYECKHE N
KATAJIMTHYECKHUE CBOMCTBA
BBICOKOKPEMHE3EMHOI'O IIEOJIUTA

Beauuxkuna JI.M,

Hucmumym xumuu negpmu CO PAH, Tomcxk, Poccus
E-mail: dmps@jipc.tsc.ru

Baxsoit o0nacTei0 HayJHBIX | HCCIE/IOBaHMI SBISETCS MOHCK KaTaJn3aTopoB
CENIEKTUBHOI'O NPEBPAaINEHUs Pa3IMYHBIX YITIEBOJOPOAHEIX cMeceil B TOBapHBIE MPOAYKTHL C
3TOM WIENBIO B TaOOPaTOPHBIX YCIOBHAX OBLIH CHHTE3HPOBAHH! BEICOKOKpeMHeseMubie (BKI)
IICONUTHl THNA TEHTacHI C HCIOb30BAHUEM B KAUecIBE CTPYKTYPOOOPA3yIOMIMX X0GABOK
reKcaMeTHIeHinaMuHa, OukapboHaTa aMMoHHMS U 6e3 opraHudeckoit mobGaBku. Meronamu
P®A u UKC ycraHOBIE€HA CTPYKTypa MOJYYCHHBIX LEOJHUTOB M WX NPUHAIEKHOCTH K
ZSM-5. Ha ocrose BKL] nomydens! neomitcopepxamue katanusarops (LICK), coaepxainue
B CBOEM COCTaBE DIIEMEHTHI Pa3INYHbIX METAIUIOB: JXE€NE30, IIATHHA, ITHHK, HUKEIb. JKees3o
(III) 6bUl0 BBEJACHO B KapKac IIEOJIMTa Ha CTajuM THAPOTEPMAIBLHOIO CHHTE3a B BHIE
BOJOPACTBOPUMBIX COJIEH, a ynbTpaaMcnepcHble mopomku (Y II1) muaTHHEI, HUHKA U HEKENS
— NyTeM CyXOro MEXaHW4ecKoro cmemenus. Kpome xumudeckoro MoauQHIMpoBaHHS
NPUMEHSIIMCE  TpeiBapuTenbhble  00paboTku LICK: MexaHoxXuMudecKkas aKTHBalUs B
MENBHHIAX pa3IM4YHOIO THIA, TepMmomnapoBas oO0paboTka u o00e 3TH 00paboOTKH B
COBOKYIHOCTH. KHCIOTHBIE CBOICTBA LEONMTHBIX OOpasloOB ONpPEHEISUTHCh METOIOM
TEMIIEPATYPHO-IIPOrPaMMHPOBAHHON JAecopOLul amMmuaka. KaTaiMTHYeCKyi0 axTHBHOCTH
00pa3noB ONpPEAEIIN B NpoLECce 00IaropaKuBaHus NPSIMOTOHHON OEH3MHOBOM (paKIuu
cbopHoii 3anagHo-Cubupckoit HedTH.

Tloka3ano, uyro mpeaBapuTenbHbIE 00pa0OTKH H BBEAEHHE JKejle3a Ha CTaiud
T'HPOTEPMANIbHOIO CHHTE3a BEXYT K YMCHBIIECHMIO CTEHNCHH KPUCTAUTHYHOCTH, YAEILHOM
nopepxHocTH M kHucnotHocT IICK. Ha Takux oO0pa3siax oTMEYaercs CHH)KEHHE
apOMaTU3UPYIOIIECH H yBEIMYCHHE H30MEPH3YIOIEH AKTHBHOCTH B PEaKI[HH NPEBPAINECHHUS
IIPAMOTOHHOT0 O€H3HHa, YBEIMYHBAETCS BBIXO] LEICBOr0 MPOIYKTA.

Ilpu nobGasnennu Y/III MeTANIOB NPOMCXOAHT IE€pEpacHpefelieHHe KHCIOTHBIX
LHEHTPOB IO CHIIC M KOHUCHTPAIMH, a TaKxke o0pa3yloTcs HOBBIE KHCJIOTHBIE IEHTPBI C
Oonpuieli SHEprued yJAepXUBaHMA daMMHaka. VI3MEHEHHE KHCIOTHBIX XapaKTepHCTHK
CKa3bIBAC€TCA Ha KATAIMTHYECKMX CBOMCTBaX 00pasloB: B COCTaBe HPOAYKTOB pEakuH
BO3pACTaeT JONA aPOMATHYCCKHMX YINCBOAOPONOB, YBENMYHBAIOTCS OKTAHOBHIE YMCIIA

nonyqaemmx OCH3UHOB.

ABTOpy NpUATHO BLIpaSHTL CBOIO 6HaI‘OIIapHOCTL (DOHIIy COJIEHCTBHUA OTEUECTBEHHOH HayKe.
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HMCCJIEJOBAHUE MACCOOBMEHA HA ILTATHHOBBIX CETKAX
‘B PEAKHUSIX OKHCJIEHHS BOJOPOJA M AMMHAKA

Bocrpukop 3.10., Cyropmuna E.®@., Kyssmun B.A.

Hucmumym xamanusa um. I' K. Bopeckosa, np. ax. Jlaspenmuesa 5,
Hosocubupck, 630090, Poccus
E-mail: ICR@catalysis.nsk

TxaHble MIATHHOUIHBIE CETKH JOJITOE BPEMS MCIONb30BAUCH B IPOMBIIIEHHOCTH B
Ka4yeCTBE KaTalM3aToOpOB OKHMCICHHS aMMuaka. OMHAKO B HACTOSINHI MOMEHT BCe GoJIbiice
PpacrpoCTpaHeHHUE TONyYAl0T BA3aHbIC CCTKH, TaK KaK OHH [0 OCHOBHBIM 9KCILTyaTalMOHHBIM
TIOKa3aTeaM TIPEBOCXOJAT TKaHbIe: MCHbIIEE BIIOXEHHE H 6€3BO3BpaTHbIE IIOTEPH ILIATHHEL,
Gosee paBHOMEPHEBIH H3HOC CETOK MO BHICOTE IAKETA. 3ajaueil JaHHOM paboTH SBHIIOCH
CpaBHeHHe KO3(Q@HIMEHTOB MaccomepeHoca W TeMIlepaTyphl pa3orpeBa IUIATHHOBOM HHTH
JUIA BA3AHBIX M TKAHBIX CETOK B JAHHBIX PeaKiMsX OKHCIEHHS aMMHaKa H BOXOPO/Ia.

OKCIICPHMEHTBI N0 OKHCIEHHIO BOJOPOJA OCYUIECTBISTH B KBapLEBOM peakTope
AnameTpoM 9 u 20 MM TIpH aTMOCEPHOM [aBleHHH U Temreparype 350-1000°C. Ckopoctb
razoBoOro moroka cocrasisia 0,7-5 M/c, KOHNEHTpalyst BOAOPOJAA B HCXOAHOH cMecH — 1-7%.
KoHnenTpainuro npoaykToB peakitiy ONpeaersuid XpoMaTorpaduaecku. Peakimio oxucenus
aMMHAaKa ITPOBOJMIIM B KBAPLIEBOM PEAKTOPE AMAMETPOM 26 MM IIpH aTMOCHEPHOM [aBICHUH
u Temneparype 750-950°C. CkopocTs razoBoro notoka cocrasmsuia 0.2-1 m/c, KOHIICHTPAITHIO
aMMHaKa B HCXOJHOH cMecu BapbupoBand ot 1 no 9%. Jing ompenenenus KoHNEHTpanuii
NH; 1 NO ucnone3oBaH cekTpoOTOMETPHYECKHIA METO] aHATTH3A.

B pabote onpenenensl xoaddHuiMeHTs! Macconeperoca BoAopoAa M aMMUAKa Ui
pasnH4HbIX ceToK. [lokazaHo, 4To ko3 dHIHEeHT MacconepeHoca NPaKTHIECKH HE 3aBUCHT OT
THna ceTkd. OOHapyXeHO, 9T0 IIpH KOHICHTpallM¥ aMMuaka MeHblie 3% pabora
IUIATHHOUJHOH CETKM HE ONHMCBHIBACTCS BHENIHEAUGD(Y3HOHHBIM PEXHMOM. Hosy4ennsie
AaHHBIE COMOCTaBICHBI C JIMTEPAaTypHBIMH [l], 1OKa3aHO COOTBETCTBHE MEXAY
IKCICPUMCHTANLHEIMH JAHHBIMH [0 CTCIICHH NpPEBPAlIcHAs aMMHMaka H BOJOpOJa H
TEOPETHYCCKUMH, TOTYYCHHBIMH C HCTIOMB30BAHHEM ypaBHEeHUH 1n¢¢y3HOHHOM KHHETHUKH.

Onpenenena TEMIIepaTypa IUIATHHOBOH NPOBOJOKH BO BHEIMHEAH(P(HY3HOHHOM.
pexume pabotel. Ilokasamo xopomiee COBIAJeHHE OJKCHEPAMEHTANBHBIX JAaHHBIX C

PacCUMTAHHBIMH 3HAYCHUSMH TEMIIEpPATYp, MOAYyYEHHBIX C YydeToM uHciaa JIpiouca,

TepMoaudysun u u3nydenus [2]

1. Anensbaym JL., Temxun MU, XK. pus. xum. 1948, T.22, C.179.
2. byben 1.51. CoopauK paboT o ¢pu3uyeckoit xumuu, M.: U3n-so AH CCCP, 1947, C.148.
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THE STUDY OF HYDROGENOLYSIS OF POLYCHLORINATED
ORGANIC COMPOUNDS BY THE MODIFIED Pd SUPPORTED
CATALYSTS

A.G. Gentsler, E.S. Tayban, L.V. Stoyanova, V.I. Simagina

Boreskov Institute of Catalysis SB RAS, pr. acad. Lavrentieva, 5, 630090, Novosibirsk, Russia
E-mail: annagesib@online.nsk.su

Halogenated organic compounds have been used on a large scale in the chemical,
petrochemical and electronic industries. The disposal of ‘organic wastes containing halogen
has become a major environmental problem, because most of them are toxic and thermally
stable, accumulate in surroundings for the long periods of time. Catalytic
hydrodehalogenation, also called hydrogenolysis, with heterogeneous catalysts is recognized
as a facile and efficient procedure.

However, the practical application of catalysts to the dehalogenation of organic halides
is always accompénied by the problem of the deactivation of the catalysts. The inhibitory
effect of hydrogen halides on hydrogenolytic processes has been ascribed to their adsorpﬁon
on the catalyst surface and consequent blocking of its active sites. The addition of a second
metal in the catalysts, supports modification or a change of an active components dispersion

. can lead to increase stability and activity and change catalytic properties.
~Thus, the goal of this research work is the development and receiving of
nanodispersed bimetallic supported catalysts, which has high activity, stability and selectivity
in the reaction of hydrogenolysis halogenated organic compounds in gas and liquid phases.

The reaction products were analyzed by gas chromatography and IR - Fourier
spectroscopy. Catalysts were studied by small angle X-ray scattering, transmission electron
microscopy and X-ray analysis. |

' Nanodispérsed bimetallic supported palladium-based catalysts, which contain Pd with
Pt, Fe, N1 or Co were prepared by application of metals from their solution with following
low-temperature reduction by NanL. We used a carbonaceous matérial, called “Sibunit”, as

the support. ,

Stability of the catalysts was investigated in the reactions of the gas phase
hydrodechlorination of carbon tetrachldride at 250°C. It was shown, that chloroform, methane
and his homologues C; — Cs, ethylene and propylene were obtained in this reaction. It was

determined, that catalysts 1% PdsoPtso/C and 1% Pd20Coso/C extended percentage of C; — Cs
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hydrocarbons in reaction mixture. The row of stability of the catalysts in this reaction were
represented: 1% PdgoPt;o/C > 1% PdsoPtso/C > 1% PdygCogo/C > 1% Pd/C.

Activity of the catalysts was investigétéd in the reactions of the liquid phase
hydrodechlorination of chlorobenzene and hexaclorobenzene at 55°C, hydrogen pressure | atm
and magnitude relation metal/bond C-C1 = 1/1000 for Pd — Pt catalysts and 1/100 for Pd — Co and
Pd — Fe catalysts. This reactions were carried out in the presence of (CH3)4NC! and 50%
solution KOH. As the solvent we used mixture of toluene and isopropyl alcohol. It was
shown, that in the presence of Pd — Pt catalysts reactions proceeded to full conversion of
chlorobenzene and hexaclorobeniene to benzene. The row of stability of the catalysts in these
reactions were represented: 1% PdggPt;o/C > 1% PdgoPts/C >> 1% Pd/C > 1% PdsoCoso/C >
1%PdyoFesgo/C.

189



PP-14

OCOBEHHOCTH HACIIOJIb30BAHMS OKCUAHOI'O bJIOYHOI'O
KATAJM3ATOPA PET'YJISIPHOU (COTOBOH) CTPYKTYPhI B
o INPOHECCE OKMCJIEHUA AMMMAKA

Tonopus E.B., Teasrrankxosa T.B.

000 «AJIBUT'O-M», Mockesa
E-mail: catalin@online.ru

B  mpomecce  KaTaIMTHYECKOTO  OKHCJICHHMS  aMMHaKa  KUCIOPOAOM  HIH
KHCIOPOACOAEPKAIMMMH Ta3aMH [pPOTEKacT OONBIIOE KONMYECTBO peakuuid  Kak
[OCTICIOBATENbHO, TaK H TapalIeNibHO, YacTh H3 KOTOPBIX MOXKET MJATH TOJBKO Ha
IIOBEPXHOCTH KAaTAIK3aTOpa, YacTh — Ha [IOBEPXHOCTH M B CBOOOJHOM 00BeME KaTanu3aropa,
a TaKKe BO3MOYKHO OJHOBPEMEHHOE IIPOTEKAaHKE BBIINECYKa3aHHBIX THUIIOB PEaKIIHii.

Ilpy MCIOIB30BaHUM B KA4YECTBE KaTAIH3aTOpa INATHHOUIHBIX CETOK M OKCHIHOTO
KaTalu3aTopa B BUjie TaONETOK MM IPaHy B COCTaBe JBYXCTYIIEHUATOH CHCTEMBI BOIIPOC O
MeCTe€ MPOTEKaHMA TOH HIM MHOH pEaKkiMM He HMMEET DEHIAIOHIEro 3HAYCHHs H3-3a
HEe6OIBIINX CBOOOAHBIX 0OBEMOB CETKH U KaTAIUTHIECKOH CHCTEMBI B niesioM. C mepexoioM
Ha HCIONB30BAaHHE B KayecTBE BTOPOM CTYNEHH OKCHIHOTO KaTanM3aTopa PperyispHoi
CTPYKTYPHI 9TOT BOIIPOC CTAHOBHTCSA 0oJiee aKTyalbHBIM B CBSI3H C H3MEHCHHEM IHHAMHKH
mpolecca — IepepaclpeieiieHHeM Ta30BOro IOTOKA, YBEIHYEHHEM CBOOOJHOro oOmeMa
KaTaTUTUYECKOH CHCTEMBI.

C 1enpio BBISCHEHHUS 0COOEHHOCTEH KaTaIHTHYECKOro okuciieHus NH; Ha okcHaHOM
KaTanM3aTope PeryyisipHoi (COTOBOM) CTPYKTYpHl B J1aOOpaTOPHBIX YCIOBHUSAX Ha YCTAHOBKE
IPOTOYHOIO THOA C NPAMCHEHHEM OOLIENPHUHATHIX METOJOB aHanu3a (ONpEe/CIICHHE
cozepxanuss NOX 00BeMHO-BECOBBIM METOJIOM IIpH NOMOIIH [IapoB ['aisgpa M IIpOCKOKa
aMMHaka 10 Meroxy Kwemphami) ObUIM  NPOBENEHBI  HCCIENOBAHHSA  PA3IHYHBIX
KAaTAJIATHYECKUX CHCTEM. B KayecTBe OKCHIHOrO KaTaaH3aTopa HCIOJIb30BAIUCH O0pasIIbi
coroBoro karammsaropa tHna UK-42-1 Ha ocHoBe Fe;O3 ¢ pasMepoM €IMHUYHON SYEHKH
5%x5 MM ¥ TOJMIHHOH cTeHKH & = 2 MM. B nabopaTopHyro yCTaHOBKY 3arpy:KaJluch
¢ parMeHTHI 6JI0Ka ¢ COXPAaHCHUEM €IMHHYHON SUCHKH.

AnaJi3 MOMYyYECHHBIX JaHHBIX TO3BOJIAET C/AENATh CICIYIOIMH BBIBOJ!

CymiecTByeT ONTHMalbHAasd BEIMYMHA KOHIEHTpallUH aMMHaka, IOCTYIAIOLIEro Ha
OKCH/IHBIH KaTaJIM3aTOp IOCIE MEpBOi CTYNEeHH, U3MEHEHHE KOTOPOH BEIET K CHHXKEHHIO
BeixoZia NO Ha HEIJIaTHHOBOM Karaiu3arope JHOO 3a C4eT HeJOCTaTKa OTHOCHTEIBHOIO
BPEMEHH KOHTaKTa (OPH MaJoM COJIepKaHMH aMMHaKa B Ta30BOH cMecH), IHOO 3a cder
T0O0YHOH peaKIiuu:

4 NH; + 6 NO = 5N, + 6 H;0O

B CJIy4dac IIOBBIMCHUA KOHIICHTpAallu K NH3 CBEPX ONITHMAIBHOM.

Taxum o6pa30M, NPOBCJCHHBIE HCCJIEAOBAHUS [JalOT BO3MOXHOCTL OIIPCACIHTH
ONTHMAJIBHEI COCTaB I[BYXCTYHCH‘{aTOﬁ CHCTCMBI [JId IIPOMBINUICHHBIX arperaToB B
IIPOU3BOACTBAX a30THOH KUCJIOTHI.

190



PP-15

KATAJATHYECKOE IIPEBPAIIIEHUE YTAHA HA CJIOKHBIX
KOBAJUBTCOJAEPKAIIUX CHCTEMAX

I'ony6 H.IL., bapen6aar H.A., I'omonaii B.]., 'omonaii I1.B., Cexepem K.JO.

Vorwczopoockuil nayuonanvnwiil ynusepcumem, Yoczopoo, Yxpauna
E-mail: homonaj@univ.uzhgorod.ua

Co3naHne aKTUBHBIX KaTaIUTHYECKHX CHCTEM C 3apaHee 3aJaHHBEIMH XHMHYECKHUM: M
$a30BbIM COCTaBOM, a TAaKKE C BBICOKOH CENEKTHBHOCTBIO MO OTHOIIEHHMIO K IPOXYKTaM
MapIUATGHOTO OKHCIICHHS, SBISETCS aKTyalbHOH mpobnemoil. Llenpro manHO# paGoTel 6bUIO
CHHTE3HPOBATh M H3YUHTh (H3NUKO-XUMHYECKHE H KATAIMTHYECKHE CBOMCTBA CIIONHBIX
KaTaJIM3aTopoB Ha ocHOBe (hocara MarHus U Pocdara kobansTa B peakilui OKHUCICHHS 3TaHa.

Crnoxnple MarauiikobansTdochaTHrle CHCTEMBI MOTYYAIH METOJOM COOCAXKICHHS U3
COOTBETCTBYIOIIAX HHUTpaTHBIX coled [1]. OTMBITHIE M BHICYyHMI€HHBIE TIPHM KOMHATHOH
TEMIIEpaType Ha BO3JyXe 00pasubl MOABEPragM TepMooOpaboTKe IIPH TeMIEpaTypax
373-973 K ¢ nenbio ycTaHOBICHHUS HX TEPMHUICCKOM H XMMHYECKOH YCTOMIMBOCTH.

Bbriu CHHTE3HPOBAHBI COCIUHECHUA CoMg(POy),, Co2,3Mgj 7(PO,),,
Co2,sMgo 5(PO4)2, Co2,7Mgo3(PO4)2, Co3(POs)z, dH3HUKO-XUMHYECKHE CBOMCTBA KOTOPHIX
u3ydand c¢ ucnons3oBanueM P®DA, JTA, HK-cmexTpockomum, a Takke ¢ IOMOIIBIO
XHMMHYECKHX MeETONI0oB aHanu3a. Kpome 3Toro, ompemensna BenW4HMHY —YIAENBbHOM
TIOBEPXHOCTH, OCHOBHOCTh H KHCIOTHOCTh IIOBEPXHOCTH M pacIpejelicHHE aKTHBHBIX
uefn‘poa IIPH COOTBETCTBYIOLIUX TeMIIEpaTypax TepMooOpabOTKH.

Karamuriueckue cBoiicTBa KaTalu3aTOpOB HCCIEIOBAIH B PEAKIHH OKHCICHHS 3TaH;1- '
Ha TPOTOYHOH YCTAHOBKE, JMOIOJIHCHHOH OXJIXIAIOWMUM ycTpoiicTBoM [2]. Pasmep rpanyn
KaTalM3aTopa cocTaBil 1-3 MM. AHaIH3 HCXOJHBIX ra30BBIX CMeCEH M MPOIYKTOB PEaKI(HK
OCYINECTBIAUIM MApalIeIbHO XpoMaTorpaduyuecKHM M XHMHYECKHMHM METOJaMH. BiHsHHe
TeMIIepaTyphl Ha KUHETHKY npespaiuenus C,He uccnenopamu B uatepaie 623-823 K. Bpems
KOHTAaKTHpOBaHUA H3MEcHUIM B mpeaenax 0,3-2,25 c¢. CoctaB mcxonmoil rasoBoif cMecH
coctasisn 20 % stana u 80 % Bozayxa ([C.Hg] : [O,] = 1:1).

OKCNepUMEHTATBHBIE TaHHEIE CBUAETENBCTBYIOT O TOM, YTO HPOJYKTAMH OKHMCIICHHS
3TaHa Ha IOJy4YeHHBIX ¢ocdarax ABIAIOTCA ITHIEH, MOHO- H I[I/IO;(CI/IILBI yrnepoma. OnHako
COCTaB KaTaju3aropa CYINECTBEHHO BinusgeT Ha HHX. @Docdar MarHus, KOTOpPbIi
XapaKTepu3yeTcs OCHOBHBIMH CBOHCTBaMHM, HampapiseT IIpOLECC MNpeBpalleHus 3TaHa
npeumymectseHHO B CO,, a BBIXOABI NPOAYKTOB HemomHoro okucienus (C;H; u CO) B

JIAaHHOM CITy4ae 3Ha4YHTE/IbHO MeHbINE. BBeaeHue B cocraB MarHuiidochaTHOro Karain3aropa
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OIIPCACIICHHBIX KOJIHUYCCTB (bOC(baTa kobanpTa CHOCO6CTByeT H3MCHCHHIO IIpUPOABL
aKTUBHBIX HNOBCPXHOCTHBIX HLECHTPOB B CJIOKHBIX CHCTCMaX. [locTenennoe YBCIHUHCHUC

COACpIKaHUA KoOambTa B o6pa3uax H3MCHACT HAOPaBJICHHC KAaTAJIMTHYCCKOI'O IIpoIecca

IPEUMYTIECTBEHHO B CTOPOHY L
00pa30oBaHHs 3TUJICHA, KOHIEHTPaIHsi §12

KoToporo Bo3pactaet ot 2 10 12 06. % g

(pmc. 1.). 3HaumTensHO MCEHbILCE % 8l

BIHSHHE coOJcpKaHwe Kobaibra B §

Karanu3aTope  OKasplBaeT  HA 4r

" o6pasoBanme CO: KOHIEHTpALHs €ro co,

Bo3pactaeT oT 2 mo 4% 06. O6parnas "2 20 50 80 100

Copaepxanue kobanbTa, %(mac)

KapTHHA HA0IIONAcTCs 0 OTHOMICHHIO "Pyc.1. 3aBUCUMOCTb KOHLEHTPALMM NPOAYKTOB OKUCTIEHNS
 aTaHa oT MaccoBoM gonu kobanbTa B kKaTanusarope

'k obpasopanmio CO,: ¢ yBénMueHHEM
(T=673K; [C,H,:0,]=1).

coIepKaHHs KoOalbTa B KaTaIH3aTOpe
npeBpanieaue staHa B CO; CHIOKAeTCs npaktayeckd 10 Hyns (Ha Coy7Mgos3(POs), u
C03(PO4)2 karanmusaropax CO, o5pasyeTcsa B CIEIOBBIX KOJIHYECTBAX ).

KaTa/uTiYecKas akTUBHOCTS KOGAIBTCOAEPXKAIIAX KATANMH3aTOPOB 10 OTHOMICHHIO K

’66pa303aHmo C,H, 1 CO yMeHBHIAETCA B CIEAYIOMEN MOCTEI0BATENEHOCTH:
Co3(P0O4)2>C02.7Mgp 3(PO4)2 >C02.5Mg0.5(PO4)2 >Co23Mgo 7(PO4)2 >C0orMg(POy),.

“Tako¥ XOJ H3MEHEHHS KaTAIMTHYCCKOH AKTHBHOCTH MOXXHO OOBSCHHTH 34 CUET
BO3pacTaHug o0mieit KMCIOTHOCTH MOBEPXHOCTH 110 MEPE YBEIMUYEHUS COAEPKAHUL KOOATBTA.
" KHCIIOTHOCTB IIOBEPXHOCTH 00pPa3IoB BO3PAacTaeT CHMOATHO ¢ AKTHBHOCTHIO, B Ha C03(POy),,
KOTOPBI UMEET MaKCUMATBHYIO KHCIOTHOCT moBepxHOCTH (0,23 Mmonv/2) B naHHOH cepun
KaTaIu3aToOpOB, MOXXHO moy4ars 12,4 06.% stuneHa. '

U3 HONyYeHHBIX MaHHBIX CIEAYET, YTO MarHUUKOOATbTGocdaTHBIC KATATH3aTOPHI
MOTYT OBITH 3 EKTHBHO HCTIONB30BAHBI B XHMHYECKOH IPOMBIIUIEHHOCTH, B YACTHOCTH, JUis
TOJIy4eHHs CHHTETHIECKUX GEH3HHOB ﬁyTéM IIPEBPAILCHHS STaHa B STHIIEH.

AHanmM3  IOJYyYEHHBIX BKCI'I.ep‘I/IM.CfITaJIBHHX JaHHBIX TOKa3bIBaCT, Kak H
IPEIBHUAEIOCH, YTO B TMpOLECCE OKHCICHHMHA JTaHA BAXHYI0 POJb HIPAeT KHCIOTHOCTH
IOBEPXHOCTH  KaTanm3aTopa. DBpejleHHe HEOONBIIOrO  KOJHMYECTBA  HOHOB Co**
OMaronmpUATCTBYET IEpexojly OCHOBHOro karamusaropa Mgs3(PO4); B Kiracc KHCIOTHBIX
KaTaiu3aropoB.

[lomydeHHble JaHHBIE ~COIJIACYIOTCS C  IPEAIONOKEHHEM O  BO3MOXHOCTH

IIPOrHO3UPOBAHHS AKTHBHBIX .KaTaJII/ISaTOPOB napnydajJpHOro OKHCJICHHA METaHa, IIpOoIlaHa U
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H-6yTaHa M, B YAaCTHOCTH, TIOATBEPXIEHO OJHO M3 €€ MOJOKEHHH O PONM KHUCIOTHBIX
HEHTPOB MMOBEPXHOCTH KaTanu3aTopos [3]. '

Oqel_apumo;t 90 JaKe IS IIPOLIECCOB  OKHCJICHHS yrneBonopoﬁOB, MEXaHU3M
NPOTEKAHMS KOTOPHIX PaHbIIE PACCMATPHBATICS KAK Psl IOCIHEIOBATENBHBIX OKHCIHTENBHO-
BOCCTAaHOBHTENBHBIX CTamuii [4-5], Ha caMoM xene CONEPXKHT psA CTagui, B KOTOPHIX
[JaBHYI0 pOJb HIPAlOT KHCIOTHBIE CBOMCTBA IOBEPXHOCTH KaTalnu3aropa. JTO
IPEUMYIIECTBEHHO CTaJMH B3aHMOJCHCTBHSA ITOBEPXHOCTHBIX akTHUBHBIX rpymn (P-OH) ¢

YTJI€BOAOPOIOM, KOTOPBIE BEAYT K 00Pa30OBaHMIO IPOJYKTOB apIHAILHOTO OKUCIICHHUS.

JIurepatypa »

1. N. Golub, V. Gomonay, P. Gomonay and K. Szekeresh. Synthesis and Modification of
Catalysts of the Partial Oxidation of n-Alkanes // Adsorption Science & Technology,1999,
vol.17, N 5, p. 403-406. o

2. Gomonay V., Barenblatt 1., Golub N., Szekeresh K. The mechanism' formation of ethylene
and monooxide of carboneum at heterogenous oxidation of ethane // VI Ukrainian-Polish
Symposium «Theoretical and experimental studies of interfacial phenomena and their
technological applications». Odessa, 9-13 September 2001. Collection of abstracts, p.73-75.

3. V. Gomonaj, N. Golub, P. Gomonaj. Mechanism of Fthane transformation on acid
catalysts // IV Polish-Ukrainian Symposium on Theoretical and Experimental Studies of
Interfacial Phenomena and their Technological Applications. Scientific Materials. - Lublin,
Poland, September, 1-3, 1999, P57.

4. Bopeckos I'K. Biusirne Onukaiiero OKpy»KCeHH! KaTHOHOB B OKCHHBIX KaTanu3aropax
Ha MX KaTalUTHYECKAE CBoHcTRA // Mexanusm xatanuza. Hacts I. IIpupona KaTamuTHYECKOro
neiicteus. - HoBocubupck: "Hayka".- 1984.- c. 8 - 10. ‘

5. Tonozen I'.M. I'eTeporeHHO-KaTATHTHYECKOE OKUCIICHHE OpraHHYecKHX BemmecTs // Kues,

"HayxoBa mymka".-1978, 376c.
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- MCCJEJXOBAHHUE CTPYKTYPHI KOMILIEKCOB COEJUHEHHI
ILJIATHHEI (IV) C MAKPOIIMKJINYECKHMHA
 KHCJOPOACOIEPKAIAMM MOJTUIOUPAMU

I'yceBa E.B., Xacanumun P.A, Byceirnna T.E., Ilorosnsk B.K.

Kazanckuii 2ocyoapcmeennviii mexnonozuveckuil ynugepcumem, Kasanw, Poccus
E-mail: hasanshin.rustem@mail.ru

XHUMHA KOMIUIEKCOOOPa30BaHUs MaKPOLMKIMYECKHX MOMHIGUpPOB (KpayH-3dHpOB) C
Pa3JIMYHBIME JIATAHA00pa3yIOIIMH COEAUHEHHSIMH JOCTaTOYHO XOpOINo H3y4deHa. Tem He
MeHeEE, CBEJEHHI O KOMIUIEKcaxX pasnuuHbIX coequHeHuil Pt(IV) ¢ xucnoponacoaepxamuMu
KpayH-3(HpaMH BeCbMa OTPHIBOYHBI. "

‘ HaMu mpoBeZeHO HCcIeZOBaHME IPOIEcca KOMIUIEKCOOOpa3OBaHHS pa3IndHBIX
VV’COCIII/IHCHI/II‘/'I Pt(IV), Takux kak K,PtClg, H,PtClg (6e3B.), PtCly (6€3B.) ¢ MakpOIMKIYECKIMHU
nonuddupamu - 18-kpayH-6 m mmbenzo-18-kpayH-6 B PasNHYHBIX IO CBOEH IIPHpOZE
pactBopuTenax: 1,2-auxJopaTaHe, aleTOHUTpPHUIIE, ITaHOJNE, XJIopodopMe U HUTpoMeTaHe. B
“K@)XIOM CTydae ObUIH BBIJENEHBI KPHUCTAILIMYECKHE COENMHEHHs, 0XapaKTEPH30BaHHEIE 110
JaHHBIM 3JeMeHTHOoro anamm3a, MK cmekrpockonuu, muddepeHIHaTPHO-TEPMUYECKOrO M
TepMOTPaBEMETPHIECKOTO aHATH30B H TIOITBEPK/EHA HX KOMIIEKCHAS IPHPOA.

Ilpu kommiaekcooOpasoBaHuu 18-kpayH-6 u aubeH30-18-kpayH-6 ¢ K PtClg
KOOPJIMHAIIUSA OCYIIECTBIIAETCA IO KIACCHYECKOMY MEXaHM3My 3a CU€T HOH-IUIIOJBEHOTO
p3anmoyieiicteus. Katmon K' BHeapsercs B IONOCTh MAKpOIMKIA, a KHMCIOTHBIH aHHOH
(PtCl)* dopMHEpyeT BHEINHIOI Cepy JHMIaHTHOrO OKPYXKEHHS. BBIIc/IeHHBIE KOMILIEKCH
HMEIOT CTPOEHHE, OTBEYAIOIee COOTHOIeHmIo KpayH-3¢up: K = 1:1. Tlpn mcrons3oBaHun
alleTOHUTPUJIa B KayecTBE pacTBOpHUTENs, HaOmojaeTcs oO0pa3oBaHHE YCTOHYHBOTO
KOMIUIEKCa B cocraBe KoToporo mmeiorcs taxxe monekyinsl CH3;CN. IlporoHomoHOpHBIM
{zpaéiBopnTenL, Takol  KaKk  3TaHOJ, BHOCHT CBOM KODPEKTHBEI B  CXEMY
KOMILIEKCO00pa30oBaHuA: 00pa3yloTcs KOMIUIEKCHI coziepainue B cBoéM coctaBe Kak Pt(Il),
tak u Pt(IV).

Kommnekcoobpaszoanue 18-xpayn-6 u pubenso-18-kpayn-6 c¢ H,PtCls (6e3B.)
HPOTEKAET 3HAYMTENBHO CIOXHEE BCIIEJCTBHE KHCIOTHOM IPHPOABI 3TOTO COeAMHEHHs. B
pe3ynbTare peaklUMH B ampoTOHHBIX pacTBopuTeNax (1,2-AMXJIOp3TaH, AUeTOHHUTPHI)
IIPOMCXOMT pPaBHOBECHBIM IIPOLECC YACTHYHOI'O PACKPHITUA MakKpoIMKIioB. IIpu 3ToM B
3aBUCHMOCTH OT BBIOPAaHHOTO PacTBOPHTENSA 00pa3ylOTCs M BHLIETEHBI B KPUCTALTHYECKOM

BHJIE COCOAUHCHUA Pa3JIMIHOTIO COCTaBa. AHaanpy;I naaasie UK CIIEKTPOCKOITNH, MOXXHO
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cAenath IPEAMONOKEHHE, YTO NpPH NPOBEACHHH DPEaKUMH B ANETOHHTPHIE O6pasyioTcs
KpHcTammqecxﬁe coenf’menm, CofiepKallie B CBOEM COCTaBE MOINEKYIbI aMMHAKa, BOIB! H
MOHOB OKCOHMA. [IpoBenenue peaknuu B Ooynee HHEPTHOM 1,2-MUXIIOpITaHe NpPHBOIUT K
00pa30BaHHIO COETMHEHHH, CoepXaIux B cBoEM coctase Pt(Il) u Pt(IV), a Taxxe MOJIEKYJTBI
BOIBI M STHICHA. XapakTep NEpUBATOrpaMM IOMOJHHTEIBHO IOATBEPXKIAET Pe3yIbTATHI
CIIEKTPOCKOIHYECKHX HCCIICNOBAHHH ONYIEHHBIX COCTUHEHHH.

Uzyuenune peakuﬁh MEXTY KpayH-3QHpaMH H TeTpaxJIOpUIOM nnamnm (PtCly),
ABJIIOIICHCS OCTATOYHO CHIIBHOM KHCNOTOH JIbIoHca, BOSMOXXHO JMNIb B PACTBOPHTEIX,
MHIAGPEPEHTHBIX 1O  OTHONMIEHHIO K HeMy. Hamu  wmccnenoBamach  peakius
KOMILIEKCO0Opa3oBanMs B Cpele HHUTpoMeTaHa. Iloka3aHo, yto mpomecc 06pa3oBaHMs
KOMIUIEKCOB ~ TNPOTEKAET JOCTATOYHO CJIOXHO C oOpasoBaHHeM OOJBIIOrO 4HMcia
TPYAHOPA3IENUMBIX HPOAYKTOB.

[lapanienbHo HaMH TaKKe H3YYaIMCh KATATHTHYECKHE CBONCTBA TIONYYEHHBIX
COCJMHCHUM B HEKOTOPBIX OPIaHHYECKHX PEaKIHUsX.

Taxum 06pasom, MOXHO CKa3aTh, YTO PEAKIHH KOMILIEKCOOOPA30BAHMS Pa3IHUHbIX
no mpupozxe coenuHenuit Pt(IV) ¢ kpayH-3dbHpaMH ABISIOTCS JOCTATOYHO CJIOXKHBIM M
MHOr00GpasHBIM MPOIECCOM H OHMPEEIIOTCS MHOTUMH (aKTopaMH, B YaCTHOCTH, CHIIBHOE

BIIMAAHHC OKA3BIBACT IIPHPOJA UCHOIB3YEMOI0 paCTBOPHTECILA.
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KOMﬁBIOTEPHOE MOAEJIMPOBAHUE PUDPOPMHUHI'A HA
OCHOBE JIBYXYPOBHEBOT'O ATPETHPOBAHMUS

A.A. lxynycosa, H.M. OcTpoBcknii’

Omcxuti 20cyoapcmeentblil yHugepcumem, xumMuveckui gpaxynomem, kageopa AXH,
np. Mupa, 55 A, Owmck-77, Poccun
E-mail: aikend@mail.ru

*Omcxui @unuan Hnemumyma xamanuza CO PAH, yn. Hegpmeszasoockasa-54, Omck, Poccus

Ha coBpeMEHHOM YpOBHE Da3BUTHS HAyKH HM TEXHHKH pacyeT TEXHOJIOTHH

TIPOH3BOJICTBA GEH3MHOB HEBO3MOXEH 0€3 HCIONB30BAHHS METO/OB KOMITHIOTEPHOTO

MoJieTHpoBaHus. PHGOPMHHT OTHOCHTCS K HAyKOEMKHM JUIS MOJEIMPOBAHHS IPOLECCaM I10

OpAYAHE MHOTOKOMIIOHEHTHOCTH M HECTalMOHapHOCTH Iiponecca. CymecTByer Oobmioe

KOJIAYECTBO MPOCTHIX M JETAIbHBIX Mojeiei. J[ns co3gaHns KOMIBIOTEPHOTO ITOMOIIHHKA

texHosora (KIIT) neobxomuma ux KoOMOMHAIMS, YTO HO3BOJIIIO ObI COEIUHUTE NOAPOOHOCTH

Monemu mnpu “Hactpoiike” KIIT u mnpocToTy ero ucnonp3oBaHHMS Ui KOHKPETHOTO
KaTaJlA3aTopa U CHIPhA.

4 Hau6onpmel HaIe)KHOCTHIO 00J1aIat0T MOJICIIH, BEIBEICHHBIE HA OCHOBE MEXaHHU3Ma H
KUHETHKH IPEBPalleHHs YTIIEBOJOPOIOB Ha IIOBEPXHOCTH KaTamu3aTopa. IloatoMy B ocHOBY
HOJIOKEHBI MOJIENIM M METOABl arperupoBaHus, paspaboraHHble pamee [1], mns peakumii,
PaBHOBECHBIX COCTABOB H JIE3aKTUBAIMK KaTalli3aTopa B mporecce pudopMHUHTa.

B xauectBe CPaBHUTCIIEHO I'IO)IpO6HOﬁ CXEMBI npeBpameHm"{ KOMIIOHEHTOB 000CHOBaHa

TpPEXypOBHEBas cxeMa 1, orpoboBaHHas Ha IPUMEpe IpeBparieHHs ¢pakinuu 62-105°C:

-C
Z
C]'C; - i‘CG MHH e I—I e—— b
Z "N O\
C,-Cs G £ Ml == MI<=T Ci-Cs

Z " N\

Ci-Cs == G - TMH == MUl w«=— K —/> C,-C;s

Cxema 1.C{-Cs — ra3; n-Cg, n-C;, n-Cg — HOpManeHbie mapadpussr, i-Cg, i-C7, 1-Cg —

nzonapadunsr; MUITL, IMIII, TMIIII - Ns-sadrenss; LI, MU, AMII — Ng¢-madTensr,
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B, T, K — 6eH301, TOTyON, KCHIIOJIEL.

KuneTnka peaknuii mpeACTaBiIcHa ypaBHEHHSIMU CKOPOCTEH MEPBOTrO HOPS/IKA:
=k Yigma, wi=2vr )

rie kj, rj — KOHCTaHTa M CKOPOCTH DEaKLHMH; W; — CKOPOCTh OOPa3OBaHHS KOMIIOHEHTA,
Y; — ero MombHad [IOJIS; ¢ — HapaMeTp OOpaTHMOCTH PeaKlu; 7); — CTEEHb HCIOIb30BAHUS
BHYTpPCHHE} [IOBEPXHOCTH 3€PHA; ; — OTHOCHTENBHAS aKTHBHOCTD.

YpaBHeHHs MATEPHATIHLHOTO U TEIUIOBOrO GalaHCOB B CJIOE KATATH3aTopa:

adY;/dé=t(wi-Yir,),da/dé=1r, )
dT/dE=1/C, 15 Q. ‘ = (3)

II€ @, ry — CTENEHb H CKOPOCTh H3MCHEHH 9Hcia MoJiel; ¢ — Ge3pasMepHas anuua cios; 7 —
TeMIIEpaTypa; T — BpeMs KOHTaKTa; C, — TEII0OeMKOCTh pearupyromeii cMecu; Q) — TEMIOBOH
3¢ eXT peaKyy.

JI1 TEXHOJIOTHYECKHAX PacyeToB, B OONBIMHCTBE CIIy4aeB, JOCTATOYHA 3HAYHUTEIBHO

Oonee npocras (arperupoBaHHas) cxema 2:
P > Ne A
v
G %
\ P > Ns
Cxema 2. G — ras; n-P — HopManbHble mapaduHsr; i-P — uzonapaduusl; N5 — naTH4ieHHbE

HadTeHsl, N¢ — mecTuuneHnsie HadhTeHBI; A — “apoMaruka”

YpaBHEHHS CKOpOCTeli arperupOBaHHBIX PeaKIUi UMEIOT BHI:
* . * _
n =k Y ¢ a; S= ziqy 4

rae kj — KOHCTAHTa CKOPOCTH JUIi KTIOYEBOrO KOMIOHEHTA cxeMsl 1; ¥; = Y; — MoJbHas
JIONs arperupoBaHHOrO KOMIIOHEHTa; z; = Y; /Y; — IO/ KOMIIOHEHTa HCXONHOM cXeMsI | B
arperipoBaHHOM KOMIIOHEHTE cXeMbl 2; q; = k; / Ky — OTHOCHTEIIHBIC KOHCTaHTBI HCXOJHOH
CXEMBEL.

IlorpemmocTs arperupoBaHHs COCTOHT B TOM, 4TO KOI(DOHIHEHTH S HOIKHEL
OCTaBaThbCd MOCTOSHHBIMH IIpH IIpEBpallieHHAX Mo cxeMe 2. [l 3TOro 3Ha4eHUA g
PacCYMTHIBAIOTCS IO CXEMe 1 NpH cpeAHeH TeMIepaTrype B peakTope, a z; NPH CPEIHHX

cocTtaBax. B nanpHeleM TEXHOJIOTHYECKHE PaciI€ThI IIPOBOJATCA IIO CXEME 2. HpH 3aMCHE
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KaTaJIH3aTOpa Huiu CYIIIGCTBGHHOM H3MCHCHHH CBIpBH:MOFyT IIOH&{l[O6H’fBCH YTO‘:IHCHI/IH S}',
KOTOpBIe HeO6XOIlI/IMO IléHaTB C HCIIO.TIB3OB3HI/ICM IIOJIHOﬁ CXCMBI 1 O6I>I‘IHO 3TO HpOHCXOI{ﬁT
OAHUH pa3 B 2"3 rojaa, HOSTOMy MOJMXET BBINIOJIHATHECA CUJIaMH pa3pa6OT‘II/IKOB HpOI’paMMBI.
KOMHBIOTCPHBII‘;I TIOMOIINHHK TEXHOJOTa ITO3BOJISIET aHaJII/IBI/IpOBaTB H HpOFHO3I/IpOBaTI>
paboty peakropa pu)OpMHHra NPH H3MEHCHHH TEXHOJNOTMYECKHX NApaMeTpoB Iporecca
(‘il/lCJIO CJIOEB KaTaJII/I3aTOpa H HX O6’E>CMI>I, O6’E>CMH3.5I CKOpOCTB nmonayu CBIpBH, KpaTHOCTL

mupkysauuy BCI, TeMneparypa Ha BXoJie B CIIOH), a TAKXKE IIPU U3MEHEHHH COCTaBa CHIPbA

(B Ipezieniax CXeMsalI 2).

1. OcrpoBckuit H.M. Kunernka nezakTuBaiiuy karaiu3atopoB. MaTteMaTudeckue MOJENTH H

ux npumeHenne. Mocksa, Hayxka, 2001, 334 c.
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CPABHUTEJILHBIE HCIILITAHUS ITPOMBIILIEHHBIX U
HNEPCHEKTHBHBIX KATAJIM3ATOPOB I'H/IPOOYNCTKH
JAU3EJIBHOI'O TOILINBA

Epemuna 10.B., KonoBaaos B.B., Illoskyn JI.A.

Kaqbe()pa XUMUYECKOU MEXHON02UU nepepabomru Hegpmu u 2aza, Camapckuil
2ocyoapcmeennolil mexnuseckuii yuugsepcumem, Camapa
E-mail: chtogr@sstu.edu.ru

B rocneiHee BpeMs Bo3pacTaeT MHTEpPeC K pa3palOTKe HOBEIX aKTHBHBIX
KaTanu3aTopoB THIPOOYMCTKH JH3CIBHOTO TOILIMBA. DTO CBA3aHO C YBENHMYECHHEM 0OBeMa
nepepaboOTKU CEPHUCTHIX U BHICOKOCEPHUCTHIX Hedreit. BaxHoit 3anaueit HC(bTeHepepa60TKI/I‘
ABIIACTCA OPraHHW3allis [IPOM3BOJACTBA 3KOJOTHMUECKH qHCT;)ro JIM3eNIBHOrO TomnuBa. J{s
PEIIEHHAs 3TO 3314l HEOOXOAUMO' CO3/IAHAE OTEUECTBEHHEIX KaTanu3aToOpOB, aKTUBHEIX HE
TOJIBKO B THAPOJIECYILOUPOBAHUH, HO H B THAPHPOBAHHH.

C uensio onpezenenns Haubollee aKTHBHOTO KATAIH3aTOPa THAPOOYHCTKH 6 0Gpa3os
OTEYCCTBEHHBIX MPOMBIILICHHBIX KaTalH3aTOPOB U 00pasel NepCIeKTHBHOIO KaTaiu3aTopa
OBUIH HCIBITAHEI B OJMHAKOBEIX YCIIOBHSX Ha JNabOpaTOpHOHM MPOTOYHOM YCTAHOBKE MO
AABICHUEM BOJOPO/IA B IPOLIECCE THAPOOYHCTKH JU3eNbHON dpakuuu. JlaHHEIE, I0TyYeHHbIE
B pe3yIbTare HCIBITaHHH, IPEACTABICHEI B TaOIHIIE.

B xauecTBe ChIpb MCIIONB30BANACh AU3eNbHas Gpakmus ycranoBku JIK-6y AdnHCKOro
HII3, xoTopas uMena cnefyromue XapakrepucTuku: p = 0,8579; n2’ = 1,4765; conepxauue
cepsi - 0,465% Mac. H apoMaTHYECKHX COeAMHEHH I - 27,40% Mac.

B peaxrtop 3arpyxanu 10 cm’ KaTtanusaTopa ¢ pasMepoMm uactun 1-2 mM. [lepen
UCIIEITAHHEM KaTaJIM3aTOPhI MOABEPIad CynbGUANPOBAHUIO CEPOBOAOPOAOM. McnpiTanus
IPOBOJUIKCH TPH CIEIYIOMHUX pabodux mapaMerpax: AasicHue - 4,0MIla; o6bemHas
CKOpOCTh MoHauM chiphi- 2,0 u'; KpaTHOCTB nupkynanuu Hy: ceipee - 400 Hi/n;
Temmepatypa - 340, 360, 380°C.

JUis BCXONHOrO CBHIPESI M THAPOTCHH3ATOB OIPEENSIH COJAEpPXKAHHE CEpPhl IAMIIOBEIM
MCTOAOM, COJICpPXKaHHE apOMATHYECKHX YITIEBOJOPOJOB CYIbQHUPOBAHMEM, ILIOTHOCTH H
K03¢dunueHT pedpakuuy. ~

Kax BujHO M3 faHHEIX TaONHIPI, JIydmMe pe3ynbTaThl B PEaKNHAX THAPHPOBAHHA H
obecceprBaHus MOKa3anu o0pasiel 2, 6 1 7.

OO6pazent 6 npencrapnseT cobolt Katamszartop ['P-24M, paspaboTaHHeni Kadeapoi

XTIHHI ® 3KcITyaTHpyIOIMiiCA B IPOMBINUIEHHOCTH ¢ 1987 roma, a oOpasen
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7 — TepCTHeKTHBHBINA KaTanu3arop, IpeJHa3sHAYeHHBIX I THIPOOYMCTKHM [U3ENBHBIX H

MAaCJISHBIX (paKIuii 1 BAKyyMHOTO Ta3oiis.

Taﬁnnua. Pe3y.TII:TaTI>I HCIBITAHUA CCPHUH KATAJIM3aTOPOB.

Ne Temmepa- | ConepxaHue pj" n1230 Conepxanue Coneprxanue
KaTanm3a- | Typa, C ceprl, % Mac. - cynb(UpyeMBIX, | Kokca, % Mac.
Topa % mac.
1 340 0,133 0,8537 | 14716 25,40 9,72
360 0,083 0,8504 | 1,4717 23,38
380 0,063 0,8472 | 14715 22,60
2 340 0,073 0,8512 | 1,4725 C 22,12 3,80
360 0,045 0,8506 | 144716 2233 :
380 0,041 0,8501 1,4715 19,27
3 340 0,108 0,8529 | 1,4724 - 21,12 6,10
360 0,087 0,8516 | 1,4723 18,22 :
380 0,034 0,8507 | 1,4719 17,57
4 340 0,183 0,8548 | 1,4746 | . 23,65 6,20
360 0,147 0,8538 | 1,4742 24,00
380 0,077 0,8515 | 1,4737 23,96
5 . 340 0,166 0,8532 | 1,4730 - 20,03 6,70
360 0,112 0,8516 | 1,4728 23,65
380 0,090 0,8514 | 14725 - 15,51
6 340 0,091 0,8530 | 1,4719 15,79 3,29
360 0,048 0,8508 | 1,4716 14,94
4. 380 0,035 0,8479 | 14716 13,67
7 340 0,076 0,8538 | 1,4755 16,06 -
360 0,029 0,8510 | 1,4750 16,63
380 0,019 0,8484 | 1,4745 16,37

JlaHHBIE O colepXaHUU KOKca Ha OoTpabOTaHHBIX KaTalM3aTOpax MO3BOJLIOT CJelaTh
IPEANONIOKEHHE O BO3MOXKHOM TIPOAOKUTEILHOCTH Pab0Thl KaTaIM3aTopos. MHUHHMAIEHOE

KOJIMYCCTBO KOKCA MOXET ITOBOPHUTE O BBICOKOM CTaOMILHOCTH KaTanmaTopa A JJIIUTCJIIBHOM

CPOKE €T0 CIIyXOBbI.
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KOHCTPYUPOBAHHUE 3PPEKTUBHBIX KATAJIM3ATOPOB
I'MJIPOJIN3A PHK

Apnan H.C., Ky3nenosa H.JI.; Cuasnuxos B.H., 3enkoBa M.A.

Hosocubupcxuti Hicmumym Buoopzanuuecxoii Xumuu CO PAH,
1630090, Hosocubupck, np. Jlaspenmvesa, 8;
E-mail: NSZhdanl@yandex.ru

B Tedenue nocnenHux NECATIIETHIA IPOBOASTCS OOGIMPHEIE HCCIENOBAHHS B 061aCTH
OTPENIENICHAS CTPOCHHS M MeXaHW3Ma (YHKIHOHHPOBAHHMS BBICOKOCIICHM(HIYHBIX |
() eKTHBHBIX IPHPOJHEIX KaTAMIH3aTOPOB - hepMenToB [1]. Oco6siit HHTEpeC IIPEICTaBISIIOT
epMenTEL, rnﬁponusylomne, PO cnaén B HYKICHHOBBIX KHcnotax. Coszganue
HHU3KOMOJICKY/ISIPHBIX  COCAWHEHHWH,  pacIiCIUIOMMX — HYKICHHOBHIC  KHCIOTEI B
(DM3HOIIOTHIECKHX YCITOBUAX, OTKPOET HOBHIE IEPCIEKTHBH B CO3JaHHH IIpenaparos,
NOJABISIOLIMX BAPYCHEIE H OaKTepUaTbHbE HHDEKITHH.

OnHMM M3 MOAXOMOB K CO3JAHHIO TAKHX KAaTalHM3aTOPOB SBJILETCS CTPYKTYpHO-
(YHKIMOHATEHOE MOJIETHPOBAHHE KATATHTHYECKHX UEHTPOB TIPUPOIHBIX (PepMEHTOB.
CocraB aMHUHOKHCIOT, HETOCPEACTBEHHO PacIoJIOKEHHHX B KaTaJHTHYECKHX I[EHTpax,
SBIAETCS BBICOKO KOHCEPBATHBHBIM. I'Iplzi 9TOM pPACCTOSHHUSA MEXAy (GYHKIIHOHAIBHBIMU
TPYNIaMH OOKOBBIX DAJMKATOB AMHHOKHCIOT, HIDAIONIHX KIIOYEBYIO POJNb B KATAIH3E,
HUMEIOT OJIU3KUE 3HAUYEHHS.

Paree HaMM OBUIM CHMHTE3MPOBaHBI HCKYCCTBEHHBIE PHOOHYKIIEA3Bl HA OCHOBE
OCTaTKoOB THCTH/IMHA/THCTAMMHA, BCTPEYAIOIMXCA IPAKTHYECKH BO BCEX KaTaTHTHYECKHUX
neHTpax ¢epmentoB [2]. Bce momyueHHsle KaTanm3aTOPHI C BBICOKOM BQ)Q)CKTHB:HOCTBIO
rugponusoBad  P-O  cssu mpupomHeix M cunTermueckux PHK-cyberparos. B
CHHTETHYECKHX PUGOHYKIea3ax paccTosHue Mexay NHi, TMCTHIMHA/THCTAMUHA | aMHTHORM
TPYNIOH cocTaBiseT 5.15 aHTCTpeM, YTO XOPOLIO COTIACyeTcs ¢ IMTepaTypPHBIMH JAHHBIMH O
PacCTOSIHUAX MEXIy TIPYNIaMH, HIPAIOIEMH pOJb OCHOBAHHA (KHCIOTHI) H rpynnamw,
OTBEYAIOIIUMH 33 CTa0WIM3AIMI0 TNEPEXOJHOrO0 COCTOSHHS MEHTAKOOPAMHMPOBAHHOIO
hochopa B aKTHBHBIX IEHTPAX Pa3MHYHBIX ruAponas. HecMOTps Ha TO, YTO HCKYCCTBEHHBIE
PHKasbl 061afaroT BBICOKOH KaTaNMTHYECKOH aKTHBHOCTBKQ, 0O 3((EeKTHBHOCTH
pacInenieHus cyGcTpaToB OHM yCTYNAlOT IPHPOAHBM (epMenTaM. B HacTosmeit paGoTe as
HOBBIICHAS 3((YEKTUBHOCTH B CIPYKTYpPY HCKYCCTBEHHBIX KaTalM3aTOPOB BBOMHIIHCD

OCTATKH JIPYTHX aMHHOKHCIIOT, HaHGOIee YaCTO BCTPEYAIOIIHXCSA B KATATATHYECKAX IEHTpax
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¢bepMeHTOB e HOBBINAIOMKX  3IeKTPOPUIBHOCTE aToMa (ocdopa: JH3HH, ApPTHHHH,

acraparvH U TPEOHHH. | |
Mertomamu cranmapTHOR HENTHIHOM XHMHEH OBUIH CHHTE3HPOBAHBI PHOOHYKIIEa3bl-

tpunentaasl LH1-LH6, conepxamye THCTHIWH/THCTaMUH, JIM3UH, aprHHAH, aclaparddH U

TPEOHUH B Pa3THYHEIX ~ COYCTAHMAX. I'HAPOIHUTHYECKYIO aAKTHBHOCTH IONY4EHHBIX

COCIMHECHHUH HCCIIENIOBATH Ha CHHTETHYECKOM 21-3BeHHOM puboomuronykieoruae (Puc. 1),

(tabm. 1).
Aq

Cio CIZ/

Tabmuna 1. Paciennenne pa3nuyHsMy puOOHYKIIEa3aMH

Co Ans cepur LH1-LH6*.

u G Coen-e/ |LHI |LH2 |LH3 |LH4 |LH5 [LH6
ura 6ydep

U-A Im 295 | 135 |21.0 |40 |40 |10.0
A-U

A-U TrsHCl | 035 |3.25 | 145 | 275 |55 100
G-C

* yKasaH CyMMapHbIH MpolleHT AemonmmMepusamyuu PHK-

cybcTpata mo aByM caiitaM npu pH 7.0, 8 4w, 37°C,
U U KOHHeHTpauus coemunenuit LH1-LH6 10 M
5' 3
Puc. 1. CrenuduynocTs

coenunenuii cepuu LH1-LH6 B
3KCHEpPUMEHTaX C 21-3BeHHBIM
pHOOOIHIOHYKIIEOTHIOM

Kak BuIHO U3 pHCyHKa, BCE CHHTE3HpOBaHHEIE PHOOHYyKJeassl pacmemnmor CpA
IIOCJIEOBATENIbHOCT B ONHOLEHOYEYHOM paHOHE, 4YTO COIJNAcyeTcs ¢ NpeABIIyIHME
HémHMH NauHbMH [2]. C Hambonmbimeit >(¢exTHBHOCTBIO MONYYEHHBIE COETHHEHHS
pacIieIIfAoT B UMHAA30IEHOM Oydepe, IpudeM JIydine BCero — coequnenus LH1 (Lys-His-
Arg-OMe), LH3 (Arg—Lys-Hia) 1 LH6 (Lys-Thr-Hia). Mexauusm neiicTsHs yTO9HAETCS.

| Pa6ota momnepxana rpantoMm Ne 219 PAH u rpaiToM MpunobGpazosanus PD

2000.5.91.

[i] Kovall R.A., Matthews B.W. // Curr. Opin. Chem. Biol. 1999. V. 3. P. 578-583.
'[2] Knan H.C., Kyswenosa H.JI, BmacoB A.B., CunpnukoB B.H., 3emkosa M.A.,
Biacos B.B. // buoopr. xumus. 1999. T. 25. C. 723-732.
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BJIMSHUE COAEPKAHUSI AKTUBHOTO KOMIIOHEHTA
KATAJIH3ATOPA V,05/SiO, HA ETO COPEITUOHHYIO EMKOCTE
OTHOCUTEJBHO XJIOPBEH30JIA -

AKnaxuna E.A., Acaun JLJL., ®enopos A.A.,Yekpoimknn 10.C., fikymes P.M.

Hucmumym mexnuueckoii xumuu YpO PAH, 614990, Ilepmw, ya. Jlenuna, 13, Poccus
E-mail: cheminst@mpm.ru

I/Isyquo BﬂﬁﬂHﬁe coxepxanua V205 Ha Hocurene — cunoxpom C-120 B AuanasoHe o1
7 no 51% Ha ynenbHYI0 HOBEPXHOCT (Syn) BaHAIMH-KPEMHHEBOTO KaTalH3aTopa H ero
COpOLIHOHHYI0 EMKOCTB IO xsIopOeH30ity mp Temrepatypax 50 u 100°C. YcraHoBneHo, yto
Syzx MOHOTOHHO YMEHBIIAETCA C YBEIMYCHHEM 3arpy3Ku aKTHBHOTO KoMIOHeHTa ot 106.6 mo
56.3 MY/r. 3aBHCHMOCTH YyAEIBHOH cop6;mo,_HHQI71 émxocty (CE) xatammsatopa ot
copepxanu V;0s uMeer Gosee CIOXKHBIA XapakTep: Bo3pactanue B HMHTeppaie 0-13%,
yObiBaHHE ¢ MUHUMYMOM OKOJIO 25%, CHOBA BO3pAacTaHUE C BHIXOJOM Ha MOCTOSHHOE IIATO
okono 45%. Ilpenmonoxeno, 49ro HamMuuMe ydacTka yoOsmanus CE o6ycnoBmexo
SKPaHUPOBAHMEM OKCHIOM BaHAHs IOPHCTOCTH HOCHTENS, a Hocleayromee Bo3pactanue CE

— (hopmMupoBaHHEM COOCTBEHHOM NOPHCTOI CTPYKTYPHI V,0s.

Pa6ora BeinonHeHa npy ¢puHaHcoBoi noyepxxke PODU, rpanr Ne 02-03-96405ypan.
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IPPEKT CHUHEPT'U3MA U MEXAHU3M PEAKIINH
CEJEKTHUBHOI'O KATAJII/ITH‘IECKOFO BOCCTAHOBJIEHUST
OKCHJIOB A30TA MPOITAHOM HA IPOMBIIIJIEHHBIX
KATAJII/I3ATOPAX HTK-10-1, CTK A UX MEXAHI/I‘IECKOI/I
CMECHU

-.-3axop4esnas 10.11., 3aknposa A.I'., Bykyposa I0.H., Tperbskos B.®.

HHXC PAH, 119991, I'CII-1, Mockea, Jlenunckuii npocnexm, 0. 29, Poccus
E-mail: tretiakov@ips.ac.ru

B nocnennne jgecATHIETHS MHOTO BHHMAHHS YJAENSETCH pa3pabOTKe H MOMCKY
KaTaJlu3aTOpOB  JI  pEaKUHH  CEJIEKTUBHOTO  BOCCTAHOBJIEHHS OKCHIOB  a30Ta
yrneBozopoiavd B u30biTke kucmopoga (HC-CKB NOx). OmiiuM M3 IepcrneKTHBHBIX
HalpaBJICHUH TIETCPOreHHOTO KaTalim3a SBIICTCS CKPUHHHT CBOMCTB CYyIIECTBYIOIIMX
KaTaJIn3aTOPOB B PEAKIUAX, B KOTOPHIX OHM PaHEE HE HCCIENOBAINCH M SABISIOTCS IS HHX
HOBbIMH. Panee [1-2] 6bu10 moKa3ano, uTo HpoMeieHHkE KatamusaTopsl CTK 1 HTK-10-1,
IpUMEHsEMEIE B IpoNeccax HedTenepepaboTKu U HeTEXUMHH, NPOSBIMIOT AKTHBHOCTH B
peakiusx CKB NOx yrneBosoposiaMu, a Ha HX MeXaHHYECKOH cMecH oOHapyxeH 3hdext
CHHEDPIrU3Ma, 3aKITIOYAOMIMACS B  CBEPXAIIUTHBHOM YBEIMYEHMHM KAaTAIHTHIECKOM
aKTHBHOCTH 110 CPaBHCHHUIO ¢ HHAMBHUYalbHBIMH KaTAIN3aTOPAMH, BXOASIIHMH B HX COCTAB.
YcTaHOBNEHHE NPHPOABLI cnﬁeprmMa TpeOyeT 3HaHMA NeTaJbHOTO MEXaHM3Ma Ipoliecca Ha
KaXXZIOM KaTalu3aTope, COCTABILIIONIEM MEXaHHYECKYIO CMECK.

B pabote npuBeneHs! pe3yIbTaTHl HCCIEA0BAHMS ONHOTO U3 KOMIIOHEHTOB OHHAPHOM
cmecu - Katamusatopa HTK-10-1, BemomHeHHOro metonamm peHTreHoasoBOro aHamu3a
(P®@A), TepmonporpaMMupoBaHHOro BoccTaHoBnenus (TTIB), PEHTTEHOCIEKTPAIBHOTO
ananusa u MK-ciextpockonuu in situ.

Ho naHHBIM DPEHTTCHO()Aa30BOTO H DEHITEHOCHEKTPAIBHOTO AHANM3A KATATH3ATOP
HTK-10-1 npencrapnsger cobo#f cMech pasmuunbix okcugoB ZnO, CuO, NiO, ZnA1Oy,
CuALO4, u CaCOs;. IoBepXHOCTB KaTanu3aTopa AOCTATOYHO JIETKO TEPSET KHCJIOpOZ AaXE B
OKHCIIMTEIBPHBIX  YCIOBHAX  HM3y4aeMoro Impoiiecca. HamGonee Jierko H  TOJHO
BOCCTAHABIIABAETCS OKCHI MEJI: CTETEHb BocCTaHOBNeHHs CuO —» Cu® cocTapiser 34-36%.
T'opasno B MeHbIneii crenenu (1o 2,7%) Boccranapnusaercs NiO.

Ha nosepxuoctu katammsaropa HTK-10-1 mpm amcopbumm NO o6pasyrores asa
NIOBEPXHOCTHBIX KOMIUICKCA: HHUTPHTHHIA W HHUTpATHEIA, KOoTopeM B crnektpe TIIJI
COOTBETCTBYIOT JIBa MHKa JecopOuuu. HuskoTemmepaTypHbIil THK COOTBETCTBYET AeCOpPOIHH

HUTPHTHOTrO KOMILICKCA. ComnocTaBnenue TepMoz[ecopﬁuHOHme H CIICKTpalbHBIX HaHHBIX
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TIOKa3BIBAET, YTO BEICOKOTEMIICPATYPHBIH UK N€COPOIMH CBA3aH C Pa3IOXEHHEM HHUTPATHBIX
KOMILIEKCOB; KOHIIEHTPAITHA KOTOPBIX ﬁpoxonHT yepes MakchyM. HutpartHbIi KOMIUIEKe Ha
TOBEPXHOCTH 00pasyeTcs IpH MPOTEKAHHHM HOBerHocmoﬁ pEaKUMH B3aUMOACHCTBHA
HUTPUTOB C NOBCPXHOCTHEIM KHMCIOPOJAOM KaTaiu3aropa. Ilpomad BOCCTaHABIIHBAET
IIOBEPXHOCTh ~KaTalnu3aTropa @pu Temmeparypax Beune 200°C, B 3ToM mpomecce
CYLIECTBEHHYIO pOJIb UrpaeT okuCauTens (O, umu NO), cHIKaoIui TeMIeparypy mpoiecca.
MuauBupyansHO ancopOuMM KHCIOpO4a Ha IOBEpXHOCTH Karamuzaropa HTK-10-1 me
HaOI10jaeTCs.

KomuyecTBeHHbIE CHNEKTPOKHHETHYECKHE HM3MEPEHHS IOKa3alH, YTO HUTPATHGI
KOMILJIEKC SIBJISETCS HpOMexcyquHLIM B IIpollecce IIpH TeMnepaTyp\avx Boimre  150°C.
Crenyromed craguei mporecca sBsfercss 006pa3oBaHHE HHTPOOPTAHMYECKOTO COCAUHEHHS,
CIIOCOOHOr0 B OKHMCIMTENbHOH Cpelie [aBaTh HE TONBKO MPOAYKTHL PEaKIMH, HO H
JAOOKHUCIATECSA C BBIAEICHHEM OKCHJIOB a30Ta B ra3oByio ¢asy. B mpomecce gookucieHus
OKCHJl a30Ta HE ydJacTByeT. TOJBKO B YCIOBHMAX PeakKuHH, T.e. B NpHCyIcTBHH NO u
Kncndpona, 0GHAapYXKEHO MOSBIEHHE KOMILIEKCA, BKIIOYAIONMIETO B CBOI COCTAB OKHMCIICHHBIH
¢parmMeHT npohaHa. |

ITpu Temneparypax Huxe 150°C, koria Ha MOBEPXHOCTH NPaKTHYECKH OTCYTCIBYET
HUTPATHHIA KOMIUIEKC, pEaKnus MPOTeKaeT Yyepe3 00pa3oBaHHe M PACXOMOBAHHE HUTPHTHOIO
KoMIUieKca. KIMEHHO 3TOT mponecc OOBACHAET HEOXUAAHHO BBICOKYIO aKTHBHOCTD
KaTaJn3aTopa IIpH HU3KUX TeMIepaTypax.

C nosunuii cuaeprusma katanusarop HTK-10-1 xopomro aktuupyer NOx, HO II0X0
nponad. g co3faHus 3¢ PeKTUBHBIX KaTATHTHICCKUX KOMITO3HIIMI B COCTAB MEXaHUYECKHX
cMecedl HEOOXOOMMO BBOJAMTH JAPYIOdf KOMIIOHEHT - IIOCTABINHK JIONOJHHUTEILHOTO
KOJINYECTBA AKTHBHPOBAHHOTO YIJIEBOJOPOA. ' ‘

Pabota BIIOMHEHA IIPU YaCTHYHOM (PHHAHCOBOM ndmepxcxe POOU. TIpoekr Ne 02—03—33161_. .

[1] TperbsikoB B.®., bypaeiinas T.H., Maremmak B.A., Vxapckuit A.A., Mokpymuu O.C.,
I'nebos JI.C. //Kunernka u karanus. 2000. T. 41. Ne 2. C. 261-266. _

[2] Bypaeitnas T.H., Maremmak B.A., Tpetbsakos B.®., Moxpymun O.C., I'me6os JI.C.
//Kutiernka 1 katanms. 2000. T. 41 Ne 3. C. 415-420. - | |
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KATAJIN3 PEAKIIAI HYKJIEO®WIHHOTO 3AMELEHHSI B
CYTIPAMOJIEKYJISIPHBIX CHCTEMAX HA OCHOBE I1AB H
MOJIADJIEKTPOJINTOB

H6parumosa A.P.?, Kyapseues JI.B.%, 3axapos A.B.°

“Hucmumym opzanuueckot v guzuveckoi xumuu um. A.E. Apbysosa
Kazanckozo nayunozo yenmpa PAH, Kasane
E-mail: lucia@iopc.knc.ru
“Kazanckuii 20cydapcmeenmbiii mexnono2uteckuil yHusepcumem, Kazanw

ITonNKOMIIOHEHTHEIE  CyNpaMOJIeKyJiIpHBIE CHCTEMEI Ha oOcHoBe IIAB wu
TOJTMAJIEKTPOJIHTOB SBIIAIOTCS KATAIM3aTOPAMH HOBOTO IIOKOJCHHS, B KOTOPBIX peanu3yeTcs
KOMIITICKCHBIH MEXaHH3M JEHCTBHS, BKIIOYAIOUIMH /IEMEHTE TOMOTe€HHOTO, MHIEILIAPHOTO ¥

-HOMMEPHOTo KaTtamusa. CTHMYJIOM K Pa3sBHTHIO JAHHOTO HalpaBiIeHHs SBJIAETCH ITHPOKUH
CIICKTP MPAKTHYECKH IOJIE3HBIX CBOMCTB IOJIAMED — KOJUIOHAHEIX PACTBOPOB H BO3MOXHOCTD
HX ICJICHANpPaBIICHHOIO DPEryJIMPOBaHUS IIyTeM BapbHPOBAaHHA KOMIIO3HMIMH CHCTEMEI. B
JaHHOH paboTe NpENCTaBICHBI PE3yNbTaThl IO HCCIEHOBAHMIO IIPOUECCa ACCONMAINH H

'KATAIATAYECKAX CBOHCTB cHCTeM momemmicyiapdar Hatpus (JICH) — monmstHieHHMEH
(IIU) — Boza u I[Cf—l — Brij35 ~ BoJia B peakuu rupoimsa athpOB kucnot ¢ocdopa:

O

O
CICH2 | CICH2 Il _
RO/P—0—©>-X + H0 ro-P 0 +D—©——X
1-3
=Et, X=NO, (1); R=He, X=NO; (2); R=Et, X = Br (3).

MeTtonamMu- KOHDYKTOMETPHH H TEH3HOMETPHHM HAHIEHBI KOHIEHTPAMOHHBIC
rpaHHIB! (GOPMHPOBAHHSA COBMECTHBIX CTPYKTyp B cucTeMe JICH-IIDU-Boma m mnokasamo
_pacmmpeHre O6IACTH € POCTOM KOHIICHTPAlMH MONHMepa. AHANH3 TEH3HOMETPHYECKHX
manHbx 1 cucteMs! JICH- Brij35 — Boma B paMKax TEOpHH peryisipHBIX pacTBOPOB
IO3BOJIMII CHeNarh BbIBOJ 00 00pa3soBaHHM CMEITAHHBIX HAHOArperaToB C Y4acTHEM 0GOHX
MOi{bMepOB, paccudTaHHBIH HapaMeTp B3auMojeiicTBHA P~3.5. ChextpodoToMeTpHYecKU
MoKa3aHo yckopenue ruaponusa B cucteme JICH — 19U — Bona, mabmonaeMas KOHCTaHTa
CKOpOCTH YMEHbIIaeTcs B psiay 1>2>3. Karanutudeckmit sddekt mis sTux cy6erpatos
~cocrasmseT 21, 13 u 18 pas, cootserctBenHo. B cucreme JICH- Brij35 — Boma otMeueno
HHIHOMPOBAHUE INENOYHOr0 THApONH3a 1 BIIOTH N0 MONHOrO MOJABIEHHS PEaKIHH IpH
ompenesieHHOH KouleHTpanun IIAB m uXx cooTHomnenuu. IloinydYeHHBIE KHHETHYECKHE
ﬁaHHLIe NpOaHANTH3UPOBAHE B paMKaxX IceBAO(a3sHOH MOIEIM MHNEIUIPHOTO KAaTanu3a,

ONpPCACIICHBI BKIAAbI (I)aKTOpOB KOHIICHTPHPOBAHUA U MHUCIUIAPHOIO MHKPOOKPYKECHHS.

206



PP-23

'MAKCHMAJIbHBIE CEMENCTBA IEPHOAWYECKHX PEIIEHMI
KAHETHYECKOH MOJEIH KATAJJUTHYECKOT O OKHC.IEHHSI
- BOJOPOJA

HBanosa E.A., Yymakosa H.A.”

Hosocubupcxuii 2ocydapcmeennuiil ynusepcumenm,
ya. Iupozosa, 2, Hosocubupck 630090, Poccus
E-mail: ivanovaelena(@gorodok.net
anmumym Kamanuza um. I K. Bopeckosa CO PAH,
np. Axao. Jlaspenmvesa, 5, Hosocubupck 630090, Poccus
E-mail: chum@catalysis.nsk.su

I[I/IHaMI/IKa reTeporeHHoﬁ KaTIMTHYECKOH pEaKuu OKUCJICHHS BOJOpOJa Ha
MCTAITHYCCKUX KaTalk3aTopax OMUCKIBACTCS CJ'ICI[YIOHICPI CHCTEMOI z[mb(bepenunanbﬂmx

YPaBHEHHM ¢ TapaMeTpoM x; [1]:

X =k (1 —E X )2 —k_yx) =2k, eXP(—4,%, )X/ X, , (1)

i, =k, (U= x, = x, ) ~ kg exp(—p,x, — p1sx;)x, —ky, exp(—H,%,)x. x,,

Iae x; ¥ X; — GespasMepHble KOHIEHTPAIHH BOXOPOZA M KHCIOPOJa, aiCOPOHPOBAHHEIX HA
IIOBEPXHOCTH KaTtanusaropa, x;=> 0, x; 2 0, x; + x; <I; x3 € [0,1] — 6e3pasmepHas
KOHICHTPAls. KHCIOPOJA, PAaCTBOPEHHOTO B NPHIIOBEPXHOCTHOM CJIO€ KAaTaIH3aTopa,
ki openensroTcs KOHCTAHTAMH CKOPOCTel OTAENBHEIX CTafui. B MOIE/M YUHTHIBAETCS, UTO
SHEPTUM AaKTHBAUMM CTaiMd oO0pa3oBaHHS BOABI JIMHEHHO 3aBHUCAT OT COCTOSHHS
IOBEPXHOCTH KaTalIH3aTopa U OT KOHIECHTPAIMH X3. OTO YHPOIIEHHAS MOAENh KUHETHYECKOM
CHCTEMBI, PEIICHUSI KOTOPOX UMEIOT CIIOXKHYIO TUHAMHEKY [1,2].

YucneHHOE HCCNENOBAHAE OHONAPAMETPHYECKOTO CEMEHCTBA JHHAMUYECKHX CHCTEM
(1) ¢ mapamerpom x; ipu k;=0.2, k_;=0.01, k3o=100, kep=2, u3=30, =12, p15=-10 noxasaio,
4TO IIPH KaXOM 3Ha4YeHHMH k; u3 uHTepBana [8,22] cymiecTByeT MaKCHMaIBHOE CEMEHCTBO
YCTOMYHMBBIX NEPHOJUYECKHX PENICHHH A9 3HAYeHUM X; M3 HHTEPBANA (X3min, x3,,,,u). Jns
ONpEENCHA MAaKCUMATIbHOTO CEMCHCTBA IIEPHOJMYECKHX PEIICHUH MBI IIPHUMEHSIE METO..
IPOO/DKCHHS IO TApaMeTpy, OCHOBAHHEIW Ha MIOHATHH QyHKyuu nociedosanus [3].

Ha puc.l,a noxa3saHo MakCHMalIbHOE CEMEHCTBO YCTOHYHMBBIX IEPHOXHYECKHX
penreHu# cuctems! (1) ans k;=8, 0pu 3TOM X3min= 0.2953105, x3,m0r= 0.3822545167. BHYI‘pI/I
HETO pAaclonaraeTcss CeMEHCTBO HEYCTOMUHMBBIX [EPHONMYECKHX PEUICHHH (X3min< X3
x3 =0.38182, cm. puc.1,6). IIpH X34 YCTOHYIHBOE H HEYCTONYHBOE TIEPHOIUYECKHE PELICHH

. *
CIIMBAIOTCS, 00pasys MOJyyCTOMUYMBEIM IHMKI IIDH X3ymm W X3 B CHCTEME NPOMCXOAAT
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oudypkanuu Xon(ba POXICHHS IEPUOJTUYECKOT0 PEICHHS, 2 C YBETHUCHHEM 3HAYCHHUS X3
KOJleOaHUA H3MEHSIOTCS OT rapMOHHi{eCKHx K penaxcaunbnﬂbm. Ilpu stom BOHHKAIOT
PELICHUS-YTKH, KOTOpPhIE BIEPBHIC 06Ha1§y51<eHLI B cucteme (1) B [2].

Ilpp yBenuueHuH Kk, MakCHMajgbHOE CEMEHCTBO YCTOWYMBEIX NEPHOIMYECCKHX
pelneHnl pacnagaercs, 00pa3yroTcs ABa CEMEHCTBA: X3 E(X3min 1, Ximax 1) U X3 E (X3min 2 X3max 2),
Ximax 1 S Ximin 25 X3 - TIPY X3max 1 Y X3min 2 IPOUCKOUT OUBYPKAIIS POXKICHHS IEPHOAXIECKOTO
pelleHNs U3 NETIH CelapaTpHChI ceifﬁa. B OKPECTHOCTH OM(YpKAMOHHOTO 3HAYCHHS [TEPHOL
pElllEHAs. HEOTPAHMYEHHO BO3PACTaeT, a aMiUINTy[a NpakTHYecku He Memsercs [3]. Jhma
yTouHeHus OHdypKaMOHHOTO 3HAYCHUA HépaM6Tpa, IpH KOTOpOM CYHIECTBYET MICTIIA
CenaparpHCH Celia, paspaboTaHa nporpamMma Ha s3bike Visual Fortran 5.0.

Hpu nanpHeHINeM yBEIHUICHHH k; PACCTOSHHE MEX/Ty ceMeficTBaMu HEPHOTHYECKHX
peuieHHi yBenMuMBaeTCa, U INpH k;=/8 OudypkarHoHHBIE 3HAYCHHA I1APaMETPOB

CHEAYIOIHUE: X3min 1=0.376, X3max 1=0.44300427 M X3min 2=0.4631788, X3max 2=0.46400886.

* *
Kpome Toro, x;3 =0.463779 ¥ X3max 1 <X3 < X3min 2.

(6)

Puc. 1. MakcuManbHele ceMeicTBa MepHOAMYECKUX pelieHuit npu k,=8. 1 — BETBb HEYCTONYMBEIX '
COCTOSHMH paBHOBeCH (Cefen), 2 — BETBb CTALMOHAPHBIX COCTOAHMH ((OKYCOB).

Pa6ota BrIONHEHA IpH PrHAHCOBOH moxaepxke rpanta INTAS 99-01881.

[1] T.A. Yymakos, M.I'. Ciunsko. Kunemuuecxas mypbynenmuocms (Xaoc) ckopocmu 63aumo-
oelicmeus 6000p00a C KUCAOPOOOM HA Memanaudeckux kamanuzamopax. — Jloxt. AH.CCCP, 1982,
T.266, Ne 5, c.1194-1198. ) ‘ __

[2] G.A. Chumakov, N.A. Chumakova. Relaxation Oscillations in a Kinetic Model of Catalytic Hydrogen
Oxidation Involving a Chase on Canards. — Chém. Eng. J.: Chem. React. Eng. (2002) (in préss) -

[3] A.A. Angponos, E.A. Jleontosny, U.H. Topaon, A.I. Maiiep. Teopus 6ugyprayuii ounamu-
yeckux cucmem Ha niockocmu. — Mockgea: Hayka, 1967.
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KOHCTPYHUPOBAHUE KATAJJUTHYECKOM CUCTEMBI Fe
(I)-IIPOU3BOTHBIE Py-Asc.-H,0; I/IS1 ®VHKIIHOHAJIN3A AN
1,3-TUMETHJIAJAMAHTAHA

Kupuanos U.A., Bacuiabena B.B., 3ajines B;I'I., Kpynnos ®.A.

Hucmumym negpmexumuyecxozo cunmesa um. A.B. Tonuueea PAH Mockea
- Jlenunckuii np-m 29, Poccus
E-mail: nekhaev@ips.ac.ru

B Hacroslee BpeMs MHTEHCHBHO Da3BHBAaeTCS HOBOE HAydHOE HAHpaBeHHE —
u3yyeHue OHOMHMETHYECKH paboTAIOMMX KaTalHTHYECKHX CHCTeM. B paMkax ‘HaHHOIrO
HalpaB/ICHUs BECBPMa aKTyalbHbIM SBIAETCA IIOMCK HOBBIX IOJXOXOB KOHCTPYMPOBAaHHUSA
KaTATUTHYCCKUX CHCTEM (YHKIMOHAIM3alUM HACHIIIEHHBIX YIIEBOJOPOAOB, B YaCTHOCTH
IOJTH3aMEIICHHBIX ITPOM3BOAHBIX aaMaHTaHa, 00N arouX OHOIOrHYECKON AaKTUBHOCTRIO, |

B Hacrosmeil paGoTe M3y4eHa aKTUBHOCTH BapHaHTa MonmbnunpOBaHHon XKU®D-
CHCTEMBI B OKHCIICHUH 1 3—JII/IM6TPIJIa,ZIaMﬂHTaHa (}:[MA)

Oxucnenne JIMA npoBomunu B pacTBope TMMpH/MHA HIM ANETOHHTPHIA npn
TeMr[epaType 20°C cucremoit FeSOy4-7H,O/mpoussonssie Py/ackopbunopas xucnora/H0,. B
Ka4eCTBE IPOU3BOAHBIX Py HCIONB30BAH: NUPHANH, 4-TUMETHIAMUHOIMPHIHH, ITHKOIUHOBYIO.
KHCIIOTY. MoONbHOE  COOTHOIIICHHE Kataymmsarop:  ymieogopon: HxO, - 50 270 55,
Wnentudukanmio INpOZyKTOB NpEBPAICHHS HPOBOAMIM  METOJOM = XPOMAaTo-Macc-
CIEKTPOMETPHH Ha IIpUOOpE BBICOKOTO pasperieHus Finnigan MAT95XL.

B nponyxrax peakuuu HaiACHEL:

12CH, R
a/é Mosocnurpet R = OH B nonoxennsx 4,5,6,8,9,10,11.
/ 2 Keron R = O B nonoxewnnm 6, a Takke NPOXYKTHE
14 anKHIYgpoBaHMs NupHiuHa 2-Py B nomoxenue S5 u 4-Py B
\l~10/ “CH, NOJIO’KEHHE 5 ¥ [IPOAYKTHI aIKUTHPOBaHHA alle TOHUTPHITA.
6/'/ ~ 11 ' ‘

Ilpy onTUMamkHOM COOTHOIICHHH FeSO4-7H20/Py/4-ZIMAH.' paEoM 1: 3: 4,5
CYMMapHBIH BBIXOJ NpONYKTOB okucienms JIMA cocraun 70%, a Cpemd CIEDPTOB
IPHUCYTCTBYIOT TPETUYHbIH, BIOPHYHBIE H neanqﬁmﬁ. B ocraneHBIX citydasx HpOI[}’KTaMI/I‘
OKHCJEHHS B OCHOBHOM ABISIOTCH KETOH, TPETHYHBIH U BTOPHYHBIE CIIUPTHL

VCTaHOBIIEHO, YTO B MCCIEIOBAHHON KATATMTHUECKOH CHCTEME TIPH COOTHOUICHHH
FeSO4-7TH,O/Py/muxomuioBas xuciota 1:2: 2 1 IIPH OTCYTCTBUH 4-IUMETHIAMUHOTIHPHIAHA
HabIONAeTCH AJKWIMPOBAHAE ANETOHMTPHIA, a NPH OOJNBIIOM M3GBITKE MUPHAHHA H B
OTCYICTBHE 4-JAMMETHIAMHHOIMPHMHA M ANETOHHTPHIA HaOMONAeTcs AIKMIHPOBAHHE

IIAPHIMHA.
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. THE GENESIS OF A SINGLE PHASE (MoVW);0,+-TYPE SOLID
PRECURSOR FORMATION IN AQUEOUS SOLUTION

S. Knobl, V.F. Anufrienko*, G.A. Zenkovets*, T.V. Larina*, N.T. Vasenin*,
D. Niemeyer, R. Schlogl

Abteilung Anorganische Chemie, Fritz-Haber-Institut der Max-Planck-Gesellschaft,
Faradayweg 4-6, 14195 Berlin, Germany
*Boreskov Institute of Catalysis SB RAS, pr. Lavrentieva, 3, 630090 Novosibirsk, Russia

Motivation

Molybdenum, vanadium and tungsten containing suboxides are widely used as partial
oxidation catalysts [1], e.g. the partial oxidation of acrolein to acrylic acid is performed on
such a system. Recently (MoVW)s014 was synthesised as a single phase. Compounds with
identical XRD patterns however, show different catalytic activity. This is due to different
“real structures” of the active catalyst. The aim of this work is to propose a reaction
mechanism in solution leading to a precursor. Due to its molecular structure this precursor is
vital to give the MosO14 type structure single phase after calcination [2]. Further, the
generatlon of defects in the solid, which might be important for the catalytlc process could be
monitored and ﬁnally controlied.
Experimental

A detailed calcination procedure is described in the literature [2]. Respective amounts
of AHM, AMT and vanadyl oxalate are dissolved, mixed and spray-dried. This is followed by
the calcination procedure. The structural changes in solution are followed by UV/Vis and
ESR spectroscopy.
Results

A signiﬁéant increase in the absorption is monitored in the region between 30000 cm’™
and 50000 cm™ when the pH is lowered from pH = 5.5 to pH = 3. This change in the metal
ligand charge transfer region is caused by a protonation of oxygen atoms. The addition of
AMT enhances this effect.

_ Additionally, a band in the region between 18000 cm™ and 19000 cm™ emerges when
vanadyl oxalate is added stepwise. The blue shift of this band at higher vanadyl
concentrations can be explained by an increasing degree of polymerisation. The band position
speaks for a intervalence charge transfer transition.

This result is corroborated by EPR experiments. The higher the vanadyl concentration
the less isolated vanadyl species are present. Further, EPR shows that oligomeric or polymeric

units are present.
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OCOBEHHOCTH KHHETHKH KATAJIATHYECKHUX PEAKITHIA,
OBYCJIOBJEHHEIE N3MEHEHUEM ®OPMbI 1 MOP®OJIOT A
. IOBEPXHOCTH HAHECEHHBIX HAHOYACTHII;:
| MOHTE KAPJIO MOJEJIb

Kogaaes E.B., Enoxun B.U., Meimassues A.B.

Hucemumym xamanusa um. I K. bopeckosa CO PAH, Hosocubupck, Poccus

BonpuIMHCTBO  peaibHBIX — KaTtalnu3aTOPOB  HPEACTaBISIOT  COOOH  aKTHBHEBIE
MENKOAUCIIEPCHBIE YaCTHIIBI pa3sMEPOM OT HECKOJIBKUX HaHOMETPOB 10 MUKPOHOB. Paznuuuns
MEXAY HAHECEHHBIMM M MACCHBHBIMH KaTalu3aTOpaMH JOCTAaTOYHO O4YEBHAHBL [lo
OTHOLICHHIO K KHHETHKE I'€TEPOT€HHO-KATAIUTHYECKUX PEaKUU 3TH OTIUYUA MOTYT OBITH
pasfencHbl Ha TPHM OCHOBHBIX KAaT€rOpHM: (a) - OJHOBPEMEHHOE YYacTHEe B peaKiuH
HECKOJIBKHX I'PaHEH, a TaKXe BO3MOXXHOE M3MeHEHUEe GOopMEI, pasMepa HaHECEHHBIX YacCTHI]
KaTanu3aropa H MOpGOIOTHH HX TNIOBEPXHOCTH; (6) - sBleHHE CHHIUIOBEPA, KOTOPOE
3aKJIFOYAETCs B TOM, 4YTO a[COpOIHs OJTHOTO HIIM HECKONBKHX PEAreHTOB MOXXET MPOMCXOAUTE
1 Ha HOCHTENE C nocneayromer quddys3neit K KaTATHTHIECKUM YacTHIaM; (B) - XUMHYECKas
MozauUKalKs YaCTUI] KaTaIH3aTopa 3a CUET HX B3aUMOJIEHCTBHSA C HOCUTEIIEM.

TeopeTnueckne METOABI A ONMUCAHUS W aHAIH3a TaKOTC poia HEHAeANbHBIX
KaTaIMTHYECKUX CHCTEM B HacTosliee BpeMs pa3paboTaHbl HEAOCTaTOUHO. MDaKkTHYeCKH
CJMHCTBEHHBIM 3((eKTUBHBIM METOJOM MATEMaTHUYECKOTO MOEIHPOBAHHSA HAHECEHHBIX
KaTalu3aTopoB ABisgeTcsa MeTon Monte Kapo. OgHako Monenu, B KOTOPBIX YUHTHIBATIOCH ObI
u3MeHeHue GopMel 1 Mopdooruu KaTanp;'anecmx YaCTHI[ BCICACTBUE B3aUMOJACHCTBUA C
peaxirOHHOM Cpeoii, B HACTOALIEE BPEMSI OTCYTCTBYIOT.

3amadedl paOoTel OBUIO BBIBJICHHE B3aMMHOTO BIHSHHA (HOPMBI M MOPQOIOTHH
HOBEPXHOCTH HAHECCHHOM KAaTAIMTHYECKOH 4acCTHIBI HAHOMETPOBOI'O pa3Mepa W KHMHETHKH
OPOTEKAIOmE Ha HEH peaknuyu. AHaIW3 TPOBOJWICA C IOMOIIBIO CTAaTHCTHYECKOH
PEHIETOYHOH MOJENH, HMHUTHUpYIOImEH (U3NKO-XHMUYECKHE IPOIECCHl HAa HaHECEHHBIX
KaTaIMTHYCCKMX YacTUIax. B KadecTBe MOAENM aKTHBHOHM YacTHIhI MeTalia ObLl BHIOpaH
xkpuctamn Koccens, paconoXeHHbIi Ha HHEPTHOM HocuTene. Mop(oorus noBepXHOCTH
YaCTULBI ONPEACIACTCS BBICOTOM CTONOLMOB aTOMOB METallla M H3MEHSETCS BCIEICTBHE
nuddy3ur MOBEPXHOCTHEIX aTOMOB. B 3aBHCHMOCTH OT TeMIepaTypbl M OTHOCHTEIIBHBIX
SHEPIUH B3aUMOJECHCTBHA «METAIUI-METAILD H «METALI-HOCUTENEY» HAOIIOAATHCH Pa3InIHbIE

paBHOBeCHble ()OpMBI HAaHECEHHOM wvacTHipl. YacTuuHoe "omnbiBaHHe" HCXOAHOM
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KyGHIecKO (GbOpMBI KpUCTalLIa B nonycd)epy XapaKTepHO JUIS CpeaHei o6nactu TeMIIeparyp.
B 3TOM Cilyyae NOBEpXHOCTH MaJIOM aKTUBHOM YAaCTHUIIBI HANOOIee mepOXOBaTa;‘ '

MonensHast peakuus A+B2 usywanack ¢ yyeToM H3MeHEHUs (GOPMEI B MOPDOIOTHH
TIOBEPXHOCTH YACTHUIIBI, A TAKXK€E SBJICHHA CIIMIUIOBEpA aAcOPOMPOBAHHLIX aTOMOB Aajc 1o
HOBEPXHOCTH HOCHUTENA. 3ABUCHMOCTH TOKPHITHH Aaz[cf " Banc ot YA = PA/(PA+PB2), rze
Pi - napnmanbHbIE JaBICHHS PEarcHTOB B Tra30BOM (ase, CPAaBHUBATHCL ¢ H3BECTHOMH
Mmozensio- Ziff-Gulari-Barshad - Monre Kapno'Moz[enLio peakmm Ha TIagKoi onﬁoponﬂoﬁ
- HOBépXHOCTH. Beenenue B mMonens zmd)q)ymn MOHeRyJI AaJic IPUBOJHUT K ncﬁemoseﬂmo
06MacTH MOJNHOTO NOKPHITHS 10 Bajnc, Habmomaemoii B '_ZGB-Monem(I, M K CIBHTY TOYKH
KMHETHYECKOT0 (pazoBoro nepekoz{a IIEPBOTO POZia — CKa4K00OPa3HOTO H3MEHEHHUS noprnﬁﬁ
HOBEPXHOCTH aacopbaramu - ﬁ;CTopOHy MEHBIITHX BEIMIUH YA (8 orimume ot ZGB-Monenu
c ydetoM auddy3uu Aanic). A10 c_BsIé.aﬁo C TeM, uTo AMby3Us MONEKYT AaJC 10 HOCHTEO
K aKTHMBHOMY KOMIOHEHTY CO3Ja€T MONOIHHTENbHBIE (MudQy3HOHHEIH) KaHAT mOxaYH
BEUIECTBA A, 4YTO 3KBUBAJICHTHO YBEJIMUYECHHIO _napuﬁanLHoro JlaBJICHUs BemiecTBa A B
ra3oBoif (ase. B 3ToM ciyyae peakuus mporexaer o AByM KasanaM. IIpH MaJbIX 3HaueHUsX
MOJIBHOH J01H YA HMEET MeCTO IpPEeHMYINECTBEHHO JIU(Y3HOHHBII KaHal, Wu
ancopOUpOBaHHEIE HA YaCTHIE MOJEKYJIHl THUIA Baic (OpMHpYIOT OCTPOBOK C ILIOTHBIM
sapoM. [Ipu 6onee BBICOKHX 3HA4eHUAX YA TaKKe UMEET MECTO H BTOPOi1 - aACOPOIHOHHBIH
KaHaJl. DTO BEJET K PasphIXJICHHUIO IUIOTHOTO Apa OCprBKa, c)OPMHPOBAHHOTO MOJIEKYJIAMHU
Banc. KuBeTHuecKHe ha3oBBIe IEPeXOAB!, HabGIIONAOMMecs Ha TIIaJKOH IIOBEPXHOCTH, Ha
IIEPOXOBATOM MMOBEPXHOCTH aKTHBHOW HAHECEHHOM YACTHIILI OTCYTCTBYIOT. Takam 00pazoM,
KMHETHKA pEaKkUM¥ Ha aAKTHBHOM WYACTHIIE HAHOMETPOBOLO paéMepa KgﬁeCTBeHHo "
KOJIMYECTBEHHO OTIHYAeTCA OT xapaKTépnch NPOTEKAHUS PpEaKUHH 'Ha IUIOCKOH
OECKOHEYHOH MOBEPXHOCTH.

Usygeno BnusHME MOHOMOIEKYISPHOM H  OUMOJEKYJIADHOH IHCCONMATHBHON
ancopbriE Ha (GOPMY PaBHOBECHOH YACTHIBI aKTHBHOTO KOMIOHEHTA W Mopdonoruro eé
IIOBEPXHOCTH. V30TepMBbI afcopOIMHU Ha aKTHBHONW YACTHIlE PABHOBECHOH Orpy6IeHHOI
q)bpMLI Jexar BBIIIIE M30TepMBbl  ancopbuuu JleHrMropa, 49TO 00BACHAETCA HaJHYHEM
prH”l;ﬂX(EHHﬂ Mexny ancopbaroM H MertaioM. C pOCTOM 3HEPIHH B3aUMOJIEHCTBUA
az[cop6aT-Mefann 3aMETHO YBEIMYHMBAETCS HICPOXOBATOCTH .IIOBEPXHOCTH HAHECEHHOM

YaCcTHIBI METaJl1a, HK3MCHACTCA H ¢)opMa aKTHUBHOH YaCTHIIEL. |

213



PP-27
~ CATALYTIC DNA AND RNA FOR TARGETING MDR1 mRNA

M. Kuznetsova, A. Fokina', M. Repkova, A. Venyaminova, V. Vlassov

Novosibirsk Institute of Bioorganic Chemistry
SB RAS, 8, Ac. Lavrentiev Ave, Novosibirsk, 630090, Russia;
E-mail: kuzn@niboch.nsc.ru;
*Novosibirsk State University, 2, Pirogova St., Novosibirsk, 630090, Russia

Small catalytic nucleic acids which possess the properties of RNA sequence specific
recognition and site-specific cleavage of RNA provide powerful tools for inhibition of gene
expression at the level of mRNA. The goal of the present study was to design NA enzymes
: for the cleavage of the mRNA of multi-drug resistance gene MDR1. |
| Hammerhead riboiyme and DNAzymes 10-23 complementary to three different sites
of the 5’-end fragment of MDR1 mRNA in the translation initiation region and in the coding

region were synthesized. It was shown that the presence of the “inverted” thymidine
“introduced at the 3’-end of the synthesized DNAzyme via 3’-3’-phosphodiester linkage
significantly enhances its resistance towards serum nucleases (data not shown). All
synthesized NA enzymes effectively cleave the synthetic fragments of MDR1 mRNA in a
catalytic manner. The kinetic parameters obtained (Table 1) are in agreement with the

published data concerning the cleavage of short RNA substrates.

Table 1. Kinetic parameters of RNA cleavage by NA enzymes

MDR1 mRNA site | NA enzyme Kn, nM Kear, min™’ Keat/ K, min™ - uM™’
-120-137 Dz-120 95,0+6,4 | 0,021+0,001 0,22
120-137 Dz-120-invT | 23,8+7.4 | 0,025+0,002 1,1
319-333 Dz-319-invT | 111,8+25,0 | 0,091+0,014 0,81
127-145 Dz-127 67,0+26.,6 0,60+0,06 8,9
127-145 Dz-127-invT | 24,0+1,3 0,24+0,01 10,0
127-145 Rz-127 85,8+114 0,21+0,02 24

The concentration of substrate varied from 0.510” to 5.0+10”" M; 50 mM Tris-HCI (pH 7.5), 10 ;M MgCl,, 37°C.

We synthesized a binary ribozyme consisted of two partially complementary
-oligoribonucleotides capable of forming catalytically active hammerhead structure after
assembling on the RNA target. )
| With using the excess or equimolar ratio of binary ribozyme and substrate the
efficiency of the cleavage of MDR1 mRNA synthetic fragment (nucleotides 127-145) is as
high as in the case of its full-length analog (Fig. 1A). In a catalytic mode, at 110° M
‘concentration of both ribozyme strands, the efficiency of cleavage was dramaticallyﬁrleduced,
and the limiting extent of cleavage did not exceed 10%. However, suffice it to raise the
concentration of only one of the strands to increase the cleavage efficiency by several times
(Fig. 1 B), thus the limiting extent of cleavage becomes comparable with that of the full-
length hammerhead ribozyme.
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Figure 1. The cleavage of MDR1 mRNA synthetlc fragment (nucleotides 127-145) by the binary
ribozyme at the equal concentrations of the ribozyme strands (A) or at the excess of the one of the
strands (B). RNA concentration in the reaction mixture was 1.0°10”7 M; 50 mM Trls-HCl (pH 7.5),
10 mM MgCl, 37°C f

The DNAzyme system containing 10-23 DNAzyme with tetranuclebtjde 3’-arm was
designed (Fig. 2). Oligo(2’-O-methylribonucleotides) (4-, 5- or 6-mer) and their derivatives bearing
“inverted” thymidine at the 3’-end and/or the intercalating N—(2—hydxbxyethyl)phenazinjum (Phn)
residue at the 5’-end were used as effectors that bound to the substrate contiguously with the
3’-end of the DNAzyme. The influence of the type, length, and concentration of an effector

on the cleavage of RNA by the shortened 10-23 DNAzyme was evaluated.

3' -G "A"ATG"G"U"pPhn Phoém(invT) Sleavage, %
5'-GCUUCCAAGGAG*CGCG AGGUC " .
3'-TCCT GCGCTCC ]
¢ € . 30,
C (o] [
} oy ~oH A T 0=p-0 20+ .
e ey T
G 104
A € M/Q
(0]
N™ : 2'-O-methylribonucleotide HO T 0% 30 60 90 130 130 180 210 230
Time, min

Figure 2. The cleavage of MDR1 mRNA synthetic fragment (nucleotides 117-137) by the shortened
DNAzyme 10-23 in the absence (o) and in the presence (e) of effector Phn6m(invT). The
concentrations of RNA substrate, DNAzyme and effector were 1.0-107 M, 1.0-10" 8M and 3.2:10°M,
respectively; 50 mM Tris-HCI (pH 7.5), 10 mM MgCl,, 37°C

It was shown that the increase of the length and concentration of effectors resulted in
the enhancement of cleavage efficiency. Maximum efficiency of cleavage was observed in the
case of the hexamer Phn6m(invT) (Fig. 2); The use of such two-component DNAzymes for
the cleavage of the extended structured mRNA would be, probably, even more favorable.

The results obtained indicate that the synthesized NA enzymes can be considered as
promising agents for inhibition of MDR1 gene expression.

This work was supported by the Russian State Program “Gene Targeted Blologlcally Active
Compounds as Antiviral and Anticancer Drugs” CRDF (project No. REC-008), RFBR (pro_]ect No.
02-04-48586) and the Seventh Competition of Young Scientists of RAS.
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PA3ZPABOTKA KOMIII)IOTEPHOFI CHCTEMBI PACUETA
INPOrHO3APOBAHMS PEXKAMOB SKCILIYATALIMA YCTAHOBOK
' PUOPOPMUHT A

Kpaguos A.B., Upanuuna 3./1., Caayumu C.A.

Xumuro-mexnonozuueckuii paxynomem, Tomckuii nonumexnuyeckuii YHUgepcumem
634006 Tomck np. Jlenuna 30
E-mail: bird@tpu.ru

Pa3paboTaHa KOMIbIOTEpHAA CHCTEMa pacyeTa H IIPOTHOBHPOBAHHS PEXKUMOB
9KCITyaTalli YCTaHOBOK PH(GOPMHHIA. B 0CHOBE pa3paGoTaHHON CHCTEMBI JeXaT (H3HKO-
XHMHYECKUE OCHOBBI MMPOTEKAHUS MPOLIECCOB HA INIATHHOBBIX KATAIH3aToOpaX, YTO HAZENSET
nbnyquHyfo CHCTEMY BBICOKOH IIPOTHO3HPYIOIIEH CIIOCOOHOCTRIO. JlaHHAs Mogjenb
YIHTBIBACT IIOKOMITOHEHTHBIH COCTaB CHIPhSA, C HEOOXOAUMOR CTENEHBIO arpernp'OBaHHﬂ, 7§
PCaKIHM, KOTOpbl€ INPOTEKAIOT C YYaCTHEM OTHX KOMIIOHEHTOB, a TEXHOJIOIHYECKHE
TIapaMeTpsl BEACHHA mpolecca. Takxke yYHTHIBAIOTCA HPOLECCH CTAPEHHS H OTPABICHHA
KaTau3aTopa KaTaIHTHYCCKHMH AJaMH M €r0 3aKOKCOBHIBAHHE, Ha OCHOBAHHH 4ero
pa3paboTaHa HECTAHOHAPHAS MOJIENb IPOLIECCa.

Pa3paboTanHas CHCTeMa peaTH3oBaHAa B BHJC KOMIIBIOTEPHOH IPOrpaMMel JTa
IporpaMma HMeEET YAOOHYI0 MOAYNBHYIO CTPYKTYPy. BiiodaeT B cebs clemyiomme
OCHOBHEIE (PYHKIIHOHAIBHBIE OJIOKH:

>  BIOK BBOJia IaHHBIX;
biok pacuera Ha Mojieny;
BJI0K BBIZIaUH TEKYIIUX pPEKOMEH IALHIL;
b0k HakoIIeHAs HHPOPMALUH 10 paboTe YCTAHOBKH.
Ilporpamma . pkmoyaeT B ceGs HaHHble 10 17 YCTAHOBKAM KaTATHTHIECKOIO
pPUGOPMHHTA H OCHOBHBIM COBPEMEHHBIM KaTaJIHBaTOpaM KaK OTEYCCTBEHHEIM, TaK M

YV V VY

3apy0eKHbBIM. .
Taxum 06pa3oM, paspaGoTanHas KOMIILIOTEPHAS CHCTEMA peuaTs. NeNbli pag BaXHbIX

TEXHOJIOTUYECKHX 33/(ay: '

> ONpeleneHHe TeKyHmeH aKTHBHOCTH KATAIH3aTOpA W nojuepxanue e€ Ha
OIITHMAJILHOM YPOBHE; : ’ R

»  TIPOTHO3HPOBAHHE JTHTENBHOCTH MEKPETeHEPALHORHOFG TIMKIIA;

> 1moa6op KaTalu3aTopa C yYeTOM TEXHOJNOTHYECKOTO 0OPMIIEHHS H. CHIpbS Ha
YCTaHOBKe;

>  pacyeT ONTHMAIBHOIO COAEPXAHHA XJOpa Ha K4aTalu3aTope IPH pEreHepaluH H
3KCIITyaTallHH, ‘

»  CHIXEHHE KOKCOOGpa30oBaHHSA Ha KATATH3ATOPE;

> OLEHKa YPOBHA SKCILTyaTailHH YCTAHOBKH, C BO3MOXKHOCTBIO BHIBJICHHS HETIONALIOK.

 Jlannas IPOrpaMma HMeeT OOJIBIIOE IPAKTHYECKOe IPUMEHEHHE U BHEpEHa Ha MHOTHX
Poccuiickux HIT3 (Omckuit, Honoxyn6mue}3cxnn Knpnmcxym AHrapckei, A‘{HHCI(I/IH)
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- CEJIEKTUBHOE OKHUCJEHUE CO HA IVIATHHO-H
- :30JJOTOCOJEPKAIIINX KATAJIU3ATOPAX

H.H. Kpotoga, J.A. bepesnna, T.H. Bypaeiinas, B.®. Tperbsikor

Hucmumym ne@pmexumuyeckozo cunmesa um. A.B. Tonuuesa, Mockea, Poccus
E-mail: ira_krotova@hotmail.com

B pamxax pelueHus 3ajauvl yjaleHHs H3 Ia3OBOM CMeCH MOHOOKCHAA YIIIEpOja,
SABJIAIOMErocs HEONAronpuUsTHHIM KOMIOHEHTOM J/If - pabOThl TOIUTMBHEIX 3JIEMEHTOB,
ONTHMAIBHBIM CIIOCOO0M sBIIAETCA cenekTuBHOE okucienne CO. [l ocylnecTBISHHS 3TOro
mpolecca HEOOXOAMM KaTalu3aTop, 00ECIIeYHBAIOIIMN CENEKTUBHOE NMPOTEKAHHE PEAKIHU
okucinerns CO.u  paboTaromuit npu Temmeparypax He Boie 150°C. B Hactosmee Bpems
IIHPOKOE BHHUMAHME YACMSETCS KATalM3aTopaM,; COJEp)KalmuM OIlarOpoiHBIE METALlbl,
KOTOPKIE SABNAIOTCSA AOCTATOYHO AKTUBHBIMH B PEAKIIUH CeNleKTHBHOTro okucnenus CO [1-3].

Hamu ObutM  HCCIIENIOBaHBI  IUIATHHO-. - H  307I0TOCOJEPIKAINME = KATATH3ATOPBL:
2%Pt/S10,, 2%Auw/Al,O3/Mg B peakiuu CeNeKTHBHOTO okuciennss CO B HHTEpBaJie
Temneparyp 80-150°C. VcTaHOBICHO, 9TO YBEIMYEHHME TEMIEPATYphl M [ABIEHHS U
CHI)KeHHe 00BEMHON CKOPOCTH ra3oBoi cMech ¢ 250004 10 36004 BeadT k MOBBIMIEHMIO
creneHu npespamenns CO Ha HccnenyeMpIX  Katanusaropax. CpaBHEHHE MX aKTHBHOCTH
NOKa3bIBaCT, Y0 B INPHCYTCTBHH 30J0TOCOAEPIKAILETO KAaTAIH3aTopa PEaKIMs CEJIEKTHBHOTO
okuciernss CO HaunHanack npu Temmeparypax Hmke 100°C, Torma kak Ha KaTammsaTope,
conepxailieM IIatHHy, npespatichde CO B CO, Habmonanock JWine LPH TeMIeparypax,
npespmmaromux  100°C. Kpome Toro, xatammsatop - AwALOy/Mg mpossun BBICOKYIO
CEJIEKTHBHOCTS B X0fie peakuuu okucnenns CO. KoETpois conepxanns Boaopoaa B HCXOTHOMH
ra30BOY CMECH U MPOAYKTAX PEaKLMK [I0Ka3all OTCYTCTBHE H3MEHEHUS KOMYECTBA BOAOPOA.

Takum 006pa3soMm, HOIMy4eHHBIE SKCIIEPUMEHTANBHEIE PE3yNbTaThl MOKA3BIBAIOT, YTO
30JIOTOCOICPKAIUMI KaTalM3aTop NposABIsLeT Ooiee BHICOKYIO aKTHBHOCTD H CEJIEKTHBHOCTD B
PEaKIMHU CENEKTUBHOrO OKUCICHH CO 10 CPaBHEHMIO C MIATHHOCOACPIKAIIMM, YTO AENIAET

ero Gonee TNICPCIICKTUBHBIM B JAHHOM ITPOIIECCE.

JInreparypa:

[1] Low-temperature ox1dat10n of CO over gold supported on TiO;, 0-Fe;03, and CosO4
M. Haruta, S. Tsubota, T. Kobayash1 H. Kageyama//J Catal. - 1993.-V. 114.-N1.-P. 175-192,
[2] Kinetics of the selectlve CO 0x1dat10n in Hp-rich gas on Pt/Ale/ M.J. Kachlich, H.A.
Gasteiger, R.J. Behm // J.Catal. ~1997.-V.171. =N 1. - P.93-105.”

3] Effects of pretreatment conditions on Co. oxidation over supported Au catalysts./ E. D.
Park, I. S. Lee // J.Catal. — 1999. — V. 186. =N 1. — P.1-11.
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DJIEKTPOTHAPABIMYECKOE BO3JIEHCTBHE HA AKTUBHOCTbD
KATAJIN3ATOPOB CEJEKTHBHOI'O BOCCTAHOBJIEHUSI
OKCHIOB A30TA

Kporosa H.H., bypaeiinas T.H., Tperbsikos B.®.

Hucmumym negpmexumuyecxozo curmesa um. A.B. Tonuueea PAH, Mockea, Poccus
E-mail: ira_krotova@hotmail.com

‘B cBa3u ¢ moBbllieHHEM TpeOOBaHMII K OXpaHe OKpYXAaIOmeH Cpelbl BechMa
aKTyallbHa 3ajia4ya OYHCTKHM Ta30BEIX BBIOPOCOB OT TOKCHYHBIX NpHUMECeH, M3 KOTODPBIX
Haubonee pacupocrpaneHsl CO, CO,, NOy. OnHuM U3 OCHOBHBIX MCTOYHHKOB IOCTYILICHHS
. JaHHBIX TIpHUMECedl B BO3AyIIHEIM OaccedH sABIAETCS aBTOTPAHCIOPT, NOJS KOTOPOTO B
3arpsA3HEHUHU OKPYKAIOUIEH Cpelbl COCTABIAET B CpeIHHX 110 pasMepy ropoaax ot 30 xo 40%,
a B KpynHbIX — 10 60% [1].

W3 wucnonb3yeMEIX Cmoco60B OYHCTKM Ta3OBBIX BEIOPOCOB Haubolee IIHMPOKO
IPUMCHSECMBIMH  ABJIAIOTCA KaTaIMTHYeCKHe MeTonsl. [loaToMy pa3paboTka HOBBIX
KaTaJIMTHYECKHX CHCTEM SBIIETCS BEChbMa aKTyaIbHOM 3a71a4ei.

B macrosinee BpeMs HCHONB3YIOTCS DPa3idYHbIE METOAEI MOBELIIEHHS AKTHBHOCTH
KaTajli3aTopoB (MEXaHOXMMHYECKas aKTHBAIMsA, oOIydeHHe, yiubTpa3BykoBoe u CBY
BO37EACTBHE, 00paboTka B HU3KOTEMIIEPATYPHOM IUIa3Me, B 30He TIEIONIETo paspana) [2].

Hamu Opin ucronp3oBaH MeTox osnekrporuapoydapa (OI'Y) aAns  axkTuBamuu
KaTaIM3aTOpOB C HEIBI0 IPHMEHEHHS HMX B pPEaKHHH CeIEKTHBHOTO KaTAIHTHUYECKOTO
BoccraHoBieHds (CKB) okcunoB asora yrmeBomopojgamu. M3ydeHa  aKkTHBHOCTS
npoMenivieHHHX  Karanu3atopoB HTK u Ni-Cr, momseprmyteix Bosxéiictuio DIY, B
peaxua CKB NOX npomnaHoM H JieKaHOM. '

Ilokasano, 4ro npensapuTensHas obpabotka OI'Y IPOMBIIICHHOTO KaTaau3aTopa
HTK npuBoauT K yBenMueHI0 KOHBEPCHH OKCHIOB a30Ta B peakmuun CKB NOX npomasHoM ¢
18% 1o 65%. I1pu uCHOE30BaHHH B KAYECTBE BOCCTAHOBUTEIIA J€KaHa B IpUCYTCcTBHH Ni-Cr
katanu3aropa KoHBepcus NOx cocraBisier 10% no o6paborku xoutakta DI'Y u 60% mocne
006paboTku. YCTaHOBIEHO, YTO YBEIHMUYEHHE NPUIOKEHHOrO K 37I€KTPOJaM HANpSKeHHS
JUTMTEJIGHOCTH pa3psizia IPUBOIUT K POCTY KaTATUTHYECKON aKTUBHOCTH.

‘ IlpenBaputeinpHble MCCIENOBAHMS NOKa3amd, 4TO BoszeHcTBre DY NpUBOAMT K
H3MEHEHHIO HCXOIHON KAaTAMTHYECKOH CHCTEMEI H CIOCOBCTBYET (OPMHUPOBAHUIO CHCTEMEL,

obecreyrBaronicH yBeTHIeHHE AKTUBHOCTH B PACCMATPUBAEMO PEAKIIHH.

[1] Tepentses I'.A., TrokoB B.M., Cmans ®.B. Motopssie TOIUIMBA M3 &IbTepPHATHBHBIX
CBIPBEEBBIX pecypcoB. M.: Xumus, 1989. — 272 c. '

[2] Karamuruyecknit pudopmunr yriaesomoponoB / ITox pepaipod. P.M. Kyspmuuoit. —
Caparos: M3a-so CYON MBI Poccun, 2002. — 252 ¢.
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KATAJIMTHYECKASA AKTUBHOCTD IPHPOJIHBIX
Cu- MU Ni-COAEPXKAIIMX HEOJUTOB B IPOLIECCAX
IJIYBOKOI'O OKHCJIEHUS YTJEBOJOPO/IOB

Kpsxos A.H., Cmonennena E.B., KasaﬂueBa JLK.*, Kapnenko B.H.**,
IectpsixoB A.H., Oxepeasen O.A.**

Tomcxuti nonumexnuyeckuti ynueepcumem, Tomck 634034, Poccwz
E-mail: anp@tspace.ru -
*Huemumym munepanozuu u nempozpaguu CO PAH, Hoeocubupck, Poccus
**Cesepcxuti 20cyoapcmeennbiti mexHoL0ZUYeCK Ul UHCIMUMym, Ceeepcx,» Poccus

B Hacrosimee BpeMs ajcopOuus W KaTauus CTald [JaBHOH 06NACTBIO NOTPeGICHHUS
IICONUTOB. BBICOKasA KAaTAMMTHYECKAs aKTHBHOCTB, PEryJIsApHas CIPYKTYpa W CHOCOGHOCTH K
HOHHOMY OOMEHY Jeal0T HEONUMThl YHHKANBHBIMH OOBEKTaMHE ISl H3yUeHHs TeTEPOreHHOrO
KaTanu3a. Ilocne BBeieHUS B CTPYKTYPY KaTIHTHYECKH aKTUBHBIX METAIIIOB IIYTeM HOHHOTO
o0OMeHa OTH KPHCTa/NIHYECKHE ~AMIOMOCHIIMKATH CTAHOBATCS 3HAYMTENBHO 6oJiee
o QEeKTHBHBIMA KaTATH3aTOPaMH, 4eM HCXOAHBIe o6pasupl. Eie 0JHO IpeMMymecTBo 3THX
MaTepHajoB B TOM, YTO MPHPOAHBIE LEONHUTHI JIETKO JOCTYIHBI M AOCTATOYHO JICIHEBEI, YTO
JieTIaeT UX MCIIOJb30BaHHE SKOHOMHYECKH HEIeCO0OPa3HEIM.

Henbio macTosmed paboTHI sBJsETCS IOJNYyYEHHE M HCCIEJOBAHHE HAHECEHHBIX Ha
NPHPOJHbIC LEONUTH MEJHBIX M HHKEJEBBIX KATAIH3ATOPOB JUIS IIyOOKOTO OKHCIECHUS
OpraHH4eckux oTxomoB. HcmonesoBamuck neoymtel  XommHckoro, Ilusupryiickoro,
H3erBunckoro ¥ XOHTYPYHCKOTO MECTOPOXIEHHH C (PaKIHOHHBIM COCTAaBOM 2-5 MM.
Conepxanne akTHBHOro Metauia B ofpasiax cocraBisuio 1-5 mac. %. Hccnenopamue
KaTaTMTHYECKUX CBOMCTB IOJY4YEHHBIX OOpasloOB INPOBOAMIOCE Ha  IIPOTOYHOM
KaTaTHTHYECKOH  yCTaHOBKE C  XpoMarorpadumueckum  aHammszom  («Kpucramm).
PeHTreHoCTpyKTYpHBIA aHanu3 IpoBOAMIH Ha Audpaktomerpe JIPOH-3, mukpodoTorpadun
IOJIY9€HBI Ha CKaHUPYIOLIEM 3JIEKTPOHHOM MuKpockome JEOL JSM-35C.

B pesymprare mpojeNaHHBIX OKCIEPHMEHTOB OBUIO IIOKAa3aHO, YTO JAHHBIE
KaTajiu3aTopbl NpH OKHCICHHH CMeECe# NpelenbHBIX yrieBopoponoB (PDO]I-2) mpossiasior
BBICOKYIO KaTaIMTHYECKYIO aKTHBHOCTB. 100%-Hast KOHBEpPCHSA YIJIEBOJOPOJOB JAOCTHIAIACEH
B TeMIepaTypHoM uHTepBaie 150-250°C B 3aBHCHMOCTH OT cocmBa‘KaTanmaTopa U YCIIOBHH
npouecca. Ni-cofepxaimue oOpasnsl B LEIOM IOKa3ad (oliee BHICOKYIO KaTATMTHYECKYIO
aKTHBHOCTB 110 CPaBHEHMIO ¢ Cu-coliepXaluMy IeoTuTaMu. KaTamu3aTtopsl He TEpsUTH CBOEH

KaTATMTHYECKON aKTHBHOCTH H MEXaHHYECKOH IIPOYHOCTH IIPH JJIATENBHOH pa60Te.
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CpaBHMTENbHBIE  HCCIEHOBAHHA. B QHATOTMYHBIX  YCIOBHAX  MOKa3ad, dTO
IIPOMBIIUICHHBIH MenLconepﬁxamnﬁ KaTaJmsérop I/IK;I‘-.H?’:}IMGET TIPHOIM3ATENILHO TaKHE Ke
KaTaIITHYECKHE  XapaKTEPUCTHKH, HO  COZEpXaHME aKTHBHOIO KOMIIOHEHTAa (W,
COOTBETCTBEHHO, €T0 CTOMMOCTE) B HPOMBIILIEHHOM KaTAJIM3aTOPE 3HAYHTEILHO BBIIIE.

He/l0cTaTKaM¥ IPHPOJIHBIX 1IEOTHTOB SBISETCS HEMOCTOSHCTRO COCTABA | paspylieHue
CTPYKTYpBI IPH BEICOKOTEMITEpAaTypHO# 00paboTke. MccienoBanue XMMHYECKOro 1 ¢azoBoro
cocraBa 00pasloB TOKA3alo, YTO COACPXKAHME LEONHTOB (KIHHOITHIONNT, MOpJICHHT,
maba3uT) B IPUPOAHOM Ty(de cocTasisgeT 60-90% B 3aBUCHMOCTH OT MecToposxenus. [Tocie
,unHTe}ILHoﬁ HpOKéJIKI/I npr 300°C ueonMTHAas CTPYKTypa Bcex HCCIIeAyeMBbIX 00pa3ioB
COXpaHANach MPaKTHYeCKH MOIHOCTBIO. Tepmoobpaborka mpm 500°C  mpuBomuT K
PaspymeHuI0 CTPYKTYpsl HeonuTa Ha 20-60%. Hambonpiuyio TepMOCTAGHIBHOCTS MMEIOT
KJIMHOTITUIOMATOBEIC 00pasibl XOMMHCKOTO MECTOPOXKIEHHS, HAHMEHBIIVIO — [eHIaHIuT
MECTOPOX/IeHHs XOHTYpYY.

Taxum obpasom, uccrenoBaHus noKasam 3¢QeKTHBHOCTD KaTaJIM3aTOpPOB Ha OCHOBE

IPHPOAHBIX LEONHTOB B MpPOLECCaX IIIyGOKOTO OKMCIEHHS YIIEBOZOPOAOB NpH pabounx

Temmeparypax a0 300°C.
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KINETICS OF CYCLOALKANE
- TRANSFORMATION OVER IONIC LIQUIDS

Ksenofontov V.A."”, Pryakhin A.N.?, Kustov L.M."

l)Zelinsky Institute of Organic Chemistry, RAS, Leninsky prosp. 47, Moscow, 119992,
E-mail: viadl7@zmail.ru
Moscow State University, Chemistry Department, Vorob’evy Gory 1, Moscow, 119899
Introduction

Ionic liquids (or molten salts) are presently considered as an alternative to
conventional heterogeneous and homogeneous catalysts, especially to AICl; and other
aggressive Friedel-Crafts catalysts.

Fast progress in this intriguing area‘calls for a systematic search for new types of ionic
liquids, as well as for the extension of the fields of their application as potential catalysts and
catalytic media. In particular, activation of paraffin molecules in skeletal isomerization,
alkylation and disproportionation reactions seems to be a promising area. »

The goal of the present work was the study of the kinetics of transformation OF

cycloalkanes over ionic liquids.

Experimental
Ionic liquid consisted of tn'methylanimonium hydroéhloride
CHj
| and AICI13 was prepared for this investigation. Typically the reactions
CH= N> ARCIO
CH3/ \H were performed in a three-neck flask with a reflux condenser and a
I magnetic stirrer. A mixture of hydrocarbon and of the ionic liquid was
loaded in the reaction vessel, the system was purged with He and stirring was started. The
reaction was carried out at 60°C. The two-phase mixture was separated with a separation

funnel and the reaction products were analyzed by GC.

Results and discussion

For kinetic ‘st;ud‘ying of alkane and cycloalkane transformation the following
experiments were carried out: reaction with individual hydrocarbons and in 'pre‘sience of
different additives. To determine the rate constants the following kinetic scheme was chosen:
the reaction is reversible and either substrate or ﬁFOducts are take part in transformation.

Suggested scheme fits to the reactions occured on the ionic liquid surface.
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TEJOMEPH3AIIMSI CCl, C OJIE@MHAMM, 1,3- n 1,4 - TUEHAMH
MO AEHCTBHUEM KOMILIEKCOB Mo n V

10.10. JIaspenrbena, P.1I0. Bypanrynosa, P.H. XycHyrauHos,
: H.A. lllanueBa, Y.M. lixemuieB

Hucmumym neghmexumuu u kamanusa
AH PE u VHI] PAH, npocn. Oxmabps, 141, 450075 Y¢a, Poccua
Daxc: (3472) 312750, E-mail: ink@anrb.ru
OcymecTsiesa TenoMepusanus CCl; ¢ a-onedunamm, HOpGOPHEHOM H  €ro
3aMelIeHHbIMH [POM3BONHEIME, |,3-IMeHaMH M HOpPGODHAIHEHOM TOJ JeHCTBHEM
KOMIUIEKCOB BaHaJMs M MOJHOMIEHa, HaWIy4IDMMH H3 KOTOpBIX sBILHOTcs VO(acac), u
Mo(CO)s. Katanutuyeckas akTUBHOCTb YKa3aHHBIX KOMIUIEKCOB B PEaKIMH TETOMEPH3AIHH
CCly ¢ a-onedpunamu coctaBmiaa 500 Monp mpoaykra Ha 1 MONB KaTanu3aTropa B 4ac IPH
00s3aTeIbHOM YCJIOBHH IPOBEJEHHA IMpoOLecca B Cpelie CIUPTOB — METaHOJa MM 3TAHOJA.
TIpH HOZOMETPHYECKOM THTPOBAHWM PEaKIHOHHOH MacChl ObUT 0OHAPYXEH aKTUBHEIH XJIOp,
YTO MO3BOJIAET IPEANMONIOKUTh 00pa3oBaHHE B XOJ€ pPEaKIMU METWI(ITHI)THIOXIOPUTa,
KOTOpBIH, BEpPOATHO, WIpPaeT pois uHUNHaropa. OOpamaer Ha ceOd BHHMaHHE
HCKIIIOYMTENIbHAA CEJIEKTHBHOCTh PEAaKIMH C YyJacTHEM 0-0JIepHHOB, KOTOpbIe 00pa3yioT

JIMIIb OJTUH pErHOU30MED.

Cl

[V] uma [Mo} L R = Alk, Cl, OAc, CN
Ak +CCl, - CIC R ~9%
150-175°C, 3 4
R
[V] wmu [Mo] R
125°C, 3 4 3

Cl

... Temomepusarus HOpOOpHanMeHa C CCly; mox [pe#icTBMEM KOMIUJIEKCOB BaHaus PI
Moqn6z[eHa npoxozaut npu 100°C ¥ ¢ KOJIMYECTBEHHBIM BBIXOIOM, IPHBOIA K 00pa30BaHHUIO
IPOAYKTa HOPTPHULMKIAHOBOH CTIPYKTYPBL [Ipy Hanuuuu B MOJEKyle HOpGOpHajHMeHa
3(HpHOrO 3aMECTHTENI B MOJIOXKEHMHM 7 HAIPAaBICHHE PEAKUUH HM3MEHSETCHd B CTOPOHY

nepesTepuduKauy.
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Cl
ccy
% CCl+ROH =
: R oBt .
. o [VI, [Mo], 100°C OR
— N et
99 9% +BuOH !

Tesnomepusauus 1,3 — mueHoB ¢ CCly mpOXOaHT, XOTA M PEFHOCENEKTHBHO, IO OJIHOMH

HauMeHee 3aMEIICHHOH JIBOIHOM CBS3H.

R' . R Rv

[V], [Mo] ccl
N CCl, + MeOH - > P ) ;
R 150°C, 8 4, 85 % cc, T R

Ci OMe

Peakiua He ocTaHaBnuBaeTcs Ha cragud upucoemusenus CCly, a mieT aaibiue,
IpHBOJA K METOKCH HPOHM3BOJIHBIM — HPOXYKTaM 3aMelenus xiopa Ha CH3;0- rpymmy B

00pa3oBaBIINXCA TEIOMEPAX.
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'BI)IJIEJIEHI/IE BEJIKOB COM 1 H3YYEHUE UX
®EPMEHTATHUBHBIX U IPYTUX CBOUCTB

% JlamGepoBa M.J., Baramos E.C., Jenckuii M.A.

Kagpeopa 6uomexnonozuu butickozo mexnonozuyeckozo uncmumyma, gpunuan Anmaicrkozo
zocyaapcmeeuuozo mexnuyeckozo yHusepcumema um. H. U Ilonzynosea, buiick, Poccus
E-mail: we@bti.secna.ru

®epMeHTHl  ABISIOTCS  MOJNEKyIaMH O€NKOB  pacTUTENBFHOTO, IKHBOTHOTO H
MHKPOOHOTO HpoHcXoxaeHHs. 110 naHHBM OOH ¢ 1 ra com nonydamoT B TpH pa3a Oomnpure
Oernka, YeM C TOM ke IUIOIIaAM MINeHHUIH, U B ITOATOpa pa3a 6olibiie, 4eM ¢ IIOI[COJIHG‘IHI/IK& -
caMoif BEICOKOOETIKOBO1 celbCKOX03AHCTBEHHOM KyIbTyphl B Poccuu. |

Ilo - 6uonoruyeckoit HEHHOCTH 6CJIOK. COM CpaBHHM C Gemkom MOJIOKA, PpBIOBI,
roBaauHbl. 1o manaeiM HUM nuranns PAMH coeBEIi OeJTOK IBIISIETCSA JIETKO yCBanyaeMLm,
BBICOKOIICHHBIM, COalaHCUPOBaHHBIM 110 AMUHOKHMCIOTHOMY coctaBy. lIpu 3TOM 1ieHBI Ha
COEBBIE NPOAYKTHI B 3-5 pa3 HIKe, 4eM Ha UX MsAco-MosouHble aHanoru. B CHIA u apyrux
Pa3sBUTBIX CTpaHaX COS HCIHOJB3YETCS B KOPMOBOM DAIMOHE XHBOTHBIX; IUIA YJIydIICHUS
cOanaHCHpOBaHHOIO IO aMHUHOKHCIIOTaM OelKOBOrO IUTaHHA HAceJIeHHUsS 3a CUET BBEICHHS
cOeBO# MyKH B XJIeG00YIOYHbIE M MOJOYHEIE TIPOIYKTHI;, B JUETHYECKOM IMTAHHM JETEH H
CIIOPTCMEHOB; IS NOIy4eHHs (EPMEHTHBIX IpPENapaToB MEIUIMHCKOTO W BETEPHHAPHOrO
Ha3HAYECHHUS.

IlpakTudeckas 1enecooOpa3sHOCTh H3YHUEHHS COEBBIX OCNIKOB ONpeaensaerca HuX
OMOJIOTHYECKON M IMTATE/IbHOM IIEHHOCTBIO, OTHOCHUTENBHOH NEIMEBU3HOH pacTHTEIBHBIX
0enkoB, pasHOOOpa3ueM UX aMUHOKHCIOTHOTO COCTaBa, ()YHKIHH U CBOMCTB.

Lensio maHHOH paboTHl ABNAETCA BBIACTICHHE OCENKOB M3 COM B JIabOpaTOpPHBIX
YCIOBHAX M U3y4YECHHE pAZia UX CBOWCTB, B TOM 4HcjIe (hepMEHTaTHBHEIX.

Jlns BeIOEneHUs OEIKOB METOIOM Auaiu3a (BBHICAIMBAHUSA) M3MEIbUYCHHBIE COEBHIC
60651 HacTamBanu B 10%-HOM pacTBOpe XJIOpHIa HaTpHs, 3aTeM (GUIBTPOBATIH COJEBYIO
BBITSDKKY O€ka, comepaulyio IimoOyiIuHb B albOYMHHBI, IPOBEIM BRICATMBAHUE OEIIKOB C
IIOMOMIBIO THAIM3aTOPa M OYHINCHHUE OT XJIOPUIa HATPHS IIOJTydEHHOTO OEIKOBOrO pacTBOpa.

JUia  ompeneneHMs  COJACPKAHHS CyMMapHBIX O€JIKOB B HCXOIHOH  CO€
KOJIOPMMETPHYECKHM MeTOAOM K 0,5 T pa3apoOIeHHBIX CHIPBIX CEMAROMEH IPOPOCINHX CEMSH
nobapism 6opaTHBIH Oydep, B KadecTBe CTaHAAPTHOrO PacTBOpPAa HMCMOJB30BAIH PACTBOPHI
Ka3eHHa MOJIOKA U anbOyMHHA IMIIEeHWYHOH MYKH BBICIETO COpTa. B pe3ynpTare YCTaHOBHIIHM,

yro B 1 M1 pacTBOpa Genka comepxkurcsa 1 Mr Gelnka.
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Onpenenenre (epMEHTaTHBHOM aKTHBHOCTH aMHJa3 B IPOPACTAIONIHX COEBBIX
606ax, THAPOM3YIOMUX KpaXMal JI0 AeKCTPHHOB, M- H MOHOCAXaPH/I0B, HIPOBOAHIIH 1IOCTIE
BBUIEICHAS HMX METONOM Auanmmsa (BbicaiuBanus). IloydeHHBIH O€IKOBBIA pacTBOp
MHKYOHpOBaJH CO CTAHAAPTHBIM PaCTBOPOM KpaxMajia Ipu 20°C B Teyenue 30 MuHyT, 3aTEM
KOJIOpI/IMeTpH‘IeCKI/I ONpeNeNsIA OCTATOYHBIA Kpaxmai, He THIPOIH30BAHHBIA aMHUIIA3AMH.
AKTI/IBHOCTL aMnna3 B 1 Mr I“I/IIIpOJ'II/ISOBaHHOI“O KanMana 3a 1 yac Ha 1 M1 depMeHTHOrO
npemnaparta cocrasuia 0,005 exunni.

Onpenenenue  aKTHBHOCTH IPOTEMHa3 B  MNpPOPACTAIOIIAX COEBBIX  G606ax,
THAPOJU3YIONIMX NENTHAHBIC CBS3U OEIKOB, OCYLIECTBILIE METO/IOM Ancena. DepMEHTHBIM
MPEIapaToM, BELICICHHBIM H3 CeMAAOJIEH MpOpacTaroliux coeBEIX 6000B, AeiCTBOBAIN Ha
pacTBOp OuMLICHHOTO Oenka (kaseMHa, anbOymuHa). (DepMEHTATHBHYK) AaKTHBHOCTH
OIIPEJIENSIHA TI0 KOTHYECTBY APOMATHYECKHX AMUHOKHCIIOT, BEICBOGOIMBIINXCS H3 GenkoB, B
pe3ynbTaTe aKTHBHOCTH IIPOTEHHA3 Ha 1 Mr 6enka 3a 1 yac coctasmuia 0,00025 exunui.

3aTeM npoBen OHYPETOBYIO peakUHIO, B KOTOpOH HBET 00pa3OBAaBIIMXCS MEIHBIX
KOMIUICKCOB ONMpPEAEUICS YHCIOM aMHMHOKMCIIOT, CB3aHHBIX MENTHAHOM CBA3br0. Jlanee
Obila mpoBeZicHa KCAHTONPOTEHHOBAs peakuus Ha HalWdde B OelKaX OCTATKOB
apoMaTHYECKHUX aMHHOKHMCIOT ((eHuIanaHHHa, TpunrodaHa, THpo3uHA). IIpoBeneHHas
peaknus Cakaryuw IIOKasajla OpaHXEeBO-KpacHOe OKpallMBaHHE IIPH B3aHMOIEHCTBHH C
o-Ha()TOIOM, YTO TOBOPHT O HANHYMH B OelKax dAMHHOKHCIOTH apruHuHa. Ilocie
Ka4yeCTBCHHBIX peakUud OBuIH I/ICCJ‘IeIIOBaHBI CBOHCTBa BbIJENEHHBIX -OeNIKOB, TakuWe Kak
OTHOLICHHE K KHCJIOTaM W HIENo4aM, CBepTBIBaHI/Ie LpU HarpeBaHmI ocaw[eHHe COISIMH
TSKEJBIX METAIOB, OCAXICHUE KOHIIEHTPHPOBAHHBIMA MHHEPATbHBIMH KHCJIOTAMH, a TAKXKe
HX aMHHOKHUCIIOTHBIH COCTaB.

Taxum obpazoM, B xoje AaHHOH pabOTHI OBLIM BHLIEIEHBI CYMMAapHEIE OEIKH COH.
IlpoBenena KkawyecTBEHHAas M KOJIHYCCTBEHHAA OLEHKA HMX AMHMHOKHCIOTHOTO COCTaBa H

CBOfICTB, OIpeaCiICHa aMAJIOJIUTHICCKAsA U MPOTCOJIMTHYCCKAsA aKTUBHOCTD.
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T AMMEOMNCNOTR [ T NpOTeNHa
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Puc. 1. ConeprxaHne aMHHOKHCIIOT B COEBOH, MIIIEHUYHON MYKe H B HX CMECHX:
1-nu3uH, 2-METHOHHHHIHCTEHH, 3-TPEOHUH, 4-TpHITTO(haH

Tabmuia. (DepMeHTaTHBHa}I AKTHBHOCTD BBIACIIEHHBIX CYMMapHBIX OenKoB

Besuunna u aKTHBHOCTH (pepMeHTOB
Tun ¢pepmenTon U3 Pa3’IHYHBIX JKCTPAKTOB COEBBLIX 6000B, ea./Mr
Bonnprit HJuanmnsupoBanseid | JAuann3upoBaHHBIH
IKCTPAKT BOJHBIH 3KCTPAKT €0/1eBOM IKCTPAKT
Amunaza 0,00500 0,00300 0,00700
Ilporeunaza 0,00025 0,00015 0,00030
Karanasa 0,18000 0,21000 0,29000
Oxkcunopenykrasa 0,14500 0,12000 0,07250
Ypeaza + + +
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CATALYTIC DECHLORINATION OF AROMATIC HALIDES VIA

CARBONYLATION AS A WAY TO DESTRUCTION OF
POLYCHLOROBIPHENYLS (PCBs)

S.A. Lanina,T .E. Zhesko, V.P. Boyarsky*, V.A. Nikiforov*

Russian Research Institute for Petroleum Chemistry and GALAR Ltd. 193148,
Zheleznodorozhny 40, St. Petersburg, Russia
E-mail: svi@mailru.com
* St. Petersburg University, Institute of Chemistry, 198904, Universitetskii pr., 2,
’ St. Petersburg, Petrodvorets, Russia '

Introduction

At the present time much attention is paid to development of the methods for
destruction - dechlorination of environmentally relevant classes of polychloroaromatic
compounds like PCBs. Our research is directed towards development of safe and flexible
carbonylation technology, capable of destruction of such compounds on site, with the help of
a mobile unit. Recently we developed a series of the new organocobalt catalysts. These
compounds are different alkyl cobalt carbonyls. They can be obtained in sizu from dicobalt
octacarbonyl or cobalttetracarbonyl anion in the base-alcohol media (mainly in methanol) by
reaction with certain activators (RX). Activators can be alkyl'halides, haloethers or epoxides.
We used these complexes as catalysts for carbonylation aryl halides into arylcarboxylic acids

or their esters [1,2]:

Co,(CO)g+RX

ArHal + CO » ArCOOMe or ArCOOH
MeOH, base

t=60-65"C, P,,= 1 atm

Present report demonstrates the applicability of our method for destruction —
dechlorination of model PCB compounds and PCB technical product — “Sovtol”.
1. Carbonylation of PCB congeners. X

Series of model PCB congeners were synthesized in gram quantities by known
methods. Carbonylation method was the same for all studied compounds. Main products of
carbonylation of some PCBs are shown on Fig. 1. Structure elucidation has been done with

the help of GC-MS, and NMR. The data show that Cl atoms in every position of PCB
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molecule can be substituted by COOH group (orto-, meta- or para- to the bond between two

rings). Thus selectivity of carbonylation is rather high, though factors that influence on the

positional selectivity are unclear.

sotadiorece
GO~ ~ Qo
5 - S
QR -

Fig. 1. Carboxylic acids from PCBs (Conversion > 98% has been achieved in all cases).

2. Carbonylation of higher chlorinated PCB formulation — Sovtol.

In the preceding article we reported on carbonylation of PCB technical product -
Sovol 30, commercially produced in the USSR for decades. Sovol-30 is a mlxture of PCBs,
containing 30% of chlorine by weight. Conversion of 30% was achieved; higher chlorinated
congeners reacted faster than lower chlorinated ones [2]. Now we report that more than 95%
of Sovtol (or Sovol-50), containing mainly penta- and hexachlorobiphenyls and some specific

PCB congeners, was converted into acids under similar conditions.
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HUCCJIEJOBAHUE JMHAMHYECKOI'O YPPEKTA METOJIAMU
| MATEMATHYECKOI'O MOJIEJNPOBAHUS

Jenexuna H.B., A6abuii B.JI.

Tomcruti noaumexnuyeckui ynugepcumem, Tomck, Poccus
' E-mail: vezunchick@yandex.ru

IIpy H3yYCeHHH XHUMHYECKOIO B3aMMOJEHCTBAS aToMOB C HEOpPraHWYECKAMH
TBEP/ILIMH BEUIECTBAMH OB 3aMEYECH HEU3BECTHRIM paHee TUHAMUUECKHH 3 ¢eKT.

Jluaamuueckuit 3p ekt - 310 cuia, KoTopas AEHCTBYET B Cpefie aTOMApHOro ra3a Ha
ITOJUIOXKY, Ha OJHY CTOpOHY KOTOpOH HaHeceH KaTalu3aTop pPeKOMOHHAIlMM aTOMOB.
Benuuuna cuisl Kosebercs B npetenax 107-10 H/cm® B 3aBHCHMOCTH OT KAaTalM3aTopa H
YCIIOBHH U3MEPEHHUS.

HUccnenosanus auHAMAYECKOro 3G¢EKTa BaXKHBI KaK JUIL BBUICHEHHS (H3HYCCKON
TIPUPOMBI SABJIIEHHS, TaK M JUIS H3Y4YEHHS BO3MOXHOCTEH (DH3HUKO-XMMHYECKHX aCIEKTOB
NpAMEHEHHs  JUHAMHYecKoro  sdpdexra. Bo3MoxHOCTp  perucrpamuu  dddexTa
HETOCPEJCTBEHHO B IIpomecce KaTaTHTHYECKOH peakIMH OTKPHIBAET  LIMPOKOE MOJE JULT
HCCIIEMOBAHNS KHHCTHKM M MEXaHM3MOB TE€TEPOT€HHBIX XHMMYECKMX  peakIui
HETOCPEICTBEHHO IPU HX MPOTEKaHHH.

Ilppy mOMOIMM NHTEPAaTypHHIX JAaHHBIX OBUMM HOCTPOCHBl  &JIbTEPHATHBHEBIE
MaTeMaTHYeCKHe MOJENH IEeTEPOTreHHOM peakiud pekoMOHMHaImu atoMoB. MccienoBana
KMHETHKA PEKOMOMHAIIMM aTOMOB BOZOpOZA Ha ITOBEPXHOCTH OKCHJHBIX KaTalH3aTOpOB C
MOMOIIBI0 MAaTeMaTHYeCKOM MOJENH H SKCIEPUMEHTATBHBIX [AHHBIX 110 H3MEPEHHIO
muHamudeckoro 3ddexra. CrenaHa monsITKa pelicHUAs oOpaTHOH 3aauH ULl -OIIPENCIICHHS

napaMeTpoB KHHETHYCCKOU MOJEIIH U3 JKCIICPUMCHTANIBHBIX JaHHBIX.

MozenupoBaHy e | pacyeThl IPOBOMIMIIH B BEMUCIHTENBHOM ciicTeMe Mathematica 4.0.
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A,Z[COPBIII/IOHHLIE U TEKCTYPHBIE CBOMCTBA CI/IJII/IKATHLIX
N AIIOMOCHJIMKATHBIX ME30O®A3 SBA-15

Mem,rvﬁona E.A., Measrynos M.C.

Hucmumym xamanuza um. I'K. bopeckosa CO PAH, 630090, Hosocubupck,
np. Jlagpenmvesa, 5, Poccus
E-mail: melena@catalysis.nsk.su

CunvkatHele Marepuanbl Tuna SBA-15 [1] npumammexar CEMENCTBY HOBBIX
TBEpAO(a3HBIX ME3OMOPHCTBIX MATEPHANIOB MO CTPYKTYpe MOAOOHBIX YU IKAM KpHCTallIaM,
T.e. O0NANAIOUIKMX NaibHUM MOPAAKOM (3 M Gornee HM) NpH OTCYTCTBHH 6mmxHero. Takie
Me30(ia3bl XapaKTepH3yIOTCs TeKCArOHANBHON YMAKOBKOH IJMTHHAPHYECKUX II0pP-KaHAJOB ¢
Y3KHM paclpele/IeHHeM 0 JuaMetpy (8-12 um). [nHa KaHAIOB ONpeeNseTcs NpoLObHBIM
PasMepoM HYacTHIl Me30(asbl H MOXET COCTaBIATh A0 1,5 MkM. KaHanmsl o6braso pasaeneHs:
HETIOPUCTBIMU CTEHKaMH U3 amopdHoro SiO; TonmuHoi okono 5,0 uM. [Tonyyaror mogoGHsIe
MATCpHAIBl  B3aUMOJEHCTBHEM pacTBopuMbIX (opM SiO; ¢  TpH6MOKNMOMU(TOKCH)-
TIONMH(HPONIOKCH)-N0NH(3TOKCH) conormumepoM (EO)(PO)7o(EO). B pabote HccrenosaHo
BJIAIHHC YCIIOBHH NPHIOTOBIEHHS M MMIUIaHTauu# Al Ha ancopGLMOHHBIE W TEKCTYpPHEIE
CBOHCTBA CHJIMKATHBIX M AIOMOCHIHKATHEIX Me30(as. B kauecTBe mpumMepa, Ha Pucynke 1
IpUBC/ICHA XapaKTepHas H30TepMa ancopOuuu asota (77K) Ha ofpasue CHIHKAaTHOM
Me30(a3bl. PacyeT TEKCTYpHBIX MapameTpoB MPOBOLHIICS CpaBHHTEILHBIM MeTozoM [2,3].
Pacnipenienenus. o6béMa Mesomop mo pasmepam (POMP) paccumrtassr mMeTogom DFT [4].
TexcTypHBIe XapaKTepHCTHKH 00pa3noB, NOMyYeHHbIX TIPH Pa3IHIHOM BPEMEHH CTapeHud, t,

CYIIPaMOJIEKyISpHOH CHCTEMBI SiO44'/(EO)20(PO)7o(EO)20 npuBenessl B Tabnune 1.

Tabmuna 1. Binsaue BpeMeHH cTapeHus Ha TEKCTYPHBIE CBOMCTBA Me30da3

Bpewms crapenus, t, yac 0 1 3 4 5 50

O6BEM MEKpOTIOP, CM™/T 0,19 0,21 0,20 0,20 0,16 0,00
O6béM Me3omop, M /T 0,82 0,75 0,77 0,76 0,80 0,90
IToBepXHOCTH ME30MOP, M2/T 522 460 475 430 482 687

Bpems cTapeHHs OKasbBaeT CyIIECTBEHHOE BIMSHHE Ha TEKCTYpPHBIE CBOMCTBA, B
YACTHOCTH C €ro yBEIMYCHHEM HAOMONAeTCs yMEHbIIEHHe 00hEMa MHKpOIOp, 00BEM H
IIOBEPXHOCTb ME30IIOP NPOXOAAT Yepe3 MUHUMYyMEI Iipu 1<t<3 wac. Ha Pucynxke 2 npuseseno
POMP ju1s o6pasna ¢ t =4 yac, xapakTepHoe It 06pasios ¢t 5 yac. DtH 00pasubl HMEIOT
7iBa THIIA ME3OTIOP B nuana3oHax 8-12 M u Menee 8 uM. IlepBhiit MMana3oH xapaKTepeH Ui

Marepuanos SBA-15, B To BpeMs KaK HAIMYKE IOP BO BTOPOM JHATIA30HE CBH/IETENHCTBYET O
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IIOPUCTOH CTPYKTYpe CTeHOK Mesodassl. Ilpnm t=50 wac mpomcxomumT peskoe CHUXeHHe

00b€Ma 1Op B 3TOM JMama3oHe, 9TO ABJIAETCS Pe3yNbTaToOM “3alednBaHUS” CTEHOK Me3o¢assl

B niponiecce crapenud. CootserctBytomee POMP npuseseno na Pucysnke 2.

1000 0.40+
. [ISBA-15 4uac
« 00 35¢ [__1SBA-15 50 uac
= o 0.30¢ [JSBA-15 50 uac
c ”~
2 8 0.20F TH
& 400f =
§ > 0.15 I 3
g EC
& 200f § 0.10}
2 0.05r A4l
O . | f 1 I Il
- 0.00
00 02 04 06 08 1.0 0 5 10 15 20 25 30
P/P, | |
JAuameTp mop, HM

Puc. 1. Axcopbuns N, (77K) mo pasmepam Puc. 2. Paciipenenenus mezomnop

B pabote noxasano, uto KomudecTBo Al, KOTOpoe MOKHO MMIIIAHTHPOBATD B Kapkac
SBA-15 mpu ncrnone3oBanHEIX ycnoBusax (pH~3.0, xoMHaTHas TeMiepaTypa), OrpaHHYEHO
(MakcnManbHoe 3Hayenme 7.2 Mom% Al:Si). Ilpu atom poct conepxanns Al NpHBOAHT K
YIYULICHHIO CYNPAaMOJIEKYISPHOro MOPAAKA, YTO CKa3bIBAETCA HA CYIIECTBEHHOM CYXKEHHH
POMP (Pucynok 2). TexcTypHble XapaKTEpHCTHKH OOpasloB ¢ pasHBIM copepxaHueM Al

(=50 gac) npuBenensl B Tabnuie 2.

Tabnuna 2. TexcTypHble XapakTrepucTHKH 06pasioB Al-SBA-15

Al:Si 0,031 0,050 0,067 0,072
IToBepXHOCTH Me301I0p, M*/T 666 677 734 741
O6BeM Me30mOp, CM™/T 0,83 0,69 0,74 0,87

ABTOpBI paboTsI BhIpaxatoT 6narogapaocts POOU (rpantet 01-03-32711 u 01-03-32391) u
UHTAC (rpant 02-3-2283), CRDF (rpaut REC—008) 3a huHaHCOBYIO IOAIEPXKKY PaGOTHL

1. Zhao D., Feng, J., Huo Q., Melosh N., Fredricson G.H., Chmelka B.F., Stucky J. D. //
Science.-1998.-v.279.-p.548. -

2. Karnaukhov A.P., Fenelonov V.B., Gavrilov V.Yu. // Pure Appl. Chem.-1989.-v.61.-1913.
3. Fenelonov V.B., Romannikov V.N., Derevyankin A.Yu. // Microporous and Mesoporous
Mater.-1999.-v. 28.-p. 57.

4. Pfeifer P., Kenntner J., Cole M.W. // B ¢6. Fundamentals of Adsorption.-Engineering
Foundation: N.-Y.-p. 689.
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O BO3MOKHOCTH N30MEPU3AIINU BYTAHA HA T'HIPUJE
THTAHA, AIMMOBUJIN30BAHHOM HA MOBEPXHOCTH
CHJIMKAT'EJISA :

MuxaiisioB ML.H., Bar:nypbmm A.A,, KycroB JL.M.

Hucmumym opzanuuecxou xumuu um. H. J[. 3enunckozo, Mockea, Poccus
’ E-mail: mik@jioc.ac.ru

Metogamu ¢pyskumonana mwiotHocTH (B3LYP)u teopun Bosmymenuit (MP2) usyuero
CTpOCHHE Knacrepoﬁ (H“Si4010)(_:)“3T:iRi:(R=H§, Me, Bli; i-Bu), MoaenHupyroluX OCHOBHEIC
CTPYKTYpHEIE € IHHHI(BL KaTaJiHTqucxoro uHKﬁa u30oMepH3aluy 6yTaHa Ha MHJIpUIIC THTaHa,
MMMOGHIIH30BAHHOM HA IIOBEPXHOCTH CHIIMKArelIs.

Ilokazano, uyTto HzoMepnzaunx O6yTaHa mpoTeKaeT B YETHIpE CTAIWM, Kakaas H3
KoTOphIX mpencraensger coboit Meraresuc C-H mmm C-C cBi3u, IpoTekarolmmii uepes
YETHIPEXLICHTPOBOE IIEPEXOOHOE COCTOSHHE, KOrja KOOPAWHAIIMOHHOE YHCIIO MeTaia

OCTaéTcsa MOCTOSHHBIM.
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NCCJIEXOBAHME CTPOEHUS U KATAJIMTHYECKNX CBOMCTB
IFETAPHII®OPMA3AHATOB ME/IM (II), UMMOBHWJIN30BAHHbBIX
HA AHUOHUTAX

Mouaounukos JI.C., Tunysos U.H., FopﬁaTeHKo 10.A., Ileppoa .T".,
Junynosa I.H."

YpanbCKuu 20cyoapcmeennvlil 1ecomexnudeckutl ynugepcumem, Examepun6ypz, Poccus
Ypaﬂbcrcuu 2ocyoapcmeennvlii mexnuyeckui ynusepcumem-YIIH, Examepun6ype, Poccus
E-mail: biosphera@usfea.ru
B nocnennee BpeMs Bce Golbliee pacpoCcTpaHEHHE B KaTajM3e HAXOMAT CHCTEMBI, B
KOTOPBIX C)OPMHPOBAHHBIH KaTaNMTHYECKHH KOMILIEKC MOCPEACTBOM. (PU3HUECKHX CHII MITH
XHMHYECKHX CBS3€H IIPHKPENJIEH K TBEPJOH MOJII0KKe-HOCHTENMO. 110/100HbIe KOMILIEKCHEIE
KaTaIu3aToOpbl COYETAIOT JOCTOMHCTBA IOMOTEHHBIX H. TETEpPOreHHBIX. KaTalM3aTopoB. B
Ka4yecTBE HOCHTENEH KOMIIEKCOB HCIONB3YIOT DOJMMEPHBIE MAaTE€pHAlbl — HOHHTEI
Pa3IMYHOTO THIIA.
Momudrkanuo aHHOHHTOB IPOBOAWIH TreTapuwihopMazaHaMH, COJEPKAIIAMH

pa3NUYHbIE II0 OCHOBHOCTH I'eTEPOIHK/INYECKHE (parMeHThI.

Ry ' ’ //N-NH—Het
+ -
- _ CHy—NR—CH, -
C __NRJSO -N=N-C=N-NH- Het @‘ y )
@ H2 3773 I . . C\N=N R3
, R,
1 n Ry
Hy
N N N
Het:@»—;@y;@[‘}; | N
S O /)\
H,C N
CgHsCH,

R1= CH3, C2H5; R2= H, OH

Cunre3 mnonmMepHbIX reTapundopmazaHatoB meau (1) ocymiecTBisinu AByMS
cnoco0amu, OTIMYAIOLIMMMCA TE€M, UYTO B IIEPBOM Ciiydae 3aKpeIUIeHHE HOHOB MeEIHM Ha
MOIMGUIMPOBAHHBIX aHHOHUTAX CTPYKTYpHI I u II mpoBomumu MeTogoM cOpOIMHM HOHOB B
CTaTHYECKUX YCNOBHMSAX H3 BOJHBIX pacTBOpoB cyinbdara memu (II), a B gpyrom — Ha
HUCXOHOM JIOJMMEPHOM HOCHTEeNE 3aKpelUisuld IpeJBapHTeNbHO  C(HOPMHPOBaHHEIH
MoHOMepHBIH ¢popMazanat Meu (II).

Jis n3ydeHHs cocTaBa M CTPOCHHMS CHHTE3HPOBAHHBIX IOIMMEPHBIX KOMILIEKCOB
Memu (I) ¢ ucnons3oBanueM Metona SIIP-criekTpockonuy ObUIH OIpeIeIEHbl O THMAIBHEIE

YCNOBHA IIOTYUCHHUSA paspCHICHHBIX CHT'HAJIOB.

233



PP-39

Tokasano, uto mapametpsl DITP-cieKTpoB (g, Aj) H3MEHSIOTCS B 3aBHCHMOCTH OT
IpHpOABl TNOIMMEPHOro HOCHTENd, 3aMecTHTeneidl B ' (opMa3aHOBOH (YHKIHOHAILHOM
TPYIIHPOBKE H YCIO0BHH (OpMHPOBaHHS METAIOKOMILIEKCOB.

BrigBieHo ¢opMHpOBaHME MOJMMEPHBIX reTapHipopMasaHaToB cocraBa CuldN|,
COOTBETCTBYIOMIHX CTPYKType HCKaXEHHOIO TETpasfpa, M HCKaKCHHBIX TpeX-aMHHHEBIX
KoMIiekcoB. [lpy HamMuymm B ¢dopMmazaHe JONOJHHTENBHOH  KOOPAMHHPYIOIIEH
THAPOKCHIPYIINEl HMEET MECTO 00pa3oBaHHE IJIOCKOKBAAPaTHOIO METAUIXEJaTHOrO y3ia
cocrasa Cu[3NO|.

HesaBucuMo 0T crnocoba NONy4eHHS M CTPOSHHS KaTaIH3aTOPOB OIPEAECIAIOIIHAM
¢dakTopoM,  BIMAOIMM  Ha  KaT&IMTHYECKYl0  AKTHBHOCThH  CHHTE3HMPOBAaHHBIX
METAVIOKOMILIEKCOB B PEAKIUH Pa3JIOKECHHs IIEPOKCHAA BOJOPOAA, ABJIACTCS COJAECPIKAHHE
uonoB Meau (1) B ¢aze monmumepa He 6onee 0,01 MMOIIB/T.

Ilpu HCHONB30BaHMH NONHMEPHBIX IeTapwidpOpMa3aHaTOB MEAM B  peakiMH
KUIKO(A3HOTO OKHCIEHHS CYNb(pUAa HATPHA HX KAaTAIMTHYECKHE CBOMCTBA 3aBHCAT HE
TOJILKO OT CO/iepKaHus HOHOB MeaH (II), Ho B OT CTPYKTYpHI 3aKpeIuieHHOH (opmasaHoBOM
TPYIIIUPOBKH. Haubonemyro KaTAINTHYECKYl0  ° aKTHBHOCTH [IPOSIBJISIOT

nupaMuIMHrIhopMazasaTel Mend (I) HezaBHCHMO OT criocofa UX GOPMUPOBAHHS.

Pa6oma ewriornena npu gunarncoeoili noodepoicke zpanma PODH Ne(2-03-96424-p2002 Ypan.
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HOJXYYEHHUE OKCHIHBIX KATAJIM3ATOPOB HA OCHOBE ZrO,,
HOIIMPOBAHHOI'O OKCHUJIAMM 3d-METAJLIOB C
HCIHOJb30BAHHUEM PACIIJIABA HUTPATA AMMMOHHUSI

Mopo3zos H.B., ®énoposa A.A., Hopoxunos M.A., Kemaurn E.

A/[I’B{ um. M.B. Jlomonocoea, Xumuuecxui ghaxynomem, 119992, Mockea, Poccus
Huemumym xumuu, Ynusepcumem um. I'ymb6oneoma, bepaun, Iepmanus

Oxcuiapie 00pasiB! Ha OCHOBE JMOKCHA IHPKOHUS, MOIH(pHUIMPOBAHHOTO J10OABKAMY -
OKCHIOB MeI¥ H (MIHM) XpoMa, NOJNy4eHbl TEPMHYECKHM pasnoxenneM npu 170 — 300°C
paciiaBieHHOM CMECH HHMTPAaTOB IMJIPaTOB LMPKOHMIIA, MEIM M (WIM) XpOMa C HSTHKPATHBIM
H30BITKOM HUTPaTa aMMOHHS C IOCICAYIOIMM OTKUroM B Tedenre 1 4 mpu 500 um 600°C.

MetonoM pentrenodasosoro anamsa (P@A) mokasaHo, 4TO B YCIOBHAX CHHTE3a
okcHbl 3d-MeTannoB 06pasyioT TBEP/bIE PACTBOPHI HA OCHOBE METACTAOMILHON KyOHYecKo
MoaupUKAIHH THOKCH/IA [THAPKOHHA.

Cepus oOpasioB CuO/ZrO, (5-40 mon. % CuO) Obula H3yYyeHa METOAaMH
9JIEKTPOHHOM MMKPOCKOIIMHM H PEHTI€HOCHEKTPAILHOTO 3JAeMEHTHOro adanu3a. CoriacHo
IOJy4EeHHBIM De3ylIbTaTaM o0O0pa3smbl COCTOAT M3 BHICOKOIOPHUCTBIX YacCTHI] IMOPSIKA
HECKOJIbKHX JIECATKOB MKM, KOTOpBIE IIPENCTaBIAOT co00# TBepapni pactBop CuO B
MeTacTabHIbHOH KyOmueckoi Momubukammu ZrO,. B obpasimax, cojepxamuXx He MEHEE
20mo1. % CuO, mHapamy c¢ daszoif c-(CuO/ZrO,;) oOHapyXHBaeTCs IPUCYTCTBHE
xpucramgeckoit gassr CuO, Jokann30BaHHON Ha MMOBEPXHOCTH YaCTHII TBEPAOrO pacTBOpA.
Jid onpeneneHus KOHLEHTPAUU TBEPJOro pacTBopa obpaser, comepxaruit 40 Mo %
CuO, 6su1 06pabotran HNO;. Conepkanue Meau B oOpasiie mocie 00paboTKH COCTABHIIO
~25 Mo1. % (cM. Talnuiry), 4TO MO-BHAUMOMY SIBIIIETCS IpeeTbHBIM COEpXKaHHEM MEIH B
TBepoM pacTBope. OTxur npu 700°C IpUBOMMT K Pa3/IOKEHHIO METACTAOUILHOTO TBEPOTO
pacTBopa ¢ oOpa3oBaHHEM MOHOKIHHHOM Mommbukanuu ZrQ,; u kpucrawmdeckoro CuO.
Ilpu 3ToM NIpOMCXOMUT yBENHYEHHWE COIACPKAHHS MEIH Ha NMOBEPXHOCTH W HabMIoJaeTcs

pe3koe najeHue yAeIbHOH MOBEpXHOCTH 00pa3ina.

Conepxanne Cu B | Comepxanne Mequ Ha |- 2
oGpainIe, % (a) nosegxnocm, % (b) b/a POA Syw M/T
10 11,7 1,17 c-Z10, 1,5

15 17,7 1,18 c-Zr0, - 56,6
15" 22,95 1,53 m-Zr0,, Cu0, ¢-Zr0; | 0,9

25 33,25 1,33 c-Zr0,, CuO 74

40 52,0 1,30 c-ZrO,, CuO 70,4
<40 25,3 c-Z10; 91

* - obpasent 15Cu, koTopsIit 6511 HoNoNHUTENBHO TpokaiieH nmpu 700°C B Teuenue 1 u;
** - o6pasen; 40Cu, koTopslii 65u1 06pabotan pactBopoM 60 % HNO; (3 4, nepeMeIIMBaHHE) H NOCTE
npokasieH 1ipu 500°C B Teuenue 2 4.
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Karanutuueckas aKTI/IBHOCTL anTe:;I)IpOBaHHLIx OKCHIHBIX 06pa3slloB M3y4eHa B
peaKiyu TIOTHOTO OKI/ICHCHI/I}I MertaHa. Wsydenne KaTATHTHYECCKOH aKTHBHOCTH 00pas3IoB
Cr203/ZrOz ObUTO BHINONHEHO Kak B obnacTsx, oborameHHbx ZrO; (20 mon. % CrO; s,
obpaszen V), tak u Cr;0; (100 - o6pasen 1, 95 - obpasen I, 90 - obpasen III, 85 mon. %
CrO; s - obpasen 1V). TlontydeHHBIE pe3yIbTaThl CBHAETENBCTBYIOT O BO3MOKHOM H3MEHEHUH
MeXaHH3Ma 0Opa3oBaHHs YACTHI] B MPOLECCEe CHHTE3a NPH H3MEHEHHH conepxanus ZrO, B
ob6pasue. UuTepecHo, gro o6paszusr 90 Moin. % CrO;, s/ZrO, (III) u 90 mox. % CuO/ZrO; (VI),
comepxkaiue paBHoe KonumuecTBO okcuga 3d-metamia (Cr u Cu, COOTBETCTBEHHO),
CYHICCTBCHHO Pa3IMyaloTCs IO aKTHBHOCTH.

Haubonee nepcreKTUBHBIMHU SBIISIFOTCS CMEIaHHbIe 00pasiibl, COAEpKallie XPOMUT
mend. B pabote 65T HccﬁéﬁOBaHLI ciepyroume 06pasipl: CuO+Cr,O3 (v(Cu):v(Cr)=1:4)
(VH), CuO+Cr20; (v(Cu):v(Cr)=1.2; nojy4en myreM MHKPOBOJHOBOTO OONYYEHHS CMECH
sutpaTtoB) (VIII), 50 Bec. % (CuO+Cr;03)/y-ALO; (v(Cu):v(Cr)=1:4) (IX), 20 mon. %
(CuO+Cry03)/ZrO; (v(Cuw):v(Cr)=1:4) (X), 90 mon. % (CuO+Cr,03)/ZrO; (v(Cu):v(Cr)=1:4)
(XI). B ocHOBHOM Bce mOJIydeHHBIE 00pa3llbl CPaBHHUMBI 1O 3HAYEHHUIO Tose,, OHAKO, OHH
OTIIMYAIOTCA Y30CThIO TEMIIEpaTypHOTro . MHTepBana oOKucleHusd. IlokasaHo, 4ro npwm
HaHECCHUHN MU3MEHSETCS KaTAIMTHYECKas aKTUBHOCTh 00pa3lioB MO CpaBHEHHIO ¢ o0pa3iamMu

0€3 HOCUTEINA.

06pa3e11 I II Im Iv |v |Vl |{VIl |Vl [IX |X XI
Tso% - 410 |540 |600 |500 |425 1360 |360 |360. 395 |450 |530
Toso, 475 | >600 >600 | 475 |395 | 460 |440 |435 |475 |>600
Tosoe- Tsoe | 65 >60 | - >100 | 50 35 100 |80 40 25 >70

*. TeMriepatypb! 50 %-ro u 95 %-ro OKHCIEHHs METAaHa, COOTRETCTBEHHO.

TIpoBeneHHOE HCCNENOBAHHE IIOKA3aNo, YTO TONYYCHHBIE OKCHAHBIE OGDA3Lbl
TIPOSIBIISIOT BBICOKYIO KAaTATHTHYECKYIO AKTHBHOCTE B peaKuHH OKHCIIEHHS M€TaHa, B pAle
CIIy4acB npeBocxo,uxmon JUTEpaTypPHBIE IIaHHI:Ie [1].

Pabora BBINIOJIHEHA TIPU NIOJUIEPKKE P(D(DI/I rpaHT Ne 01-03-33306a.

[1] Choudhary V.R. et al. // Angew. Chem. 1996. V. 108. P. 20.
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IIPUMEHEHHE METO/IOB CTM H P®AC JUISI HCCAEJOBAHUS
IIPOIIECCOB CIIEKAHNMS MOJEJBLHBIX HAHECEHHBIX |
KATAJIM3ATOPOB Ag/ALO;

A.B. HaproBa, P.H. Ksou

Hucmumym xamanuza um. T'K. bopecxosa CO PAH
npocn. Jlagpenmvesa, 5, Hosocubupck, 630090, Poccus
E-mail: nartova@catalysis.nsk.su

‘PaspaboTka MeTOAMK yiy4llienus CBOHCTB W HOBBIIEHHS CTaOMIBHOCTH
IPOMBIIUIEHHBIX HAHECEHHBIX METAUIMYeCKHX KaTaJIM3aTOPOB MNPEAINONIaraeT MpoBEICHHE
(yHIaMeHTaNBHBIX UCCIENOBAHUI MX MoxenbHBIX aHANOroB. IIpH 3TOM NMPHPONa HOCHTEIN,
CIPYKTYpa M COCTaB €ro IIOBEPXHOCTH BO MHOI'OM ONpEAEIsIeT TaKHE XapaKTePHCTHKH
KaTalUTHYECKUX 4YacTHL, KaK HX pasmep, (GOpma, pacupeseleHHe IO MOBEPXHOCTH,
TepMuYecKast CTaOHILHOCTE U T.J., KOTOphIe, KaK H3BECTHO, BIIMAKOT HA MX KATAIUTHIECKYIO
akTUBHOCTb. [IpuMeHeHHe ckaHMpyromeji TyHHEIbHOH Mukpockormuu (CTM) B obmactu
reTepOreHHOr0 KaTajJu3a OTKPHIBAET HOBEIE BO3MOKHOCTH MCCIIEOBaHMSA, CBS3aHHBIE C
BU3yalu3anued MOP(OJOTHIECKMX M CTpYKTYPHBIX HM3MEHEHHH, NpOMCXONAIIHX Ha
HOBEPXHOCTH KaTaJIM3aTOPOB Ha Pa3HbIX CTagusiX UX IPUTOTOBIICHUS HIIH B XOJI€ IIPOBEICHHS
pEaKIuy, MO3BOJISET U3YUHTh BIMSHHE HocuTelld Ha crabMIbHOCTH Karanm3aropa. OgHAaKo,
Metoandecku npumeHenrne CTM orpaHuveno U3y4€HHEM TOJIBKO IPOBOISIINX OOBEKTOB.

Ilo meromuke, omucaHHOM pamee [1], Obma mpuroroBimeHa cepus 00pa3uoB
MOJIENILHOTO HOCHTENS - IUIEHKH OKCHJIAa aoMHHUS Ha NMPOBOJAMIECH MOAIOXKKE, IPUTOJIHBIX
JUIS M3yYeHHs HAHECEHHHIX KaTanuTHueckux cucreM merojamu CTM u PODC. Merogom
CTM wuccnenosana Mop¢oJoris IOBEPXHOCTH TUIEHKH.

B pabore mpencraBieHO HCCleNoBaHHE MOJEIBHOIO HAHECEHHOIO KaTalHM3aTopa
Ag/Al,O3 meromamu CTM u POBC. OGpa3nbl TOTOBHIMCH TEPMHUYECKHM HAINBLIEHHEM
cepebpa Ha MOBEPXHOCTh IUICHKH OKcujga AallOMHHHA B Bakyyme. Merogom CTM
UCCIIeIoBaach 3aBHCHMOCTh pachpeliesieHdss YacTHI IO pa3MepaM OT TeMIIEpaTyphl
UCTOYHUKA cepebpa ¥ BpemMeHU Hambiienus. Ha ocHOBe aHanmum3a mnonyderHoro CTM
u300pakeHUs I B KaXKJOM CIIy4ae CTPOMJMCh THCTOIPaMMBl pacHpelelIeHHs 4YacTHL IO
pa3Mepam.

Jns uccnenoBaHHA TepMHYECKOH cTAOMIBHOCTH CepeOpAHBIX YacTHL OJHMH U3
o6pa3uoB ObL1 mporper B BakyyMe mpu 570 K B Teyenue 10 mun. CpaBHEHHE THCTOIPaMM
pacopeeneHus YacTHI] II0 pasMepaM JI0 H nocJie MporpeBa MOKaskIBaer, Yro yxe npu 570 K

TIPOHUCXOAAT TPOHECChI CIICKAHHA cepe6p;mmx JAaCTHII, YTO HOATBCPKOACTCA HCKOTOPBIM
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HCTOYHHUKA éepeﬁpa M BpeMeHH HambuUleHHs. Ha ocHose amanmmsa nogydeHHoro CTM
U300pakeHHs. B KKJIOM Cly4ae CTPOMJIHCh THCTOTPaMMBI paclpele/eHHS YacTHI[ IO
pasmepam.

JUia uccieloBaHHS TEpMHYECKOH CTaOHIBbHOCTH cepeOpSHBIX 4YacTHIl OJMH H3
obpa3suoB 61 mporpet B Baxyyme npu 570 K B Teuenue 10 muH. CpaBHeHHE THCTOTpaMM
paclpele/iCHHs 4acTll 10 pa3Mepam jlo U 110CJIe ITPorpeBa MOKa3bIBaeT, uTo yxe npu 570 K
IIPOHMCXOJAT TNPOLECCH CIEKAHUS CEepPeOpAHBIX YacTHL, YTO HOATBEPXKIAeTCS HEKOTOPBIM
YMEHBIICHHEM HHTEHCHBHOCTH JTHHHH cepebpa B POIC crextpe obpasma mocie mporpesa,
0OBACHIEMBIM CaMOIKPaHHPOBKOH cepebpa INpH yBEIHYCHHHM pa3Mepa 4acTHl. [Ipuuem,
Hauboslee BEpOATHO, HAMOONMBIIHI BKJIAZ BHOCAT YAaCTHIHI MEHBIIHX pa3sMepoB (1o 4 - 5 M),

 ABJIAIOHIHACCA Haubonee HNOABH)XHBIMH.

1. Nartova A.V., Kvon R.I. Russian-Dutch Workshop “Catalysis for Sustainable
Development” 22-25 June 2002, Novosibirsk, Book of Abstracts, 2002, 299
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THE USE OF PLATINUM AND PALLADIUM FOR THE SOLVING OF
ECOLOGICAL PROBLEMS

0.V. Netskina, O.V. Komova, V.I. Simagina

Boreskov Institute of Catalysis SB RAS, 630090, Novosibirsk, Prosp. Akad. Lavrentieva, 5, Russia
E-mail: simagina@catalysis.nsk.su

More then two hundred of chemicals from exhausts of vehicles are emitted into the air.
The significant part of them is presented by hydrocarbons, nitrogen oxides (NO,), carbon
monoxide (CO) and sulfur oxides (8Oy). To reduce NO,, CO and hydrocarbon ernissions the
vehicles are equipped with catalytic converters containing autocatalysts based on palladium
and/or platinum, and also rhodium.

The aim of this work is to analyze the dynamics of platinum and palladium
consumption by automobile industry, and to study modern level of autocatalysts production in
Russia and abroad.

Analysis of available literature and Internet resources concerning this problem has
shown that in the industrialized countries exhausts restriction have resulted in the growth of
platinum and palladium use by autocatalysts manufactures. During the last 10 years the world
consumption of platinum and palladium has increased by 1,6 and 10,4, respectively.

As the platinum and palladium prices increased, the world leaders of auto industry
were constrained to search new ways for the reduction of autocatalysts cost. The process of
search and introduction of new catalytic processes in progress. A number of research
organizations have offered the automakers the new technologies of autocatalysts production,
which allow a 40-80% decrease of noble metals loading. The steady tendency is observed for
the expansion of industrial recovery of platinum and palladium from recycled autocatalysts.

In Russia there is a domestic manufacture of both autocatalysts and catalytic
converters. However, they are produced under licenses of foreign firms with the application of
imported ingredient. Domestic developments of catalytic systems for neutralization of
vehicles emissions are available as well. Notwithstanding Euro II emission limits introduced
in Russia since July 1, 2002, which oblige Russian automobile producers to equip new
vehicles with catalytic converters, these products remain poorly claimed in the national

market.
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EXPERIENCE OF TWO-STAGE CATALYTIC SYSTEM IN.
INDUSTRIAL UKL-7 PLANTS

Nikolaeva E.L, Brushtein E.A.*, Salanov A.N., Zolotarsky L.A., Isupova L.A.

Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia
E-mail: nikalena@catalysis.nsk.su
*ALVIGO-M, Moscow, Russia
Monolith honeycomb catalyst IC-42-1 is produced at the Technical Department of the
BIC according to TS- 2175-018-03533913 for ammonia oxidation process in manufacture of
~ the nonconcentrated nitric acid. The catalyst is used for replacement of a part of platinum
gauzes in UKL-7 plant in consisting of the two-stage catalytic system (Pt-gauze + IC-42-1).
At present time such two-stage system, including Pt-gauze. and IC-42-1 catalyst, is
already used on 19 UKL-7 plants: (Open Society AKRON, Great Novgorod; Open Society
AZOT, Berezniki; Open Society Kirovo-Chepetckii chemical combinat; Open Society
Nevinnomysskii AZOT; Open Society Cherepoveckii AZOT; Open Society MINERAL
FERTILIZING, Meleuz; Open Society TATAZOT, Mendeleevsk).
| Accofding to TEM data received for knitted platinum gauzes taken after testing from
different pIaces of the reactor, the differences in a thi;:kness and in a microstructure of Pt-
~ wires were established. These facts point out that theré is the temperature heterogeneity and
non-uniform ammonia flow in UKL-7 plants. Then for a two-stage system, as would be
~ expected, such distinctions should be less expressed.
As a result of commercial operation of the two-stage system in ammonia oxidation
| process: _ v
| 1) The method of monolith honeycomb catalyst IC-42-1 packing without UKL-7
reactor reconstruction was >optimized. | |
2) It was shown, that using of the two-stage cataiytic system on UKL-7 plant does not
result in decreasé of ammonia to NO conversion degree.
3) The results received> testify the possibility of initial platinum investments decreasing
_ in 2 times and direct specific platinum losing by 20 %. |
4) It was set a probiem to study reasons of deactivation platinum gauzes and monolith

honeycomb catalyst IC-42-1in structure two- stage.
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PALLADACYCLES AS CATALYSTS FOR STEREOSELECTIVE
HYDROLYSIS OF AMINO ACID ESTERS

Yu.V. Ageeva, S.A. Kurzeev, G.M. Kazankov, A.D. Ryabov

Department of Chemi&try, Moscow Lomonosov State University, 119992 Moscow, Russia
E-mail: yulageev@rambler.ru

The kinetics of hydrolysis of N-(carbobenzoxy)-L-leucine 4-nitrophenyl ester,
N-(tert-butoxycarbonyl)-L-methionine 4-nitrophenyl ester and N-(tert-butoxycarbonyl)-S-
benzyl-L-cysteine ~ 4-nitrophenyl ~ ester  promoted by  the cyclopalladated
complexes of R- and S-stereoisomers of primary  a-methylbenzylamine
[Pd(CsH4CHCH3;NH,)Cl(py)] has been studied. The complexes undergo aquation of the
chloro ligand in buffered solutions and the aqua species formed catalyze the hydrolysis of
amino acid esters according to the rate expression kops = ko + kea[PA(I)] at pH 8 (0.01 M
phosphate buffer) and 25 °C. The cleavage of N-(carbobenzoxy)-L-leucine 4-nitrophenyl ester
occurs intermolecularly and the rate constants k., equal 9.610.4 and 6.6+0.2 dm® mol” s for
R- and S-stereoisomers of the palladacycles, respectively. Hydrolysis of sulfur-containing
N-(tert-butoxycarbonyl)-L-methionine 4-nitrophenyl ester occurs intramolecularly due to
pre-equilibrium binding of Pd(Il) to the ester sulfur and the observed second-order rafe
constants equal 168+10 and 160+6 dm® mol™” s for R- and S-palladacycles, respectively.
In the case of N-(tert-butoxycarbonyl)-S-benzyl-L-cysteine 4-nitrophenyl ester the rate
constants equal 69+3 and 8144 dm® mol™” s for R- and S-palladacycle, respectively. The
data obtained show that the stereospecificity is observed in the intermolecular process
when the ester does not have a sulfur center for Pd(Il) binding. There is essentially no
stereospecificity in intramolecular processes when the stereogenic palladacyclic fragment
is coordinated to the sulfur of N-(tert-butoxycarbonyl)-L-methionine and N-(tert-
butoxycarbonyl)-S-benzyl-L-cysteine 4-nitrophenyl esters.
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KATAJIMTUYECKOE OKUCJIEHUE BOTHBIX PACTBOPOB
©EHOJIA HA TBEP/IBIX KATAJIM3ATOPAX HEPEKHCBIO
BOZIOPOJIA

Oroponnnxesa O.JL., Ilecrynosa O.IL., Ilapmon B.H.

Huecmumym Kdmaa,ma um. I' K. bopecxosa CO PAH,
Ilp. axao. Jlaspenmvesa, 5, Hosocubupck 630090, Poccus
E-mail: ogorod2000@mail.ru

N Croussie Bombl psfia NPOM3BOJACTB YaCTO CONEPKAT TOKCHIECKHE OPraHHUYECKHE
BemecTBa B KOHIEHTPanuAX CIHINKOM BBICOKHX JUIA TOTO, YTOOBl HMX MOABEPrarTh
GHOMorHYecKolt ouncTKe. B psAy NPOLECCOB, NMPUMEHSEMBIX U OYHCTKH TaKMX CTOKOB,
'ripouecc MOKpOIro KaTaguTHdecKoro oxucieHus (CWO) ¢ HCHodb30BaHHEM TaKHX
oxucnuTened kak kuciopor (CWAO), oson u nepokcus Bogopoaa (CWPQ) npencrapisiores
HanGonee 3(GEKTHBHBIMH, SKOHOMHYHBIMH (IIOCKONBKY HPOBOAATCA IPH  JOCTATOYHO
HU3KAX TEMIEPAaTypax M NaBICHHUSAX) M 9KONOTHYHBIMH (IIOCKOIBKY OOBIYHO He IPHBOIAT K
00pa30BaHUIO BEICOKO TOKCHYHBIX MPOAYKTOB) [1].

B mpoumeccax CWAO u CWPO BBICOKO3()()eKTHBHEI TOMOTEHHEIE KaTajlu3aTopHl,
TaKH€ Kak CONH M KOMILICKCHI MIEPEXO/IHBIX METAUIOB, Yallle BCEro HCmonb3yiorcs Fe u Cu
[2,3]. OnHako mpuMeHEHHE reTEpOreHHBIX KaTaTH3aTOPOB MO3BONSET H36EXKAThH IIPOLIECCOB
BBIIC/CHHS KaTalu3aTopa M3 pacTBOpa H €ro pereHepalHH. I'eTeporeHHble KaTaau3aToph
MOXHO pasIenuTh Ha ABe rpymnbl. [lepsas rpynma 3T0 OKCHIBI M CMEMIAHHBIE OKCHIIBI
nepexoqHeX MeTanioB (06eraHo Cu, Fe, Mn, Co) Ml OKCH/IbI, 3aKPETLICHHBIE HA OKCHIHBIX
HocuTenax [3,4]. TIpH 1OCTaTo4HO BEICOKOH >(QEKTHBHOCTH 3TH KaTaIM3aTOPEl HMEIOT
JOCTaTOYHO CYIIECTBEHHBIH HENOCTATOK, AKTHBHbBIH KOMIOHEHT MOXET CO BpeMEHeM
‘BEIMEIBaTBCA. BTOpas - 9T0 MeTamnisi miIaTHHOBOM TpyIIEl Ha OKCHJIHBIX JTHGO YTJIEPOTHBIX
‘HocuTensix [4]. B OTIHYME OT OKCHIHBIX 5TH KaTaJu3aTOPLl OOBIMHO YCTOHYHBEI K JICHCTBHIO
PEaKIMOHHOM CPeIbl, OXHAKO ropaszo 60iee OPOroCTOSIH.

B Hame# paGoTe MBI CpaBHHBaeM aKTHBHOCTh M YCTOMYHMBOCTE K JEHCTBUIO
PCAaKIMOHHOH Cpe/bl B MOJICNBHOH DEeaKuuH OKHCICHHS (PeHONa MEPOKCHIOM BOZOPO/A
INHPOKOro psila OKCHAHBIX KATAIM3aTOPOB M KaTalM3aTopa Ha OCHOBE rpauTONOLOGHOrO
HOPHCTOro yriaeposa CHOyHHT.

B xadecTse karammsaropos ompoGosanbl okcuael Cu, Fe u Mn, 3aKpEIJICHHBIE Ha
TaKHE€ BBICOKO yCTOHYHMBBHIC OKCHIHBIE HOCHTENH, Kak 0-Al,Os, TiO; u CeQ,, Kataju3arop
MnQ,/CeO;, nomy4yerHbI# METOIOM COOCRKICHHA, H CuGyHur.

HcnbiTanne KataqusaTopoB IMPOBOMIIOCE B PEAKTOPE C MATHUTHOH MEIIAIKOH U

0bpaTHEM x0noUuIbHEKOM TIpH T 95°C 1 arMoc(hepHOM JaBeHHH. Konuenrpanuu denomna
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u nepokcuna Bopopona coctasiimd 0.01 M u 0.1 M, coorsercrsento. Konnentpanms
(eHOMa M HEKOTOPBIX IPOXYKTOB €r0 OKHCIIEHHS onpeAensiack Metonom BOXKX, nepokcuaa

BOZOPOJA ~ CIIEKTPOGOTOMETPHIECKH IO PEaKLHH ¢ Ti.

Ta6muna. Karamiruyeckas akTHBHOCTL pasiMUHEIX 06pasnoB KaTajiu3aropa B OKHUCJIEHHUHU

deHoIa EpEeKHCHIO BOAOPOA.

No | Karanuzatop Konsepcus Kongepcus YmensiieHue | CMbiBaHue pH
tenona, % H202, % TOC, % Me, %
054, |3y, | 054y. | 3y 3 yaca Hay | KOH
1 Bes kar-pa 3 44 15 33 10 - 40 | 3.7
2 2%Fe/Ce0, 0 0 100 100 0 03 40 | 4.0
3 2%Fe/a-AlO, 45 100 95 100 | 18 21 40 | 29
4 1%Cu/a-AL, 0, 100 | 100 | 100 100 0. . 65 . 140 30
5 1%Cu/TiO, 100 [ 100 | 100 100 56 80 40 | 3.0
6 1%Cu/CeO, 5 6 100 100 2 27 40 | 4.0
7 | 2%Mn/o-AlO, 41 81 31 59 14 60 40 | 35
8 2%Mn/CeO, 0 0 100 100 0 39 40 | 5.1
9 MnO,/Ce0, 14 35 100 100 41 5.5 40 | 6.2
10 Cubynur 35 86 16 | 76 50 - 40 | 2.7

B tabmuue naﬁm cTeneHu npespauienus genona u HyO,, a Takxke ymensmenue TOC
nocie 30 MMH. B 3 4. NPOBENCHHS peakUWH. TaM e yKa3zaHbl KOJHYECTBA AKTHBHOIO
KOMIIOHEHTa, OOHAPYKEHHBIE B PaCTBOPE IOCIIC PeaKilny, 1 pH KOHEYHOro pacTBopa.

Karanusaropel, comepxamue MnO, uw CeO,, okazamuch OYCHb AaKTHUBHEI B
pasnoxenun H;O,, HO Majio akTHBHEI B OkHcIeHHH (eHona. Cu-Coep allie KaTalu3aTophl
# 2% Mn/a-AL,O3; BecbMa HEYCTOHUHBEI, GONbIIee KOJTMYECTBO MEH CMBIBAETCS B PACTBOP
H, BUAWNMO, ICHCTBYET KaK rOMOreHHBIH Kartamusarop. O6pasen 2% Fe/o-Al,O; okasarcs
HauboJee YCTOHYNB K AEHCTBHIO PEaKLHOHHOM Cpebl H JOCTATOYHO BHICOKO AKTHBEH.

Omnako wHambosiee HHTEPECHBIH pE3yNBTaT COCTOHT B TOM, YTO YTJIEPOIHBIH
rpaduTOnon06HbH KaTanu3aTop CHOYHHT OKa3alcs BeChbMa aKTHBHBIM B OKHCICHHH (beHona
3a TpH Jaca KOHBepcHA cocTaBuia 86% u ymensimenue TOC 50%. Heo6xo1umo OTMETHTE,
4yTO co,uepxcaHHe xene3a B Cubynnte He npesbimaet 0.02 sec.%.

Bo Bcex cimyuasx Habmonanuch Takue MpOMEXyTOTHbIE npdzxyKTLI KaK THAPOXHHOH H
nupokarexu. ONHAKo, HaMpHUMED, B OTCYTCTBHE KaTaJH3aTopa KOHEUHBIH PacTBOpP OKpaIleH
B KOpHYHEBHIA UBeT. B npucyrcrBuu CubyHuta mpoucxoaut Gosee riyboKkoe OKHCICHHE U

KOHEYHBIE PacTBOPHI HE OKpAIIEHHI.

[1] F. Luck, Chem.Biochem. Q., 1996,27,195.

[2] V.S. Mishra, V.V. Mahajani, J.B. Joshi, Ind.Eng.Chem. Res 1995, 34, 2.

[3] J. Barrault, M. Abdellaoui, C. Bouchoule, at al., Appl. Cat. B., 2000, 27, 225.
[4] Yu.l. Matatov-Meytal, M. Sheintuch, Ind.Eng.Chem.Res., 1998, 37, 309.

243




PP-46

MATEMATHYECKOE MOJEJUPOBAHUE THHAMHKH
3AIIOJIHEHUSA U OKHCJIUATEJIBHOUN PE'EHEPALIN
KATAJIMTRYECKUX CAXKEBLIX ®UJIBTPOB

T.JL. I1asaosa, H.B. Bepaukosckas, H.A. Yymaxosa, A.C. HockoB

Huemumym kamanusa um. I' K. bopeckoea CO PAH,
630090 Hosocubupck, np. Ax. Jlagpenmvesa, 5, Poccus
E-mail: vernik@catalysis.nsk.su

B pabote uccnenyroTcs caxeBble (QUIBTPEI B BHIE OJOKOB € Y3KHMH UTHHHBIMH
KaHaJaMH, CTEeHKH KOTOPBIX M3TOTOBICHHI HAa OCHOBE BCHEHEHHOIO Marephana ¢
KaTaJIi3aTopoM, pa3MEHmIeHHBIM B MaTepuasie CTeHkH. [Ipu 3ToM CTEHKH nponnuaem;i JUIA
ra3oBoro IMOTOKa W MOJNYNPOHHUIIAEMB! JUII YacTHI[ CaXH, YTO MO03BoigeT wu3berars
CTPEMHTENBHOr0 pOCTa Iepenaja JapieHus N0 (QUIBTPY NpH 3alOJHEHHH €r0 YacTHI[AMH
CaXXH U HpodIIeM c perenepaukeﬁ.

IIpoBeneHo MareMaTHYeCKOe MOJEIUPOBaHHE JHHAMHKH 3alOJHEHHS CaXed wu
OKHCJIUTENFHOM pereHepalii CTeHKH (QWIbTpa Ha OCHOBE BOJIOKHHCTOIO MaTepuana. 3a
OCHOBY B3fATa MaTeMaTH4Yeckas MoJenb (1], UCHoib30BaHHAS JUIS MOJCTUPOBAHUS CAXEBHIX
(GWIBTPOB H3 BCIICHEHHBIX MaTepHanoB. Mojens BKTodaeT B ce0f HeCTal[MOHAPHbIE
ypaBHEeHHUA i KoHueHTpauuit caxu, O; u CO; B raszoBoil ¢ase, colepkaHus CaXH B
TBepHoit (ase, Temmeparyphl (WIBTpa, a Takke ypaBHEHHE I Nepenana JaBiicHHs. B
YPaBHEHUH I10 TEMIIEPATYpEe YYUTHIBACTCS KOHBEKTHBHBIH TEIIONEPEHOC U TEMIOBIICTICHHE
B pE3ynpTare .OKHCICHMA CaXH. B ypaBHeHHSX 10 KOHIEHTPAlMAM YYHTHIBAcTCA
KOHBEKTHBHBIA MacconepeHoc caxH, O u CO; notokoM, H3MeHeHHE KoHIeHTpauuii O, u
CO; 3a cyeT peakuy OKMCICHUS Ca)XH, yMEHbIICHUE KOHIICHTPAIIMU CaXkH B ra30Boi dase 3a
CYET YJIABJIUBAHHS CAXH Ha BHYTPEHHEH MMOBEPXHOCTH BOJIOKHHCTOTO MaTe€pHalia C y4eToM
HHEPTHOTO COyZapenus, nepexsara, OpOyHOBCKOH quddy3un u UX codeTanus. B ypaBHeHHH
JUISE coﬁepxcaﬂm caxu B TBepHOH (hase yIMTHIBAIOCH HAKOIUICHHE CaXXH HAa IIOBEPXHOCTH
BOJIOKHMCTOIO MaTepHala 3a CYeT EmmenepeqncneHme MEXaHU3MOB YIIABIHBaHUA U
YMEHBUIEHHE COJIEPKAHHA CaXH B pe3yibTaTe €€ OKHCICHHA. YUHTHIBAETCA TaKKe
H3MEHEHHE MOPO3HOCTH C 3a0JIHEHHEM QUIIBTpa CaXKeid.

JIns GMCNEHHOTO MOCTPOEHHS peINeHHMs IMOJYYEHHOM Mojenu paspaGoTaH M
peanu3oBal 3Q(EKTHBHBINA AITOPUTM, TNO3BO/BLIONIHE PaCCYMTHIBATE KAaK DaclpelieieHue
KOHIIEHTpaLlUi U TeMIlepaTypH! 10 TOJIIHHE CTEHKH QUIbTpa, TaK U 3BOJIOIHIO CHCTEMBI BO
BpeMeHH. AJTOPUTM OCHOBaH Ha MCIHOJB30BaHMH MeToja «mpaMbix». Cucrema OJIY,
MOJy4eHHas IOCJIe TMPOCTPaHCTBEHHOM nncxpcfnz.aunn nubdepeHIHanbHEIX ypaBH'qumﬁ B
YACTHBIX IPOU3BOJIHEIX C YIETOM rpath__Hbmyénonnﬁ, MHTETPHpPYETCA MéTOI{OM P'03'en"6p01<a
2-ro mopsAIKa TOYHOCTH C aBTOMATH4ECKUM BBEIOOPOM IIara.

B pabote uccnenoBaHsl HaKOIUIEHHE CaXEBBIX YacTHUI] B (HIBTPE W OKHUCIHTEIbHAS

pereucpanus (I)I/IJII:Tpa, B IMPEAIOJIOXKCHHH, YTO OHH NPOTEKAIOT NOCICIAOBATCIBHO, 6o
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ofHOBpeMeHHo. MccieioBaHO BIMAHHE TapaMeTPOB Ha TUHAMHUKY STHX IIPOIIECCOB.

N

700

650

Puc. 1. Hsmerenne mnepenana ngaBieHHs Ha
600

¢GmIbTPE BO BPEMEHH INPH Pa3lUYHBIX BXOJHBIX
550

Pressure, Pa

s TeMrnieparypax. Bpems 3amonnenus 5400 cek.,
00

450 JUAMEeTp YacTHL CaH 0,1-10_6 M, CKOpOCTH

400 nofa4y razoBoH cMecu B ¢punbtp 0,1 M/c

aso

N N M N .
1000 2000 3000 4000 5000
Time, sec

IIpoBencHHBI MapaMETPUYCCKUA aHAIM3 I0KA3al, YTO C yBENMYEHHEM JHaMeTpa
uacTHIl B 2 pasa pesKo yselnnumBaeTcs (Gomee 4yeM B 2,3 pa3a) CTENeHb 3aroIHEHHS
HAYaJIBHOTO yYacTKa (QHIBTPA, B TO BpeMs KaK CONEPKAHHE CaXXH HAa BBIXOJHOM yqacrxe
¢unpTpa MpaKTHYECKH He MEHsETCA. YBEIHYEHHE B 2 pasa CKOPOCTH IOJAYH Ia30BoH cMecH
B QHIBTP NPHBOJMT K YBEITHUYECHHIO CTENICHH 3allOJHEHHUS, KaK BXOJHOIO ydacTka GHIbTpa,
TaK ¥ BBIXOJHOTO y4acTKa.

3anonuenne QUIBTPa MPUBOAMT K POCTY mepenana napnenus (puc.l). Kpupas 1 Ha
rpa¢uKe COOTBETCTBYET H3MEHEHHIO Tlepelazia JaBpIeHus U MPOoLiecca 3aoHEHH GuIbTpa
IpU BXOJNHOH Temmeparype, Tin = 473K. Ilpu Takux YCIOBHAX OKHCICHHE CaXH He
npochbnni. Jto TpebGyer NeEpHOAMYECKON perecHepanud GUIbTpa IyTeM IOabeMa
temneparypbl. Hanuune xatamisaropa B GUIBTpE MO3BOJISET MPOBOJUTH PETEHEPALIHIO YKe
opu Tin = 623K, mpu 3ToM MakcuManbHas TeMmrieparypa B ¢HIbTpe He mpesbinaetr 625K.

Ecnu moBBICUTH TeMilepaTypy mojaromedcss B ¢uinbtp razoBoét cMecu mo 523K u
BBIIIE, TO 3aMOJIHEHHE (QMIIBTPA CaXed M e€ ropeHHe MpOTeKaloT OJHOBpEeMEHHO. IIpuuem,
ecm nipu teMnepatype Ti, = 523K npeobnagaer 3amonHeHue W nepenaj JaBlIeHHS pacTeT
(xpuBas 2), npu Ttemneparypax 573K u 623K ycraHaBIMBaeTCS paBHOBECHE MEXKIY
3alloOIHEHHEM W TOpeHHeM, IMepenax MAaBlEHHS OCTaeTcs NPAKTHYECKH MOCTOSHHBIM
(coorBeTCTBéHﬁb,' kpuBble 3, 4). Jlons ynoBIEHHOH caXu IpH BXONHOH TeMIieparype
T, = 623K oCTaeTcs 1OCTOSHHOM BO BpeMeHH U cocTaBisgeT 46%. Ecnu mporecc BecTH
ToclieioBaTeNbHO: 3anondenue npu T, = 473K B Teuenue 5400 cexyH/ U 3aTeM rOpeHHE IIPH
Tin = 623K B Teuenne 300 cexkyHnm, TO [0S YJIOBICHHOH CaXH MEHAETCS BO BPEMEHH,

50-70% nipu 3amonsenuy, 53-61% npu ropeHuH, 9TO B CpEAHEM COCTaBIAET 59.8%.

1. M. Ambrogio, G. Saracco, V. Specchia. Combining filtration and catalytic combustion
in particulate traps for diesel exhaust treatment. Chemical Engineering Science,
2001, 56, 1613-1621.
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KATAJIUTHYECKASI AKTUBHOCTDb CYITPAMOJIEKYJISIPHBIX
AHCAMBJIEHA ®YHKIITAOHAJIN3UPOBAHHBIX
KAJIMKC[4]PE3OPHUHAPEHOB H ITAB B PEAKIIUSX FI/IJ:[POJII/I3A
IPUPOB KHNCJIOT ®OCPOPA

Hamupopa T.H., babkuna S1.A.

Huemumym opzanuyeckoii u gpusuyeckon xumuu um. A.E. Apbyzoea KHI] PAH, Kazanv, Poccus
E-mail: ryzhkina@jiopc.kcn.ru

B mocnenHue HOECATHIETHS HHTEHCHBHO BeIyTcs pabOTH MO MOHCKY 3¢>¢)eKTnBHLIX
KaTaJIn3aTOpPOB pacuierieHus 3QHpoB KuciaoT ¢ocgopa (OK®D), kotopoe mocruraercs
XMMHYECKHM CIIOCOGOM B OCHOBHOM B pe3yNIbTaTe peaKkuui nepesrepuuKanuy, ruaponusa,
OKHCJIeHHsA. JTa npobiieMa BBI3BIBAET MHTEPEC C ABYX TodeK 3peHHs. C OJHOH CTOpPOHSI,
obpa3oBagHe U pa3pbiB (ocHOIPUPHBIX CBI3EH SBIAIOTCS OJHOM H3 Haubojee BaKHBIX
‘OMOXUMHMYECKMX pEakIHif, ¢ Jpyroi CTOPOHBI, 3TO OXWH M3 NyTed NETOKCHKAIMH
(nerpamamnuu) ¢ochopopraHUdEcKHX HEHPOTOKCHHOB, IIPECTABUTENSIMH KOTOPBIX SBISIOTCS,
HaIpUMED, NIECTUIH I, PUMEHIEMBIE B CENECKOM XO3SHCTBeE.

Panee IIOKAa3aHo, 41O arperarbl ampuduIpHOTO aMHHOMETUIIHPOBAHHOIO
kamukc[4]pesopunnapena 1(AMK) B pacrBopax Hewonnoro IIAB  Tputon-X-100
(30%-IM®A) 3¢ dexTuBHO KaTanM3HPYIOT peaknuu ruapoin3a OK® B MATKHX YCIOBHAX
(pH 8, 25°C) [1]. B Hacrosme#i paboTe HCCIEeNOBAHO arperalHOHHOE IOBEACHHE H
KaTaJIUTHYeCcKasl aKTHBHOCTD (DYHKIIMOHAIM3HPOBAHHBIX Kaukc[4]pesopiunapenos 1(AMK),
2((I)AMK), " 3(KP) B oTcyrcTBME M B NPHCYICTBHM  KaTHOHHoro  IIAB
LICTI/IJITpHMCTI/IJIaMMOHI/II/I O6pomuna (IITAB). ArperanuoHHOe NOBENEHHE COENUHEHHI
M3y4eHO TeH3HOMETPHYECKUM, KOHAYKTOMETPUIECKMM H JIM3JIbKOMETPHYECKHM METONAMH B
BOJHBIX H Boz[HQ—,I[M(DA cpenax, cogepxamux ot 10 o 70% JJM®A. Kuneruka peaxnuit
coenuHeHudi 1-3 B orcyrctBue u B mpucyrctBud  L[TAB  wuccnenoBana
coexktpodoToMeTpudeckuM u SIMP 3p METOJAaMM B YCJIOBHSX IICEBJIO-IIEPBOTO MOPsAAKA.
‘TlokaszaHo, 4Yro arperallMOHHOE NOBEAEHHME M KaTaJHTHUeCKas aKTUBHOCTH aM()HUPUIBLHBIX
‘K;aJIHKC[4]pe30pLII/IHapCHOB B 3HAYHTENBHOH CTEHEHH 3aBHCHUT OT MPHPOABI MHAPOPHIBHEIX
q)yHKuHOHaJILHi:Ix TPYII, PacIOJIOXKEHHEIX Ha BEpXHEM «06ome» Monekynel. Hanpumep,
BBE/IEHHE BMECTO HNOJSPHBIX MMIPOKCHIBHBIX [PYIII éﬁaﬁoocnommx aMHJIHBIX (parMeHTOB
(KP) mpHBOOMT K pe3KOMY CHM)KEHHIO KPUTHYECKMX KoHIeHTpamuit arperauud (KKA) u

YBCIIUYEHUIO KOHCTAHT.
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R q |
R>P°@ o Son

1t R'=CoH;9; R?=H; R’=CH,NEL,

»: R'=CH,P(0)(0C4H,); R>=H; R*=CH,NE,

3*R'=CgH,7, R*=CH,C(0)NHC(CH,OH);

& R=R°=CH,(Cl
Hapamerpsl peakuuu cyberpara 4 ¢ AMK 1, PAMK 2 u KP 3 8 Bognom JIM®A (30%) B
orcyrcrBue (pH 9) u B npucyrcreuu IITAB (pH 8, CuTA];:S" 1‘0-3M0JII>/JI), 25°C.

-1

Coengunenus KKA, Moas/nt | kg, C Ky, 1/MoIB
AMK(1) 2°10” - 1570
*OAMK(2) 310" 3.2°10" 2500
KP(3) 6°10° 1.2°107 4600
AMK-IITAB 210" 1.5°10" 1700

*OAMK-IITAB 410" 1.210" -

KP-1{TAB 610 2.410* 1000
HTAB 610~ 110° 100

3KCHepHMeHTa.HbeIe AaHHBIC NOJYYCHbBI B BOAHOM pacTBOpE.

cBa3piBaHMA cybcrpaToB (Kp) mo cpaBHeHHIO ¢ He3aMelleHHBIM KaNHKC[4]pe3opHuHapeHoM
(KKA=1" 10" moms/1, Ky= 2100 1/Mob) [2], HO K CHHXEHHIO pEaKUHOHHOH criocobHOCTH. B
TO e BpeMsA 3aMeHa THAPOGOOHBIX AJNKWIBHBIX 3aMECTHTENEH Ha HIDKHEM «000e»
monekynsl AMK Ha nonspaeie ¢parmentsr ankundochonoseix kucinor (PAMK) mano
ckasniBaerca Ha 3HadeHMAX KKA (rabn.), xoTs IaBmkymieit cuiaoi oOpa3oBaHHs arperaros
AMK sBusiorcs TuapodoOHBIE B3aMMOJEHCTBHSA, a ®AMK -  31eKTpocTaTHYECKHE.

H3yueHnne KMHETHKH peakiMy MOKa3alo, 9To 1-3 KaTaau3upyroT TUAPOIH3 3GHPOB KHUCIOT
docdopa, ommako, peakumonHas crocobHocts (K m) AMK u ®AMK Brme, gem KP.

CMmermuannsie arperata Ha ocHoBe 1-2 u IITAB oGnanaiT Gojee BBICOKOH KaTaTHTHYECKOM

aKTUBHOCTHIO0, 9eM arperathl 3-LITAD, 1-3 u munenns LITAB. .

-

Pabora BbImONHeHa npH ¢uHaHCOBOH mnomuep:kke Poccuifckoro ¢onpa QyHRaMeHTanbHBIX

uccnenosanmii (mpoekt Ne 00-03-32119, 02-03-06-512).

1. N.C. Pepxxuna, JLA. Kynpssuesa, S1.A. babxuna u ap.//M3s. AH.Cep.xum., 2000, Ne8, C.1361
2. .C. Pepkkuna, JI.A. Kyapsisuesa, A.P. bypunos u np.// H38.AH.Cep.xum., 1998, Ne2, C.275
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KAHETHKA PEAKIIAH I'naPOAJNIOMUHHUPOBAHHA OJIEOUHOB
AJKUJIAJIAHAMHA B IPUCYTCTBHUH Cp,ZrCl,

Ileuarkuna C.B., Ilapdenosa JI.B., Xamuwios JL.M.

anmdmynz ne@pmexumuu u kamanusa AH PE u VHI] PAH, Y¢pa, Poccusn
E-mail: ink@anrb.ru

Pabora 1mocCBsiieHa H3YYCHHIO MEXaHM3Ma pEAKIMH THIPOATIOMHHUPOBAHUAL
o-oneHHOB (TekceHa-1, remTeHa- 1, okTeHa-1) arkunantaHaMu ( HAlBuiz, ClAIBuiz, AlBui3) B
npucyrctBul  kartamuzatopa  Cp,ZrCl,.  Pamee  [1]  Obuln  HalijieHBI  YCIOBHS
(aJIFOMHHHHOPTaHUYECKOE COCAHHEHHME, COOTHOIIEHHE pPEarcHTOB, PAacCTBOPHTENb, t) B
KOTOPBIX OCYIIECTBIAETCA MPAKTHYECKH [OJIHOE THAPOATIOMHHUPOBAHKC OL-0JIChHHA.

B xoze uccnemoBaHus 0Ka3ajaoch, 4YTO HaHOOMbIIAsS CKOPOCTh THAPOATIOMUHHPOBAHUS
Habnromaercs mpu 20'C ¢ HCIIOIB30BAHHEM AlBu';. C HOHMKEHHEM TEMHIEPaTyphl BBIXON
OpOAYKTa yMeHbIIaercst ot 94% npu 20°C 110 42% npu 0°C (a1 okTena-1).

B cnyyae ucnons3zoBaHHs HAIBu, CKOPOCTb peakIM{ He3HAYUTENIbHA U JIaXe I0CIIe
24 4 BBIXOJI IPOIYKTa cocTaBisgeT He bosee 40%.

Haubonee wuHTepecHbIH pe3ynbTaT HAOMIOJAETCAd IpH THAPOATIOMUHHPOBAHUH
0-0J1e()UHOB C MOMOIIBIO CIAIBu. Ilpu 20°C BBIXOX MPOJIYKTa IOCIe 6 YACOB COCTABIIAET
71%. C NOHMKECHHEM TeMIIEpATyphl BBIXO/ IPOAYKTA PE3KO CHIKAETCS 10 6% NpH 10°C 1 o
4% mpu 0°C (mis oxrena-1). Ilpu B3ammoneitcrenu CIAIBU, ¢ omeduHaMii XapaKTepHHIM
SBJISETCS CYIIECTBOBAHHE WHAYKIIMOHHOTO TIEPHO/ia, KOTOPBIM AMMTCA B CpelHEM 3 4 B X0Jle
TIPOBE/ICHHUS peaknMU NpU KOMHATHOH TeMIlepaType.

Cnenyer OTMETHTb, YTO BIHSHHME JUIMHBl YIJIEBOJOPOAHOM ILENMM Ha CKOpOCTh

THIPOATIOMUHHPOBAHUSA JINHEHHBIX O-0JIE(MHOB IPAKTHYECKH OTCYTCTBYET.

100 - 100 -
——2C
x 80+ x 804
o g ——10C
5 60 —e— TVEBA £ o
S 40 —8— [IMBAX 5 @] —4—0C
o
£ 20 —A— AVBAT 2 20
m
0 T T T T 0 1
0 100 200 300 400 0 ¢ 100 200 300 400
BPEMA, MUH BPEML, Mikl

[1] Dxemuner Y.M. u np.// U38. AH CCCP, Cep.xum.-1981.-C.360.; Ilappenona JI.B.
u 1p.//Te3. Jloxn. V MonoaexHoi HaydHOH MIKONBI-KOH(PEPEHIMH 10 OPraHMYECKOH XMMHH,

Exarepun6ypr, 22-26 anpers, 2002.
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COBEPHIEHCTBOBAHMUE IVIATUHO-PEHHEBOI'O
KATAJIM3ATOPA PU®OPMUHI'A IYTEM MOIA®HIIUPOBAHUS
AIIOMOOKHCHOI'O HOCUTEJISI COEAUHEHHUSIMHU OJIOBA

IIpockypa A.I'. Beasrii A.C.

Omckuti punuan Hucmumyma kamanuza um. T K. bopecxosa CO PAH,
yn. Hegpmesasoockas-54, Omck, Poccus
E-mail: belyi@incat.okno.ru

IIpoGriemMa yBenMYEHHS KONMYECTBA M YIyYIICHHS KAadecTBA aBTOMOGHIIBHBIX
OEH3MHOB M MHIMBHIYAJIbHbIX APOMATHYECKHX YIIIEBOAOPO/IOB peljaeTcs Kak 3a cyeT
PEKOHCTPYKIMH CTaphIX WX BHEAPECHHS H CTPOMTENBCTBA HOBBIX BRICOKOIPOM3BOAHTENBHBIX
YCTaHOBOK, TaK H 3a CYeT pa3paboTKM 3(GEKTHBHEIX KaTaIH3aTOPOB H, COOTBETCTBEHHO,
HHTCHCU(HUKALNH JEHCTBYIONIHX YCTAHOBOK.

AxtyaneHocTh 11t Poccum mpuo6peno mocnefiHee HampaBieHHE, T.e. OPUMEHEHHE
Oonee COBEpHIEHHBIX KaTAIH3aTOPOB W OOOPYHOBaHHA C HE3HAUHTEILHBIM H3MEHEHHEM
TEXHONOTHH. JTO He TpedyeT OONBIIMX KAaNHTANTBHBIX BIOXKEHHH, a B TOXe BpeMs
obecreYnBaeT BBIMYCK aBTOMOOMJIBHBIX OEH3HHOB C BBHICOKMM Ka4€CTBOM H B TPeOyeMOM
KOJINYECTBE.

MexaHnusMm JeHCTBHA Pa3M4YHBIX MOIUQPUIMPYIOIMHX I0GaBOK B KaTalH3aTopax
pudopmunra (KP) BeceMa croxeH H pa3Ho0oOpa3eH U BBIICHEH KpaliHe HeloCTaTo4HO. JIuub
1A HEOOJIBIIOTO YKC/IA XMMHUYECKHX BEIIECTB, KOTOpbIe BBOMWINCH B KP, GBLIH IpoBeneHb!
CHCI[HAJILHBIE UCCIIE0BAaHMS, MIO3BOJIAOIIHE B KAKOH-TO CTEIICHH FOBOPHThL O XapakTepe HX
JEACTBHA.

JocTaTouyHO [aBHO YCTaHOBJCHO, YTO BBEICHHE OJIOBA ITOBBILIAET CEJIEKTHBHOCTH
apoMaTH3alHU YIJIE€BOMOPOI0B, YMEHBIIAET Tra3000pa3oBaHue B mporecce pupOpMHUHTa IIPU
NOBHIIUEHHBIX TEMIIEPATYpaXx, HO IIPH 3TOM. HECKOJBKO CHHXKaeTcs - 00mias aKTHBHOCTD
KaTalM3aToOpa U3-3a MO/aBIEeHUs KUCIOTHBIX IIEHTPOB B Y-OKCHIE ATFOMHHHSA H 3HAYHTEIBHO
CHI)KaeTC CTaOMJIBHOCTh  QJIOMOIUIATHHOBOTO — KaTalH3aTopa, YTO HE II03BOJIET
MCIIOIIB30BaTh €r0 B YCTAHOBKAX CO CTAlMOHApHBIM cioeM. IlombITku BBeNeHHs 070Ba B
IUIATHHO-PEHHMEBBIM KaTallM3aTop, TakK, 4ToObl OH 001aJal OJHOBPEMEHHO = XOpomieH
aKTHBHOCTBIO M CEJIEKTHBHOCTBIO M JIOCTAaTOYHOH CTaOHIBHOCTBIO YBEHYATHCH YCIEXOM
CPaBHHTEILHO HENABHO, 4YTO BHIPA3WIOCH NOSABICHHUEM HA PBIHKE TPHMETALTHIECKOrO
katanu3atopa RG-582 (Procatalyse).

Xnop sBiseTcs HeoOXOAUMOH YacThi0 HEKOTOPBIX BUAOB KaTaTH3aTOPOB pUGOPMHHT2

H BBOIHTCA U YCUJICHHSA M PETyJHpOBaHUS KHUCIOTHOH (yHkumu. Ho Hepenxo BBICOKOE
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cojepKaHHe BOJALI B 30HE pEaKNWH MPUBOMMT K BBIHOCY, XJOpa H MOJaBJICHHIO
H30MEPHU3YIOIIEH W KpEKHpYIOLLEH qyymcunﬁ Karajmmsaropa. B oTHYUHE OT xnopa,itbrop
IPOYHO CBfA3aH C OKCHIOM 'aJIIOI\/llI;IHI/Iﬂ H B YCIOBHAX pH(QOpPMHHIA IPAKTHYECKH HE
BBIHOCHTCA. OJHAaKO CEeNEKTHBHOCTh Y (TOPUPOBAHHBIX KaTalM3aTOpOB HHXKE, 4YeM Y
CTaHJapTHOro (COmEpKaliero TOABKO XJIOp), TaK KaK B MPHCYTCTBHHM (Topa HaOMI0OAANOCH
yBeNMYeHHe Tra3000pa3oBaHMA. B To xe BpeMs Yy (TOpHPOBAHHBIX KaTalM3aTOPOB
HaOnofanack BHICOKAS OTHOCHTENbHAas CTaOHIBHOCTh, M  KONHMYECTBO KOKCa BO
¢dTopupoBaHHOM 00pa3iie OBLI0 MEHBIIE, YEM B CTAHAAPTHOM.

Moaudunuposanue HPOBOAWIM  pa3NIHYHBIMH  COEAMHEHHMSAMH O0JI0BA. bBUIO
YCTAQHOBIIEHO, YTO Ye€M BBIIe TEPMOCTAOHIBHOCTE M  YCTOHYHBOCTH  HCXOJHOIO
BOJOPAaCTBOPUMOTO COEJMHEHHSA OJIOBA K THAPOIH3Y, TEM CHJIbHEE B KOHEYHOM CYeTe
npossiaiacs 3¢QexT MoAHGHUIUPOBAHHUS, YTO BHIPAKANOCH B POCTE CEJIEKTHBHOCTH 0Oe3
OTepH CTAOHIBHOCTH MPH BBICOKHX TeMIeparypax pHdopMHpoBaHHd. bnaronaps Hannuuio
¢Topa B coemuneHun (SnF;) axTMBHOCTh KaraymmsaTtopa IIP-53A paxke ysemuyuiach II0
cpaBHeHHIO ¢ ucxoxHeM. Ilpeamonaraercs, YTO NOBEPXHOCTHHIE KOOPAMHALMOHHO-
HenachledHbie HOHb Sn(Il) sBnsroTCS HEHTpaMH CTaOMIW3aIlMM JHUCIEPCHBIX YaCTHL
wiaTHHeL. IIpH 3TOM BO3MOXKHO o00pa3oBaHHME IIPOYHONM TETEPOATOMHOH CBA3H MEXIY
aTOMaMH IUIaTHHB! H MOBepXHOCTHBIMH -MoHamMu Sn(Il). Bremenue ¢ropa, Mo-BHIAHUMOMY,
IPENATCTBYET BOCCTAHOBJIEHHMIO OJ0Ba 10 METAUIMYECKOTO COCTOSHHA H 00pa3oBaHMIO
IUIATHHO-OJIOBAHHBIX CIUIaBOB, YTO NPHUBOJHT K YXYAIICHHIO KaTaJIHTHYECKHX CBOHCTB.
OntuMu3anys KOJTHYECTBA M CI0co0a BBEACHHS MOAMPHUIHMPYIOMHMX N06aBOK IO3BOJIMIH
CHHTE3UpOBaTh 00pa3el, KOTOPHIH IO CBOMM KAaTAJIHUTHYECKHM CBOHCTBAM IPEBOCXOAUT
HMIIOPTHBIH TpuUMeTa/UTHYecKui Katanuzatop RG-582 (Procatalyse). Eciu mnpuHATH
IIPOM3BOAMTENBHOCTh THIIMYHOTO IJIaTHHO-peHHeBoro karanusatopa R-56(UOP) 3a 100%
(oxTaH-TOHH B 4ac), To mpou3BoauTenbHOCTh [IP-53A coctaButl 16,7%, a RG-582 — 103%.

DxonoMuueckuit 3 dexT 3aMeHsI mpoMbIIeHHOro Karanysatopa I1P-51 (O®PUK) na
katanm3arop IIP-53A mnmo wucreyenuH 1 roma mocne 3arpy3kd Ha  YCTAHOBKY
POH3BOAUTENBHOCTHIO 300 THICSY TOHH CHIPBA B roj 6yaeT cocTaiAThk 680 THIC. H0LIApOB

(21,08 maH. pybaeit).
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OCOBEHHOCTH OKHCJIEHHUSA INKJIOI'EKCAHA B
NPUCYTCTBHU KATAJIMTUYECKHUX CUCTEM, COAEPXKAIIIAX
COJIN METAJLJIOB IEPEMEHHOH BAJIEHTHOCTH U
OPTAHUYECKHE TOBABKH

Peyrckuii B.B., Membnuk IO.P., Bacrasupiii C.M.

Hayuonanvnoui ynusepcumem «Jlvsosckas nonumexnuxay, yr. Cm. Bandepor, 12, JIv608,
79013, Yxpauna
E-mail: reutskyy@yahoo.com

Hccnenoano xuaxoQasHOe OKHUCIEHHE NHKJIOrE€KCaHa B TNPUCYTCTBHHM CIOXHBIX
KaTaTHTHYECKHX CHCTEM, COAEPKAMIMUX COIA METAIIOB MIEPEMEHHOM BAICHTHOCTH, 4 HMEHHO
Haprenar kobanera (HK), m opranmueckue pgoGaBku. M3 oprammueckux n06aBOK
HCCIC[IOBAaHBl  OJIEKTPOHOAKIENTOPHBIE  COEAMHEHHS  (comn  mepdTOpHPOBAaHHEIX
CYIb(OKHCIIOT, HAMPHMEP «XPOMOKCaH») H 3IEKTPOHOIOHODHEIC COENMHEHMs (KpayH-
3¢upsl, HanmpuMep 15-kpayH-5, 18-kpayn-6, nuben3o-18-kpayH-6, n1ua3o-18-kpayn-6). Kpome
TOr0, HCCJIEJOBaHa OJHA U3 BAXHEHINMX 3JEMEHTApHBIX CTalHi MpoIecca OKHUCIEHUS
IMKIOTeKCaHa — BBIPOXKICHHOE PpA3BETBICHHME, KOTOpas 3aK/IIOYaeTcs B  pacrajie
THIPONEPUKHUCH HUKIOTEKCHIIA.

B pesynsTaTe HCCIEN0BAHUH YCTAaHOBJIEHO, YTO MPH HCIOJB30BAHUH ITEPEUMCIICHHEIX
100aBOK NPOHCXOAUT H3MEHEHHE KOJIMYECTBEHHOTO COCTaBa NMPOAYKTOB OKHCIeHMsA. Ilpu
UCIIOJB30BAHMH  DJCKTPOHOAKIENTOPHBIX  COCAWHEHUH  HaOMIONAeTCs  YBENMYEHHE
KOHIIEHTPAllMH HHUKJIOTEKCAHOJA M YMEHBIUCHHE KOHIECHTPAllMHd THIPONEPHKHUCH. I[Ipu
HCIIO0JIE30BaHUM KPayH-3()HPOB MPOHCXOJUT YBEIHUYEHHE KOHIICHTPAI[HH [HKIIOTEKCAHOHA H
TH/IPONIEPEKUCH.

Ilpn wm3ydyenuu peakuyu pacnaja THAPONEPEKHUCH MHUKIOTEKCHIA B IPHCYTCTBHH
KaTaJIMTHYECKUX cHcTeM Ha ocHOoBe HK u «xpoMokcaHay wim kpayH-3$HpOB HaOII0AAIOTCA
IOXOXXHE pE3YNLTAaThl: B OOOMX Cilydasx HaOJII0JacTCs YMEHBIIEHHE KOHCTAHTHI paclaja
THIPONIEPEKHUCH. _

B cnyyae ucnonip30BaHUA KpayH-3QHUPOB PE3yNbTaTsl, HOJYYEHHBIE NPH HU3YYCHUH
OKHCIIEHHS IIHKJIOreKCaHa U pacliajia THAPOIEPEKUCH, XOPOIIO KOPPETHPYIOT MEXTy COOOH.

Ha ocHOBaHHH TIOJIyYEHHBIX Pe3yIbTaToB MOXKHO CAENATh CICAYIOIIME TIPEITON0KEHHS]
O BIMSHHMH HCCIENOBAHHBIX JOOABOK HA MEXAHM3M JKHAKOMA3HOTO OKHMCIICHWS IIMKIOTEKCAHA:
TPH OKMCIICHHWH IUKIOTeKCaHa B IPUCYICTBHH (XPOMOKCaHa» 00pa30BaHUE ENIEBBIX POIYKTOB
OKHMCIIEHMS (HMKIOTEKCaHOJNA H HHKIOrEKCAaHOHA) NPEUMYILECTBEHHO IIPOHCXOIHT MHHYS
CTagui0 00pa30BaHus THAPONEPUKUCH, TOT/]a KaK MPH HUCIONb30BaHMU KPayH-3(QUPOB - HMEHHO
yepes CTaauio 00pa30BaHus I'HAPOIEPEKUCH HUKIIOTEKCHIIA.

Taxum 00pa3oM, TONyYCHHBIE pE3YABTATEI B HEKOTOPOH MeEpE MO3BOJSIOT
TPOTHO3HPOBaTh BIIMAHME 3JIEKTPOHOJOHOPHBIX M 3JIEKTPOHOAKLENTOPHHIX J00aBOK Ha
KATATHTHYECKOE OKUC/ICHHE IUKIIOrEKCaHa B XHIKOH (ase u Ha c"ocTaB PEaKLIMOHHOW CMECH.
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INEPOKCHJIA3A B PEAKITMSAX OKHCJIEHUSA BBICTPO
N MEJVIEHHO OKHCJIAEMBIX CYBCTPATOB

Poroxuna T.B., Poroxxun B.B.*

Axymexuit meduyunckuii uncmumym, Hxymck, Poccus
*SArxymexas 20cy0apcmeenHan CeibCKOX03ATUCMBEHHAs aKdOeMus,
ya. Kpacunenuxosa, 15, 677007, Hxymck, Poccus
E-mail: vrogozhin@mail.ru

B peakuusx HHIMBHIYaNbHOTO OKHCICHHS CYOCTpaThl NEPOKCHAA3hl MOTYT
NOJpasleNAThCd Ha MEIVICHHO M OBICTPO oOkucisieMble. IIpH 5TOM BeNMYHHBI KOHCTAaHT
Muxasiuca y HUX Da3IHYaiOTC HE3HAYHTENBHO, IPH HauOOJNbIIEH pa3sHHUIE B BENMYHMHAX
KATATHTHYECKHX KOHCTAHT. B TIpyNIy MeMIEHHO OKHCITEMBIX cyOcTpaToB  BXOIAT
HEOpraHu4eckue ((GeppolHanul Kaaus) COeNUHEHHS - JOHOPHI 3IeKTpoHOB [1], Torna kax
JOHOPBl BoIOpona (0-IMAHM3MAHH, THAPOXHHOH) SBIAIOTCS OBICTPO OKHCISEMBIMH
cybcTpaTaMu MepokcHuasel. IIpH pacCMOTpEHHH MeXaHH3Ma NEHCTBHS IEpPOKCHAA3Hl B
peaKuusIX OKHCICHHS PasiHYHEIX CyOCTpaTOB IpHUMEHSETCS MOJeNb, B KOTOPOH AeiicTBHe
IIEPOKCHUJIa3bl OOBACHACTCS B paMKaX IIPEICTaBICHHS O (epMeHTe Kak Oenke-IpOBOJHHKE,
PEANH3YIOMEM HECKOMbKO KAHANOB TPAHCHIOPTA MCKTPOHOB C cyGCTpaTOB [2]. Omnako
BOIIPOC 06 yqacnce CB}BHBaHH}I CyOCTpaToOB B aKTHBHOM IICHTpE MEPOKCHIA3LI TOKA OCTAETCH
HCBBI;ICHCHHI)IM HpOBeIICHHBIC HCCIE/IOBAHUS 110 BIHAHHMIO MHIOIHII-3-yKCYCHOH KHCIOTHI
(I/IYK) Ha MCPOKCHAA3HOE OKHCICHHE CYOCTpaTOB HEPOKCHIA3bl IMO3BOJISIOT BHICKA3aTh
HEKOTOPbIC NPEAIOIOKCHHS O MECTAX CBA3BIBAHMS CyOCTPAaTOB Ha HOBEPXHOCTH (ePMEHTA.

KOHKYpCHTHEIHf THI HMHrHOMpOBAaHHS pEAKIHH IEPOKCHAA3HOTO OKHCIEHHS
o-muanusuauHa (OJTH) MVK nossomster npeanonoxuts, uto OJJH u UVK cBs3piBaercs B
OIHOM M TOM JX€ MECTe aKTHBHOIO IieHTpa ¢epMenTta. [lpu stom cesassmBanne UYK
IPENATCTBYET KaK CBA3BIBAHMIO, TaK M MPEBPAIIEHHIO O-IHAHM3MAMHA, TOrNa Kak IO
OTHOLIEHHIO K THIPOXHHOHY THII HHIHOMPOBaHHMS HecKonbKo Apyroil. UYK u rugpoxuHoH
CBHSBIBaIOTC}I B PadIMYHBIX MECTax axkTHBHOIO IIEHTpa, TaK KaK [POABIAETCS
HEKOHKYPEHTHBI THII MHTAOGHPOBaHHS. JTO MOXET HabIIOATHCS BCJIEACTBHE yIANEHHOCTH
MeCT cﬁg%maanx a@pdextopa u cyberpata, npudem mpu pH 4,5-6,5 THn MHrHOHpOBaHHSA
HEKOHKYPCHTHBIA, OJHAKO MpH yBeJH4YeHHH PH OH MEHSEeTCHd M CTAHOBHTCS CMEIUAHHBIM.
IIpu sToM o yBenuumBaetcs (oc>1), a B yMensuraetcs (B<1). i3sMeHeHHe 3THX MOCTOSHHBIX
XapaKkTEepU3YeT yXyZIIIeHHEe CBA3BIBaHUA CyOcTpata B 2,8-4,2 pa3a; t.e. npu Hamuauu UVK
TPOMCXOAHUT MOHHXXEHHE CPOACTBA MMAPOXHHOHA K AKTHBHOMY ueHpr ¢depMeHTa. OIIHaKO '
€CJTH BCE TaK¥ HIPOXMHOH CBS3AJICS B aKrHBHOM LEHTpe, TO JambHelillee ero npeBpalleHue
yxymnaeTcx B1 7 5 3 pa3za. CB}IBBIBaHI/IC I/IYK ¢ nepoxcn,uason 3aBPICHT ot pH cpezﬁ; . TaK B
pEaKIuIx nepoxcnnazﬂoro OKHCIICHHS O-JIMAHM3HMHA BeIHYHHA K; npu pH 4 5 7,0

u3MeHsAeTCs B Inanasoue ot 9,6 1o 0,72 MxM, T.e. ¢ Bo3pacranueM pH cponcTBo HHrHOHTOpA
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K (epMEHTY MOXeT MOBBIIATECA B 13,3 pasa. B To e BpeMs B peakumsxX OKHCICHHS
TH/IPOXMHOHA Benu4uHa K, B 9ToM xe nuanmasone pH u3mensiercs ot 113 g0 17 MxM, T.C.
KOHCTaHTa HHIMOMPOBaHHA IOHIKaeTcs B 6,6 pasa. IIpd 3ToM 3G (GEKTHBHOCTS CBA3BIBAHMS
HUYKc nepoxcnﬂasoﬁ, Hanpumep, upH pH 4,5 u 7,0 nyuine cBI3bIBaHHS 0-AHAHU3HIUHA B 4,2
u 20,8 pa3, a rnﬁpoxnnona - B 5,8 1 8,8 pa3 cooTBercTBeHHO. B peaximmax IIEPOKCHIAA3HOrO
OKHMCIEHHS 0-IHaHH3AUHA cBs3biBakue UVK ¢ pepmentom npu pH 4,5 u 7,0 65110 B 11,8 1
23,6 pasa, COOTBCTCTBEHHO, J((EKTHBHEe, YeM B pEaKUMsIX OKHCICHHA THAPOXHHOHA.
ITo-BuaMMOMY, HAa CPOACTBO MHIMOMTOpPa K (EPMEHTY OKasbiBaeT BIHSHHE IPHPOIA
cyberpara. Ilpuyem cyGerpatht uMeromue Onuskyro ¢ MYK HONAPHOCTE 3HAYHTENBHO
TOBBIIAIOT 3((PEKTHBHOCTD CBA3BIBAHME HHTHOMTOpA C IEPOKCHa3oit. IloaTBepKIcHHeM
PasIUYHBIX MECT CBA3BIBAHMC O-IHAHM3HAMHA H THAPOXHHOHA B aKTHBHOM IEHTpeE
MEPOKCHAA3bl CIy)XaT MNaHHBE [0 COBMECTHOMY IIEPOKCHIA3HOMY OKHCIEHHIO O3THX
cy6erpatos. TlepokcumasHoe OKHCTeHHE O-NHaHH3HIHHA M THIPOXHHOHA MPOHUCXOJUT
auddepernrpoBanHo. Ilpy TOM OKHCIEHHE o-nﬁaﬂnzmHHa He HaGIIOaeTCs O MONHOTO
NpeBpallleHHs THAPOXHHOHA. [IpHYeM CKOPOCTh OKMCICHHS THAPOXHHOHA B IIPHCYTCTBHH
O-JIMaHH3M]IMHA NPEBBINACT CKOPOCTh €ro HHAMBHAYAILHOrO OKHCIeHHs B 3-10 pas.
MexaHH3M COBMECTHOTO OKHCIIEHHS CyOCTPAaTOB NPOABISETCS B TOM, YTO IIPEJBAPHTENBHOE
CBA3BLIBAHHE O-[HAHH3HAMHA YIIy4liaeT NMOCIEAYIOLIee CBA3BIBAHHE TMAPOXHHOHA, yCKOpAA
TpOLECC €T0 NEPOKCHIA3HOrO OKHCIEHHA. Heckonpko HHOH MexaHH3M OTMedYaeTcs INpH
COBMECTHOM OKHCIICHHH (€ppOLHaHM]a KalHA U TMAPOXUHOHA. OKHUCIeHHe (epponuaHiia
HE IPOHCXOMHIO A0 T€X IOp, IIOKA NOJHOCTHIO HE OKHCIUICH BECh THAPOXHHOH. JTO
IIPOUCXOJIUT H3-3a TOrO, YTO M'MJPOXHHOH H (QeppoLMaHH/ CBA3LIBAIOTCA B OJJHOM H TOM XK€
Mecte. [103TOMy npeBapHTENEHOE CBA3BIBAHIE THAPOXHHOHA NPENATCTBYET MOCIEAYIOMEMY
CBSI3BIBAHHIO, 3, CIIEOBATENBHO, H OKHCIEHHIO deppoumanma. OnHako HHJIONIAN-3-YKCYCHas
KHCI0Ta He OKasbIBajla BIIMAHHE Ha NEPOKCHAA3HOE OKHCIECHUE (eppoluaHuga Kajius, 4To,
BO3MOXHO, OOYCIOBIEHO YIAICHHOCTBIO Y4acTKa CBA3bIBaHMsA CyOcTpaTa OT 006J1acTH

cBsa3piBaHusg MYK.
1. VYraposa H.H., Jle6emeBa O.B., CaBuuxumii A.Il. IlepokcHpasHBIi KaTalu3 H ero

npuMeHenHe.-M.:U3-o MI'Y, 1981. 92 c.
2. Jlebenena O.B., YrapoBa H.H. U3sectus AH. Cep. xumprgeckas.-1996.-N 1.-C. 25-32.
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Fe-MODIFIED MONTMORILLONITES IN REACTION OF
CATALYTIC ALLYLIC OXIDATION OF o-PINENE

Elena P. Romanenko

Novosibirsk Institute of Organic Chemistry, Siberian Div. of RAS
Lavrentjev Ave. 9, Novosibirsk, Russia
E-mail: roman@nioch.nsc.ru

Catalytic behaviour of Fe-modified montmorillonites in reaction of o-pinene allylic
oxidation by zert-butyl hydroperoxide was investigated. The dependency of catalytic ability on

the nature of used montmorillonite was shown.

For process realizing in the presence of montmorillonite modlfled by polynuclear
hydroxycomplexes of Fe** (PHC- Fe3+/montmor1110n1te) high degree of o-pinene conversion is
observed, but products of it's allylic oxidation in reaction mixture are absent; main products in
this instance are products of o-pinene isomerisation.

If the mechanically activated montmorillonite is used for catalysts preparation (PHC-
Fe®*/ MA-montmorillonite), comparatively low degree of o-pinene conversion and high

selectivity of oxidation are characteristic for the process.

PHC-Fe3* /montmonllomte isomerisation
/ +BuO,H, CH,CL, 400C S Satlo

i ' \PHC-Fe3+/ MA-montmorillonite
—

t-BuO,H, CH,Cl,, 40°C

allylic oxidation

Control experiments with the use of Fes03, Fe,04/A1,03 or Fe;05/Si0, show similar

behaviour of these catalysts and PHC-Fe** / MA-montmorillonite.
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IOPEKT CTEPEOXUMHNYECKOH TP PEPEHIINAIINN B
PEAKIINHA IIMKJIOAJTIOMAHUPOBAHHUSA

C.B. PycakoB, M.IO. 3aiiues, JI.M. Xaaunos, ¥.M. Jl:xemuien

Hucmumym necpmexumuu u xamanuza AH PB u VHI] PAH
Ygpa-450075, Ilp. Oxmabps, 141, Poccus
' E-mail: ink@anrb.ru

M3BecTHO, 9YTO [NPOTEKaHHE pEakNMM UHKIOATIOMHHHpOBanusA (cxema 1)
HEOJTHO3HAYHO IIPH HCIIOJb30BAHHHM Da3IMYHBIX THIOB ojdepuHoB. Tak, HaﬁpidMep,
BOBJICYEHHE B PEaKUUIO anH()aTHYECKUX ONe(HHOB HPHUBOAHT K CENEKTHBHOMY BBIXOIY
3-3amenicHHBIX amroManuknonenTadoB (ALIID) [1], B To BpeMs kak mpH MCIONB30BAHHH
07e(QHHOB C APHIBHBIMH 3aMECTHTENSMH B PEaKIHOHHON cMecH mpeobnagawr 2-
3- zamemennnie ALII [2]. Takoe noBemeHHe peardpymomiell cMecH SBHO YKa3blBaeT Ha
HaIH4He CTepeo-IuddepeHIHpyonIero hakTopa IpH B3aUMOACHCTBHM MOJIEKYJIBI ONieHHA C

06p3.3y}0HIHMI/ICH B X04€ p€aKIMH KOMIIJICKCaMH.

Cxema 1
Cp,ZrCl, + AIEt,

R/\ R—/\

et s ey
R
R
R

HcenenoBanue MOIENBHOH CHCTeMBl pearupyromux BemectB  Cp,ZrCly:EtAl

o-oneHH METOJaMH KBAaHTOBOH XHMMH IIO3BOJHIO OGHAPYKHTb KIFOYEBHIE MOMEHTHI
MeXaHM3Ma pEaKUUH LUKIOAIIOMUHHPOBAHUS, OTBCTCTBCHHBIE 33 CTEPEOXUMHYECKYIO
muddepenuanuo NpoayKTOB H3y4aeMoit peaKiiuy. '

CoryacHo pe3ynbTaTam pabot [3-6] BoBIeYEeHHE B PEAKIHIO 0JIEHHHOB MPOMCXOAMUT
DpH B3aUMOJCHCTBHHM HX C KaTaINTHYECKH AaKTHBHBIM I[EHTpoM (cxema 2) -
OumeraummdeckuM [Zr,Al] naruunedHeiM KomiuiekcoM (1). IlpuHMMas BO BHHMAaHHE
reoMeTpHIecKHe 0COOEHHOCTH TaKOIro KOMILIEKCa, B KOTOpoM yriepoaHble aroMbl Cy u Cp
pacnonararorcss BHe ofpasyemoi aromamu Cl-Zr-C, IIOCKOCTH, IpeaBapuTeNbHas
7T-KOOpIAMHALMA MOJIEKYIBl (-oneuHa Ha aTome Zr OyneT HepaBHO3HAYHOH H 3aBUCETH OT
MECTOIIONIOKEHHS ~ 3aAMECTHTENA  BHEADAIOUIErocs oneduHa, UYTO H  ONpEnENser

CTEPEOXUMUIECKYIO AU HEPECHIUANUIO PEAKIIHH.
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| HpOBelIeHHLIe HAMH pacieThl CHCTEM, BIUTIOHAIOUMX CTHPON H rekc-1-eH, MOKasamu
YBEIMYEHHE n36npaTenLHocm CI/ICTCMI:I /B Cllyyae C JIMHEHHBIM aJKaHoOM, IIpHYeM Hamboee
SHEPTETHUYECKH 6naronpwlmbm OKa3aiCd  BapHaHT BHEApEHHA Trekc-l-eHa  mpu
ZT-KOOPIMHALMA B TIONOKEHIH R4, OTBeTCTBEHHBHH 32 (popmupoBanne 3-3aMeIIEHHOTO
ANOMHMHAIMIIIONEHTaHa. [l cilydas co CTHpOIOM, IPOLECC BHEIPEHHS ofleMHA BO3MOXEH B
HECKOJIBKHX BapHaHTax. CpaBHEHHE '3Hepréfnqecmx XapaKTEPHCTHK TaKOTO IPOIIECCa IIOKA3AJI0

PaBHOBEPOSATHBIE BO3MOKHOCTH BHEJIPEHHS ONle(hiHa, Kak B monoxeHud R3 tak u R4.

Cxema 2

Q \)AlEt
R,

R4

AL

@c"{

ZI—¢t

%@Et

Crnemyer oOTMETHTH, YTO B peaKkUHH CYIECTBYET JOMONHHTE/LHEIH 1Iopor
CENEKTHBHOCTH (popmupoBanus ALITI, Bo3HHKAOIMI HA KOHEYHOH CTalHH peaKuuH (3-2>4).
OnHako OH NpOSBISETCS TOABKO B CHCTEME C TeKC-1-eHOM, NpPAKTHYeCKH He BAHsA Ha
CEIEKTHBHOCTH oGpazonanim ALII ¢ GeHUTBHEIM 3aMECTHTENEM.

TakuM 66pa30M, B pééynLTaTe TIPOBEACHHBIX KBAHTOBO-XMMHYECKHX HCCIIENOBaHHMI
CHCTeM LIKII0AIFOMUHM POBAHHA HAMH ONPE/ENICHbI OCHOBHbIE CTAUH BBI3HIBAIONINE 3D (HEKT

CTEPEO-XHMHYECKOH Auddepentinammy.

~Y.M. Jixemunes u ap. // Uss. AH, cep. xum., 1989, 2, 207.
Y.M. Ilxemunes u 1p. // U3s. AH, cep. xum., 1999, 8, 1594.
‘W, Kaminsky and H.Sinn //Liebigs Ann. Chem., 1975, 3, 424.

| E. Negishi et al/_/ J. Amer. Chem. Soc., 1996, 118, 9577.
JLM. Xanunos u np.// Viss. PAH, cep. xim., 2000, 12, 2086.
- C.B.PycakoB u ap.// U3s.PAH, cep.xum., 2001, 12, 2229.
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TEOPETHYECKOE U 9KCIIEPUMEHTAJILHOE U3YYEHHE
MEXAHM3MA PEAKITAM NO+CO HA TIOBEPXHOCTH
MOHOKPHUCTAJLJIA Pd(110)

A.A. CameroBa, A.B. MaTBeen

Hucmumym xamanuza um. I' K. Bopeckosa CO PAH, 630090,
np. ax. Jlagpenmoesa, 5, Hosocubupck, Poccus
E-mail: matveev@ catalysis.nsk.su

OnHOM M3 OCHOBHBIX MpPOGIEM 3K0ndr1m ABJIAETCA OYHCTKA BBDUi(_)l’IHBlX ra3oB aBmM06Hneﬁ oT
CO, NO un yr‘.TIeBOIIOpOIIOB; C 80x roﬁms A1 3THX NeJled CTalH LIMPOKO NPHMEHSTH
KaTaH3aTOphl, OCHOBAHHbIE HA BBHICOKOAKTHBHBIX META/UIAX ILIATHHOBOM rpymmz Pt, Pd, Rh.
Benencreue cnoxsocTH 3HaHMSA neranbﬁdrd MCXaHH3Ma JEHCTBUS KOKIOIO M3 KOMIIOHEHTOB
KaTajM3aTopa, COCTAB Karaiu3aropa HOAGHpaics 3MIMpHYeckH. B Hacrosiee BpEMS BaOXKHOM
3a/a4ci ABJIACTCS YCTAHORJEHHE HPHPOJB! AKTUBHBIX IEHTPOB H cocTasa HMHTEPMENMATOB Ha
IOBCPXHOCTH KaTaimu3atopoB. llems gaHHOH paGoTs 3AKTIOAETC B SKCTIEPUMEHTAILHOM H
TEOPETMIECKOM  M3yqeHMH MeXawusma peakid NO+CO ma rpanu  Pd(110) 'Mem,HOM
TeMIepaTypHo-iporpavmupyeModt  peakuput (TIIP) u Meromom B3amMonelcTByiommx — cBsizeit
(Meron BC). s npoBe/en st SKCIEPUMEHTOB [0 H3y4EHHIO ajicopbumm Monekyn NO, CO, O, u
peaxrit NO+CO 6blna MCTIONE30BaHA CBEPXBBICOKOBAKYYMHAS ycranoska ADES-400. Crexrtpsr
TIIP 3amucHBamM C HOMOIIBIO KBAPYIIONBHOTO Macc-cniekrpoMerpa QXK-400 ¢upmer Vacuum
Generators. Harpes kpucramia no Temmeparypsr ~1000 K OCYIIECTBILUIA C TOCTOSHHOM
ckopocteio 6 K ¢

Ancopbumro PNO na rpasut Pd(110) npoBozrmu mpu 100 K npu mapnesie~108 MOap B HHTEpBase
skcrozmpit 02 + 2 L (I L = 1.3x10° m6apxc). [ecopbumomssdi mx PNO opr 490 K
COIPOBOKAACTCS BBIEIEHHEM MoKyl N, 1 ““N,0, 20,, uro CBUZETEIILCTBYET O JUCCOLHAIMI
a7ICOpOHUPOBAHHEIX MOJIEKYIT 15NOMC.

Teopermieckn, ¢ momommio Merona BC, GBUIO HCCIENOBAHO BIMSHHE ATOMOB KHCIIOpO/1a,
morexynn CO 1 NO Ha YCTOHYHBOCTb CTPYKTYphI MOBepXHOCTH rpand Pd(110) m HamowacTHL
namams. IlokasaHo, 4¥ro mpu hoprmm IIOBEPXHOCTH CJIOEM aICOPOMPOBAHHEIX YACTHIY
TIPOHCXOIMT PEKOHCTPYKUMA MOBEPXHOCTH rpand Pd(110) m3 cipykryper (1x1) B (1x2).
HpbBe,uemILIé pacueTsl CBUAETENLCTBYIOT M 00 H3MeHeHHH Mopdosnornu Pd mamowactu,
ABJIAFOLIMXCA Mbnemld PCATbHBIX HAHECCHHBIX KAaTalU3aTOpOB. - )

OKCIIEPUMEHTANBHBIC PE3YNBTAThl [I0 COBMeCTHOM ancopbmmu CO u NO CBHETENBCTBYIOT O
«B3pbIBHOM)» MCXAHHU3ME MPOTCKaHHA peakiy. IlonympuHa HaOMIOAAEMBIX IHMKOB HPOIYKTOB
peaxtwm (CO;, Nz u N;O) cocrasnser ~20 K. Xapakrep TIIP ClieKTpoB NO3BONSET HIPEATIONOKHTE

CNEYIOIHI MEXaHH3M PEaKIHH:
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DCO+%¢COu  4)2Nge o Np+ 2%
2)NO + * & NOyy 5) COqyc + Ogge — CO, + 2%
3) NOgge + *— Ny + Ogpe - 6) NOgpe + Nz — NoO 4+ 2%

Ob6pazopanne CBOOOIHBIX MECT Ha TOBEPXHOCTH METALIA CBS3AHO C HAYAIHHOM CTajmei
AecopOupm Montekyn COyye (T~420 K) mpu HarpeBe cMeraHHOTO ciiost. IMEHHO ¢ 3THM IIpoLeccoM
CBA3BIBACTCH MEXAHHM3M JHCCOLMAMU a/cOopOHpoBaHHBIX MOJNEKyl NOy — cramus 3. ATOMEI
kucnopoga Oy BCTymaoT B peakiio ¢ ModekymaMd CO, ¢ obpasoBammem CO, u
OCBOOOXICHHEM [IBYX aKTHBHBIX IIEHTPOB (*), HEOOXOMMMBIX VIS Anccormaii MONEKYT NOgyc.
PexoMmOunamus atoMoB a30ta Ny TakKe yBeJHYMBAET MX KOHUEHTpaluio. MMeHHO 3TH cTamum
OTBEYAIOT ABTOKATAIHTHYCCKOMY xaparcrepy 00pa30BaHis AKTHBHBIX LEHTPOB HA IIOBEPXHOCTH
rpa}m Pd(110), 9r0 NpHBOTHT K CHHXPOHHOMY BBIICIEHHIO MOJIEKY)l a30Ta M JMOKCHNA YIIepoaa
H CBHJIETENLCTBYET O «B3PHIBHOM» Xapaktepe peakimu NO+CO [1]. ‘

Kunervyeckue 3KCIIEPHMEHTHI, HPOBOAMBIIMECS B YCIOBHAX IIOCTOSHHOTO JABJICHHS
péareHTOB M JIMHECHHOM IOBBIUEHHH TEMIICPATyphl, IIOATREPKIAIOT “B3PHIBHON  XapakTep
peaxmmi NO+CO. Mogokpucrat  Pd(110) mposBIeT MaKCHMAQIBHYI0 —KATATMTHYECKYHO
aKTUBHOCTL B uHIEpBaze Temneparyp 450 — 650 K, 9ro conpoBoxaaeTcs BblieIeHHEM MONEKYII
CO, u N, 1 0bpasosarmem moneky:t N>O B Masoii KORIEHTparmH [2].

Takum 06ba30M, BIIEPBEIE IIPOBEACHHOE HCCAEA0BAHHE MeXaHu3Ma peakiud NO+CO
Ha IIOBEPXHOCTH MOoHOKpucTanna Pd(110) meromom TIIP mo3BosseT yTBEp®aaTh “B3pHIBHON”
XapakTep B3auMoJeHcTBus ajcopbuporanHsix Monekyn NO u CO. TeopeTudeckue pacuersi,
HIpOBEACHHEIC MeTo,izOM B3aHMOJCHUCTBYIOMMX CBA3€H, YKa3pIBAIOT Ha - CIOXHOCTb
NIPOTEKAHHUs PCAKIMM BCICACTBHE 3(GeKTa PEKOHCTPYKIMH NOBEPXHOCTH. DTOT Pe3yibTaT
NOHOCTBIO cooTsercTByeT npaBmwty I'K. BopeckoBa 0 B3aMMHOM BIHSHHH KATalu3aTopa U

peaKIHOHHOH cpensl [3].
Pabora spimonnena npu nogaepskke rpasros POOU Ne 02-03-32568 u 02-03-06246.

[1] A.V. Matveev, A.A. Sametova, N.N. Bulgakov, V.V. Gorodetskii, Chem. Sustainable
Dévelopment, 2002, in press '

[2] A.V. Matveev, A.A. Sametova, N.N. Bulgakov, V.V. Gorodetskii, VI Conference “Mechanisms
of 'Catalytic reactions”. October 1-5, 2002, Moscow; Russia, Abstracts, Vol 2, p. 232-233

[3]1I''K. Bopeckos. I'eTeporenssiii karamus. M.: Hayka. 1986. 304 c.
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HEKOTOPBIE ACHEKTBI MEXAHHU3MA HPEBPAHIEHI/I}I
OHKJIOIEKCAHA B JTUMETHJIAEKAJIAHBI Hoxg JEACTBHEM
KATAJII/ITI/I‘IECKOI’I CHCTEMBI, COCTOSIIEA U3 ATIOMHAHHUSI
N IIOJIMT'AJIOTEHMETAHA

ML.I. Calﬁoxfmla, IL.H. Ierpos, J.P. Baseepa, P.A. Cagbixos

Hucmumym negpmexumuu u kamanuza AH P5 u VHI] PAH
450075 Ya, npocnexm Oxmsabps, 141, Poccus
axc:(3472) 31 27 50, E-mail: znk@anrb ru

B JOKIage coobImaercs o HpeI[BapI/ITeJILHLIX pe3yiabTaTax B H3yYeHWH MEXaHHM3Ma
IIPEBpaIIEHNs THKIIOTEKCaHa B IMMETUIICKAIUHEI IO IEHCTBHEM KAaTATATHIECKOM CHCTEMBI
COCTOSINEH U3 ATIOMHUHUA H MOJIHTaOTeHMETaHa.
HenaBeo HaiifieHa KaTaluTHYeCKas CHCTEMA, COCTOAMAA M3 aanHHHnopraHqucxnx
coenuneHui (AOC), monuragoreHMeTaHa ¥ KOMILIEKCA IIEPEXOJHOr0 MeTaia, KoTopas B
MATKMX YCIOBHSX AaKTHBHPYET muKToankas. B sToi paboTe OBLIO BBICKa3aHO
NPEANONOKEeHHE, YTO JACHCTBYIOIIHMM HAadajJoOM VKa3aHHOM KaTaIHTHYECKOM CHCTEMBI
SBILAETCS XJIOPHJ AJIIOMUHHS, KOTOPBIH ofpasyercs in situ B xone B3auMmomeiicteus AOC ¢
TOJTTJIOr€AMETaHOM I10J1 IEHCTBHEM KOMILIEKCA MEPEXONHOro Metawia. Ilpemnosoxenue
ObLIO CHENAHO HAa OCHOBE CONOCTABJIEHHS JIATEPATYyPHHIX MNAHHBIX [0 AKTHBAIMM
IMUKI0ATKaHOB ¢ moMompio A1Cl3 ¢ momydYeHHBIMH JaHHBIMH. BbIIO o0Hapy>XeHO, YTO B
atoii cucteMe AlCl;, obpasyrommiics in situ, Gonee aktupeH, geM ofprumbni A1Cl; mo
OTHOIICHHIO K HUKIOaIKaHaM. C Ipyroif CTOPOHBI MOKHO HPENIONOKUTh, YTO AKTHBAIUA
QIKAHOB B JaHHOH CHCTEME NpPOMCXOAWT IIOA JEHCTBHEM BOCCTAHOBIEHHBIX (HOpM
NEPEXONHBIX METAIOB, MPHCYTCTBYIOWMX B cucTeme. J[ia nomydenus A1Cl3 in situ MbI
HCIIOJIB30BAIH GOJiee IIPOCTYIO PEAKIHOHHYIO CHCTEMY G€3 y4aCTHs IEPEXOIHbIX METAILIOB, B
KOTOpOH XJIOPHJ] aFOMHHHA [OIYJaeTCs TP B3AaUMOAEHCTBHH METAIUIMYECKOTO AMIOMHUHHS C
HONUIaJIOT €eHMETAHAMH. Pe3yn$TaT51 HCCIIEZIOBaHMS YKa3aHHOW CHCTEMBI IOKa3ajiM, 4TO
NpEANONOXCHAS OKa3aliCh MpPAaBHIBHBIMU. JICHCTBUTENBHO [AEHCTBYIOMMM HAdaloM

H3y4YCHHON KaTATMTHYECKOH CHCTEMBI SIBIISETCS XJIOPH ATFOMHUHHS, [OTyYEHHBIH in situ.

1, Al + CHCI, = C,H,cCl, + AlCI,

., .
2. AICI, + CHCI, — -— CHCl, + AlCI,
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IlpenmonaraemMeii MeXaHH3M HaONIOZAEMBIX HPEBPAINEHHH LHKIOTEKCaHA B
OHIMKIaHBI BKIIOYAET pAx cTaquid. Ha mepsoif cTaguy amoMHHuI (Al) Bcrynaer B peakiuio
c xnopoq)opMOM (CHC13) o6pa3yeTc51 TETPaxJop3Tal M Xiopua amoMunus (AICl) (1).
06pa303aannc51 (AICl3) B3ammopeiictByer c (CHCly), Ha6mozxaeTcx obpa3oBanHe
aKTHBHOTO KaTHOHA (2), KOTOPhIi B JalbHEHIIEM BCTYIIAET B PEAKIHIO C [HKIOTEKCAHOM 3).
ITyTem oTpriBa aToMa BOAOpOZia 06pa3yoTcs KapOKaTHOH LMKJIOTeKCaHa H METHIICHXJIOpH/A.
Mlanee  mpoTekaeT =~ M30MepH3alMA ~ KapOKaTHOHA ¢ 00OpasoBaHHEM  KATHOHA
MeTunuHKiIonenTana(4). M3 kapOkaTHOHA METHNIUKIONEHTaHA W IUKIOTEKCAHA B
pesynbTaTe nepeiadd 3apajia NHKIOTEKCaHy 00pasyeTcs METHIHKIONEHTaH (5), KOTOpbIi
MbI HabII0/1aeM B XOJie SKCIIEPHMEHTA. 'Hpn TEHEPUPOBAHHUH HHKIOATKHIKAPOCHEBLIX HOHOB,
OPOMCXOJMT OTPHIB NPOTOHA H o6pa3yeTc$1 onedpHH - METWILHMKIONEHTeH (6).
IIpucoennenue oneduna Kk KapOKAaTHOHY METHIMKIONEHTaHA IPHBOAUT K 00pazoBaHHIO
JMUUKIOANKHIKapOesus  (7), ero  NeperpynmapoBKa HOPHBOJHT K 00pa3soBaHHIO
JumeTHaekannus (8). B xome crexyromieif peakuum NpOMCXOAMT mepenada 3apsja oT

aToMa UMKIOreKCaHa K JAHMCTWIAeKamMuHioo (9) TpHBomawad K 00pa3oBaHHIO
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CHHTE3 XHHOJIMHOB C YYACTHEM KATAJIM3ATOPOB HA
. OCHOBE KOMILIEKCOB Pr u Nd

Ceanmos JI.®., IITamko O.A.

Hucmumym nepmexumuu u kamanuza Axademuu nayk Pecny6auxu Bawxopmocman
u Ypumcrozo nayunozo yenmpa PAH, Yha, Poccus
E-mail: ink@anrb. ru

B noknage oOCYXZIAIOTCS IIONYYEHHBIE aBTOPAMH DE3YNbTaThl IO  CHHTE3Y
3aMEILEHHBIX XMHOJIMHOB KOHJEHCAllMEH aHWIMHA C anbJAerHAaMH I10J AEHCTBHEM HOBBIX .
KaTaTH3aTOPOB Ha OCHOBE COCAHHECHUHA PE/IKO3EMENBHBIX JIEMEHTOB.

Ha nmpuMepe B3aHMOJCHCTBHS aHHIIMHA C MACISHBIM ATBAETHIOM YCTAHOBHIIH, YTO B
IPHCYTCTBHH KAaTATH3aTOPOB Ha OCHOBE KOMIUIEKCOB Pr u Nd B IOIAPHEIX pacTBOpHTENsX
npu Temmeparype ~100-120°C o6pasyercs 2-(x-IpOIHN)-3-3THI-XHHOIHH C . BBIXOAOM
55-75%. Hapsimy c ueneBeIM HpOAYKTOM HACHTHOHUMpOBanH N-OyTHIAHWIHH, a TaKxe

IPOJYKTHl KOHAEHCAIHH HCXOHOTO albJeruia B JUMEP H TPHMED.

NH2 '
q | Et
3 [M] N
+ ——
~
N Pr

[M] = Pr (NOs);'4 [CsH;oNH,'NO3 ],
Nd (NO3);3°3 [CsH oNH,'NO; ]

H3yyeno BiauMsAHME NPHPOABI KaTalH3aTOPa, JIUTAHJHOTO OKPYKEHHS, PacTBOPUTEIS,
TEMIIEPATYPHl Ha BBIXOJ M COCTaB IIPOAYKTOB B3aHMOIEHCTBHSA AHAIHHA C MAacCiSHBIM
aTBJETHIOM C LENBI0 BEIOOpa Haubolee ONTHMAILHBIX YCIOBHH IJIS NMPOBEIECHHS JaHHOMN
peaKIHy.

Ipennoxen nHambonee BEpOATHHIH MEXAaHH3M pEAKUHM KOHACHCALMH AHWIMHA C

aIbJIETHIOM NIOJ] IEHCTBHEM KAaTAIHTHYECKHX CHCTEM Ha OCHOBE PEAKO3EMEIIBEHBIX 3JICMCHTOB.
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ACAMMETPHUYECKHWA CHHTE3 B PEAKIIMHA MUAXADJISI

CemenoB B.b., Cmymxkesnu F0.1., Kypkosckas JLH.*, Jlepana U.H.*

Poccuidickuii xumurxo-mexnonozuseckui ynusepcumem um. [ H. Mendeneesa,
125047 Mockea, Poccus
. @axc: +7 095 200 4204; E-mail: SMU@muctr.edu.ru, semenovb@mail.ru
*UBX® PAH, Mockeall7977 Poccus

B Hacrosme#t paGoTe HaMH = IPHBOAMTCA  JHACTEPEOCENCKTHBHBIN U
AuactepeocnenuGrIHEI pe3ynpTaT NPOTEKAHHS peakuuu Muxasnd, M3 aXHpPambHbIX
peareHToB M paCTBOPHTENICH, IPH IIIEIOUYHOM KaTalH3e. ‘

Huxnuyeckne KeTOHBI 006JaBaoT 3HAYUTENLHEIM CHHTETHYECKHM ITOTEHIHATIOM.

M pacmiupeHns  o6JacTH  HCCNICNOBAHHA — COEAMHEHHMH  COmEpKalluX
MHI0NMIG EHUIMETHIIBHBI (pparMeHT, MBI IPOAOIDKAEM paboTy Haf CO3JaHHEM KIFOUEBBIX

COETHHEHHH, COIePXKAUX 3TOT (PparMeHT.

B Hacrosimeli paGoTe MbI IPHBOANM HECKOJIBKO HOBBIX “IEpPCTIEKTHUBHBIX” HA HAMI
B3IJI/l IPOJYKTOB MOHOAIKHIHPOBAHAS HKIMYECKHX KETOHOB.

Panee HamMu ObUla MOKa3aHa BO3MOXHOCTb ANKHMHpOBaHHs N-[1H-MHION-3-Hi-
(pennn) Metmn]-N-metunamunom pasnnunsix CH kucnor'. OnHako OUKIHYECKYe KETOHbI B
PEaKIUH ANKUIAPOBaHUsA O-(QEHHI- HOp-TPAaMHHOM HE HCIIONB30BAIHCh, JUIS BOCIOJHEHHS
aToro mpodena B Ka4eCTBE aIKHIHPYEMBIX COENUHEHHI MbI MCHOJB30BANH LIHKIOTEKCAHOH,
UHMKJIONEHTAHOH, 1,2-IIMKIOreKCaHIHuOH, (-TETPAJIOH.

B xagecTBe HCXOIHOTO COeMMHEHHs OBLT Hcmonb30Bad N-[1H-uumon-3-mn- (henn)

metun]-N-MeTramus 1 2.

H
|
H,CN O Q EtOH, K,CO, O
R
+ R
SO oS
N
H

I-Z

3R=CH, ; 4 R=(CH,); 5 R=1,2-Ph; 6 R=COCH,

-~ .~ B Hamwx CTaHAApTHBHIX YCTOBHSAX COEAUHEHUE 1, B PUCYTCTBHH KapOOHATA Kalhs B

- . Ka4eCTBe Karalu3artopa, IKHIHPYeT LUKIMYECKHE KETOHBI 2, TPHYEM AIKHIHPOBAHHE

- TIDOTEKAET.. TONBKO - B .Ct-- -TIOJIOXKEHHE - K - KapOoHWIbHOU - rpynme. Ilpu mposeneHuu

. ANKHIHPOBAHHA MBI TPEINONIOXKUIM, 4TO, KOTAA. o0pa3syeTcs B pe3yabTaTe pPeakLuH 2
-+ ~"XAPATBHBIX. -ICHTPA, - ‘BO3MOXHO --00pa30BaHME IBYX. - IHACTEPEOMEPOB ‘B HE ‘PABHBIX
KOJIHYECTBAX, YTO COOTBETCTBYET JIATEPATYPHBIM JAHHBIM . J|eHiCTBUTENBHO, MBI HAGIO TATH

3TOT JAUACTEPEOCENEKTUBHBIR pC3yinbTaT, OpH aJKHJIHPOBAaHHH IHKJIOIEHTAHOHA 3,

262



PP-57

TIO-BHIMMOMY 3TOT PE3yJBTAT ABNSETCA CIEACTBHEM IpenMymiectBennoi lk(like) attack™>®,

B ciydae nukiorekcanona 4 — o6pasyrorca 2 auacTepeoMepa B PaBHBIX KOJHYECTBAX, YTO

TIPOTHBOPEYMT JIHTCPaTyPHLIM NaHHBIM. MBI IpearionaraeM, 9T0 STOT pe3y/bTaT ABIACTCH
CIIEICTBHEM PaBHO Beposmlon like nnm unlike attack4 6,

B cmydae 12—um<J10reI<caH,uH0Ha 6bUT TOJNY4EH NPOIYKT QIKHIHpOBaHUS 6 H 110

nanasmM SIMP 'H CIIEKTPOCKOIHH OH HaXOIWTCS TOJILKO B OKCH dhopMe.
N N
. A
H

H
6
B cinydae o-Terpaiona 5 ObUT IONMYYeH TOJBKO OJAMH JHAcTEpEOMep. DTOT
AuacTepeocneny-GHYnbIH pe3yIbTaT IPOTEKAHUS PEAKIIUH ABNSETCS MPEAMETOM OTAEIBHOTO
H3YYeHHS. '
TaxuM oGpasoM, HaMu NPOBE/ICHA paHee HE ONMHCAHHAA B JIMTEPATYpE HE AHACTEPEO-
CeNeKTHBHasI, JMACTEPEOCETCKTHBHAY H AHACTepeoCIecelidHTHAs peakis Muxasna B
HHIOJILHOM pSy.

CrpoeHHe BceX BHOBb CHHTE3MPOBAHHBIX COeNMHEHHH monTeepxueno SIMP 'H, macc-

CIICKTpOMCTpHCfI N JaHHBIMH 3JIEMEHTHOI'O aH&aJIk3a.

Criacok JIHTEpaTyphI:

1. Cemenos b.b., Cmymkesud 10.1., UsBectus AH., Cepua Xumuueckas 2001., 521.

2. Cemenos b.b., CmymkeBnu I0.M., I'punnenes-Kuszes I'.B., Aatunun M.JO. Ussectus
AH., Cepusa Xumuueckas 2001., 543.

3. R. Aitken, S.N. Kilenyi, Asymmetric Synthesis, Chapman & Hall, 1992, P.235.

4.'V. Prelog, G. Helmchen; Angew. Chem., 1982, S.614.

5. D. Seebach, V. Prelog, Angew. Chem,, 1982 5.696

6. K. MlSlOW J. Slegel J. Am. Chem Soc , 1984, Vol 106 P 3319
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OCHOBHbBI KATAJIN3 [IPH IEPEAMUHHUPOBAHHUH
a-®PEHHUJI -HOP-TPAMHUHA

a. . »CemenoB b.b., Cmymixesuy 10.H., Kypxosckan JL.H.*, JleBana U.H.*

Poccuiicxuii xumuxo-mexnonozuyeckuii ynusepcumem um. /. H. Menoeneesa,
125047 Mockea, Poccus
Daxc: +7 095 200 4204 E-mail: SMU@muctr.edu.ru, semenovb@mail.ru.
*UbX® PAH, Mockea 117977, Poccus

B nannHoi pabore HaMM 1npu co3maHHH HOBOH cBs3M C-N  HCIOIB30BaHBI
AIKHAIAPYIOHIHE CBOHCTBA O~ EHHII ~HOp-TPaMKHa B YCIIOBHSX HIETOYHOIO KaTalH3a.

B nponomkenue M3ydeHHS peakiMiH Muxasms', HaMH IIPOBENEHO MPHCOEIUHEHHE
HEKOTOPBIX IHKINYECKHUX BTOPHYHBIX aMHHOB K 3-[(Z)-q)eHHJIMﬁHJII/meH]-3H—HH110JIy. B
Ka4eCTBE MOJECIBHLIX AJKHINPYEMBIX COEJHHEHHH HaMH ObUIM BbIOpaHbl MOPGOJHH,
nunepuany, 4-OCH3NMMICPU/MH B BUAY MX JOCTYNHOCTH. B KauecTse KaranusaTopa HaMH
OBUT BBIOpaH MOTAII.

B kadecTBe anKMIMpPYIOMETo COEMHERHS MBI HCIIONB30BATH Ol-(heHMT -HOp-TPaMHH’.
Kak moxasaHo Hamu paHee, Oi-()€HHII -HOP-TPAMHH JIETKO AKHIHPYeT HATPOCOSTHHEHHS °,
IMaHyKCYCHBIE 2(HpEI, alAKIHYecKHe 1,3- QHKapOOHMIbHBIE COSMHHEHHS *, B TOM 9HCIE H
mmacTepeocenekTiHO (de 90%)°, BMECTE ¢ TEM AIKWIMPOBAaHHE HUKINYECKUX BTOPUIHBIX
aMHHOB O-)EHHJI -HOp-TPAaMHHOM paHee He ObUI0 M3BECTHO M IIPEACTABIAET HECOMHEHHBIH
HHTEpEC, NPH CHHTE3€ TPU3AMEIICHHBIX HECHMMETPHUHBIX 3-HHIOMHIBHBIX IIPOH3BOJHBIX
MeTaHa, COAEPXKaIHX B Ka9eCTBE OJHOTO U3 3aMECTHTENIeH IUKIHYECKHM TPETHYHEIH aMHH.
o-DeHuTT -Hop-rpaMuH 1 IIaaKo ANKHIHPYeT IUKIMIECKHE aMHHBI B H30TPOIKIOBOM
CIHMpTE B IPHCYTCTBHH NoTama. PopManbHO OMHCHIBAEMOE MpeBpalleHHe MOXKHO Ha3BaTh
NICpeaMHHHPOBAHHEM, HO PEAKIMs, IO-BHIMMOMY, IMEET MHOTOCTYTIeHYaThIi Xapaktep. Ha
IEPBOH CTaJuH¥ IPOMCXOMUT OOpa3oBaHWE aHHOHA M3 COeMMHEHMs 1 ¢ JajbHEHIHM
JIMMHHHUPOBAHHEM METHJIaMMHAa H oOpa3oBaHueM 3-[(Z)-benunMerununeH]-3H-unmona 2.

llpucoepunenye K ocne HEMY aMHHA TT0 MHXa3/Ti0 IPHBOMT K aHHOHY 3, IPOTOHUPOBAHHE

KOTOPOTO IIPHBOJHUT K COEANHEHUIM 4 (a-C):
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R=0(a),CH,(b),CHCH,Ph(c)

Cnncok muTepartypsi: - -
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STII 2R*)-2-[(R*)1 H-UHI0J-3-UJI-(@EHW)METHI]-3-
OKCOBYTAHOAT] M CHHTE3bI HA ET'O OCHOBE

CemenoB b.b., CMymkesru IOI/I, KypxoBckas JLH.*, Jleeuna U.H.*

Poccuiickuti xumuxo-mexnonozuveckuti ynueepcumem um. [ H. Menoeneesa,
125047 Mocrea, Poccus
Daxc: +7 095 200 4204,
E-mail: SMU@muctr.edu.ru, semenovb@mail.ru
*UBX® PAH, Mockea 117977, Poccus Ten: +7 095 939 74 66

JanHas paborta | NOCBSAIIEHA ACHMETPHYECKOMY CHHTe3y o3THa (2R*)-2-[(R*)1H-
HHJ011-3-H1-(peHImT)MeTHN |-3-0Kco0yTaHoaTa] B YCIOBHAX CIAaOOMICNIOYHOrO KaTauu3a
(d.e.90% ).

MoHo3ameInenHble aNETOYKCYCHbIE 3()HPEl HIMPOKO ch6m3y10Tca [P CHHTE3€
HHJONBHOTO 7ipa 110 Oumepy, A MOJyYeHHS ITHPa30J0HOB, METHIKETOHOB, 3aMEIEHHBIX
YKCYCHBIX KHCJIOT H Jp'.

B Buay 3TOr0 HaM MOKa3aloCh HHTEPECHBIM HONYYHTH STHN 2-[1H-MHION-3-H1-
(penmm)meTnn]-3-okcobyTaHoaT 2 U UCCIENOBATEH ETO HEKOTOPHIE CBOMCTBA.

B rmreparype onrcano alKuIHpOBaHAe - IMKapGOHMIIBHEIX COSTHHEHHH IPAMEHOM .
o-DEeHHI-HOp-TPaMHH 1 THA[KO AIKHIHPYeT alleTOYKCYCHBHH 3(Hp B STUIOBOM CIIHpTe B
OpHCYTCTBHH KapOoHaTa Kanuss B aTMocdepe HHEPTHOTO rasa ¢ 0OpasOBaHHEM 9THI
1H—anon-3—Hni((b‘eHnn)- MeTHI]-3-0kcobyraHoata 2 ¢ BEIXOAOM 76%. OOBSICHEHHE 3TOro
CTEPEOXHMHYECKOTO pesynsTaTa mpuBefeHO HamMH B paGote’. B jaHHOIM pabote cremyer

OTMETHTb, YTO MEHBIIME CTEPHIECKHE PENsTCTBHs peanusyrorcs npH Ik (like) attack >78:

(R*,S*)
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3 I/chp;:g U3 CTPOECHHS  ITHI (2R*)-2-[(R*)1H-mmon—3-Hn—((beHHn)MeTHn]-3-

OKCODyTaHOATa 2 MOXXHO MpE/IONOKHTh, 9TO 3TO COETMHEHHE GyHeT CYIIECTBOBATH KaK B

KETOHHOH, TaK U B eHOIBHOH (opmax. Onnako npu perucrpamun IMP 'H 8 CDCl; exonshoii
(dopMEI He OBLTO 3a)HKCHPOBaHO. 7

HekoTopele CHHTETHYECKHE BO3MOXHOCTH 3TOTO KIIOUEBOIO COCIUHEHUS, A
CHHTE3a  MPOM3BOAHBIX =~ HHIOMUI-3-QEeHHIMETaHA [POWLNTIOCTPHPOBAHbl HAMH  Ha
IIpEeACTaBICHHBIX anMepax nonyqemm 4-[1 H-napon-3-un(penmwn)meran]-5-merun-1H-
nupason-3-oma 4 u  4-(1 H—I/IHIIOJI-3-I/IJI)-4- Genun-2-6yranona 3. 4-[1H-uugon-3-
wi(berumMernn]-5-metun-1H-nupazon-3-on 4 6e1  moNIyueH TIPH  PEaKmUH  3THI
2-[1H-uanon-3-un(esnmMernn]-3-okcobytanoata 2 €O 3HAYATENBHBIM  H3GEITKOM
THIpa3WH THApaTa B TOKE€ HHEPTHOTO ra3a, B 0-KCHJIONE C BHIXOAOM 62%. 1o mauem SIMP
H' coenmnenne 4 HaxomuTcs B ¢opme 1H-mmpazon-3-ona, a He B hopme 2,4-muruapo-3H-
nupasoi-3-oHa. Mcnonbsosanue 60nee HU3KO KHIAMMX PacTBOPHTENEH, TAKHX KaK METaHOII,
3TaHOJI, H30IIPOIIAHO, a TAKXKE 6CH30J'I U TOJIYOJI C a3€0TPOIIHOM OTTOHKOM BOJEBI, 10 JaHHBIM
TCX, He no3Bonser nposectu peaKumo 1(0 KOHIIA.

Ilpy  menounoM rumpomuse otun  2-[1H-HHROM-3-Mi (benun) merun]-3-
okcobyraHoara 2 5% LiOH B cMecu auokcas / Boga 1/1 Hamu 65601 MOJIyYeH ¢ BIXoaoM 31%
4-(1 H-uunon-3-un)-4- penun-2-6yranon 3. Vcxoas U3 CTPOEHHS COEUHEHHS 3, HMEIOMEro
OIIMH XUPATBHBIA EHTP, MOKHO OBUIO OXHAATh Hamkuue B ciextpe IMP 'H JIByX MarHUTHO

HE 5KBHBAJICHTHBIX 2eM-IIPOTOHOB, UTO H OBLTO 3a(i)I/IKCIrIpOBaHO.

Choucok JHTEpaTypBI:

1. M. Clifton, D. Fenick, S Gasper D Falvey,J Org. Chem., 1994, Vol 59, P. 8023

2.D. Lyttle D. Welsblat J. AmChem Soc.,1949, Vol 71, P. 3079.

3. H. Snyder, J.Am.Chem.Soc. 1949, Vol.71, P. 663.

- 4. CemeHoB b.b:; Cmymkepnd I0.H. FpHHueneB Kuszes- I'.B:, Antunun M.IO., H3s. AH.,
Cep. Xum. 2001, C: 543. ‘

“--25.R.:Aitkén, S.N. Kilenyi, ‘Asymmetric Synthesis; Chapman:& Hall, 1992, P.235.

- 6.V Prelog, G. Helmchen, Angew. Chem., 1982, S.614.
7: D Seebach, V. Prelog, Angew Chem., 1982 3.696
8. K Mislow, J. Slegel J. Am. Chem. Soc 1984, Vol 106, P.3319.

~
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' 3-[1H-UHJOJI-3-WJI- (PEHWJI) METHJI]-2 4-IIEHTAHI[I/IOH "
‘CHHTE3bI HA EI'O OCHOBE |

Cemeno b.b., Cmymxkesnd 10.1., Kypkosckas JL.H.*, JIesuna H.H.*

Poccuiickuti xumuxo-mexnonozuyeckuii ynusepcumem um. JI. . Mendeneesa,
125047 Mocxkea, Poccus
Paxc: +7 095 200 4204, E-mail: SMU@muctr.edu.ru, semenovb@mail.ru
*UBX®D PAH, Mocxea 117977, Poccus
Ten: +7 095 939 74 66

Hannas pabora mnocBsamena cuuresy 3-[1H-uamon-3-ui- (bermm)MeTHI]-2,4-
NICHTAHAMOHA B YCIOBHSX CIa00MIEIOYHOrO KaTaln3a.

MoHo3aMmeruennsle 1,3- THKETOHB! MIMPOKO HCHIONB3YIOTCS B OPTAHHYECKOM XAMHH ™
B YACTHOCTH UL CHHTe3a 3aMELIEHHBIX 3,5-IMMETHI NHpasoioB’ ', u30Kcasomos™’,
nupumMuzmHoB' 2. B pabote 1 HOPHUBE/ICHA HX IIPOTHBOBHPYCHAN aKTHBHOCTD, 4—3aM€H.IeHHBIe
MPOU3BOJHBIC 3,5- MUMETHIH30KCa30/1a ObLTH npemloxcenm KaK aHTHKOHBYJIbCAHTHI .

Hpu cunrese 3-[1H-unpon-3-un-(benmwn) MeTwn]-2,4-IeHTaHIMOHA 3 HaMH B

Ka4eCTBE MCXOHOTO COeMHEHHA ObUT HCIONb30BaH N-[ | H-unjon-3-un- (Gennn) Metri]-N-

’n‘
H

1

metinamus 1 14,

N-[1H-uunon-3-un- (bemm) Metui]-N-mMetunamue 1 B croupre B IIPHCY TCTBHH
KapGoHaTa KanMs B KadeCTBe KAaTalusaTopa, B aTMmocdepe HHEPTHOIO rasa IJIajKo
AIKIIAPYET — alETHNANETOH ~ ¢ obpasoBanueM  3-[ 1 H-unpon-3 -un(dermmmernin]-2,4-
NEHTaHIHOHAa 3 ¢ BbIX0AOM 71%. HcxOns M3 CTpOeHMS COeIUHEHHS 3 HMelomero 2
AMACTCPCOTONHBIC ANETHIBHBIE IPYIINEI MOXKHO OBLIO OXHEaTh, uTo B cnektpe SIMP 'H
JaHHOTO COCJMHEHMA OyIyT NpPHCYTCTBOBATH JBA CHHIJICTA MATHHTHO HE SKBHBATCHTHBIX
METHIBHBIX TPYIII, YTO ¥ OBLIO 3aperucTpupoBaHo. [Io-BHANMOMY, peaKilus poTeKaeT yepes
obpazoBaHue eHOSATA auemnauerovna ROTopmﬁ B JanpHEHIIEM  AIKHIHPYETCS
3-[(2)-bennmmermmunen]-3 H-uumomom 2, 06pa3y10anc;1 U3 N-[IH-I/IHI[OJI 3-mwi- (dpermn)

meTwi]-N-Metrnamusa 1 ¢ 06pa3soBaHHEM B KadecTBE eIMHCTBCHHOIO HPOIYKTa peaKIHH
3-[1H-unnon-3-un-(benun)mernn]-2,4-nearananona 3 :
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Hekotopble cHHTeTHYECKHE BO3MOXKHOCTH JAHHOTO COEIMHEHHS IIPEICTAB/ICHBI HAMH B
HacTosied paGore.: B Ka4eCTBe HMCXOMHOrO coelMHeHMs Ui cuHTe3a 3-[(3,5-mameriur-1H-
mipason-4-un)  (¢emmn) merwn]-1H-mEmona 4  Gbul  ucmome3oBad  3-[1H-ummon-3-
wi(eHuwn)Merw|-2,4-nenranauon 3. Peaxipaa GbUla IpoBeiena B aTMocepe. HHEPTHOTO rasa B
UIIC. Boxon coemmuenus 4 coctasun 28%. Ilpu peaxuwu 3-[1H-unnon-3-un-(dermn)Merm]-
2,4—neinammona 3 ¢ 2 MomsMu CBOGOIHOTO THAPOKCHIAMHHA B W3OMPONMIOBOM CIHPTE

obpasyercs ¢ BrxoaoM 26% 3-[(3,5-aumeTun -4-H3OKC&30IMH) (dbermn) metwn]-1H-unnon 5 :
H,C : v :

N\ CHa

Ucxons u3 CTpoeHH COSAUHEHAS 4 MOXKHO IIPEANOJIONKHTD, ¥T0 B crektpe SIMP 'H
JIBE METHIBHBIC IPYIIBI HE JODKHEI MATHHTHO OT/IHYATHCS Jpyr OT Jpyra, BCIICACTBHE
OTCYTCTBHS 3aMECTHTENS DpH aToMe asoTa B OMPa30JIbHOM LIHKIE H BO3MOXHOCTHIO
MHATpallid TPOTOHA MEXAYy aToOMaMH a30Ta [HPa30JbHOr0 IHMKIA, YT0 H OBLIO
3apErHCTPHPOBAHO. Takxe HCXOIs U3 CTPOCHHUS COCAHHEHHS 3 MOXHO OBLIO OXHAATH, UTO B
cnektpe SIMP 'H GyayT HpHCYTCTBOBATbH CHIHAMBI JBYX MAarHHTHO HEIKBHBAJIEHTHBIX
METHIIBHBIX IPYIIL, YTO U OBUIO 3aperHCTPHPOBAHO.

CrpoeHne BCex NpPHBEIEHHBIX COeAMHEHu# mnoareepxkaeso SMP 'H, wacc-
CIEKTPOMETPUEH H TaHHEIMU JIEMEHTHOTO aHANH3A.
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H30TOIMHBIA OBMEH C YYACTHEM
AJIb®A-®OPMbI KHCJIOPOJA HA TIEOJIMTAX FeZSM-5

Cemukosienos C.B., llyokos K.A., Crapoxous E.B., Ilanos I'.H.

Hucmumym kamanuza umenu I'. K. bopeckosa CO PAH, Hosocubupck, Poccus

: H3BecTHO, UuTO pa3iokeHHe 3aKHCH a30Ta Ha IIOBEPXHOCTH JKEJIEe30COAepKAIHX
IIeONUTOB ZSM-5 npoTekaeT ¢ 0Opa3oBaHHEM HOBOH (POpPMBI OBEPXHOCTHOTO KHCIOpOJA,
Ha3BaHHOH anba-popMoH. o-Kucnopon obnajaer BBICOKOH peaKIHOHHOM CIOCOOHOCTBIO:
yXe TpH KOMHATHOHM TEMIIEpaType OH YYaCTBYET B peEakIMAX H30TOMHONO0 OOMEHa,
okucnenusa Bojopona, CO WM pasnMUHBIX YIJIEBOXOPOIOB, BKJIOYas MeTaH. o-Kwuciopon
YCTOHYHMB Ha IOBEPXHOCTH IpH TemmepaType Hike 300°C, a Boimie 9TOM TeMIlepaTypsl
IIPOMCXOIMT €ro HeoOpaTHMas IecopOLHs C BHIIEIEHHEM B ra3oBYi0 ()asy MOJIEKYIIPHOTO
KHCIIOpoJia.

B nanso#i pabore mccnemoBaHa peaklHs H3OTONHOTO OOMEHa O-KHCIOpOJa ¢
MOJIEKYIIIDHBIM KHCIOpOAOM TIpH TeMreparypax oT —40 go 250°C. IlokasaHo, uTo
reTePOMOJIEKYIAPHEIN H30TONHEINA OOMEH C O-KHCIOPOJIOM TPOTEKAET C BHICOKOH CKOPOCTBIO
Aaxe IPH OTPUIIATENBHBIX TEMIIEpaTypax (-40°C). B peakituu HaGIHOAETCSA TIEPBEIH ITOPSTOK
KaK M0 MOJIEKYIAPHOMY KHCIODPOJY, TaK M IO C-KHCJIOPOAY H HH3KAs HEPTHs aKTUBAIUH,
Kakyliascsd BEIHYMHA KOTOpOH cocTaBiser 4.6 kkai/Mons. Haiineno, uyro B mpucyTcTBHH
O-KHCJIOpOJla Ha IIOBEPXHOCTH MOJIEKYIAPHBIH KHCIOPOA CHocoO0eH OOMEHHBATLCA C
KHCJIOPOJIOM pelIeTKH neonura ZSM-5 yxxe npu Temneparype Beiue 130°C. B Toxkeé Bpems, B
ofcyTCTBne oc-xncnopbna reTepoodMeH ¢ knchopOJJOM PELIETKH LECONIUTA Hziénlonaerc;l
TONBKO TpH TemmepaType Beimie 450°C. TToka3aHa HEPaBHOLEHHOCTH OL-KUCIOPO/Ia B peakuuu

__H30TOIHOro: OOMEHA ¢ MOJIEKY/IAPHEIM. KHCIIOPOJOM: - Ha NOBEPXHOCTH Leonuta. FeZSM-5

- TIPUCYTCTBYIOT JIBa THIA- [IEHTPOB; COCTABJAOMEE 36 U 64% MOBEPXHOCTHOTO KHCIOpOWa, -

COOTBETCTBEHHO, M IIOKa3hIBAIOIHE pa3slMYHYI0 JHEPIrHi0 akKkTHBAallMK B OOMCEHe
(42 m 6.4 xxan/Molb,. COOTBETCTREHHO). - HalieHo, - 4TO = B- IPUCYTCTBHM O-KHCIOPOAA |
CKOPOCTh 'TOMOMOJIEKYASPHOIO 0OMEHa BHIIIE CKOPOCTH TeTepooOMeHa MPHMEPHO Ha 7Ba

- mopszKa. FoMooGMeH KuCIopona IPOTEKaeT ¢ Hy/TeBO} SHeprHeii -aKTHRALHH.
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I/ICCJIEI[OBAHI/IE D9PPEKTOB HEA}II[HTI/IBHOCTI/I
B KATAJJUTUYECKOH CUCTEME
{NaZS + CYSH-I- 02 + HzO + CuClZ/HAAF }

CaneBa A. B

Mockoackuii I ocydapcmsennbm Vuugepcumem um. Jlomonocosa,

Xumuueckutl hpakynomem, Bopobbesbi 20pbL,
JC MI'Y, ]]-414 Mocksa, 119234, Poccus
E-mail: Sianva@rambler.ru

Wizydenne obbexra HEaJTUTHBHOCTH BRXKHO U4 M3YYCHHA HEPABHOBECHBIX
KATAJTMTAYECKHAX CHCTEM H pa3pabOTKH IIOAXO/0B K YIPAB/IEHHMEO KATAIMTHICCKIMU PEAKIIHAMHL.

B kauecTse Karanmatopa Osu1 BeiGpan Mmens(Il)-copepxamuil mONHAKpUIAMUIHBIH
rugporens (ITAAT) co cremeHpi0 CIIMBKH 2% H Ha6yXaeMocTLIO 20T HﬁO/r IOJIUMEDA.
OrHocuTeNbHAs THOKOCTh MOJIMMEPHOH MATPHIEI TO3BOJILCT HaOmroaaTh TOHKHE 3G (EKThI
KaK yBeJMueHus (pa3paboTKa KaTanmsaTopa), TaKk TIOHIKEHHA (CTapeHue KaTaig3aTopa)
AKTHBHOCTA B TIPOLIECCE DEAKIHM, TAakKE BO3MOXHYIO «HACTPOHKY» KaraiuzaTopa Ha
nponecc. OTH 3hdekThl MOTyT ObITh HE3AaMETHBIMH HIIH MAJO3aMETHBIMH B CIIyHdac
KOH(OPMAIIHOHHO HENAaOMIIBHEIX KECTKHX MOJTIOKEK.

B paboTe HccleoBaHO COBMECTHOE NPOTEKAHKE [IBYX MOJICIBHBIX MApAILIEbHBIX peaxiit
Ha TIpEMepe OKHCIEeHUs CyTh(HIa HATPHA M UKCTCHHA MOIEKYJIAPHEIM KHCIOPOLOM B BOIHBIX
PAcTBOpax, B IPHCYTCTBHM BBIIICYKa3aHHOIO KaTAIA3aTOPa. CyGcrpatel, CynbQun HaTpus |
IACTEUH, SBILTOTCS TMOCTAMMIHO OKHCIMOmMMMUCA. [IpH 3TOM MOXHO OBUTIO OKMJATh, YTO
IPOMEXYTOUHBIE IPOJYKTBI HX OKUCICHHA MOTYT NpPOSBIITH COOCTBEHHYIO KaTaJHTHYECKYIO
AKTMBHOCTB, OKa3BIBAIOLIYIO 3aMETHOE BIMSIHIE HA aKTHBHOCTb CHCTEMBI B LIETIOM.

IIp# IIMPOKOM BapbHPOBAHHHM COOTHOIIEHHs KOHIICHTpaIHi CyOCTpaTOB B CMECH
YCTAHOBJIEHO OTKJIOHEHHE CKOPOCTH IOIJIONICHHA KHMCIOpOAa OT aJfMTHBHBIX 3HAYCHHH.
KpuBbIE aIUTHBHOCTH BBIYMCIIUIH ITYTEM CIIOXKEHHA 00BLEMOB KHCJIOPOZA, HaUJACHHBIX M3
- .COOTBETCTBYIOIIHUX - KOHI_I.CHTpa—III/IOHHLIX' .3aBUCHMOCTE}, . : [IONly4EHHBIX HpPH pa3/iebHOM
OKHCIIeHHH cyOcTparoB. -HeajuTHBHbIE - KPHBbIC - IONYdalld - TIPH. - H3yUCHHH KHHETHKH
¢ JIOTJIOILEHH KHCIIOPO/ia IPH COBMECTHOM OKHCIICHHH cynb(uaa HaTpHsA M HUCTEHHA.

OTMe4eHO, UTO COOTHOIIEHHE KOHIEHTpAIMii CyOCTpaToB M JUTHTENBHOCTD MPOBEACHHA
OTIBITOB BIMSET HA BEMUMHY M 3HAaK d(QGeKTa HeaJTUTUBHOCTH, ¥ HPH BaPbHPOBAHMH ITAX
IIAPAMETPOB  MOKHO HAOIIONATh IIOJNIOXKHUICIBHEIH, OTpUIATEIbHELA ¥  3HAKOIEPEMEHHBIN
sbdextal. Xapakrep ¢ dexra 3aBHCHT TAKKE OT CYMMapHOii KOHIEHTpaIHH cyOcTparos.

BrickazaHO TpEATONOXEHHE, YTO Ha BOSHHKHOBCHHC "H - quHaMuky 3bderra |
HeaJUIMTHBHOCTH MOTYT BIHATH cilexyomme ¢axroper 1. IlossneHue B Xoze peaxnui
HPOJYKTOB, OKa3bIBAIOUINX yekopsrolee (M1 TopMozxmee) NeliCTBHE HA KaTAIATHIECKYIO
AKTHBHOCTh CHCTeMHI. 2. BO3HHKHOBCHHE Ha KATAIH3aTOPE HOBBLIX AKTHBHBIX IEHTPOB TpH
ero Momubukamuu cyOcTparamu  (HAIpHMED, CuCySy mm Cu,Sy), obnanarommx

coOCTBEHHOM KAaTAIUTHYECKOH aKTUBHOCTHIO B MOJICJIILHBIX PCaKIHAX.
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CONVECTIVE RADIAL HEAT TRANSPORT IN CYLINDRICAL
FIXED BEDS

Smirnoyv E.IL, Muzykantov A.Vl Kuzmin V.A., Kronberg A.E.", Zolotarskii L.A.

Boreskov Institute of Catalysis SB RAS, pr. Akad. Lavrentieva, 5, 630090 Novosibirsk, Russia
Department of Chemical Engineering, Twente University of Technology, P.O. Box 217, 7500
AE Enschede, the Netherlands
E-mail: esmirnov@catalysis.nsk.su

Enhancement of radial heat transfer in catalytic tubular reactors with fixed beds has
been the subject of intense scientific research for the last 50 years. The prominent factors that
influence on the effectivity of packed bed reactors are:

| 1. overall activity of the catalyst; _

B 2. heat transfer properties of fixed bed;

. 3. pressure drop over the catalyst bed.

- It is conventional opinion that optimal combinations of these factors can be achieved
by choosing of the catalyst dimensions ‘and the reactor tube diameter. Shape of catalyst
particles is seldom taken into conSideration ‘Usually, solid spheres or pellets are used.

At the same time for some processes a number of compames has started the marketing
of catalysts with 1mproved shape last years. These are processes of methanol oxidation into
formaldehyde and steam reforming. The most known catalysts for steam reformmg are
produced now by ICI Katalco, Great Britain (4-hole pellet, quadralobe), Haldor Topsoe,
Denmark (7-hole pellet), BASF, Germany (clover leaf), Sud-Chemie, Germany (wheels). But
the optimal catalyst shape for a given process is still debatable as it is demonstrated by a hard
competltlon between the above—mentloned catalysts The problem has not been studied
systematlcally ona fundamental level _

In this work the original approach was used to characterize the hydrodynamics of gas
flow through cylindricalk packed beds. This approactx has been developed to modify the
methods of the radial thermal conduct1v1ty and the pressure drop calculations for beds packed
by solid cylinders and shaped particles. The results of the hydrodynamic approach have been
compared with experiments on radial heat transfer i m packed beds As shaped particles Rashig
rmgs 6-spoke wheels, 4-hole and 52-hole cylindrical pellets were taken.

Generally effective radial thermal conductivity in the packed bed core is composed of

the conductivity without flow and the convective part of the thermal conductivity:

A

er,core

=%, +K RePr, | (1)
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where Aler, core = Mer,core /Ay and Abed = Moed /sy As — fluid thermal conductivity, K — the
empmcally determmed parameter, depending on: the ratio of the particle diameter and the bed
diameter; the bed por051ty and also the particles shape.

For solid” partlcles without channels the value of K is studied and presented in
literature with. good accuracy [1-5]. The models, proposed by Dixon [1] and Bauer and
Schlunder [5] are able to describe the radial thermal conductivity in beds packed by particles
with more complex forms, particularly Rashig rings. But these medels are not suitable for
calculation of the bed thermal conductivity for any arbitrary particle shape because of
necessity experimental determination of empirical parameters for each of the shape.

The condition of the hydraulic resistance equivaience in the fixed bed at the external
flow and at the flow inside the shaped particle channel was the start point of the proposed
hydrodynamic model. It makes possible to calculate the velocities of the flow around the
particle (#,4,) and in the particle channels (0 at the given superficial velocity (o). After the
real velocities calculation the radial thermal conductivity and the pressure drop over the
- packed bed can be calculated. The radial thermal conductivity of the packed bed core has

been defined as:

‘er core

. . 1
/?’ = /?’bed + —l; ) [Ebed : Reout + Ehole ’ (1 - 8bea’ ) : Rehole ] : Pr > (2)

where €5, — bed porosity without account of porosity of grains; €, — porosity of cne grain;

k — the modified coefficient of the model of Bauer and Schlunder [5] for cylindrical particles:

2 .
k:i. 2 2 (3)
1.78 Dld,

Reynolds numbers Re,,, and Rej,. are expressed through calculated velocities; dp, -

diameter of equivalent-volume sphere From the equations (1) and (2) the convect1ve heat

transport parameter K is:

k d, uy

0 P

1 u d u
K =—'I:£bed._—;ﬂ-’-ghole'(l_gbed)'ﬂ'ﬂ:l . (4)

In the following Table the experimental and calculated from hydrodynamic model
values of the parameter K are presented. The Table contains the bed porosities and
geometrical dimensions of cylinders and shaped granules. It shows that suggested

hydrodynamic model is in a good agreement with the experimental data.
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. K K
No Grain €pea | €Xxperi | theore |
) mental | tical -
1 | Ceramic cylinder: diameter 10 mm, length 10 mm 02'33 0.15 0.151
2 | Ceramic cylinder: diameter 14 mm, length 9 mm Oé4 0.14 | 0.144
' Ceramic ring: outer diameter 14 mm, length 14 mm, 0.4
3 | wall thickness 3.5 mm | 1| 916 10162
4 Copper. ring: outer diameter 14 mm, length 14 mm, 0.4 021 0.206
wall thickness 1 mm 1
5 Ceramic wheel: outer diameter 18 mm, length 16 mm, 0.4 0.17 0.170
6 holes, wall thickness 2 mm 2 ’ ’
Ceramic wheel: outer diameter 15 mm, length 7 mm, 0.3
6 6 holes, wall thickness 1 mm 9 0.23 0.220
Ceramic 52-hole block: outer diameter 19 mm, length 17 mm, | 0.4
7 0.14 0.151
square holes 1.5x1.5 mm 8
P Cerarmc 4-hole pellet: outer diameter 14 mm, length 17 mm, | 0.4 0.20 0.198
hole diameter 4 mm 0

Use of shaped particles in fixed beds can significantly improve the radial heat transfer,
reduce the pressure drop over the bed and enhance the specific surface of the bed.

The proposed hydrodynamic model for the calculation of the convective radial thermal
conductivity and the pressure drop in packed bed has the advantage in comparison with
known from literature. The main advantage of this model is that the radial thermal
conductivity for all cylindrical particles with arbitrary number and form of the channels is
described by one formula with constant parameters. The model is very helpful for finding
optimized dimensions of cylindrical catalyst grains as well as numbers and form of the grain

channels for design of tubular fixed bed reactors.

- -The authors would like to thank NATO’s Scientific Affairs Division for the support{grant SfP-972557).

[17]: Dixon, A.G. Wall and particle shape effects on heat transfer in packed beds. Chem.
Eng. Comm. 71, 1988 '

- [2] ~ VDI'Warmteatlas, 4" ed., VDI Vrelag GribH, Dusseldorf, 1984

“[3]:+ -Specchia V.;Baldi:-G:.and Sicardi,: S. Heat transfer :in packed bed- reactors with one
phase flow. Chem. Eng. Comm. 4, 1980
(4] Dixon A.G. and Cresswell D.L. Theoretical prediction of effective heat' transfer
parameters in packed beds. AIChE Journal 25(4), 1979
[5]  Bauer R. and Schlunder E.U. Effective radial thermal conductivity of packings in gas
flow. Part I. Convective transport coefficient. Int. Chem. Eng., 18(2), 1978
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ONTUMM3AIAS KATAJIMTHYECKOT O METOJA HOJIY‘IEHI/IH
D-TJIOKYPOHATA HATPUSA

Cmonennesa E.B., Kpsukos A.H., Beasnun M.JI., Hecrpsakos AH,
Ouanmonos B.JI.

Tomcxuii nonumexnuseckus YHugepcumem, kageopa Opeanuteckou Xumuy,
np. Jlenuna, 30, Tomcx 634034, Poccus
E-mail: anp@tspace.ru

D-rmokyponosas kucnora (I'K), ee conu u apyrae npon3BogHbIE SBISIOTCS TEHHBIMA
OMONOTHYECKH aKTHBHBIMH COSIMHEHHSMH M HAXONAT IMMPOKOE NPHMEHCHHE B MeIHITHHE.
SIBNSSACH TIPOAYKTOM JKM3HEACATEIPHOCTH YENOBEYECKOro opraHmsMa, 'K ofnamaer
MIPOTHBOBOCTIANKTENBHBIME, O0C3BPEXKUBAIOIMMA M OOIICYKPEIIIOIIMME  CBOHCTBAMH.
CBs3bIBaHHE YHCTCHHBIX M K30TEHHBIX TOKCHUECKHX BEILIECTB ABISLETCS TIaBHOH ByHKIHEH
I'K. Ha aTOM OCHOBaHO €€ NpHMEHEHHE I JICUCHHsS AlTKOTOJBHBIX, HAPKOTHYCCKHX,
MEJIHKAMEHTO3HBIX W JIPYTHX OTPaBJICHHIA.

AHali3 HMEIOIIMXCS JIATEPATyPHBIX JAHHBIX TOBOPHT O TOM, 4YTO Hambojee
IEPCIICKTUBHBIM CIHEAYCT CUYMTaTh KAaTAIMTHUYECKHH MeTox KuAKo(a3sHOro OKHCIEHHUS
1,2-usonponununen-D-rmoxodypanosst (MIII') mo HaTpuesoii comu 1,2-m3omponunuaes-D-
rmoKypoHoBO# Kucimorhl (Na-HIII). Henocratkamu nanHOro MeTozia SBISIOTCS OonbIIOE
coxepxanue Onaropoassx MeTamioB Pt mw Pd (B Hamem cinydae - Pd) B xaramsarope
HHU3KHH BBIXOJ NMponykTa. Llenpio faHHOH paGOTHI ABSETCH ONTHMH3ALHS IIpoLecca MyTeM
H3YUYCHUs BIMSHHS COCTaBa KaTalu3aropa (THIIA HOCHTENs, coaepxanusa Pd u npucyrcTBus
MOZIM(GUKATOPOB) Ha BBIXOJ IPOAYKTa H CKOPOCTH Hporecca. Oco6oe BHHMAHHE YIAENEHO
BBIZICTICHHUIO M OYHCTKE KOHEYHOTO IIPOIYKTA.

B kauecTBe HOCHTENEH MCIONB30BaCS paA yriei coorsercrByromux [OCT 4453-74
- OT pa3nmugHbIX poussogurenci (Kuraii, Ilepms), a Taxoxe HoBocubupekuii cubyaur.
Ilponecc onucrIBaeTcs CleAyrOMIei peakiiuei:

HO—CH, COONa

HO—CH _ HO—CH
NaHCO3
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H3BecTHO, 4TO MPOLECC OKHCIICHH POTEKAET C H3MEHEHHeM PH Cpefibl B MEHBUIYIO
CTOPOHY, a IO HHTepaT);pHLIMf,I[aHHLIM I peakiuM HeoOXxoAauMa ciabo MmienoyHas cpena,
nosTomy 6uKapGOHAT HaTpHs npn6aanmc;1 TIOCTENEHHO 110 Mepe H3MEHEHHA pH cpenpL
KonTpoms 3a nff)oué'éczom OKHCJICHHS. npOBommcx HOJI}’KOJIH'-ICCTBCHHLIM METOJIOM
TOHKOCJIOHHOH XpoMarorpaguu ¢  HCIOJIb30BaHHEM TCX—nnacmH (<HJIa3MOXpOM)).
Oxucnenue HpOBO)IHJIOCL npu TeMmepatype 400°C (JmTepaTypHme AHAIIOTH - npu 700°C).

Taroke H3BECTHO, NpPH TONHOH KOHBEPCHH IIPOHMCXOAHT MOABIEHHE IOGOYHBIX
IIPOAYKTOB, HANPUMED INaBeNeBOH KuCI0TH. II03TOMy ONITHMAaIBHBIM OKA3a70CE 3aBEPIEHHE
npouecca npu 70-80% KOHBEpCHH, YTO COOTBETCTBYET 100-qac0130My’nepnozly [IPOBEACHUSA
IIPOIIECCa H COINAcyeTCs C JIMTEPATYpHbIMH OaHHBIMHU. IIpH 3TOM IIOJMYYEHB! BEIXOABI OKOJIO
30% 4YHCTOTO LENEeBOro MPOAYKTA, COOTBETCTBYIOMmME 100%-Hoi KoHBEpCHH CyOCTpaTa.

HccnenoBanus mokasplBaloT, YTO BBIXOJA ILENEBOTO IPOAYKTA MPSIMO 3aBHCHT OT
KONTHYECTBa MEJKOMCIIEPCHOTO MAJLIaus, Haxoerocs B peakrope. OqHako copOLHOHHas
CII0COGHOCTD YTOJMBHBIX HOCHTEINEH 10 METalLly OrpaHM4YeHa, a TP BBICOKOM COJACPHKAHHH
najagus oH o6pa3yeT KpyIHbIE arperaThl, CpaBHUTENBHO 1200 CBS3aHHBIE C TIOBEPXHOCTHIO
HocHTens. I105TOMY TOBHIIICHHE COAEPKAHHS MeTama NPHUBOJAUT K 3HAYUTEIBHBIM €0
nOTep;IM B hpouecce peakuuu. s OKHCIICHHS B JKHAKOH ¢a3e MOIEKYIIPHBIM KHCIOPOAOM
HpCIlJIO)KeH KaTaJlu3aTop, cozlepxcamnn 5 mac. % Pd Ha akTHBHpOBaHHOM YTIIE.

’E)IccnepnMeHTm [IOKa3ajH, YTO KATATHTHIECKHE XapaKTepHCTHKH 00pa3loB Ha
pé3nnqm,1x YTILSIX npn6nn3nTeJILHo OIHHAKOBHl IIPH PAaBHOM COJAEpXaHHUH MeTawia. Ilpu
3TOM B OTJIHYHE OT HEPMCKOTO M KHUTa#CKOTO yriei cHOyHHT He TpeGyeT npeaBapHTEIbHOM
00pabOTKH B a30THOM KHCIIOTE, OJIHAKO €r'0 CTOMMOCTh CYIIECTBEHHO BBIIIE.

Hzygeno Bnm{Hne'Monndmuﬁponme A00aBOK B KaTalIU3aTOpP COCAHHEHHMN MEIH H
JIUTHS Ha BBIXOA NIPOAYKTA M KMHETHMKY npoinecca. Beenenue Cu qano cokpameHue BpeMeHH
péaxﬁﬁn Ha 20-30%, no6asku Li vd IIPOLECC NPAKTHYECKH HE BIIMAIOT.

Pe3ynbTaToM pabOTHl CTAo Haxoquelme OTITHMATBLHOTO BPEMEHH NPOBEICHHS
HpONECCa, CHIDKCHHE TEMIIEpaTyphl, YMeHbIIeHHe pacxoga Pd u ONTHMATTBHBIH BEI6OP

OCHOBBI )11 KaTaJiu3aTopa.
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MEXAHW3M HU3KOTEMIIEPATYPHOI'O B3AUMOJAENCTBUS
BOAOPOJA C AJIb®A-KHCJIIOPOAOM HA HEOJIUTAX FeZSM-5

Crapokons E.B., llyoxos K.A., IlayxkmTuc E.A., Bonomun A.M., Ilanos I'. K.

Hucmumym xamanusa um. I'.K. bopeckosa CO PAH, np. Axao. Jlagpenmvesa, 5,
Hoeocubupck 630090, Poccus
E-mail: Starokon@catalysis.nsk.su

C ucnonp3oBaHUEM KHHETHYECKHX M H30TONHBIX METOJOB HCCIECHOBAH MEXAHH3M
HH3KOTEMIICPATYPHOH peaKiliu BOJOPOJa C aHHOH-pafHKaIBHOH (GopMoil moBEpXHOCTHOTO
Kucoposia (anbga-Kucnopox), obpasyrommiics ofpasyioigeiica npu pasnoxesun N,O Ha
ueomute FeZSM-5. Ilokasano, 4yTo peaklHs MMeeT MEepBbIH- MOPAAOK II0 BOJAOPOXY H ee
CKOpOCTb NPOHOPIMOHANEHA KOHIIEHTpalMH anb(a-kuciaopona. OHeprus aKTHBAIMH
peakiuy, u3mepenHad 1714 Hy u D, B o6mactu remmeparyp ot +20 po —100°C, cocrapnser 3.2
H 5.3 KKaJl/MOJIb, COOTBETCTBEHHO.

Peakuusa mporexaer ¢ GoNbIIMM KHHETHYECKHM H30TOmHbBM 3ddextom (KH/KD),
KOTOpBI B 3aBUCUMOCTH OT TEMIIEPATyphl H3MEHsAeTcs B npejenax 3.4-41. D1o ykassIBaeT Ha
TO, YTO JIUMHTHpYIOINAs CTa[Hs PEaKlHH BKIFOYAeT JUCCOIHAIMIO MOJIEKYIBI BOAOPOJA.
Temneparypnas 3aBuCHMOCTE H30TONHOTO 3¢ dekra naeT BenmuunHy 2.1 Kka/Mob, 61U3Ky0
K pa3sHOCTH HYJEBHIX: 3ﬁeprnl71 cBaseir B Monekynax H; u D, 4to cBupmerenncTByer 06
OTCYTCTBHH CyHIECTBEHHOT'O BKJI4/Ia B PEAKIHIO TYHHENBHOTO 3¢ deKTa.

JucconnaTtuBHEIA MEXAaHH3M pEaKMH COrJacyercs ¢ JaHHBIMH, I0Jy9eHHBIMH
METOJIOM I/IK-cneI&pQCKOHHH in situ. BsammopeiictBiue Bomopoma ¢ anb(a-KHCIOPOIOM
CONPOBOXIAeTCA 00pa30BaHUEM Ha IIOBEPXHOCTH IEOJMTA HOBBIX THAPOKCHIIBHBIX IPYIII
(m.mw. 3635 u 3674 cm™), nneHTHdHEKAIHS KOTOPBIX MOATBEPIKAAETCS HATHYHEM H30TOIHOIO
caBura kak npu 3ameHe H, ma D), Tak H npu 3amene  ‘°O-ansda Ha B0-amsda.
CrexuoMerpudeckoe otHolmenre Hy:O-ambga cormacyercs ¢ paHee CHETAHHBIM BHIBOIOM O

IIApHOM paCHONIOKEHUH allb(a-IeHTPOB.
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DFT CALCULATIONS OF ANIONIC DIHALIDE AND
HYDRIDEHALIDE (n*-ALLYL)PALLADIUM COMPLEXES

Tkatchenko O.Yu., Belov A.P.

Lomonosov Moscow State Academy of Fine Chemical Technology
pr. Vernadskogo 86, Moscow 119571, Russia
E-mail: out@pochtamt.ru

o’ -Allyl)palladium complexes play an important rolé in the catalytic synthesis of organic
compounds. Theoretical investigation is able to give information about the influence of
coordination sphere composition on the complex structure. This information is important to
evaluate reactivity of the complex.

The series of anionic dihalide [n3—C3H5PdHX]“ and hydn'aehalide [n3-C3H5PdX2]“
complexes (X =F, Cl, Br, I) were theoretically studied. DFT calculations with PBE functional [1]
in the large orbital basis set with pseudopotential SBK [2] were carried out. Program kindly

submitted by the author D.N.Laikov (Moscow State University) [3] was used.

H — - H
[ | \
G Co
H - H
Hc/\ef \c/\é
H/ L \H H/ , \H
Pd Pd,
@) (©)

Some structural and charge characteristics of the complexes were found to depend linearly
- on the halide-ion Klopman electronegativity. o
<~ Strong trans-effect of hydride-ion was revealed, at the same time it is intensified with the

" halide-ion electronegativity rising.

[1] Perdew J.P., Burke K., Emzerhof M. Phys. Rév. Lett. 1996. V.77. P.3865.
[2] Stevens W.J., Basch H., Krauss M. J.Chem. Phys. 1984.V.81 P.6026.
Stevens W.J., Basch H., Krauss M., Jasien P. Can. J. Chem. 1992. V70.P.612.
Cundari T.R., Stevens W.J. J.Chem. Phys. 1993. V.98. P.5555.

[3] Laikov D.N. Chem. Phys. Lett. 1997. V.281. P.151.
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KHHETUKA 1 MEXAHWU3M HU3KOTEMIIEPATYPHOI'O
BOCCTAHOBJIEHMS SO, OKCHJIOM YIJIEPOJIA B
IIPUCYTCTBHUH 3AKPEINIEHHBIX HA TIOJIMMEPHY IO MATPHILY
KOMIIJIEKCOB Cu(Il), Fe(IID)

Typasikyiosa A.K., EMenssnosa B.C.

Kasaxcxuti nayuonanshoiii ynueepcumem um. anv. Papabu, Anmamet, Kazaxcman

W3yyeHa KHHETHKA PeaKUMH BOCCTAHOBIIEHHS CyNb()UTA HATPUS OKCHOM YIJIEpOa B
IPUCYTCTBUH 3aKPENJICHHBIX Ha IOJHITHICHMMHH KomiuiekcoB Meau (II) u xenesza (I). C
HEJIbI0 BBIICHEHHMA DOIM IIOJAMMEPHOH MATpHIbl HCCIENOBAH KHHETHKY BOCCTAHOBJICHMS
OKCHJIOM yrjepona B NpHCYTCTBHM ammHakatoB Mmeau (II) m xenesza (II). Pesynbrars
10Ka3aJli YTO KOHBEPCHOHHBIE KDHBBIE AHAJIOTMYHBI KAK I MOHOMEPHBIX, TaK M i
IOJUMEPHBIX JHranjioB. OTNHYNE COCTOUT B aKTHBHOCTH M CTaBMIIBHOCTH CHCTEM. PacTBOpHI
aMMHAKaTOB H MOJHITHICHMMHHOBBIX KOMILIEKCOB MEIH H Xele3a B M3ydeHHOH o6racTu
KOHIEHTpalui MeTauloB UMelT pH B untepBasie 8-10. B 3T0#t 061acTH B COOTBETCTBHHU C

JHarpaMMOH COCTOSHHS KHCIOPOIHBIX coequHeHHst cepbl (IV) B BONHBIX pPacTBOpax B

3aBHCHMOCTH OT KHCIoTHOCTH SO, Haxomutcs B BuIe SO §‘, M I03TOMY B KayecTBe

ucrounuka SO; ucmonesoBan¥ NaSO3 M H3yYanu BOCCTAHOBIICHHE CynbQHTa HATpHA
OKCHJIOM YTJIEPO/Ia B COOTBETCTBHH C PEaKUHEH
580,+12C0O=2COS+10CO,+1,5S,
2C0S+80,=2C0+1,55;
CymmapHas peaKum{
S0,+2C0=2C0,+0,5S;

J1d - Bcex - M3YYCHHBIX CHCTEM. - IIOBEJICHHE penoxcc-nﬁemana ‘B 'XOJIe OIIBITa
ananornuno. Hcxonnsni penokc-notennuan cuctemsl CuSO4-NH3(TI9W)-H,O Haxoautcs B
untepBane 600-450 MB, cucrems! . FeSO,-NH;3(IION)-H,O - 500-370MB, - ipuuem
d@/dCy,50,<0; do/dCyy, (IIOH) <0; d@/dC,,, >0; d@/dT >0, T.e. penoKCc-NOTEHIHAT

HU3YHCHHBIX CUCTCM OIIMCBIBACTCA YPAaBHCHUEM HepHCTa B BHJIC

0 E [M"H]ﬁfcso}“afCL
0=+ "] BC..acC,

i~ sokr

roe f,,8 ;»0;,0; - KOHCTaHTBI 06pa3zoBanus komiuiekcos menu () u (1), u xenesa (II) u (1)

¢ nuranjamu L u Cy.III:(i)I/IT-I/IOHOM, COOTBCTCTBCHHO.
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3aBHCﬁMOCTB HaanII)HQI‘;I' CKOPOCTH l:IOI“ JIOHICHUA OKCHJA yri€pozaa OT HCXOI[HOﬁ
KOHIICHTpaItuu Cynb(baTOB METAJJIOB OIIHUCHIBACTCA YPaBHCHHUEM NIEPBOTO [opAJKa

ot

Weo=K, - CMe(II)
Pemenne YpPaBHCHHA METOAOM HAUMEHBINHX KBaJIpaToB IO3BOJHIIO OIIPEHC/IUTH

BENHYHHY K; IS KaXJIO# CHCTEMBI KOTOpas peICcTaBieHa B Tabnuuel .

Tabmuna 1. Kunetnyeckue napameTpsl BoccTaHoB/eHHA Na,;SO; OKCHIOM yrieposa B cucTeMe
Me(Cu, Fe)SO4-NH,OH(ITOH)-Na,S0;-CO

- Cucrema K, muH
CuSO4-NH;-NaSO, | 4107
CuSO,-I[BNA-NasO, " 7107
FeSO,-NH,OH-NaSO; | 0,1
FeSO4-II1DU-NaSO; 1,1

IIGTHJIBHO H3y4YCHO BJIMAHHE BCE€X KOMIOHCHTOB Ha CKOpPOCTH IIOIJIOUICHUSA
KHucJIopoja. 9KCHepI/IMeHTaJ'II>HI>Ie pe3ynpTatel Ha NpHMEPE HOJIUITUICHUMHUHOBBIX

KOMIIJICKCOB KCJIC3a OIMHUCBIBAKTCA YpaBHCHHEM .

K, CFe“ 0,Croy B J C302 Yoo
2 T3 1
2 GJCIJTSI/I 2 :Bjcs{oz 2 YPeo
=0 =0 =0

B pamkax monysmmupudeckoro merona PM3 npoBejieH pacuer IpocTpaHCTBEHHOTO H

Weo=

JJIEKTPOHHOTO CTPOCHHUA NEPEXOTHBIX COCTOSHHI PEAKIIHH KaTaJIUTHYECKOI0 OKHUCIICHHA
MOHOKCH/a YTJIEpOJa NHOKCHIOM CEPBI M NPCATIOKEHA CXEMa MEXaHH3Ma BOCCTAHOBJICHUS

CYNb(HTa HATPHS OKCHIOM yIJlepojia B pacTBOpe Me(Cu,Fe)SO4¥I'I(NH3, [131)-H,0.
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- ®OPMHJIMPOBAHUE BEH30JIA 1 EI'O TOMOJIOTOB B
NPUCYTCTBHUH HOHHBIX XKUJIKOCTEH B KAYECTBE
KATAJIM3ATOPOB

Tripaos A.A., Kycros JLM.

Hucmumym opeaﬂizéecxoz? XumMuy umeny HJ]. 3eauncrozo PAH. 119991, Mocksa,
Jlenunckuii npocn. 47, Poccus
E-mail: Imk@ioc.ac.ru

Ilponiecc mosy4yeHHs apoMaTH4YeCKHX aJbJETHJOB 1o Meroay I arrepmana-Koxa
MIpHUBIIEKATENIEH, Hpemie ~ BCEro, BO3MOXKHOCTBIO  HENOCPENCTBEHHOTO  BBENCHHSA
KapOOHHIBHON TPYIIIEI B HCXOMTHOE apOMATHYECKOE COETHHEHHE. KaTatu3aTopoM peakuum
SIBIISETCS  XJIOPH ATIOMHHHAS, OJIHAKO, €I0 HCIONb30BAHHE HMEET P HEOOCTAaTKOB -
HeOOXOMUMOCTh MCHONB30BaHHA ~GONBUIOr0 H30BITKA KaTalu3aropa, pranéTL ero
OTJIEJIEHHS OT IPOAYKTOB PEaKUU H HEBO3MOXHOCTh peTeHepaliy.

Bce Gonee mupokoe NmpUMeHEHHE B KaTATHTHYECKHX MPOIECCaX HAXOMAT HOHHBIE
XHIKOCTH - IMOJPHBIE COCIHMHEHHUS, COAEPKAIHe HOHBI OPraHHYeCKOH M HEeOpraHM4YeCcKOH
HIPUPOJIBI, UMEIOIIHe TeMiepaTypy masieHds Hixe 0°C. M3BeCTHBI MOHHEBIE XHIKOCTH,
obajaromye CUITbHOH THIOMCOBCKOM KHCIOTHOCTHIO M TIPOSBIISIONIHE BEICOKYIO aKTUBHOCTD
B pa3aH4HBIX peaknmsax [1]. OAHUM H3 DpeHMyINecTB UCIOIB30BaHUA TAKHX KAaTAlIH3aTOPOB
ABIIIETCS HHM3Kas pacTBOPHMOCTb B HHX OpPraHHYECKHX COEJUHEHHH, YTO YIPOMAeT
OT/IENCHHE IPOSYKTOB PEAKIINH.

Ilensio paboThI SBUIIOCEH HCCIEIOBAaHUE BIHSHHUS YCIOBHH PEAKIHH U COCTaBa HOHHEBIX
XKHUIKOCTEH Ha HX KaTajlUTHYECKYI0O aKTUBHOCTh B (OpPMHIMpOBaHMM O€H301a, TOIyOIa,
KCHJIOJIOB U ME3UTENICHA OKHCHIO YTJIepo/ia.

QopMHIHpOBaHHE apOMAaTHYECKHX COEJHWHEHHH TMPOBOJWIM B aBTOKJIaBe TIOX
nasienneM CO 50 arm, pu Temmeparype 30-110°C B Teuenue 1 4.

bruto noKa3aHo, 9YTO CpelH psAAa H3BECTHHIX HOHHBIX XHJKOCTEH HAa OCHOBE XJIOpHIa
AMOMHHHS HauOOJBIIYI0 AKTHBHOCTh MOKA3hIBAIOT COEIAWHEHHS COJEep)Kalllie KaTHOHEI
TpuMeTHIaMMOHUA U N-metun- N-OyTumuMunazonus. YBeIHyeHHE TeMIIEPATyphl peakilHu
1o 70°C Bo BCex CiIy4asdx MPHBOJHUT K CHHDKEHHIO BEIXOJd COOTBETCTBYIOIIMX AIbIETHIOB B
pe3ynbTarte YMEHBIIEHHS PpacTBOPHMOCTH CyOCTpaToB B HOHHBIX >kuakocTsax. [lpu
temmeparype Boie 1 10°C GopMunMpoBanue ToIyona He IPOHCXOIHUT.

C yBenMYeHHEM 4YHCJIa METHJIBHBIX TIpPYNI B HCXOJHOM COEJAMHEHHH, BBIXOJ
COOTBETCTBYIOIIHX  aJbJACTHAOB MOXET CHIDKATRCA B pE3yJbTaTe  yMEHBIICHHA
pPacTBOPUMOCTH CyOcTpaTa B HOHHON JXHUAKOCTH.

OO6Hapy)xeHO sSBICHHE YMEHBHICHHS CKOPDOCTH pE€akilui B pe3ynbTaTe oOpa3oBaHHs
KOMILIEKCOB HOHHBIX KHJKOCTEH C apoMaTH4YeCKHMH aibaeruiamu. V3ydeHo BiHsHHE

npomoTupytommei 1o6asku CuCl Ha aKTUBHOCTE HOHHBIX XKHIKOCTEH.

1. C.M. Gordon, Applied Catalysis A: General, v. 222, 2001, p. 101-117
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KATAJIMTHYECKASI OYUCTKA I'A30B OT METAHOJIA HA
I'ETEPOTI'EHHBIX METAJUIOKOMIIIEKCHBIX KATAJIU3ATOPAX

®emenko JL.U., Copoka JI.C., Boukapes B.B.

Tomckuii nonumexuuyeckuti ynueepcumem, Tomck

IIpoBeseno mccmenoBaHHe Tpolecca OKHCIEHMS MeTaHONA Ha TeTEePOTreHHBIX
METaJUTOKOMIUIEKCHBIX KaTalH3aTopax. bbulk HCCIeoBaHbI Ha KaTaTUTHYECKYI0 aKTHBHOCTD
MeNaMHH(TAIONMAHMHOBEIE KOMILIEKCHl KOOAlbTa, HHKENIS H XpOMa X IHPOTIONTHMEpEI
MenaMMHOGOPMANTBAETHAHOTO H (TalONMaHHHOBOIO KOMIUIEKca Ko6albTa. Mcmbrranme
KaTaJmmquKoﬁ aKTUBHOCTH IpPOBOJMIM Ha NPOTOYHOH YCTAHOBKE ILPH TeMIEparypax
2043OO°C. Pesynerarer mpomenanHoi paGoTHI MOKA3bIBAIOT, YTO B HHTEpBAJIE TEMIIEpaTyp
200-300°C mpu otHOCHTENBHON cKOpocTH raza 50000 (1/4) Ha HCCHEAYEMBIX KaTaln3aTopax

AOCTHIa€TCs JOCTATOHHO BBICOKAA CTENEHb OUHMCTKH (80-99%).
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PREPARATION AND CHARA CTERIZATION OF
BINARY CRYSTALLINE PHOSPHATES OF ZIRCONIUM AND
TRANSITION METALS

Y.V. Frolova'”, S.N. Pavlova?, V.A. Sadykov?

!Novosibirsk State University, Pirogova st, 2, 630090 Novoszbzrsk Russia
’Boreskov Institute of Catalysis, Siberian Branch of the Russian Academy of Sciences,
pr. Lavrentieva, 5, 630090, Novosibirsk, Russia
E-mail: frolova@catalysis.nsk.su

Framework zirconium phosphates of the NZP type have a stable flexible structure
enabling to conduct homovalent as well as heterovalent cation substitution without substantial
variation of the lattice characteristics. These materials possess a high ion (including proton)
conductivity, high radiation and corrosion stability, ultra-low thermal expansion. The catalysts
on the basis of these thermodynamically stable systems appear to be promising for the acid-
catalyzed and red-ox processes of hydrocarbons transformation. The crystalline structure and
properties of MeZr4(POy4)s (Me = Co, Mn, Ni, Cu, Zn) have not been adequately studied.

In this work crystalline framework binary phosphates of zirconium and Co (Mn) have
been synthesized by sol-gel method followed by thermal treatment. Effect of the preparation
procedures, nature and concentration of cations on the phase composition and structure of the
zirconium phosphates has been studied on the different synthesis stages by TGA, FTIRS,
XRD, SIMS and differential dissolution method of phase analysis. The state and coordination
of cations have been investigated by UV-VIS DIR spectroscopy.

According to TGA data the crystallization of binary zirconium phosphates proceeds in
the temperature range from 700 to 900°C. The thermal treatment of the samples at 900°C
results in the formation of binary framework phosphates of zirconium and cobalt (manganese)
with monoclinic or rthombohedral structure. The monophase crystalline systems are formed
only at the stoichiometric ratio of Co/Zr equal to 1/4. The strong splitting of absorption band
at 1150-1000 cm™ corresponding to valent vibrations and shifts of absorption bands of
deformation ‘vibrations at 630-540 and 400 cm™! indicate distortion of POgs-tetrahedrons. The
incorporation of Co and Mn cations in the flexible phosphate structure causes this distortion.

The implementation of differential dissolution method of pha;e analysis shows that the
solubility of cobalt decreases with increasing calcination temperature, though SIMS data
demonstrate that the segregation of cobalt share observes on the surface with increasing

calcination temperature.
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It has been shown by UV-VIS DIR spectroscopy that in the zirconium phosphate
structure cobalt (2+) cationsj aré stabilized and they. have both tetrahedral and octahedral
coordination. '

The catalysts based on binary phosphates of zirconium and Co (Mn) have high activity
in the oxidative dehydrogenatiqn of propane into propylene. The most remarkable

peculiarities of these systems are that they are not subjected to coking.

ACKNOWLEDGEMENT: The authors are thankful to colleagues of the BIC department of

physico-chemical methods.
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MOIUPHUKALNS TPOMBINIJIEHHBIX XPOMOBBIX
KATAJII/I3ATOPOB T'A30®A3HOM IIOJII/IMEPI/I3AIII/II/I 3TI/IJIEHA

XacanmuH -P.-A.l, Myumuna E.A.z, Hopoabckmii IO.H.Z,
BaxGpeiir A3.!, Bo6pos B.H.!, Bo6pemopa E.E.

1
OAO «Kazanvopecunmes, Kasans, Poccus
E-mail: hasanshin.rustem@mail.ru

2 HHXC um. A.B. Tonuuesa PAH, Mockea, Poccus
E-mail: Mushina@jips.ac.ru

Hbmepmauﬁx 3THICHA Ha METALIOOTPAHIMYECKUX KaTalu3aTropax, OTKphITad B S0-ThIX
rogax | Ha CErOJHAIIHMH JEHB OCTAeTCS OCHOBHBIM METOZIOM nbnyqeﬁﬁﬂ HOJUATHIICHA
BBICOKOH M CpelHel nJiOTHocm. Hpofpecc B 3T0H obnacty, ﬂocTHrHyTLIﬁ 3a nocneuﬁne
F.OI[LI, CBS3aHHBIL B IEPBYIO OYEpenb C OTKPBITHEM METAIOEHOBEIX KaTann3aTode
HOJMMEPHU3alliy ONeQHUHOB H HOBBIX METOJIOB IOJYYEHHS CTEPEOPETY/IAPHBIX MOIMMEPOB,
IIpUBEN K HOTYYECHHIO TIONHOIE()HHOB C YHHKAIBHEIMHE cBOHCTBaMH. O/[HAKO HEMaJIOBaXHAas
polb B TMOMYyYEHHHM HONUMEPOB C 33JaHHBIMH CBOMCTBAMH NPHHA/UICKHT MOTH(DUKAIMH
KaTajli3aToOPOB YK€ M3BECTHHIX M MIHUPOKO NPUMEHSEMBIX B IPOMBIIUICHHOCTH.

- JlTaHHOE  HCCIIE[IOBaHHE  HANpaBIeHO Ha  MOIM(UKAIMIO  HPOMBIILICHHOTO
KaTanu3aropa razohasHoi NOJTUMEPH3AIMH 3THIIEHA Ha OCHOBE OHC-TpHEHUICHIHIXpOMATa
S-2. Msy4anock BIHSHHE pa3MYHBIX KOJIUYECTB HNUPKOHHHOPraHHMYECKHX - COCJAMHEHHH B
Katamusarope S-2 u mpoMortopa (TerparuipodypaHa) Ha AaKTHBHOCTH KaTajn3aTopa,
MOJIEKY/ISPHO-MAccoBbIE M CTPYKTYPHBIE XapaKTEPUCTHKH oOpasyromierocs NOJIHMEpa, a
TaKXKe ero (GU3NKO-MeXaHHYECKHE CBOHCTBA.

B npencraBjIeHHoﬁ pabote Hsyqanacﬁ MOZHGUKAIMS TPOMBIIIEHHOTO XPOMOBOIO
KaranmuzaTopa S-2 6ﬁnronneHHnLHan KOMIIIEKCAMH IIMPKOHHA. ECIHM B3SThHIE 110
OTAEIBHOCTH Kak XPOMOBEIE, TaK H IHPKOHUEBbIC KATAM3ATOPE! U3BECTHEI ,HaBHO u Hsyqum
ZIOCTAaTOHO HO,HpO6H0 TO anpHOpHAA OlIEHKa COBMECTHOM pa60TBI IBYX aKTHBHBIX ueHTpOB
HOJIUMEpH3allM  Ha HQBerHOCTI/I TETEPOTCHHOT0  HOCHTENS B MOJIYy4aeMOM
6nMeTaJ_IjIquCK0M KaTanu3sarope 6e3 IpoBeJeHUS SKCIEPUMEHTOB ObllIa HEBO3MOXKHA.

B cBsA3u ¢ 3THM, TepBOHAYAbHO HAMM HCCIIENOBAIOCH BIUSHUC KOJMHYECTBEHHOTO
COOTHOILEHHS MEXy aKTHBHEIMH KOMITOHEHTaMu KaTtanu3aropa (Ci/Zr) Ha ero akTHBHOCTD B
peakiuu nonuMepusanud. [lomydeHHBle Ha 3TOM 9Tane pe3yiabTaThl IIOKa3alH, YToO
CYIECTBEHHOTO HOJABJEHHS aKTUBHOCTH XPOMOBBIX HEHTPOB B PE3yJIbTATe MOJU(UKALUK
He HPOHMCXOMHUT, HO HaGIIOAaeTCs HEKOTOPOE CHHKEHME OOIIEH aKTHBHOCTH KaTald3aropa

HpOHOPIHOHANBHO KOJMYIECTBY BBEJEHHOIO IUPKOHMEBOro KoMiuiekea. [1pu sToM Hapsiay ©
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nonyquHeM BLICOKOMoneKyJprHoro nonnaTnJIeHa OTMEYAIOCh TaKKe H- 06pa3013aHne
HU3KOMOJIEKY/ISPHBIX ONHTOMEPOB STHNEHa. DTOT ¢akT MOXer }’KaBLIBaTB Ha TO, YTO
XPOMOBBIE M IIHPKOHHEBHIE LICHTPHl HA IIOBEPXHOCTH CHJIMKAress paboTalOT HE3aBHCHMO H
HAOMIOJaeMOe  CHIDKEHHE aKTHBHOCTH  KaTalW3aTopa MOXeT OBITh  CBA3aHO C
HHTHOMPOBAHHEM NOJTHMEPH3ALUH 00pa3yoIUMHCS B Iporiecce paboThl OJIHTOMEPAMH.

IlosroMy panpHeduiMe HcciaeoBaHWs ObUIM  HampaBleHbI Ha  IMOJABJICHHE
OJIMUTOMepoo6pa3oBaHus BO BpeMs noiauMepHzanuu. OIHHM M3 METOAOB DEINEHHS ITOH
npo0eMbl MOXET ObITH MONMGHUKANKA MONYYeHHOTo OHMETUIMYECKOTo KaTalH3aTopa
KHCJIOPOJCOCPXKAMH COCIMHEHUAMH U B YaCTHOCTH NIPOCTHIMH 3(UpaMH, TAKHM HampUMED,
xak TeTparuapodypan (TT'®). IIpoBeneHne noNMMMepH3aIMy STHIEHA Ha KaTauu3arope S-2,
MOAU(DUIHPOBAHHOM IUPKOHHHOPraHWYECKHM KoMiulekcoM M TT'® mokaszasno, 4to Takoi
HOXO0J[ BIOJHE OHpPaBIAaH — Y[ajloCh 3HAYHTENBHO CHH3HTH OOpa30BaHHE OJHTOMEPHBIX
NPOAYKTOB, NPHYEM AKTHBHOCTH KaTajM3aTOpa COXPaHHUNACh MU OCTajach Ha YpPOBHE
HeMoaubHuIEpoBaHHOTO. JINd OTBETa Ha BOIPOC O TOM, KaKOW K€ aKTHBHBIN LEHTp —
XPOMOBBIA HIIH IHPKOHHEBBHIA I10JBepracTcs MOAUGUIMPOBAHHIO TPH B3aUMOJICACTBHH C
TI'®, ObiM  MOCTAaBNEHBI - AONONHUTENBHBIE OKCIEPHMEHTHl C KaTalH3aTopoM S-2,
o6paboTaHHbmM pasiMuHEIMH KoimdectBamH TT'® (ot 0,25 mo 3,0 momsTT'®/monsCr).
[Momy4ennsle pe3ynbTaTel MOKA3bIBAIOT, YTO C YBEIHYEHHEM MOJLHOro oTHoumeHus TT'®/Cr
Ao 1,0 akTHBHOCTH  KaTamM3aTopa OpPAMO MPONMOPLHOHANLHO CHHXAETCS OT 3HAYEHHS
XapaKTEPHOI'O I HCXONHOIO KaTanu3aTopa 0 NMPAKTHYECKH HYIEBOTO 3HAYECHHS H He
H3MEHSCTCA IPH JalbHEeHIEM yBeIuueHHH cooTHomeHusA TT'®/Cr mo 3,0. OTo ykasbiBaeT Ha
TO, YTO IPH B3aUMOJEHCTBHH OMMETAJLTHIECKOTO XPOM-IIUPKOHHEBOrO KaTanu3aropa ¢ TI'd
B IEPBYIO OYepeb IOABEPraloTCs MOAMGHKAIUH B OCHOBHOM Zr-coJepKalide aKTHBHEIE
uéinpm BEPOSTHO BCIIE/ICTBHE Gosnee BBICOKOH KHCIOTHOCTH, XPOMOBBIE K€ IEHTPHI
OCTaIOTC}I IIPaKTHYECKHA HEU3MEHHBIMH.

Bonee neranbHoe wu3ydeHue CBOHCTB 3TOTO KaTajM3aTopa BBLIBHJIIO HEKOTOpBIE
0COGEHHOCTH €ro MOBEJCHHMS, BO3HUKUIAE BCIIE/ICTBHE Monubukanuyd. Habmonaercs
HECKOIBKO CHHKCHHAs aKTHBHOCTB €T 110 OTHOMIEHHIO KO BTOpPOMY coMoHoMepy (6yten-1) B
pCaKiMaX CONONHMMEPH3ALHMH, a Tak e OOliee INHPOKOE MOJEKYIAPHO-MACCOBOE
pacnpeielieHie MOTy9YaeMOro MOJHUITHICHA M ' KaK CIEJACTBHE 3TOro, MpPUOOpETEHHE HM
HOBOT'O KOMIIJIEKCa CBOMCTB.

Takum 00pasoM, MOKHO CKa3aTh, YTO MOAM(HKALHSA IIPOMBIIUICHHOTO KaTalu3aropa
S-2 opraHu4ecKUMH KOMIUIEKCAMH ﬁHpKOHHﬂ u TT'® npuBoANT K NONYYEHHIO KaTalnu3aTtopa
TIOJITAMEPH3AIMH 3TUJICHA, HMCIONb30BaHHE KOTOPOTO MO3BOJNSET IONY4aTh NMOJNHMITHIEH C
ApYTHMH, HEAOCTYIHBIMH AJIA KaTajium3aropa S-2, CBOMCTBAMH M TeM CaMBIM pPaCIIHpHTH

obnactu IIPHMCHCHHUA 110JYyYa€MOT0 IoJIUMEpa.
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MCIOJIb30BAHME 18-KPAYH-6 [IPM CAHTE3E IEPOKCH/THBIX
MMPOM3BOJHBIX YIIOKCUIHOM CMOJIBI D/1-20"

Yepeuuckuii T.H.

Hayuonanvnwvui ynueepcumem «JIveoeckas nonumexnukay, /lv6os, Yxpauna
E-mail: mbratych@polynet.lviv.ua

HssectHo [1-3], 4T0o U1 CHHTE3a MEPOKCHAHBIX MPOM3BOAHBIX IMOKCHAHBEIX CMOI
HCIIONB3YIOT HeOpraHMYeckHe OCHoBaHMA [1], kucnoter Jleromca [2] W uyerBepTHUHBIE
amMoHueBble cond [3]. IIpuMeHeHme Kak KaTajHM3aToOpa peEaKUMH = XHMHYECKOTO
MOAMQHUUPOBAHAS JMOKCHAHBIX CMOJ THAPOIEPOKCHIAMH KHCIOT JIbloHCa MpPHBOIMT K
IIOTHOMY 3aMEIEHHMI0 JMOKCHUAHBIX TpYyIN Ha INepokcuiaHeie. IIpH HCHONB30BaHHH
HEOPraHHYECKMX OCHOBAHHMH M YETBEPTHYHBIX aMMOHHEBBIX COJEH MOJYydaloT MPOAYKTHI,
KOTOPBIE KPOME IIEPOKCHIHEIX I'PYIII COAEPAKAT OCTATOYHBIE SMTOKCHIHEIE.

Hamu wu3ydyeHa BO3MOXHOCTb XHMHYECKOTO MOJU(PHUIHUPOBAHHA JTHAHOBOH

SMOKCUAHON cMonbl D/-20 TpeT-OyTHNrHaponepoKCHaoM B mpHCYTcTBHH 18-Kpayn-6 mo
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- (CH3)3COOCH2|CHCH2 O*@-C@OCHZCIHCHZ <}C<_=_>oCHZCIHCHZOOC(CHQ3
OH &g OH |, JlH3 OH

rren=0-1.

[Tokazano, uto mpu 50°C B npucyrcteun aaxe 30% monpHbIX KpayH-acTepa Ha ofHy
SMOKCHAHYIO TPYINY pEakius MexJy AUaHOBOH smokcugnoi cmonoil OM-20 u Tper-
OYTHATHAPONIEPOKCHIOM MPAaKTHIECKU HE POTEKAET.

IIpennoxeno HCTIONB30BAaTh  Kak CO-KAaTAIM3aTOp peaknM{d XJIOPUA IMHKA.
VCTaHOBIIEHO, YTO ONTHMaibHOe cooTHomenuwe Kpaya-actepa + ZnClp, cocraBmter 1:3%
MOJBHEIX Ha OJHY OIOKCUAHYK Trpymiy. CTpykTypa CHHTE3HPOBAaHHBEIX COEJHHEHHM

MOATBEPKIACHA CHCKTPOCKONMUYCCKHUMHA U XHMH4YECKHMH METOAaMH HCCICAOBaHHA. I/I3y‘IeHa
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nom“BepqueHa CHCK’I‘pOCKOHI/I‘ICCKI/IMI/I H XHMHYCCKUMH MCTOIIaMI/I I/ICCJICIIOBaHI/I}I I/I3yqua

BOSMO)KHOCTB ux I/ICHOJ'II:3OBaHI/I$I KaK CTPYKTYPHBIX ar€HTOB KOMIIO3HHHUOHHBIX MaTepHuaioB

IIpH CO3MaHHH 3alllUTHHIX JIAKOBBIX HOKpLITI/II/I.
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TpPUCYTCTBHH ddupara TpexpTopucToro Gopa. / YKpaHHCKMH XHMUYECKHH KypHAI. —
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_ AKTUBHOCTD HEOJIMTOB THITIA ZSM-5 PASHOI'O
XUMHYECKOI'O COCTABA B PEAKIINH PA3JIOKEHHS N,O

Yepuasckuii B.C., Usanos A.A.

Hnemumym kamanuza um. I' K. bopeckosa CO PAH, 630090 Hosocubupck, np. Axademuxa
Jlaspenmuesa, 5, Poccus
E-mail: cher@catalysis.nsk.su

Hutepec k karanmd3aTopaM Ha OCHOBE LeonmuTa ZSM-5 cBf3aH C TeM, YTO C MX Y4YacTHEM
HPOUCXO/UT BBICOKOCEJIEKTHBHOE OKUC/IEHHE GEH30Na B denon 3akucpio asora (BTOP-peaxutus)
[1]. Ora PEaKIMsl TMpPOTEKAeT HA C-IIEHTPaX, NPEICTABIIOMMX -COBOM KOMIUIEKCHI JKelesa,
cra6nnu3np63a}m51e B MaTpHIE LE0HTa. a-LIeHTpbI MOTyT OBITH CHOPMHPOBAHEI B IIEOMTHEIX
MaTpULaX pasHbIX XMMHYECKHX cocTaBoB: Al-ZSM-5, Ga-ZSM-5, B-ZSM-5, Ti-ZSM-5 [2-4].
Wx axrtusHocte B BTOP-peakumm ompenendercs TONBKO KOHLEHTpAamued O-LEHTPOB.
AKTHBHOCTh EIMHHYHOTO O-IEHTPA MAIO 3aBHCHT OT COCTABA Mannum, B Kdropoﬁ OHH
cOpMHPOBAHEL, ¥ C 3KCIEPUMEHTATILHOH TOYHOCTBIO SIBIISIETCS OJUHAKOBOH JIJIS BCEX LIEOIUTOB.
Ileppoii cragmeit BTOP-peakuwu sBimgercs Blammozekicteue N,O ¢ a—uéHTpaMH c
o0pa3oBaHHEM TTOBEPXHOCTHOH ()OpMBI Kuclopona, o-kuciopona [1,2]. Ilpencrapisiio uaTepec
u3ydeHye peakimu paznoxenuns N,O Ha neomarax Tuna ZSM-5 pazHOTO COCTaga.

Wsydenue axkTUBHOCTH B peakuuu pasnoxenus N;O Ha meonutax cocrasa: Ga-ZSM-5,
B-ZSM-5, Ti-ZSM-5, ¢ pasnu4HbIM COACp)KaHHEM JKeje3a MPOBOMHIOCH B ycnonﬁax
TeMIEpaTypHO-IIPOrPaMMHPOBAHHOTO PEXKMMa B IPOTOYHOH yCTaHOBKE. BBDIO TOKAa3aHO, YTo
BCE HCXOHBIE IIEONUTHI POABILLIN aKTHBHOCTH TOJIBKO TpH Hanmuuy Fe B 91X MaTpuiiax.

JUis1 conocTasieHNs KaTaMTHIECKUX CBOMCTB Pa3HBIX HEOJMTHBIX MATPUIl ObLTH BHIYMCIICHBI H3
SKCIICPHMEHTAIBHBIX [TAHHBIX KOHCTAHTHI CKOPOCTH pEakKlMH, pPacCYMTAHHEBIC IO nepBOMy_
nopsiaky mo N>O. Ha Puc. mokazansl 3aBHCHMOCTH ke (@) u ko (6), UmecéHHL}e Ha rpamMm
I.ICO&[/IT& M Ha OOUH O-LEHTp, OT TEMIEpaTypsl B AapPeHHYCOBCKHX KOOpAMHATAX JIA
HCCIICJOBAHHBIX 00pastoB. M3 Puc. "a" BujHO, 4TO /U1t BCeX 00pasLioB 3aBUCHMOCTH kg XOpOIIO,
OTMCHIBAIOTCA JHHEHHEIMHA d)ymmumvm.vHeCMpri Ha OOJbIIHE pa3sjiuvsi B aKTMBHOCTH, VLA
KaTalli3aTOpOB OIHOH KAaTATHTHUCCKOH CHCTEMBI C PAa3HBIM CONEpXaHUeM Fe BCE JIMHUU AMEIOT
ONM3KUi HAKJIOH, w10 roﬁopm 0 GIM3KEX BETHYMHAX SHEPTUx alcrHBauHH, KOTOpBIE JIEXaT B
npenenax 46-54 xxan/Monb. J{pyras xapriHa HaONoAaeTcs JJIsi KOHCTAHTBI CKOPOCTH ka (Puc.
"6"). [l Bcex LIEONMTOB € pasHbIM cofiepxkaHueM Fe (mpupeneHo B ckoOkax, Bec.%o) U pa3sHOTO

XMMHYECKOTO COCTaBa appeHHYCOBCKHE 3aBHCHMOCTH K, OIHMCBIBAIOTCA NPAKTHUECKH €IUHOM
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JTMHEHHOMN 3aBHCHMOCTBIO C SHEPrHelf aKTHBAmK 50 KKaW/MONb, JTO 3HAYHT, UTO O-IEHTPEI B
PasHBIX LEONMTHHIX MarpHliax o001ajaroT HICHTHYHBIMH KATATHTHYECKMMH CBOMCTBAMH B

pasnokenur N>O, a aKTHBHOCTH IeomuTa B pa3iokeHuH N,O ompemenstercs TOTBKO

KOHIIEHTpAaIHeH Ot- EHTPOB.
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- @ Fe-BS (4.25)
paccUMTaHHBIX Ha OMMH O-lieHTp, (6), Ana

THTAHOCHIIMKATOB, OOPOCIIMKATOB M ra/UIOCHIMKATOB:

Yenoust peaxiun: 5 Mon% N,O B He, Bpemst koHTaxTa — 1 cek., CkopocTs Harpesa - 2°C/mMun

B cxobkax mpuBeneno conepxanue Fe, ec.%

Jluteparypa:

[1]>G.I. Panov, A.S. Kharitonov, V.I. Sobolev, Appl. Catal. A: General, 98 (1993) 1.

[2] L.V. Pirutko, AK. Uriarte, V.S. Chernyavsky, A.S. Kharitohov; G.I. Panov, Micropor. and
Mesopor. Mater., 48 (2001) 345-353.

[3] G.L Panov, V.S. Chernyavsky, A K. Uriarte, L.V. Pirutko and A.S. Kharitonov, Appl. Catal.
Az, 227 (2002) 143-157.

[4] Javier Pérez-Ramirez, Freek Kapteijn, Guido Mul, Jacob A. Moulijn, Catal. Commﬁnic.
3 (2002) 19. | |
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CHHTE3 HAHECEHHBIX IJIATUHO-PEHHEBBIX
KATAJTHA3ATOPOB METO/IOM ITAPKYJIILIMOHHON ITPOITHTKH.
BJIASTHUE CIIOCOBA IPUT'OTOBJIEHHS HA KATAJIMTHYE CKUE

CBOVMICTBA KATAJIM3ATOPOB

Yecak C.B., Beanlii A.C.

Omcexuii punuan uncmumyma xamanuza um. I' K. Eopéckoea CO PAH, Omck,
ya. Hegpmesasoockan-54, Poccus
E-mail: belyi@incat.okno.ru

Ha  mpoToyHoll  MHKpOKAaTaJIATHYECKOH  YCTaHOBKE  OBUIH  HCCJIEIOBAHBI
KaTanuTH4eckue cBoicTBa Pt—Re/Al,O3 kaTanu3aTopoB, CHHTE3MPOBAHHBIX IO TE€XHOJNOTHA
UHMPKYJIAHHOHHON NPONMTKH Pa3IMdHbIMH crocobamu. Ompenesen Hanboee ONTHMAIBHBIN
crnocob MPUroTOBJIEHUS KaTaIH3aTopa.

lpuroTosieHHe NPOMBINUIEHHBIX KAaTalH3aTOPOB OOBIYHO OCYIIECTBISETC ITYTEM
MEXaHHYECKOTO MEpeMEIIMBAHUA MPONMTOYHOr0 pacTBopa M Hocurens (6apabanHas
NponuTKa). JlaHHAS TEXHONOTHA HMEET pAX HENOCTATKOB: HEYNPaBIsSeMOCTh Ipolecca
COpOLMH aKTHBHBIX KOMIIOHEHTOB, MCTHpaHHE TpaHyl BCIEACTBHE IepeMEIIMBaHHA,
0e3BO3BpATHRIE IIOTEPH JOPOTOCTOSIIHX PEareHTOB (IUIATHHEI M pPeHHs). TeXHOJIOTHSA
HUPKYIAIHOHHOK NPONMTKM [1] oTioMuaeTcs oT cymecTByromieil CHOCOOOM IPOIHTKH
(UMpKyJIALKSA PacTBOPa BMECTO MEXaHHYECKOTO TIePEMEIIUBaHKsA), pa3JicIEeHHEM BO BPEMEHH
H PEryJHpOBaHHEM CKOPOCTH OTAENbHBIX ONepanuii, I3MEHEHHEM HX II0CJIE0BATEILHOCTH, a
TaK)Ke YCIOBHH COPOLUH U paclpe/ie/leHUs aKTHBHEIX KOMIIOHEHTOB.

JUis  TIpUTOTOBNEHHA KATalM3aTOPOB B KavyecTBE HOCHMTENS HCIONb30BaJICA
cynsarconepxamuii Y-Al,O3 (HocuTens katamus3aTopoB pudopmunra cepuu IIP-50, 51).
Tlpurorosienue 00paslioB BKIIOYANO CIELYIOIME CTaUi: BaKyyMHpoBanue Hocutens (40 r);
npenobpaborka B Tedenue 60 MuH. BoausmM pactBopom: CH3;COOH (3% macc., obpasen 1, 2);
CH;COOH + HCl (2 u 1% macc. coorBercTBeHHO, 0obpasen 3); HCI, a satem CH3;COOH
(1,7 u 2% wmMacc.,, obpaser 4); mogaya M IMPKYJIdlus O0TpaboTaHHOrO pacTBOpa
(H2PtCls + HReO4) ¢ mpensinyiieil MpONWTKY; JO3HPOBAHHBIA BBOJ B TeueHHe 50 MHHYT
BojtHOro pacteopa: HoPtCls + HReO4 + HCI (o6pasen 1, 2); HoPtCls + HReO4 (o6pasen 3, 4);
HUPKYJIAIUA pacTBopa 6e3 mojorpesa npoionkurensHocThiO: 20 MuHYT (0Opasen 1, 3, 4);
80 wmuayr (obpazem 2); ¢ mogorpeBoM g0 80°C  mpOAOKHTEIBHOCTHIO
60 MuH., (obpasern 1, 3, 4).

CHUHTE3UpOBaHHBIE  METOAOM  HHUPKYIAUHOHHOH  TNPONMHUTKH  KaTaJIH3aTOPHI

HCIBITEIBAJINCh Ha HpOTO‘{HOﬁ MHKpOKaTaJIPITI/I‘{CCKOﬁ YCTaHOBKEC. CprbCM JUIS HCHBITAaHUH
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CITYXHUII H-rentan. Mcnbiranus NPOBOJMIIMCE IpH TeMnepatypax: 460, 480, 500, 520°C u

" ‘orHomeHUH Hjrrentan=5. Pe3ynbTaThl MCHBITAHHH JaiM  BO3MOXHOCTH

MOJIbH@M
paccﬁé‘%ﬁén BIHSHUE CTI0c06a TIPHrOTOBNEHMA KATATM3aTOPa HA €r0 KaTAIHTHYECKUE
coricta. IlapaMeTpei, 1O KOTOpHIM IIPOBOAMIOCH CpAaBHEHHE OOpPA3HOB: aKTHBHOCTE
(ymenpHas NpPOM3BOJMTENLHOCTD 110 APOMATHYECKHM  YTIIEBOJAOPOAAM MpPH JAHHOM
TEMIIEPAType); CENCKTHBHOCTD (3aBUCHMOCTD BBIXO/I2 yTAeBO0poaos C5+ oT coxmepkaHus
apOMAaTHYECKHX COCJHMHEHHMH B CTa0MJIBHOM KaTajgu3aTe); CTabWIBHOCT (CKOPOCTE
H3MEHEHHS  yAEIbHOH  NPOH3BOJUTENLHOCTH KaTann3aT6pa IO  apOMaTHYECKHM
YIJIEBOZOPO/aM B 3aBHCHMOCTH OT KOJIHUYECTBA POIYIIEHHOTO TeNTaHa).

B xavyecTBe 00pasma cpaBHEHMA NPHBOAMTCA KaTanu3arop I1P-51; mpHroToBjieHHEIH
MeTOfoM 0Oapa0aHHOH TIPONMTKH B NPOMBIIDICHHBIX YCIOBHAX (AHrapckuii 3aBoj

katanuzaropos, HK «tOkocy)

[1] dynnaxun B.K., beneit A.C., Pognonos A.B., Andees B.C./ Hopaa TexHonorus

HIPOIMHTKH IIPpH NPON3BOACTBE HAHECCHHBIX KaTaJlHu3aTOPOB // XMMHSA H TeXHOJOTHSA TOIUIUB H

Macen. 1991. T.1. C24 - 25.
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TEKCTYPHBIE XAPAKTEPUCTHUKHU IIPUPOTHOT O
MOHTMOPHWJLIOHUTA

Ynpkosa O.A.

Omcxuil d)wlith uncmumyma kamanusa um. I" K. bopecxosa CO PAH
644040, 2. Omcx, yn. Hegpmesasoockas, 54, Poccus
E-mail: val@incat.okno.ru

XOpOoIiI0 U3BECTHO, YTO MHOTOTOHHAXHOE TPOM3BOJCTBO aICOPGEHTOB U HOCHTENCH
KaTaTu3aTOPOB HENEOTHTHON CTPYKTYphI 6a3MpyeTcs HA CHHTETHYECKHX OKCHIAX ATIOMHAHHMS
H KpeMmHHs. TpaJuiuoHHBIE TPOMBIIICHHbIE METOABI MX MOJNYYEHHS depe3 rnﬂﬁbkcnnm
SBJISIOTCS MHOTOCTAJIMHHBIME H JIOPOTOCTOSIMMH. B TO e BpeMs B IPOMBIIVIEHHOM
KaTtamuse Bce Qonbllee [PUMEHEHHE HAXOMAT KOMIIOSHTHHIC MATEPHANbI, BKIIOUAIOUIHE B
CBO# COCTaB NPHPOJHOE MHHEPAIBHOE Chiphe. XapaKTepHHIM IPHEMEPOM 3TOTO SBIISETCS
MaTpHIIa KaTaTU3aTOPOB KPEKUHTa, cofepxkaniast 10 50% MOHTMOPHILIOHHTA.

OmHaKo B HCXOJHOM COCTOSHHH NPHPOHBIC MATEPHANEL, KaK TPABHIIO, HEIIPHIOAHEL
B KauyeCTBE HOCHUTENCH, Nae B TeX CIOydasdX, €CIM K HHAM He NPEBABISIOT IKECTKHX
TpeOOBaHUA IO XHUMHYECKOH 4HCTOTE M ()as0BOMYy COCTaBy, a I[JIaBHEIM 06pa3oM, m3-3a
HEYIOBICTBOPHTENBHBIX TEKCTYPHBIX XapakTEPHCTHK — HHM3KHX 3HAYEHHH yAeNbHOM
IIOBEPXHOCTH U 06BEMa IIop.

Lens Hacrosume# paGoTel COCTOMIA B H3YYeHWH BO3MOXKHOCTEH YBEIMYEHHS VACIBHOM
IIOBEPXHOCTH M 00beMa 0p MyTeM BBEJICHHA B CHCTEMY CTPYKTYPOOOPA3yIOLIMX OPraHAYECKHX
TIOJIMMEPOB, 0OECIICUMBAIOLIMX YBEDTYEHHE YEIBHON IOBEPXHOCTH B 00BeMa Top.

Hcxonupni Marepuan mpezcTaBisier coGoi riuHy TaraHcKoro MecTOPOXIEHHS C
YAENbHOH MOBEPXHOCTRIO 60 MY/r 1 06beMOM nop 0,09 cM’/r, CIEAYIOIMEro XMMHYECKOTO
cocTaBa B Mac. %: Na;O - 1.6 - 1.9; CaO - 0.8 - 2.0;

MgO —-2.2 - 3.8; Al;,05 - 18 — 24; Si0; — 64 — 76; Fe;03 - 1.5 - 4.0.

B xozme BhIMOMHEHHS pPabOTHl H3YYAIMCH IIPOLECCH MMAPATALMA HCXOXHOM TJIHHEL
AUCICPrHPOBAHUS, MEXaHOXHMHYECKOH aKTHBAIlM{, COpOLMH IMONMMEPOB, CYHIKH H
NPOKANHBaHUA, a TAKKC BIUSHHE IAPAMETPOB HA TEKCTYPHBIE XapaKTEPUCTHKU M IIPOYHOCTH
Marepuana. YCTaHOBJICHO, 4YTO BBEACHHE B THADATHPOBAHHBIA HJIM MEXAKTHBUPOBAHHEIN
MOHTMOPHJUIOHHT CTPYKTypooOpasyrolmx 106aBok B Konmgectse 5-10% I03BONSET YBETHIATS
yAenbHY®o ToBepxHOCTs Ha 80-100 M*r m o6sem mop Ha 0,5-0,6 cM/r mo CPaBHEHHIO C

HCXOJ/THOM T'ITMHOMH.
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B xadecTBe CTPYKTYpooGpasyommx H06aBOK HCHOMB30BATHCH OpPraHHYECKHE
BOAOPAaCTBOPHMEIE  IIOJHMMEPEI:  KapOOKCHMETHIIIEIUIION03a, IOMMBHHUIOBHIA  CIIHPT,
HONIMBUHMIIAIIETAT, IIOJMAKPIIIAMH, KPaxMall.

HauGonee >{QEXTUBHBIM C TOYKH 3pEHHS DOCTHKCHHMN 3ajlaHHBIX XapaKTEPHCTHK
TEKCTYPHI H BHICOKO IIPOYHOCTH TPaHyJl 0Ka3aJI0Ch BBEACHHE B COCTAB IIHCHCpFHpOBaHHOFO
MaTepHaia 0JMBHHAIALETATA, IOJHBHEMIOBOTO CIIUPTa, KapOOKCHMETHIIIIEIUTIONO3EL.

CoBOKYNHOCTb NOJYYEHHBIX HAy9YHBIX De3YJbTaTOB IOCIYXHIA TEOPETHYECKOMH
OCHOBOH TEXHOJIOTHH CO3JaHusA (OPMOBAHHBIX HocuTenel M ronydeHus CeleKTHBHBIX
Copb6entoB Boner (CCB). TexHudeckuii yposeHs CCB Ha HOBBIX HOCHTENSX NPEBOCXOTHT
OCYIIUTE/H, IIOJyYaeMBIE HA OCHOBE CHHTE3a ANIOMHHHSA, a 3HAYMTENBHO MEHbINas MX
CTOMMOCTS CYILIECTBEHHO YBEJIMYHMT PEHTAOEIBHOCTH POU3BOACTBA aICOPOEHTOR IIHPOKOTO

Ha3Ha4YCHH .
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HOBBIIl METOJI CHHTE3A AJTIOMAIIMKJIONEHT-2-EHOB
C YYACTHEM KOMILTEKCOB TUTAHA

Hlatikun P.B., Xa¢puzosa J1.O., U6parumos A.I'., xxemunes Y. M.

Hucmumym negpmexumuu u xamanuza Axademuu nayx Pecnybauxu Bawxopmocman u
Y@umcxozo nayunozo yenmpa PAH, Yepa, Poccus
E-mail: ink@anrb.ru

CormacHo',  CHHTE3  ANIOMAIMKIONEHT-2-€HOB  OCYLIECTBIISIOT peaknueit
ITUKJIOATIOMUHHPOBAHUS alleTHICHOB ¢ HoMmombio AlEt; B OpHCYTCTBHM KaTalHTHYECKHX
konudecTB Cp,ZrCl,. -

IIpomomkasd wHccnenoBaHWMs B JaHHOM HANpPaBlICHHH, MBI YCTAHOBWIM, YTO DPH
B3aumozeiicTern EtAIC], ¢ qu3aMerieHHBIMY anleTHIeHaMH B TeTparuapodypate B IPUCYTCTBHH
aKTHBMPOBAHHOTO Mg, SBIFOMErocs axIEeNTOPOM TalOTeHUA-HOHOB, M KaTATMTHYECKHX
komruectB  Cp,TiCl, ofpasytores  1-omwn-2,3-muankiw( e Hin)amoMarMKIoeHT-2-€HEL ¢
BBICOKMMH  BBIXOZaMH H  CENEKTHBHOCTBHIO. HeoOXomuMbM  ycioBdeM — obGpasoBaHus
AMOMAlMKJIONEHT-2-€HOB  SBIICTCS  MCJUICHHOE  BBEJCHHE B  PEaKIHOHHYIO  Cpeay

MCTIICHOUTATIOTCHHUIOB, KOTOPEIC B YCIIOBUAX pCaKIUHU N'CHEPHUPYIOT MOJICKYJIBI 3THIICHA.

R
Mg ,CH,X, ,Cp,TiCl, F\i\
EtAICL, + — = :
2 R R @, - MgCl, Al R
R = alkyl, Ph; X =1, Br Lt

Ob6cyxnaeTcs BEpOATHBHIH MEXaHH3M IMKJIOATIOMUHHPOBAHHS AalETHICHOB,
KOTOpBIHl BKIIOYaeT I€HEPHPOBAaHHE B YCIOBHSX pPEaKHUH THTAHAMMKIOMPOMEHOBHIX
HHTEPMEIHATOB M JTHJICHA W3 METHJICHIWTAJIOTCHHIOB. BKIIIOUCHUE MOJy4aeMoOro in
situ stuneHa no Ti—-C cBs3W THTAHAUKJIONPONEHOB GOPMHUPYET THTAHAIMKIOMEHT-2-
€HOBLIE HHTEPMEIHUATHI, IEpeMETALINPOBaHHE KOTOPHIX HCXOaHbIM EtA1Cl, mpuBoaKT K

1-31Hn-2,3-1uankwi(GeHmn)allOMauKIIONIEHT-2-€HaM.

Pabora BbimonHeHa npu ¢mHaHCOBOH -mopmepxke Poccuiickoro ¢orHna ¢yHAaMEeHTATBHBIX

~

uccrefosanui (mpoext Ne 01-03-32705).

''UM. Dzhemilev, A.G. Tbragimov, A.P. Zolotarev. Mendeleev Commun., 1992, Ne4, p.135.
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QUANTUM—CHEMICAL SIMULATION OF THE FORMATION OF
ALLYLIC COMPLEXES OF PALLADIUM IN CONDITION OF
CARBONYLATION

Shamsiev R.S., Belov A.P.

Lomonosov State Academy of Fine Chemical Technology
119571 Moscow, Vernadskiy av. 86
E-mail: shamsiev@pisem.net

Carbonylation of olefins is of practical interest as an effective method of synthesis of
different oxygen-containing organic comﬁounds [1,2]. The information on the mechanism and
energetic parameters of separate reaction steps is needed for control of such processes. The
modern cotnputétional methods allow to get such information by quantum-chemical
51mulat10n

A Thls work is aimed to the simulation of elementary steps of the formation of allyl
palladium complexes. The calculations based on the density functional theory in
approximation PBE [3] have been performed using the program written by D.N. Laikov [4].
Large orbital basis sets of contracted Gauss1an -type function were used in conjunctlon with
the effective core potentlal SBK [5] and density-fitting basis sets of uncontracted Gaussian-
type function. We used the technique of intrinsic reaction coordinate for studying in detail the
elementary steps.

The stationary points and potential energy profiles of the studied steps were defined. It
was established, that a stage of oxidative addition [(r|2~C3H5CI)Pd(CO)2] =
[(n3—C3H5)PdCl(CO)2] (intrusion of palladium on link C - Cl) had the greatest value of
activation. energy. A stage of (- n') isomerization has the least value of activation energy.
The data obtained are in agreement with conventional principles about the mechanisms of

catalytic carbonylation of unsaturated compounds [6].

[1]1J. Tsuji, J. Kiji, S. Imamura, M. Morikawa, J. Am. Chem. Soc., 1964, 86, 4350.
[2] W.T. Dent, R. Long, G.H. Whitfield, J. Chem. Soc., 1964, 1588.
[3] J.P. Perdew, K. Burke, and M. Emzerhof, Ph}'zs. Rev. Lett., 1996, 77, 3865.
[4] D.N. Laikov, Chem. Phys. Lett., 1997, 281, 151.

[5] W.J. Stevens, M. Krauss, H. Basch and P.G. Jasien, Can. J. Chem., 1992, 70, 612.
[6] J. Tsuji, Pure Appl. Chem., 1999, 71, 1539.

296



PP-78

QUANTUM CHEMICAL INVESTIGATION OF OXIDATION
ETHYLENE TO ACETALDEHYDE
CATALYZED BY PALLADIUM (II) COMPLEXES

Shamsiev R.S., Belov A.P.

Lomonosov State Academy of Fine Chemical Technology
119571 Moscow, Vernadskiy av. 86
E-mail: shamsiev@pisem.net

The oxidation of ethylene to acetaldehyde at the presence of palladlum (II) complexes
falls into number of multlstage catalytic processes, which mechanism was studied
expenmentally in details [1]. The additional information on the feaction mechanism can be
obtained by method of a computer simulation. o

The purpose of this research was the simulation of all steps of etherné .(.:onversion to
acetaldehyde catalyzed by palladium complexes. The calculations based on the density
functional theory in approximation PBE [2'];'have' been performed using the program written
by D.N. Laikov [3]. Large orbital basis sets of contracted Gaussian-type function were used in
conjunction with the effective core potential SBK [4] and density-fittiﬁg basis sets of
uncontracted Gaussian-type function We used the technique of intrinsic reaction coordinate
for studying in detail the elementary steps. -

The structural parameters of all intermediates and transition states, and also value of
activation parameters were defined. The results of calculation showed, that the limiting stage
of the process is the formation o - organopalladium compdund. The data dbtained are iﬁ
agreement with conventional principles about the mechanism of a catalytic oxidation of

ethylene to acetaldehyde [1].

[1] Moiseev L. T — Complexes in liquid phase oxidation of olefins. —, Nauka, MoScow, 1970
(in Russian). | | | o -

[2] J.P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett 1996, 77, 3865.

[3] D.N.Laikov, Chem. Phys. Lett., 1997, 281, 151,

[4] W.J. Stevens, M. Krauss, H. Basch and P.G. Jasien, Can. J. Chen}, 1992, 70, 612.
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IlI/IHAMI/IKA IIPOTOHOB U BO/IbI B H3PW12040 nHzO
UCCIEAOBAHUE METOAOM *H SAMP .

Illeraii T.O., Ctenanon A.T'.

Hucmumym kamanusza um. I' K. Bopeckoea,
np-m axademuxa Jlagpenmuwesa, 5, 630090, Hoeocubupck, Poccus
E-mail: shegai@catalysis.nsk.su

Ieteponomuxucnorsr  (I'TIK) mmMpoko W3BeCTHBI, Kak KaTaTA3aTOPhl  CaMBIX
paszqHLIx XMMHYECKHX  peaKIuii: THADATALMH, — AIKHITMPOBAHHA,  OKHCIEHHS-
BOCCTAHOBJICHHS H u3oMepu3arum [1]. Bmcoxax TOZBHKHOCTS npotoHa B I'TIK crasur ux B
ORHMH PAJL € CYHNEPKHCIOTAMH H SBJACTCA HPHYMHOH 3(EKTHBHOCTH 3THX KATATH3aTOPOB.
V3yyass nMHAMHKYy IIPOTOHOB H BOIBI, MBI IONBITANNCH OOBSCHHTH HX BBICOKYIO
[OJIBHXKHOCTD, M YCTAHOBHTE B KaKHE ABMXXECHHA OHH OKa3BIBAIOTCH BOBJICUCHBL.

VICKITIOYHTENBHO BHYTPHMONIEKY APHELH XapaKTep KBaAPYIIOIBHOTO B3aHMONEHCTRBHS
H YYBCTBUTENLHOCTh (OPMBI JIMHHH K Das3iIHYHBIM THIAM JBHKCHHS o0ycnaBnuBaer
BBICOKYIO addexruBrOCTE “H SIMP B H3YYCHHUH JTHHAMMKH MOJIEKYJ B TBEPIOM TeJle.

B naunno# pa6ote MeTonom *H SIMP CIIEKTPOCKOINHKH, OBIIO IIPOBEAEHO MCCIENOBAHME
nHHaMHKﬁ BOJBI B ieliTepupoBaHHOM aHasore HyPWi,0,40-nH,0 ¢ Pa3NHYHBIM COAEp KaHHEM
KPUCTJUIH3AMOHHON BOABI (n=5.5 1 0.1).

BBIBOIIBI O AMHAMUKE NPOTOHOB H BOABI NENATHCh HA OCHOBE AHATH3a (OPMBI JTHHUA
7§ TeMnepaTypHon 3aBHCHMOCTH BPEMEHH MpORoNbHOHA penaxcamun Ty. s I'TIK ¢ n=5.5 npu
163-193K ¢opma mummu *H SIMP COOTBETCTBYET NEPCOPHEHTAMH MOJEKYIBI BOJBI
HOCpeJICTBOM npepkkoB Ha 180° Bokpyr ocu C,. Boum chenaHbl OINEHKH CKOPOCTH
TIEPEOPHCHTANNH W JHEPIUM aKTHBAUMH JUIS 3TOTO BHAA JBH)KEHHS, KOTOPHIE COCTABHIH
5-60x10° I'm 1 E,=21+5 kJlx/Mons. [Ipu Temnepatype semire 333K nabmopaemas dopma
mmamu °H SIMP COOTBETCTBYET OBICTPOMY BPAIIECHHIO TMAPOKCOHHEBOro HoHa H;OF BOKpYT
oct C; ¢ gactortoit 2x10® I'. Manas seuunna SHCPTHH aKTHBALMM 3TOTO BHJA ABHKEHHS, B
KOTOPBIH BOBJICYCHB! BOAA H NPOToH, E,=8.0+0.6 kI[x/Mons, YKa3hIBacT Ha Cnalyio CBS3b
H;0" ¢ aromamu Kucnopoaa rereponomanuonos I'TIK B ee BTopruHoit crpykType.

s I'TIK ¢ n=0.1 dopma mauuu *H IMP HpEACTaBIsieT COO0H CYNepno3UIHUIO ABYX
CHTHAJIOB, COOTBCTCTBYIOUX H30TPOIHOH IIEPEOPHEHTAIMH NPOTOHOB H ,HENOABHIKHBIX™
TIPOTOHOB, MPOYHO CBA3AHHBIX C aTOMaMM KHCIOPOJAa TeTEpOIONHAaHHOHA. AHATH3
TEMIICPaTYPHOH 3aBHCHMOCTH CKOPOCTH penakcamuu T mokasan HalIH4He ABYX MHHHUMYMOB

B 3TOH 3aBHCHMOCTH, YTO CBHACTEIBCTBYCT O HaM4YHUH JBYX BHIOB IBHXKCHHH IIPOTOHOB,
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OCYIIECTBIISEMBIX C PA3NMUHBIMH CKOPOCTAMH. OINeHKa SHEPTHH aKTHBALMH 3THX BHIOB
asuxenns, E,=7.010.6 KII)_K/MQJ;L, yKa3piBaeT Ha c1abyio CBf3b NPOTOHOB C ATOMAMM
kucnopoga ITIK, yro Moxer oOycnaBimuBaTh BBICOKYIO MOJBIXHOCTD IPOTOHOB H HX
CII0COOHOCTH HpOTOHHpOﬁ_aTI; yfﬁénozxopo,um B KHCJIOTHBIX KaTaJIITHYECKHX NpPEBpPALICHUAX

¢ yqactueM I'TIK.

[1] Okuhara, T., N. Mizuno, aﬁd M. Misono, Catalytic chemistry of heteropoly compounds.
Ady. Catal., 1996. 41: p. 113-252.
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KPEKHHT YIJIEBOJIOPOJOB HA TPOMOTHPOBAHHBIX
HEOJHMTCOIEPKAIIMX KATAJIM3ATOPAX

O.B. lllykuna, JI.JI. Boakosa, H.A. 3akapuna

Hucmumym opzanuyueckozo Kamanu3a u 3neKmpoxXumul
um. /].B. Coxonsckozo, Anmamet, Kazaxcman

ITpoMOTHpOBaHHBIE LEOJIUTCOAEPIKALINE KATaIH3aTOPhl INHPOKO HCIIONB3YIOTCS B
He(pTeXMMMIECKOH TPOMEIIIIECHHOCTH B HpOIEccaX KOHBEPCHH YINIEBOJOPOAOB, K YHCIY
KOTODBIX OTHOCHTCS ¥ KPEKHHT YTIIEBOJOPO/IOB. |

B mpezicTaBieHHOM COOOIIEHHH paccMOTpeHO BiMsAHHe retepononukuciaor (I'TIK) u
MHOTO3apA/IHEIX KaTMOHOB Ha CBOMCTBAa IEONHTCOACPKAUINX KaTaTH3aTOPOB KPEKHHIA.
Karamusatopsl kpekunra coaepxamn 15% NaHVY neonuta. B- xavectBe Matpuisl H
CBA3YIOIIEr0 HCIIONB30BANM Ka3aXCTaHCKME TaraHCKYI0 M HapbIHKOJIBCKYIO IJIMHBEI,
aktuBupoBannbie H,SOy4.

Katanusaropsl HCnBITHIBAIM B Kpexunre msonpomwibensona (MITB), xepocuHo-
razoineBodt ppaxnun (KI'D®) ¢ T =205-350°C u Bakyymuoro razoiins (BI) ¢ Tim=350- 500°C.
Onpenensany akTHBHOCTH KOHTAKTOB, IOJBEPTHYThIE TepMoobpaboTke mpu 550°C u 750°C.
Peakuuio oCymecTBIs/IM B MUKDOMMIIYIbCHOM peakTope (kpekurr UIIB), u B peakTope ¢
HETOABMXKHEIM ci1oeM Katanusaropa (OCT 38.01176-79) (kpexkunr KI'®, BI).

B xauecTBe MOAM(DUUIUpYOMIHX J06aBOK HCHBITaHBI SiMO[;-T€TEPONOIMKHACIOTA
(TTIK) 1 Muoro3apsysbie katHonsr: Cu®t, Ni**, Fe?*, Co**,Ce** (1 Macc. %).

HannbiMu pertresodasosoro anamsa (DRON- 4x0.7 ¢ Co-aHoi0M) MOKa3aHO, 4To
TaraHckas TIJIMHA OTHOCHTCA K OEHTOHHTOBBIM, CONEPXUT 65% MOHTMOPHIUIOHHTa MU
o0najaeT XOpOIMMH CBA3YIOIIMMH CBOHCTBaMH. HaphIHKONBCKas [IJIHHA, COEpX aInas
3HaYHTENbHbIE KOJHUYCCTBA MYCKOBHTA M THAPOCIIONbI, OTHOCHTCSA K YHCIY CIIOJMCTBIX H
00J1a/1aeT TOBEIMIEHHOH TepMOCTaOMIBbHOCTBIO. Pa3nuyatoTCs TIHHBI M KATAIH3aTOPhl HA UX
OCHOBE 110 BEIMYHHAM YJCIBHBIX IIOBEPXHOCTEH. [N TaraHcKod INMHBI OTH BEJIWYHHEBI
cocrasnsioT 179 u 194 M%/r mis HApBIHKOJIbCKOM 100 ¥ 135 MY/T, COOTBETCTBEHHO.

IIposepenst 2 cioco6a BHecenus I'ITK. Crnoco6 1 cocTosul B IPONKTKE KOMIIO3HITHH
u3 (NaHY+rnuna) I'TIK ¢ mocnenytommm dopmosanueM. B cnocobe 2 T'TIK BHocHiu B
[peABapUTEIbHO aKTHBHPOBAaHHYIO TINIMHY, a 3arteM cMemuBanu ¢ NaHY. ITokaszano, gto
KaTalTu3aTopPHI, IPUTOTOBJICHHEIE 110 cII0c0o0y 2, D0Jiee aKTHBHBI U TEPMOCTAOHIIBHBL

Ilocne Tes=750°C cremens mpespamenus HIIB  mis KaTaJu3aTopoB,
TIPUTOTOBJIEHHEIX TI0 criocody 1, cHkaercsa Ha 9-15%, a o crocofy 2 npH ONTHMAIBHOM
comepxanud I'TIK — Bcero Ha 3%. KaranusaTopsl Ha OCHOBE TaraHCKOH TIJIHHBI B

npucyrcTBuH I'TIK Gonee TepMocTabuUIbHbL, YeM Ha HAapBIHKONbCKOH. Ha OCHOBaHMHM AaHHBIX
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POA u 5neKTPOHHOH MHKDPOCKOIHH BBICKA3aHBI NPEATIONOKCHHS O MPHYMHAX Pa3NnHYHOIO
nusaaus I'TIK B cocobax 1 u 2.

JI1s OpeoTBpAIIEHHS OTPABJIEHHMS LEONHTCOAEPKANIMX KAaTAIH3aToOpoB Cepo- H
a30TCOJIEPXKAIMMH COCHHEHUAMH, BXO/MMMH B COCTaB CBIPbS, MCCICIOBAHO BIMSHHME
MOJIi/I&)i/IHI/II)OB&HPIS[I ”MH01‘O3ap5I11HBIMPI karuoHamH. II0Ka3aHO, 4TO BBEJEHHe KATHOHOB
NOBBIIACT aKTHBHOCTh M TEPMOCTAGMIBHOCT KOHTAaKTOB B Kpexmnre MIIB. s
KATATM3aTOPOB Ha TAraHCKOW TNIMHE KATHOHBI MOXKHO PaclONOXHUTh B MOCIEA0BATEIHHOCTH:
Fe**>Ce**>Cu’*>Ni?*>Co®*. Ha HapbIHKOIbCKOH TIHHE HaubGonee >dpdexkTHBHON H0GaBKO
ABJIAETCI MeIb. PacCUHTaHBI 3HEPTMH AKTHBAUMHM M KaXyliHecsd KOHCTAHTH CKOPOCTH B
kpekuare HWIIb. OrmedueHO MOHMXEHHE SHEPrHH AaKTHBAllMH MPH IEpexofe K
POMOTHPOBaHHBIM 00pa3LaM.

CMenranHble KOMIIO3HTHBIE KAaTalIM3aTOphl HA OCHOBE TaraHCKOM M HapBIHKOJNbCKOH
TIIMH, cofiepXalide B kadecTBe Momuduuupyromux nobasok I'TIK u Mens, mpoBepeHE! B
kpexunre KI'® u BI' kymkonbekoit Hedu. Ha myummx o0pasnax KaTajaM3aTopoB Ha OCHOBE
HaPBIHKONBCKOM TJMHBI Bbix0j OensuHa npu xpekuHre KI'® cocrasun 58,2%, a npu
kpekuHre BI' - 45%. JIng KaTaau3aTopoB Ha TaraHCKOH IIMHE 3TH LU PHI COCTABIIAIOT 53,2n
41%, COOTBETCTBEHHO.

Heckombko MEHBIIHE BHIXOIbI O€H3MHa B Clly4ae KPEKHHIa PEalbHOIO ChIpbi Ha
KaTaJIH3aTOpax Ha TATAHCKOM TIIMHE, BOIMOXHO, CBA3aHBI C paclpeaeeHueM 1nop. JaHHbMu
HH3KOTEMIIEpATypHOH aacopbuuu 5301‘2} ("Accusorb”) moxa3aHo, 4TO IPOMOTHPOBaHHE
NaHY-ueonurcogepxanux KaTalu3aToOpoB Ha HApPBIHKOJIBCKOH I'MIMHE IeTepONOIMKUCIOTOR
IPUBOJIHT K. PAaCINHPEHHIO 00IACTH HOp C R3¢=50—:-80A 7§ co@amenmo o6nactH mop 1o 504,
XapakTEepHBIX JUIA MCXOJHOM HApBIHKONBCKOH TINHHBL. IIo JaHHBEIM  3IEKTPOHHOM
mukpockonun BHecenue I'TIK Bbi3biBaeT riny6okoe B3aUMOJECHCTBUE C KOMIIOHEHTAMH TIHHBI,
NpHBOAsiiee K 00pa30BaHHIO Pa3NHYHBIX CTPYKTyp Tuma Mo(Si, Al);, MoSD, Ca;SiOq,
CaMoOy u 1p. Pacmmpenue mop, MO-BHANMOMY, HOJOXHTENBHO CKa3bIBAa€TCA HAa KPEKHHIE
KPYIHBIX MOJEKY/ YIIIeBOJOPOJIOB HEGTAHBIX Gpakimii. ‘

Hcxomuas TaraHckas TIHHA [0 CPAaBHEHHIO C HapBIHKOJIBCKOH conepxcm 6onpliee
uncno menkux nop. Beemenne I'TIK, He meHsis o6nacTu pacmpelesneHHs 10p, MPHBOIHT K
YBEJIMYCHHUIO KOJNHYECTBA IIOp C R3¢<50A, YTO ONpEAeNieT, OYEBHIHO, MEHBIIYIO
'KPEKHPYION[YI0 aKTUBHOCTh 3THX KOHTAKTOB B KDEKHMHI'€ YTJIEBOJOPOIHOTO CHIPBSL.

Takum 0Gpasom, npomoruposanue NaHY -1eonnrconepxaliux KaTani3aTropos ITIK u
MOJIHPHIUPYIONIMMH KaTHOHAMH MOXHO ﬁoGnTLca NOBEIIEHHS BHIXOAA GeH3MHA TpH

kpekunre KI'® u BI'.
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KHHETHYECKOE HCCJIEJOBAHME MEXAHM3MA PEAKIIAH
IUKJIOAJIOMAHAPOBAHUS OJIEOUHOB AIEt; B
MPHCYTCTBUM Cp,ZrCl,

A.T. IOngam6aes, JI.B. Ilapdenosa, C.B. Pycakos, JLM. Xamauios, Y.M. JIxemuien

Hucturyr Heprexumuu u katanuza AH Pb u YHII PAH, Va, Poccus
E-mail: ink@anrb.ru

B pamkax mporpaMMbl M3ydYeHHA MEXAHH3MA peaxiyuu LHKIOATIOMHHHpOBaHuA [1],
HaMH NPOBEJECH PAJA SKCIEPHMEHTOB 10 MCCIIEJOBAHHIO KMHETHYECKUX 3aKOHOMEPHOCTEM
B3aumozieiicTBus Cp,ZrCl, u AlEts, KOTOpBIE ABIAIOTCA OCHOBHBIMH KOMIIOHEHTAMH IIPH
(GOpMHpPOBaHHM KAaTaIHTHYECKH AKTHBHOIO KOMIUIeKca (*), ABISrOmIETrocs KIKOYEBEIM B
peakiMy LUKIOAIFOMUHNpOBanus [2,3].

B nacrosme# paboTe HaMH pacIIMpeH 3KCIEPUMEHTANBHBIH MarepHal — IOJyYeHb]
NaHHble KHHETHIECKHX MCCIENOBAHHUI IPH Pa3IUYHBIX TEMIIEpaTypaXx.

Ha puc.l npuBejeHa 3aBUCHMOCTh H3MEHEHHS KOHIICHTPaLlMd  NpPOJAYKTa
HHUKJIOQIFOMUHUPOBaHMA OT TemiepaTypsl cucTeMbl AlEt;-Cp,ZrCly: ¢ yBenuuenuem
TEMIIEPaTypPhl CKOPOCTh PACXOJOBaHUA ojiedHHA BO3PACTAET, YTO, HO-BUAUMOMY, CBA3AHO C
YBEJIHYEHHEM CKOPOCTH 00pa3oBaHus KIKYEBOIO MHTEPMEAHATA PEAKIHH — [UKIHYECKOrO

HATHWIEHHOro OUMeTanIeckoro komruiekca cocrasa Cp,Zr(Cl)CH,CH,AIEt, (puc.2.).
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Takum obpasoM, B paboTe BHIABICHBI OCHOBHBIE 3aKOHOMEPHOCTH ITOBECHHS

peaKuHOHHOﬁ CMCCH B 3aBHCHMOCTH OT TCMHCpaTypBI H paCcCUHATAHbl BEJIUMYHHBI SHEPIrCTHICCKHX

6appepoB aKTHBALIUH JJIEMEHTAPHBIX CTAUI HCCIIELyEMOM PEaKIHH.

[1}] V.M. Jlxxemunes u ap. // U3s.AH. Cep.xum., 1989, Ne2, c. 207.
[2] JI.M. Xamunos, JI.B. ITapdenosa u np. // U38.AH. Cep.xumM., 2000, Ne 12, c.2086.
[3] C.B. Pycakos u ap. // 38.AH. Cep.xum., 2001, Ne12, ¢.2229.
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PA3PABOTKA BJIOYHBIX KATAJTU3ATOPOB C NOHMKEHHBIM
COAEPXKAHMUEM BJIATOPOAHBIX METAJLIOB JUIST
HEWTPAJIA3AIIMA OTPABOTAHHBIX I'A30B AN3EJbLHBIX
JBUTATEJIEHA

Himnuk C.A., Ky3nenos B.B., Hemarnnos 3.P., landenxo H.M.*, leancos C.IL*

Hucmumym kamanuza um. I' K. bopecxoea CO PAH, np. Axad. Jlaspenmyesa, 5, Poccus
E-mail: zri@catalysis.nsk.su
*Vpanvcxuii Inexkmpoxumuyeckuii kombunam, Hoeoypansck, Poccus

Jlia HelTpanu3auuy oTpaboTaBIINX Ia30B OCH3HHOBEIX U AM3ENbHBIX ABHTATENCH OT
MOHOOKCH/JA YI7IepOJa, YIIEBOXOPOAOB M OKCHAOB a30Ta C BBICOKOH 3((EKTHBHOCTEIO
HCIIONB3YIOTCA HaHeceHHsIe Pt- w/um Pd- w/anu Rh-coaepxalrue xatanu3aTopsl Ha OCHOBE
KEpaMUYECKHX MM METAIMIeCKHX Onoynelx [1,2] mocureneit. Bonbmol wuHTepec
npéncraBJmeT pa3paboTka KaTaltu3aTopoB ¢ YAaCTHYHOH WIIH MOJHOM 3aMeHON 6JaropoaHbxX
METaJIOB Ha OKCH/IbI EPEXOHBIX METAJIOB, KOTOPBIE ABIAIOTCS IEIMIEBON albTEPHATHBOM
611aropoiHBIM MeTalIaM B Ka4eCTBE KaTATH3aTOPOB NIYOOKOTO OKHCIICHHU.

Cpenu OKCHIOB NEPEXOMHBIX METAUIOB OKCHABL MEIH M MAPraHIa MMEIOT BEICOKYIO
akTUBHOCTB B okucieHHH CO u yrneBogopozos [3,4], Ho Golee MOABEPKEHB! CIIEKAHUIO TIPH
BBICOKHX TEMIIEpaTypax M 0ojee YyBCTBUTENBHE! K OTPABICHUIO COCTMHEHHSMH CEPBI, YeM
Onaropogusie Metaiisl. OKCHIBI MapraHia o cpaBHéHmo, HallpUMeEp, ¢ OKCHAOM Mew,
XapaKTEpU3YIOTCs OoJee HHU3KOH JIETYYECThIO NPH BBICOKMX TEMIEPaTypax B MPHUCYTCTBHH
IIapoB BOAKI K €200 B3aMMOAEHCTBYIOT C OKCHAOM ATIOMHHHA ¢ 00pa3OBaHHEM UIIHHEIH
MnALO;4 [5]. C opyro# cTopoHbl, 06pa3oBaHHe BHICOKOTEMIIEPATYPHBIX COeAUHEHHH Mn H
Al (HanmpuMep, IeKCaaloOMHHAaTOB Pa3HOTO COCTaBa) 0OECIIEYHBAET BHICOKYIO CTabHIBHOCTE
Mn-Al-O-karanu3aTopoB Ha OCHOBE OKCHIA aJIOMHHHSA, MOIUGHIHPOBAHHOTO J0OABKAMH
L3203, CCOz bil MgO [3,6].

JanHasg paboTa mocBsmieHa pa3paboTKe OJIOYHOrO KaranmsaTopa ¢ IOHHXEHHBIM
cozepxaHueM OJ1aropoAHBIX METAUIOB U1 HEUTpaIHU3allMi 0TPaObOTaHHbIX ra30B AU3EIBHBIX
asurarened. B pabore uccienoBano BnusHUE copepxkanus okcuaa Maprania (0-10 mac.%) u
6naropoaasx Meraiuio (Pd umu Pt, 0-1.0 Mac.%) Ha akTHBHOCTH KaTaaM3aTopa B MoneﬁLHoﬁ
peaKIMy OKHCIICHUS METaHa.

HccnejoBaHue aKTHBHOCTH KakK IpaHYJIMPOBAHHBIX, TaKk H_OJOYHBIX C BTOPHYHBIM
nokperrueM Mn-Al-O- katanu3zatopoB ¢ fo6aBkamu Pt unu Pd B konmuuectse 0.5-1.0 mac.% B
peaxunn TIyGOKOro OKHCICHHS MEeTaHa [OKA3allo, UTo KaTanu3aTopsl, coaepxauie MnOy U
Pd wmu Pt, nposBisroT OONBINYI0 aKTHBHOCTH B OKHUCIICHHH MeTaHa, YeM 4HMCTBie Pt- M

Pd-xaranuzatopel. HabGmromaeMsrt cuHepreTudeckuit 3¢dexr, NpOSBISIONIHIACT B
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YBEJTHYCHUU akmBHocm, Han60nee;;[p1<0 BBIPaXCH IPH BBEACHHM 100aBOK Pt B Mn-Al-O-
KaTaIu3aToOpbL, npez[BapHTénBHO HpOKaJIéHHBIe pu 500°C umu 900°C (Puc.).

- YyHTEIBas, 9TO IpH paboTe QU3EIbHBIX ABHUTaTeIeH BO3MOXKHEI JIOKATBHBIE IEPerpeBbl
katanmzaropa o 800-900°C 3a cyer OTA/aHus B CrOpaHUs Karejlb HECTOPEBLIETO TOIUIUBA Ha
KaTanusatope, ObUIo HccnenoBaHo BiusHue Temmepatypbl (900°C) u Bpemend (4-10 1)
OpOKaTMBaHHUS Ha AaKTMBHOCTh  KaTaiM3aTopa B  peakUMH  OKMCJIEHHS  MeTaHa.
I'panymuposansie Mn-Al-O-karamusatops! ¢ 0.5 Mac.% Pd wm Pt, npaKTquCKH HE TepsUH
CBOEH aKTHMBHOCTH mociyie npokanuBanus npu 900°C B teyenue 10 4. Ilpu 3TOM; Temmeparypa
50%-Horo TpeBpAIeHnst ~ MeTaHa  COCTaB/LuIa ~360-375°C u  ~400-405°C Ha
MoAnGHIMpoBaHHEX Pd miu Pt Mn- Al-O-xaramusaropax, COOTBETCTBEHHO.

IlpennoKeHHBIe COCTaBBl ONOYHBIX KATAIH3aTOPOB 06ecneqHBa10T JIOCTATOMHO
BBICOKYIO aKTHBHOCTH U TEPMOCTROUJIBHOCTH (ZO TeMIepaTyp 900°C) AXTHBHOCTb JaHHBIX

KaTajlu3aTOpOB HC YCTYNACT aKTHBHOCTH IIPOMBIIUIEHHOI'O Pt-Rh-KaTaJmsaTopa.

ABTOpBI NipuzHaTesbHb! INTAS (99-1044) 3a nomepxkky.

—8— 1%Pt

—o— 1%PH5%MnO, (500°C)
—A— 1%Pt+5%MnO, (900°C)
—e— 5%MnO, (500°C)
—w— 5%Mn0O, (900°C)
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Puc. TeMHepaTyprle 3aBUCUMOCTH KOHBCPCHH MCTaHa Ha OJI0YHBIX KaTajid3atTopax.

1. H.M. Tlonosa. Katanu3aTopel OYMCTKH BBIXJIOINHBIX A30B aBTOTpaHcnopra. - AnMa-ATa: Hayka,
1987. - 224c. |

2. G.V. Chemich, Z.R. Ismagilov, R.A. Shkrabina, A.V. Kalinkin //Proceed 3-rd Int. Congress on
Catalysis and Automotive Pollution Control, - Preprints Brussel, 1994, V.2, p.245-252.

3. JLT. Huxoza, 3.P. Ucmarunos, P.A. IllkpaGuna, 1 ap. /8 C6. Cemunapa namsiti npodeccopa B.B. -
ITonoBckoro. “3akOHOMEPHOCTH IITy6OKOr0 OKMC/ICHHS BEIIECTB Ha TBEPABIX Kartanusaropax’, 2000,
22 Mas, HOBOCHGHpCK c.276.

4. S.A. Yashnik, L.T. Tsykoza ZR. Ismagilov, V.V. Kuznetsov, V.A. Ushakov //3r European
Workshop on Environmental Catalysis ‘Environmental catalysis. A Step forward’ (Ed. G.Centi,
P.Ciambelli), May 2-5, 2001, Maiori (Italy), p. 255.

5. B.R. Strohmeier, D.M. Hercules, J. Phys. Chem., V.88, 1984, p.4922.

6. Iarent (P®) Ne 2185238. JL.T. lluxo3za, C.A. Sumnk, 3.P. Hcmarunos u zip.
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 ZIRCONIUM COMPLEXES INCLUDING 2-INDENYLPHOSPHINE
LIGANDS - PROMISING OLEFIN POLYMERIZATION CATALYSTS

Izmer V.V., Kazul’kin D.N., Ryabov A.N., Beletskaya L.P., Voskoboynikov AZ.

Department of Chemistry, M.V. Lomonosov Moscow State Umverszty
Leninskie Gory, GSP-3, Moscow 119899, Russia ' -
E-mail: zzmer_.slava@mazl._ru

For the last two decades chemistry of Group IV metallocenes eXhlbltS a VlgOI‘OllS growth
because of extraordinary catalytic activity of these compounds in olefin polymenzatlon It was
shown that more electron-rich cyclopentadienyl (indenyl, fluorenyl) ligands in the coordination
sphere of zirconium favor fast and efficient catalytic reaction. On the other:‘haﬁd,'well—désigﬁéd i
metallocene precursors involving substituents and/or bridges in definite positions of
cyclopentadienyl (indenyl, fluorenyl) fragments can result in highly stereospecific
polymerization because of space blocking of cationic zirconium center by these substituents.
From this point of view, metallocenes including electron-rich organophosphorous(IIl)
substituents in cyclopentadienyl ring could be of particular importance. However, synthesis of
the respective indenyl ligands by interaction of indenyl-lithium salts with
organophosphorous(IIl) halides has some limitations. Only isomeric 1(3)-P-substituted indenes
can be obtained in this way, while 2-alkyl(aryl)phosphido substituted analogues (inciuding
compounds with phosphorus bridge in position 2) are still inaccessible.

For the synthesis of 2-R,P substituted indenes we have developed several synthetic
procedures based on metal-catalyzed transformations of 2-bromo-1H-indene. Recently, Beletskaya,
Kazankova et al. have reported Pd-catalyzed coupling of vinyl bromides with Ph,PSiMe; giving
the respective diphenylphosphinoethenes in good yields. In our case, we have shown that 2-bromo-
1H-indene also reacts with Ph,PSiMe; to form 1H-inden-2- yl(dlphenyl)-phosphme (1) with 89%
yield in the presence of Pd(Il) complex.

On the other hand, vinyl halides and triflates are known to react with Ph2PH in the
presence of Pd catalyst and a base to form the respective cross-coupling products. We have shown
that this procedure could be applied for the synthesis of 2-R,P substituted indenes. Moreover, this
reaction takes place for both Ph,PH and various dialkylphosphines. In this way, the desired
phospho-indenes with Ph,P, Cy,P, iPr,P substituents in position 2 were obtained in almost

quantitative yields in the presence of Pd(PPhs), and Et;N as a base in toluene at reflux.
: ' [Pd], Base '
Br+R2P-H > PRZ_
R = Ph, iPr, Cy, tBu »

305




PP-83

Analogbusly, we have shown, that in the best cohditionf‘s 1H-inden-2-yl U'iﬂuoron_iethane-
suffonate reacts with dicyclohexylphosphihe ’to form the respective 2-indenylphosphine in élmos.t
quantitative yield.

Synthesis of alkyl- and aryldi(indenyl)phosphines could be achieved using metal-
catalyzed reactions of 2 eqv of 2-bromo-1H-indene with primary phosphines. No examples of
similar reactions with vinyl halides have been described so far. Moreover, the respective
Pd-catalyzed reactions of primary phosphines with aryl halides proceed slowly and were
applied either for aryliodides or for primary alkylphosphines. In this study, we have found that
tBﬁPHZ reacfs readily with 2-bromo-1H-indene in the presence of Pd(PPhs), and Et;N to form

both mono- and di-substitution products in ratio which depends on the reagents ratio used.

PA(PPh,), (5%)

Et,N, toluene
@Br + tBuPH, %HB NEL > @Q-P(H)Bu + PtBu
- r'

Zirconocenes involving 2-R,P-substituted indenyl ligands were obtained using

exchange reaction between ZrCl4(THF); and the respective lithium-indenyls.

s

R = Ph, Cy, iPr, tBu %\
PR,

Ansa-zirconocene of C; symmetry including tBuP bridge in position 2 of indenyls has

© 1L.MeliEt0 PR,
@—my 2 ZIC14('IEIt2{F)2, ELO @/

been prepared from ZrCly(THF), and di-lithium salts the respective ligand.

i 1. MeLi; EL,O &
2. Z:Cl JELO
PBut (TP, B0 {BuP 7L,

S

All newly synthesized organophosphorus compounds were isolated in good yields

and unambiguously characterized by NMR spectroscopy and other analytical methods.
Bis[2-(dicyclohehy1phosphino)indényl]zirconium dichloride and the above-mentioned ansa-

zirconocene were characterized by X-ray crystal structure analysis.
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SYNTHESIS AND CHARACTERIZATION OF NOVEL Ni(II)-BASED
ORGANOMETALLIC COMPLEXES .

E. Nelkenbaum, M. Kapon and M.S. Eisen

Department of Chemistry and Institute of Catalytic Science and Technology,
Technion-Israel Institute of Technology, Haifa 32000, Israel
E—mazl nelza@techunix.techion.ac.il

Although early-transition-metal catalysts currently dominate in industrial
polymerization processes, there has been a trend towards the development of catalytic
systems based on late- transition-metals, which have the potential to yield polyolefins with
unusual microstructures [1]. The reduced oxophilicity and hence the greater functional group
tolerance of late-transition-metals relative to the early-transition-metals allows the
copolymerization of a-olefins with functionalized monomers [2].

Within the variety of ligation the chelating benzamidinate ancilary ligands have been
described and used in the synthesis of the potential olefins polymerization catalysts.
Regarding the previous results of designing new late-transition-metal catalysts we have raised
the question concerning Ni(Il) benzamidinate complexes acting as a promising precursors for
the polymerization and copolymerization of olefins.

~ In this work we present the synthesis and X-ray structures of a new Ni(Il)-based
complexes bearing the N,N'-bis (trimethylsilyl)benzamidinate ligand.
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Fig. 1. X-ray structures of complexes N,N'-bis-(trimethylsilyl)benzamidinate—acetylacetonate Ni 1D

Methylation of these complexes with MeLi in ether solution have produced

(benzamidinate)nickel dimer complex:

Fig. 2. X-ray structure of (benzamidinate)nickel dimer complex

[1] Ittel S.D., Johnson L.K., Brookhart, M., Chem. Rev., 2000, 100, 1169- 1203 and refs. therein.
[2] Younkin T.R., Connor E.F., Henderson J.1., Friedrich S.K., Grubbs R.H., Bansleben D.A,,
Science, 2000, 287, 460.
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KATAJIM3ATOPHI OUUCTKHU I'A30BEIX BBIBPOCOB OT
OPTAHUYECKHUX PACTBOPUTEJIEHN

Joranuna H.B., Kopcyxosa A.B.

rCapamoecrcuz? 2ocyoapcmeennulii ynusepcumem, Capamos, Poccus
E-mail:-DogadinaNV@jinfo.sgu.ru

JlucrnepcHbie KpeMHE3EMBI (IMATOMMUTEI, TPEMETBI, OTIOKH H TIP.) JaBHO IPHBJIEKAOT K
ceOe BHEMaHKME KaK COpOEHTBI H KaTaIM3aTOPEl MIMPOKOTO CNEKTpa HpHMeHeHHus. Bee 3Tn
MHHEpAJIbl XapaKTepH3YIOTCS pa3sBUTOH MOPUCTON CTPYKTYpOH, JOCTATOYHOH MEXaHHYECKOH
IPOYHOCTHIO, YCTOMYMBOCTRIO K BO3JEHCTBHIO KUCJIOT U UIEJIOYCH, a TaKXe JEMIEBH3HON H
JOCTYHHOCTBIO. OT YMCTHIX TJIMHHCTBIX MMHEPANOB H JUCIIEPCHBIX KPEMHE3EMOB OIOKY
BBITOJHO OTJIMYACT OOJblIAs MEXaHAYECKas MPOYHOCTh NPM 3HAYMTENBHOH OOMEHHOM
€MKOCTH, 4TO SBJ/IIETCS HEMAIOBaXXHBHIM (PaKTOPOM JUIS IPOMBINLIEHHOTO HCIIOJIB30BaHUS

~copOenra.

YCTaHOBIEHO, YTO TajbBaHMYECKHH [UIAM, NPEACTABILIIOMME CcO00H HmpHUPOMHBIH
COpOEHT - KPEMHE3€M, COCTOUT U3 OKCHJIOB KPEMHHUS, AJIFOMHHUS, Xejle3d, KAIbIUsd U MarHus,
Ha KOTOPBIX aJCOpOMpPOBaHbI MElb, HUKENh WIIH XPOM.

TIp# O4MCTKE CTOYHBIX BOJ TAIBBAHHYESCKHX MPOH3BOICTB METOLOM agcopbuu
TSDKENBIX METAUIOB Ha pPa3IMYHBIX copbeHTax oOpa3yercs Oojbliloe KOJNHYECTBO ILIaMa,
COJIEpKAIIETO MeNlb, HUKEIb, XPOM H JPyTHe MeTaJlIIbI.

UssectHo 1], 4ro B mpomeccax OYHCTKH MPOMBIIUICHHBIX Ta30BBIX BEIOPOCOB OT
OpraHddeckHx pacTBOpUTeiell (OeH30na M TONyoNa) INPUMEHSIOTCS —KaTajlH3aTopel,
bonepxcamne HHKeJIb, Mellb, XpOM, IUHK, Marauii, HaHeCeHHBIE Yalie BCETO Ha OKCH
ATFOMHHUS WM OKCHJT KPEMHHUS.

B nanHOlt paboTe UpHUBEAEHHI pe3yJbTATHl HCCICHOBAHHN 10 KaTAIMTHYECKOMH
OYHCTKE Ta30BBIX BBIOPOCOB OT O€H30/la M TOJyoJa B IIPHCYTCTBHH 01pa60TaHH},ix
rajbBaHUYECKHX MIIamoB, cofepxammx 0,12-0,75 mac.% menu. B paGore HICITO T630BAHEI
TeTepPOTEHHBIE ME/Ib-, HUKEIIb- U MUHKCOJIepXKalue KaTaTUTUYECKIE CHCTEMBI Ha npnpoi[HOM
HOCHTEJIE — OTIOKE.

UccnenoBanus npOBonﬁnHCL Ha MOJENBHBIX MAPOBO3AYINHBIX CMECHX, OJIH3KHX IO
COCTaBY K peaNSHBIM TIPOH3BOJICTBEHHBIM Ta30BbIM BEIOpocaM, conepxamuM 0,14-0,24 66.%
OpraHM4YeCKOro BEHIeCTBa (TOIyol, OEH301I) B peakTope npofoﬁﬁoro THIIA.

OtpaboTaHHbIt MeabcolepKaiiuii cOpOEHT Mepen HCIBITAHUEM BBIICPKHUBAICA B

ToKe Bo3ayxa npu Temnepatype 200-300°C B reuenue 1-2 4 [2].
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'KaTa.nnéaTop obecneunBaer  100-OpOLEHTHYIO - OYHCTKY. i Ta30BEIX BHLIOPOCOB OT
OeH3zona W Toiyoja B HHTEpBaIe ‘TéMnepaTyp 250-350°C ¥ 06BeMHBIX CKOpOCTAX
oummaemoro rasa 4500-10000 7' (rabmuma).

YcTaHoBIIEHO, YTO IIy0OKOE OKMCIEHHE TONyolda M GeH3o/ia IpPOTEKaeT Ha BCeX
M3yYEHHBIX KaTaTM3aTopax, COMEPKAIIMX Melb, HHKEN H IIMHK. O,uHéKo, Hanbonbluas
CTENECHb MpPEBpAIliEHHA  TOJyoja .Haﬁ.IIIOIIae’I‘CH B OPUCYTCTBHM  KaTalH3aTOPOB

0,25-0,75 mac.% Cu/onoka.

Ta6auua. Pe3ynbTaTsl HCIBITAHUH HpeaIaraeMbIx KaTATH3aTOPOB B IPOLIECCE

OYHCTKH Ta30B OT TOJIy0Jad H Oen3zona

Conepxanne | Konnenrpanus tomyona, 00.% | Konnenrpanus 6ensona, 06.% | Crenens
MeH, Mac.% Havanmpuas Koneunas Havanwuas Koneunas OKHCJICHHUS
. Tonyona, %
0,12 0,17 0,01 0,19 0,02 94,1
0,12 0,14 0,01 0,20 0,03 92,9
0,25 0,18 0,02 0,16 0,01 87,5
0,25 0,16 OTCYTCTB. 0,10 OTCYTCTB. 100,0
0,50 0,18 0,02 0,18 ' 0,01 88,9
- 0,50 : 0,10 OTCYTCTB. 0,10 OTCYTCTB. 100,0
- 0,75 0,14 0,01 0,21 0,02 929
0,75 0,17 0,02 0,24 0,03 88,2

Takum O6pa30M, HCIIOJIb30BAHUE TaJlbBAHHYCCKHX OTXOJOB, COACpKAIUX MCAb,
HHUKEJIb H ApYTrue METalllbl, ITIO3BOJHT COKPaTHTh HOTpe6JICHHe ITUX ,I[e(bHIIHTHBIX MCETa/llIOB
B OKOJIOTHHCCKOM KaTaIH3€, pPOJIb KOTOPOr0 3HAYHUTEIIBHO BO3pacCTa€T B CBs3H C

YXKECTOUCHUEM TpCﬁOBaHIrIf/i K I'a30BBIM BBI6pOC&M.

JIUTEPATYPA
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ry6epunu. Capatos: Yzn-so CI'Y, 1999. — C. 312-315.
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IPUT'OTOBJIEHHUE ATIOMOHVKEJIBMEIHBIX KATAJIN3ATOPOB
HNOABEPKEHHBIX DJIEKTPOT'MJIPABJIUYECKOMY YIAPY

HUBaHora IO.B.,‘PaKHTHH C.A.

Capamosckuii 2ocyoapcmeennoiii ynusepcumem, Capamos, Poccus
E-mail: vanovaUW@info.sgu.ru

B nmammoit paGore paccmarpuBaeTCs pa3paboTKa HOBBIX, HeE COZlepKaImuX
OIaropoJHEIX METAIOB BBICOKO3(PEKTHBHEIX 'KaranmaropOB OYMCTKHA BHIXJIOIIHBIX T'a30B
aBTOTPAHCIIOpPTA. AKTYalbHOCTh PalOTHI ompeseleHa HEOGXOAUMOCTHIO MOMCKA JEIIEBBIX
KaTaJIM3aToOpOB, MOJMYYaCMBIX H3 JOCTYIDHBIX KOMIIOHEHTOB H HA OCHOBE MPOCTHIX
TEXHOJIOTHIA.

Bmusane ruapasnmueckoro 3bdexkTa Ha aKTHBHOCTD ATFOMCHHUKEIBMEIHOTO
KaTaM3aTopa HCCIICNOBAHO ITPH HAHECEHWH MEJM U HMKEIS METOJOM HNPONHTKH M3 BOTHBIX
PpacTBOPOB aleTaTa MEH ¥ HUTPaTa HUKEIIS. 9neKTpoanpaBnnqec1<0My yJaapy Hojaseprajiachk
TCICPOrCHHas CHCTEMA, BKIIOYAO[as OKCHJA AQNIOMHHHS H BOJHBIE PAacTBOPHI CONEH
aKTHBHBIX METaJIIOB.

YcTaBoBIIeHHBIH 3()(eKT MOBBIIEHAS aKTHBHOCTH KaTajnu3aTopa IyTeM Bo3JeHCTBUs
SIEKTPOru/ipoyapa Ha CTaiud (pOPMHPOBAHHS KaTAIH3aTOPa CTUMYIHPOBAJ HUCCIICAOBAHHE
BIUAHMA OKCTPEMAIBHBIX BO3JCHCTBMII HAa TpPAAMIMOHHBEIE HAHECEHHBIE KOMITO3MIHH
SKOJIOTHIECKOI0 KaTaln3a, OMYYECHHBIC IyTeM HAHECEHUS aKTHBHOTO KOMIIOHEHTA Ha OKCHJ[
ATIOMHHUSA.

Jns neneBoro Bo3aeiicTBHS Ha KaTATHTUYECKYIO CHCTEMY HCIIOJIB30BAaHO (QH3HYECKOE
ABIEHHUE, H3BECTHOE noj Ha3BaHHEM SICKTPOrHAPABINYECKOTO sddekra.
ONEKTPOruAPaBIHYeCKuM 3Q(PEKT - 3TO CIONKHBIN KOMILIEKC SBJICHUH, BO3HUKAIOMHUX TPH
HCKpOBOM Da3psA]i€ B JKHAKOCTH: HOHM3AIHA M Pa3OXCHHE MOJIEKYJ BEINECTBA B 1azMe
kaHalla ¥ BO3JIC HEE, CBCTOBOC HM3Ny4YCHHME KaHaja pa3psia; MOINHBIC TEMIOBBIE BOJIHBL
HHTCHCHBHOEC  YJIBTPa3’BYKOBOE€  H3JyY€HHE,  NYJbCaIHH T[aporazoBoro  Iy3bIps;
KaBUTAlMOHHBIE IIPOLECCHI; HMITY/IBCHBIE MarHUTHEIC TTOJIA.

JInst IpHrOTOBNIEHNUsI KATATM3aTOPOB KOMIUIEKCHOH OYHCTKH ra30B OT OKCHJIOB a3o07Ta,
yriepoaa 54 YIIIEBOJXOPOJIOB HCIOJIb30BaHa 3KcnepHMéHTanLHax YCTaHOBKa

3JIEKTporupasinteckoro yaapa (3I'Y) tuna TX-20,0-9 (pucyHok).
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Pucynok. QyHkUMOHANMEHAA cxeMa ycTanoBku 3V,

1 — 610K 3aIMTHI OT TOKA M HaMpskeHus; 2 — G0k ynpasieHus; 3 — 3alOMHHAIOLINI ocLuIorpad
C1-79; 4 — BBICOKOBOJBTHBIH YCHIHTENb, 5 — PEHTreHOBCKas 3ammra; 6 — XUMHYECKHH peakTop;
7 — paspsAIHHMK BAKYYMHBIH yripaBnseMbld; 8 — eMKOCTHOM HakONUTeNb Pa3spsioB; 9 — BBICOKOBOJILTHBIHA
ymHOXuTENb; 10 — BBICOKOYACTOTHBIH TpaHcdopMmarop; 11 — BBRICOKOYACTOTHBIA NpeoOpa3oBaTelb;
12 — HCTOYHMK NHTaHMA BHICOKOBOJIBTHOH HacTH cxeMsl; 13 — duibtp paguonomex; 14 — nudposoii
BOJILTMETP.

VYcranoBka dfleKTporuipapimMueckoro ygapa tuma 1X-20,0-9 cocromt mu3 Tpex
dyHKUMOHANEHBIX G1OKOB. OCHOBHOM 60K BK/IIOYACT: MCTOYHHK IIMTAHHS BHICOKOBOJGTHOM
YacTH CXeMbBl — 12; BBICOKOYACTOTHBI HpeoOpasoBaTelib — 11; BBICOKOYACTOTHBIH
TpascdopMaTop — 10; BEICOKOBOJBTHBIA YMHOXHTEb — 9; eMKOCTHOM HAKOIHTENb 3apsiOB — 8
BaKYyMHBIH YUpPaBJIAEMbIH PaspSAHUK — 7; GIIOK YIPABICHHS — 2 XHMIYECKHIl peaicrop ~ 6.
CepBHCHBI OJNIOK YCTaHOBKM o0O€CIedMBaeT 6€30MACHOCT ONEPAaTOpa M COCTOMT U3
PEHTTEHOBCKOM 3amUTHI - 5 M y3/la 3aIIMTH OT TOKA M HANPSKCHHUS - 1, a TaKKe bunsTpa
panmonomex - 13. KoHTponb 3a paboTOl YCTAHOBKH OCYHIECTBISETCS € MOMOIIBIO OIOKa
KOHTPOJIST, COCTOSIIErO H3 nudposoro BonsT™MeTpa B7-31 1 3anomunaroiero ocuuorpada
C1-79. O6paboTKa CHCTEMBI OCYIICCTBISIACK IPH BapbHPOBAHHUH MEKIIEKTPOIHBIX
npoMexyTkoB ot 1 o 30 MM npm paGoyem Hampskenuu 25-30 xB. 9(1)"(1)CKTI/IBH06 BpeMs
Bo3jIEHCTBHA — 1-2 MC.

Takum' 00pa3soM ycTaHOBIEHO, 4YTO HCmONb3oBaHne OI'Y @pHM IPHrOTOBIECHUH
AMFOMOHHKEIBMEIHOTO KaTalu3aTopa PHBOJKUT K 3HAYHTETHHOMY YBEIHYEHHUIO aKTHBHOCTH

KaTajinzaTopa KOMIJICKCHOM OYHCTKH Ta30BBIX BbIGpOCOB OT OKCHJOB a30Ta U yriucpona.
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- BJIMAHHUE COCTABA KOMITIO3UTHBIX KATAJIU3ATOPOB HA
HPOIIECC OKHCJ/IMTEJIbHOI'O KPEKUHI'A MA3YTA

Maraesa 3.T., Hopamesa P.X., Cyxeiivenos M.A.

Ka3axckuﬁ HayuoHanbHslil yHusepcumem um. anb-Dapabu,
Anmampwt, Pecnybnuxa Kasaxcman
E-mail: ohtn@mail.ru

-OnTHMH3aIHA . IPOIlecca KaTAIUTHIECKOT0 KPEKUHra HeTSHBIX OCTATKOB SBIIAETCS
‘aKTyaJbHOM 3ajaved HedrenepepabaThiBaroniell NPOMBINUICHHOCTH BCIEACTBUE Ne(HIMTA
‘CPENHENMUCTHLIATHBIX QPAKIKH ¥ YMEHBIIAIOMEroCs CIIPOca Ha KOTEJIbHbBIE TOILTHBO. [l ee
'YCIEIIHOro * pellleHHs - HeoOxXoquMa pa3paboTKa HOBBIX TEXHOJIOTHYECKHX CHOCOOOB
'OCYIIECTBICHHS KPCKHHIA, a TAKKE BBICOKOI((EKTHBHBIX H JEIIEBHIX KaTAIM3aTOPOB H3
JIPHPOAHOro ~ChIpbs. B HacTosmied paboTe yCTaHOBIIEHBI 3aKOHOMEPHOCTH KpEKHHIa MpH
470°C masyra mapkd M-100 B 0,2% Mac. cyclieH3uH ¢ KOMIIO3UTaMH M3 aKTHBHPOBAHHOIO
YaHKAaHAMCKOIo II€0JHTAa M HAPHLIHKOJIBCKOH INIMHBI B YCIOBHAX HEIPEPHIBHOW II0Ja4M
CYCHEH3HH B IPOTOUHKIH PeakTop ¢ 06beMHOI ckopocThio 1,0 yac™. BimsHue cOOTHOMEHHS
KOMIIOHEHTOB B KOMIIOSHTHBIX KaTa/IH32TOPaX Ha BHIXOJ POAYKTOB KPEKUHIa HCCIIEI0BAHbI
npn €ro IIpOBCI[CHI/II/I B IJPUCYTCTBUHU B PEaKIIMOHHOH 30He N0OaBOK BO3/AyXa, HOJABAEMOT0 CO

ckopocTsio 0,15 yac’! (tabu. 1).

Tabanua 1.
" XapaKTepHCTHKH Beixox NpoRyKTOB KpeKHHra, % mac.
' KOMIIO3HTOB
Komn1. B xoMno3ute S Ias bensuH Jlerkuit Tsxenprit ITotepu | Hroro
AKTUBMPOBAHHOTO | w2/ (mo 185°C) _ Trasoins ocTaTok (rocrne
ueonmta, % mac. (185-350°C) 350°C)
0 11,8 2.8 2,0 339 62,3 0 101,0
S .- 1.9 1.2 48,8 48,4 0 100,3
10 ‘ 205 | 09 0.9 61,0 375 0 100,3
13 ‘ - 1,2 1,1 o 11,2 20,3 0,2 100,0
14 17,7 0,8 1,1 85,7 11,9 0,5 100,0
15 e Ly 11 67,8 299 0,1 100,0
20 17,2 1,3 1.3 54,1 42,8 0.5 100,0
50 - 1,3 L1 43,5 53,5 0,6 “100,0
80 - 1.4 10 36,5 60,8 0,3 100,0
100 9,1 1,1 0,9 32,0 65,6 0,4 100,0

W3 1abn. 1. cioemyeT, 9T0 ONTMMAILHBIM II0 BHIXOAY (PAKIHH JIETKOrO rasoiisn
ABNSETCA KOMIIO3UT, comepxamui 14% Mac. I1e0JuTa, aKTHBHPOBAHHOIO IIPM HOHHOM
o0MeHe B pacTBOpE XJOPHIOB JIaHTaHA M aMMOHHA. BeNWuuHBI yIEeNbHBIX IOBEPXHOCTEH
KOMITO3MTHBIX KaTaIM3aTOpOB OoJbllle, 4eM y MCXOOHBIX IIHHBI K HeosnuTa. OnHAKO

KOPPEJSIHN MEXKIY 3HAYCHUSIMH YIEIbHBIX IIOBEPXHOCTEH H KPEKUPYIOLIEH aKTHBHOCTBIO [0
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JIETKOT0 Ta30iis A/ KOMIIO3MTOB Pa3lIMdHOro cocraBa He Habmrogaerca. CliefoBaTenbHO,
OCHOBHBIM  (PaKTOPOM, onpeneﬂmbmnm KaTaJITHYECKHE CBOMCTBa HccnenonaHHHX
KOMIIO3HTOB, SBIAETCA MX XMMUYECKUH COCTaB. Pe3ylbTaThl PPAKUMOHHON PA3TOHKH MasyTa
Mapku M-100 nmokasanu, yTo B HeM cogepkutcs 41,1% Mac. 0OCTaTOYHOTO JIETKOTO Ta30Mus i
57,7% wmac. ¢ppakuuu, BEIKHIIAOIMIEH IpH TEMIIEpaType BhILIE 350°C. M3 conocTaBieHus THX
3HAYEeHHH C JaHHBIMU Taba. 1 BHIHO, YTO B IPOJYKTaX KpeKHHra Kak Ha aKTHBHPOBaHHOM
IIeOJIUTe, TAK W Ha IVIHHE KOHLEHTPALHA TSDKEJIOro OcTaTKa BBIIE IO CPAaBHEHHIO C €I0
COJIEp)KaHHEM B HCXOJHOM Ma3yTe. ITO CBHIETEIBCTBYET O Pa3THYHOM MEXAHHU3ME PEAKLIUH,
IPOTEKAOIIUX Ha KOMIIO3UTHBIX KaTaIH3aTOpPax U Ha COCTaBIAIOIIMX HX KOMIIOHEeHTax. Kak
BHIHO U3 PE3yIbTaTOB, NOTY4EHHBIX IIPH OKHMCIMTEIBHOM KDEKHMHIE OCTATOYHOIO JIETKOro
ra3oitns (Tabn. 2), Kak Ha INIHHE, TaK U Ha LEOJHTE B OCHOBHOM I/II{CIT He Iporecc KpeKuHra, a
HANPOTHB, PEAaKIHs KOHICHCAIlMH MOJEKYN YIJIEBOJOPOJIOB, BXOASIIHX B COCTaB JIETKOTO
ra3odis, B pe3yabTaTe KOTOpOH 00pasyroTcs BBICOKOMOJEKY/SPHBIE —YIJIEBOAOPOIbI

TAXKEIOro OCTAaTKa.

Ta0.inna 2.
Konn. B koMno3nTe Brixon mpoaykroB KpeknHra, % mac.
AKTHBUpOBaHHOro | [a3 Bensun Jlerkuit rasoiins Tsxensiit ITorepu | HMroro
ueosura, % mac. (no 185°C) (185-350°C) OCTaToK
(moce 350°C)
0 4.8 39 71,1 20,1 0,1 100,0
14 5,8 4,6 89,6 0 0 100,0
50 5,7 43 88,4 1,5 0,1 100,0
80 153 42 81,8 8,7 0 100,0
100 3,7 3.6 76,4 16,3 0 100,0

B npucyrctBun 14%-HOro neoiMTCoJepkKamero KOMIO3UTa PEakIHsd KOHACHCAIUH
YIJIEBOIOPOIOB CPEAHENUCTHIUIATHOM (PaKUHK MONHOCTHIO MojaBisercsa. TakuM obpasom,
IPH  OKHCJIHTENBHOM KpPEKHHre Masyra Mapku M-100 B 0,2%-so# cycnensuu 14%-noro
[EONUTCOAEPXKAMEr0  KOMIIO3UTA  IIPOMCXOJUT CHMMETPUYHBIH  pacmajg  MOJEKYI
BHICOKOMOJIEKYISIPHBIX  YTJIEBOJIOPOJIOB C  NpEeHMYIECTBEHHBIM obpa3zoBaHHEM

erjeBonopOJIOB CpeHEMMCTHILIATHON (PPaKIIHHL.
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IHOJIMMEPBI JUBUHHUJIOBLIX 2®UPOB
OJHUT'OITHJIEHTJIMKOJIEU KAK MATPHUIIbI TETEPOI'EHHbIX
CBEPXOCHOBHBIX KATAJIU3ATOPOB

Mopo3zoBa JI.B.,’TaTapﬂﬂon‘a H.B., Muxanesa A.H., Ilerposa O.B., Tpodumon B.A.

Hpxymcexuii uncmumym xumuu um. A.E. @asopcrozo CO PAH,
664033 Hpxymcx, yn. Pasopckozo, 1, Poccus
E-mail: ol petr@irioch.irk.ru

IloBrimieHBas  KaTaIMTHYECKas  aKTHBHOCTH  CBEPXOCHOBaHHH  00yciIOBIEHa
CB3BIBAHMEM KATHOHA IIENOYHOTO MeTala JOHODHEIME (parMeHTaMH MoneKynm,
pasAendiolMM TakuM o0pa3oM HOHHYIO I1apy CHJIBHOTO OCHOBAHHS M IOBBIIIAIOIAM
aKTHBHOCTB €r0 aHHOHA B Cpefax, c1abo CONbBAaTHPYIOMUX aHHOHEI [1-7].

JIuBHHHUIOBEIE 3(UPBl ONMIOJTHIICHITIMKONECH, HampHMep, IHBHHWIOBBIA 3Qup
avotuneHrnukons (JABJOI) BrnepBele mpenioxkeHbl HaMHM IS AW3aifHA [OJHMEPHBIX
TBEPABIX CBEPXOCHOBHEIX KaTAJIM3aTOPOB.

Kiogepoif cTajuedl npd 3TOM SBIJETCA KPOCC-TIONHMMEDH3AlMs JTHBHHHIOBBIX
3(HpOB OIHMIO3THIICHITIMKONEH, GOpMUpYIOmAas KpayHOIIoJOOHEE HAHOpa3MEPHEIE ITOIOCTH,

cmocoOHbIE K (bI/IKcaIII/II/I KaTHOHOB LICIIOYHBIX MCTAJLIOB.

(\O/\/ O\/'/
| 0 ‘
0\/\0/\/0\/

Pazpaboran mpoctoi M 3(QQEKTHBHEIH  Cmoco6  MOMy4eHHS  ITOPHUCTHIX
HOPOIMKOOOPasHEX, yNOOHBIX s MOCHeylomux Mopudukamuié momamepos JIBJISI ¢
Pa3BHTOH NOBEPXHOCTHIO M DEryIMPYeMOH CTCNCHBIO CIIMBKH MAaKpOMOJEKyNl MpH
MOJNMMEPH3allUl B CPefie HHEPTHOTO PacTBOPUTENA - M300KTaHa. [IOPUCTOCTE MOJIYYEHHBIX
nommmepoB JIBIJIAT pocruraer 63 MY/, pasmep mop - 108-120 A (10-12 HaHOMETPOB),
KOJIMYECTBO OCTATOYHBIX JBOHHEIX CBs3eH - 30-45%. _

Cnemyrompe »Tanbl CHHTe3a IIONMMEPHBIX CBEPXOCHOBHBIX KaTalH3aTOpOB -
ruaponu3  nomu-JIBOJIOIT  pasz6aenennoit HCl, KonMuyecTBEHHO MNPHBOASIIHN K

BBICOKOTHAPOQUIBHEIM TelAM, U HX B3aumoneiictBue ¢ cycnensueit KOH (kumsuenwe B

TOJ'IYOJ'[C), IIPUBOAAICEC K ITOJIMMCPHBEIM HEPACTBOPHMMBIM AJIKOTOJIATaAM.
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A~
_‘ (\O/\/O\/ o |/\O _
{)\]/ 5% HC, 75° c_ N N
A ] o
9 o (o
0 0
0\/\ /\/OH O\/\ ~K

OtMHITBIE 3TaHONIOM OT HenpopearuposaBuiero KOH mommMeps:r comepxar 1o
56-13.1%K (26% OT MAaKCUMAJTLHO BO3MOKHOTO).

HonyquHHe TaKEM 00pa3oM HEPacTBOPHMBIEC [ONHMMEPHBIE ANKOTONSTH KATHS
HPOSIBIAIOT KATATMTHYECKYI0 aKTHBHOCTh B pEaKIHAX H3OMEPHZAUM IIPOMAprHiOBEIX
3(1)I/Ip0B,:“ B CHHTe3¢ 2-METHI-3-0yTMH-2-07a W3 aleTOHa M aNeTHWIEHa [0 DeaKIHH

DaBOpCKOro U BHHHIMPOBAHUH TIIMKOJIEIH.

b.A. Tpodumos, A .. Muxanesa, N-Busmwimpposst. HoBocubupck: Hayka. 1984. 264 C.
b.A. Tpodumos, Ycnexu xumuu, 1981, 50, 2, 248-272. Chem. Abstr., 1981, 94. 522, 20795 s.
b.A. Tpodumos, )KopX, 1986, 22, 9, 1991-2006. Chem. Abstr., 1987, 106, 652, 77247 w.
B.A. Trofimov, Sulfur Reports, 1983, 3, 3, 83-118.
B.A. Trofimov, Z. Chem., 1986, 26, 2, 41-49. Chem. Abstr.,1986, 104. 224319 563, q,

. B. Trbfimdv, N. Gusarova, L. Brandsma, Main Group Chem. News., 1996, 4, 1, 18-24.

NS R RN e

b.A. Tpopumos, I'eTepoaToMHsle Ipou3BOAHKIE aneTHacHa. HOBbIe MOMH(YHKIMOHATLHEIE

MOHOMEpBI, peareHTh U nHTepMenuatsl. M.: Hayka. 1981, 319.
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JIA3AWH TBEP/IBIX OTAMEPHBIX CBEPXOCHOBAHHIA LIS
- KATAJIM3A PEAKLUI AIETHIEHA

TaTapm{ona H.B., Mopo3osa JI.B., Muxanesa A.H., Ilerposa O.B.,
- TpopumoB B.A. =

Hpxymcxuii uncmumym xumuu um. A.E. @asopcxozo CO PAH,
664033 Hpxymck, yn. @asopckozo, 1, Poccus
E-mail: ol_petr@irioch.irk.ru

B pamkax pa3pa0oTaHHOro HaMH OOIIEro MOAX0Ja K CO3/IaHKIO HOBHIX TOJMMEPHBIX
TBEPBIX CBEPXOCHOBAHMH 1 YCKOPEHHS OCHOBHO-KAaTAIMTHYECKHX DAk aleTHiIcHa
HOJY4eHB MaKpOIIOPHUCTEIE MOJMMEPHI BHHUIMETHICYAbQoKcHAa (MBCO) 2, cnocoOuble k
00pa30BaHHIO IIOTMMEPHBIX OCHOBAHMI 3 3a CYET KOMILIEKCO00Pa30BaHHS C THAPOKCHIAMH H

AIKOIoJIATaMH ICJIOYHBIX MCTAlJIOB:

: H202 ~ ROM - -
> —_— , RO
n Me)pC=0 n n
SMe . S\ S\
Me 0 Me/ 0---M"
1 . 2 . 3

M=1Li Na, K
R=H, Ak

(DopanOBaHHe CIIHUTBIX TPEXMEPHBIX CTPYKTYp obecreuuBaeTcs BBEJCHHEM B
IOJMMepH3aTa Ha CTajMM CHHTe3a TONM(BHHHIMETHICYIbGKA) 1 cmmBaromero 'areHTa
(HanpuMep, IUBUHUWIOBOTO 3dupa Au3THWIeHTTHKOIA, 10-20%).

IlpoBeaeHo cHUCTEMAaTHYECKOE M3YyYeHHE KATAJIMTHYECKOH AaKTUBHOCTH HOBBIX
KOMIUIEKCHBIX IIOJIMMEPHBIX CBEPXOCHOBaHHMII B OCHOBHO-KATAJIMTUYECKHX PpeaKIHIX
alcTHICHOBBIX coenuHeHuH. Iloka3zaHa npMHIUNMANBHAS BO3MOXHOCTh HX HCIIONB30BaHUSA
JUId KaTaJli3a PEakIUu NpAMOTO BUHWIMPOBAHUS TJIUKOJEH, H30MEPH3ALUH IPONAPTHIIOBBIX
3¢HUpOB B AJUIEHWIOBHIE, CUHTE3a 2-MeTHJI-3-0yTUH-2-0M1a (MB) M3 aleTHIIEHA M allcTOHA B
cpene JIMCO. B mocneineM ciydae KaTAIHTHYECKAs aKTHBHOCTh CHHTE3HPOBAHHBIX
OCHOBaHHil COTIOCTABHMA C aKTHBHOCTb0 KOH. OCHOBHBIMH KPUTEPUAMH OUEHKH
5 ()EKTHBHOCTH KAaTAIMTHYECKOTO JeHCTBMS IIONMMEPHBIX OCHOBaHHMH B  PEAKIHH
OTMHWIMPOB2HUA aUETOHA SABILUIMCH BEIXOZBI Mb u TPONOKHUTENLHOCTD JIeACTBUS
KaTaJII/I3aTOpOB YCTaHOBIEHO, YTO HOBHIE KaTanmaTopH oGecneqHBaIOT npaxmqecxn
KOJII/I‘{GCTBCHHLII/I BLIXOII MB (o 93.7%) u, B otmuue or KOH, pa60Ta10T HECKOMBKO

peaKHI/IOHHLIX ITHKJIOB.
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NOVEL ROUTES FOR THE FORMATION OF THE OLEFIN
METATHESIS CATALYSTS IN HOMOGENEOUS SILICON-
CONTAINING SYSTEMS

Chouvalova O.V., Bespalova N.B., Borisov R.S., Zaikin V.G.

A.V. Topchiev Institute of Petrochemical Synthesis, RAS,
Leninsky prospect 29, Moscow, 119991, Russia
E-mail: shuv@ips.ac.ru

Olefin metathesis reaction is the interchange of alkelidene fragments between a pair of
‘double bonds :
R'CH=CHR®  Caaiys R'CH  CHR?

+ ~ +
R3*CH=CHR* R%H (JJHR4
This reaction can be applied to the production of many organic and macromolecular
products. This is largely due to the introduction of the well defined Mo and Ru — carbene
catalysts developed by laboratories of Grubbs and Schrock. Nevertheless some of the catalyst
systems where the initiator is generated during the reaction can be effective and much
cheaper. Homogeneous catalytic systems WClg (or WOCly) - H,SiPh, , where the initiators are
generated in situ, can be applied for a number of olefin metathesis reactions: linear substrates
with functional groups, RCM of functionalized unconjugated dienes and ROM of cyclic and

bicyclic olefins containing O-, N-, Si —heteroatoms.
The results obtained for the catalyst systems allow to discuss the possibility of the
unusual way for initiation of the reactions via metal-silylene intermediates - the analogs of

metal-carbene species.

Ph g
LW + HSPh, LW=SPh, Ll \WL
Cydodimerization ,S\
blRCH=CHR'
LW c L Wi-Shh, d Sifh,
- 1 — ]
RHC RHC+-CHR' CHR
1+CH2=CHR v ‘ lmodrrarizat/on
L F’h _Ph
Oidfin Metathesis
R‘< /
Pr( ~Ph

Metal-carbene and metal-silylene ‘complexes have a lot of common features. Metal
s11ylene complexes have the same electroph111ty as high valent metal-carbene complexes.
More over metal-silylene complexes can produce metal-silacyclobutane 1ntermed1ates by the

reaction with unsaturated substrates (D. Tilley).
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KOMILIEKCHASI HHOOPMALIMOHHAS ITOJJIEPKKA HUOKP
I'opoynosa E.A.

Hucmumym xamanuza umenu I K. Bopeckosa CO PAH
Hucmumym sxonomMuKu u 0p2anu3ayuu npoMbIuIEHH020 NPOU3800CHEd
E-mail: newkatya@yahoo.co.uk

Ipu co3maHHH HOBBIX TEXHONOTHYECKHX PEIICHHH HEOOXOMMMO KaK MOXHO paHblie
ONpEACITHTh NOTCHIMAIBHBIX HOTPEOUTENEH TEXHOJIOTHE H CHCTEMAaTHYECKH aHATM3HPOBATH
HHQOPMANHIO 00 3THX KOMIAHMAX M HX IIOKa3aTeNisiX, 0 KOHKYPEHTOCIOCOGHOCTH HX
TEXHOJIOTHYECKHX PEIICHHUH, M CTENCHH NPHCYTCTBHA HAa HHTEPECYIOMEM PHIHKE.
MapkeTHHroBas OHEHKa TEXHOJIOTHH OCOOCHHO MOJIE3HA B CIyyae, KOTAa Hies elle TOIbKO
BCTYIIH/IA B CTAJHIO paspaboTKu U TpeOyeTCs yTOYHUTH TOTPEOHOCTH KOHKPETHBIX KOMITAHHIH
Ayt MoTy4YeHus 3 EKTHBHOrO KOHEYHOro pe3ynsrara. Heo6X0MMMO OIEHHTH HOTPeGHOCTH
NEPCHEKTHBHBIX  TOKYIaTeNed  TEXHONOTMH,  3KOHOMHYECKYI0  HeNleco0OpasHOCTh
CO3/1aBaeMOr0 pelICHUs, BPEMEHHOH MHTEPBaJ aJaNTaliid KOMIAHHH-TIOTPEOHTENS K HOBOM
TEXHOJIOTHH.

B  HacrosmmeM [NOKIame paccMaTPHBAIOTCS  BO3MOMKHOCTH — KCIONB30BAHUA
COBPEMEHHBIX HHQOPMAIMOHHBIX HCTOYHMKOB B M3YYECHHHM pBIHKA M1 TEXHOJIOTHH,
XapaKTepHU3yeTCs pPOJIb COBPEMEHHBIX MATCHTHO-MH(OPMAIMOHHBIX MPOIYKTOB B HOBOM
HaNpaBlIeHHA HHQPOPMAIMOHHOM IeATeTPHOCTH, MMEHYeMON «KOHKYPEHTHOHM pasBeIKOii»,
HAlleNIeHHOH Ha cOOp pa3po3HEHHBIX CBENEHHH O KOMIAHHAX M IEpepabOTKOH HX B

CHCTCMAaTU3NPOBAHHBIC 3HAHUS O HOTpC6HOCT$IX PBIHKA.
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CATALYSIS IN FINE CHEMICALS
SYNTHESIS (L-1)
V.A. Semikolenov, Boreskov Institute of
Catalysis SB RAS, Novosibirsk, Russia,
semkoln@catalysis.nsk.su

The key approaches to the design of the
processes of fine chemical synthesis are
observed. The individual steps consisting of
the catalytic cycle are discussed. The

mechanism of  selective/stereoselective
hydrogenation, isomerization,
hydrogenolysis as well as acid-base

catalysis is considered. The examples of the
design of the catalytic processes of fine
chemicals synthesis are presented.

THE SUPPOTED BIMETALLIC
CATALYSTS OF HYDROCARBON
CONVERSION: THE MODELS OF

ACTIVE COMPONENT,
APPROACHES TO PURPOSEFUL
SYNTHESIS
Pakhomov N.A., Boreskov Institute of
Catalysis SB RAS, Novosibirsk, Russia,
pakhomov@catalysis.nsk.su

In the lecture a modern state of a problem in
the field of research and preparation of the
supported bimetallic platinum catalysts is
considered. Models of active components of
these type catalysts are given. They are
based on ability of modifying additives to
be reduced to the lowest degrees of
oxidation (state including) up to a null
valence and to interact with the supponed
platinum and the carrier.

All  described in the literature and
experimentally proved active components
may be represented by five models. First
two models are limiting variants when the
additive does not interact chemically with
the particles of active metal. Here the
additive is present as an oxide phase (model
I), or as particles of the metal not forming
alloys with platinum in a volume (model II).
The most interesting situation for reactions
of hydrocarbon transformation, however, is
the situation when there is a chemical
interaction between active metal and the
additive. In this case the active component
may be represented by two alternative
models (I and IV). The model I assumes

the interaction of the active metallic
platinum species with the surface low-valent

- ions of modifying element. According to the
- model IV, the role of additives consists in
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formation of alloy. Thus in practice the
mixed variant is frequently observed when
part of the additive forms alloyed particles
with platinum, and other part is reduced to
the law-valence surface oxide (model V).
Existing distinctions in ability of modifying
additives to form active components with
platinum differing in the structure and
composition make the development of the
general theory of preparation of catalysts of
the given class enough problematic.

In the lecture the common and specific
principles of formation of the supported
bimetallic catalysts at various stages of their
preparation, including a stage of synthesis
of impregnation solutions, are considered.
Influence of conditions, ways and a
sequence of deposition of precursors,
conditions of thermal processing, activation
and operation of catalysts in the process of
formation of the supported alloyed particles
are shown.

X-RAY DIFFRACTION METHODS IN
THE INVESTIGATION OF
CATALYSTS (L-10)

E.M. Moroz, Boreskov Institute of
Catalysis SB RAS, Novosibirsk, Russia,
Ella. Moroz@catalysis.nsk.su

The possibilities of applying of X-RAY
diffraction methods to the study of
multicomponent highly dispersed systems
(catalyst and supports) are examined. There
are some X-RAY diffraction methods,
which are used for investigation of well-
crystallized systems: the method of
qualitative and quantitative phase analysis,
the method of determination of structural
and substructural. characteristics of the
phase. Special X-RAY diffraction methods
for investigation of highly dispersed
materials are based on the integral analysis
of the curve of the intensity of the X-RAY
scattering: the method of radial electronic
density distribution and the method of full
profile analysis (RED and FPA). This



review shows the potentialities of the
methods and presents the results of their
using in order to obtain - structural and
substructural ~ characteristics of  the
significant catalysts and supports: supported
mono- and bi-metallic catalysts, alumina,
carbon, shpinels.

EXAFS-SPECTROSCOPY AND
INVESTIGATION OF
NANOMATERIALS (L-11)
D.I. Kochubey, Boreskov Institute of
Catalysis SB RAS, Novosibirsk, Russza
" kochubey@catalysis.nsk.su ’

EXAFS-spectroscopy 1nvest1gates high-
dispersed catalysts and nanomaterials of
complicated composition. The objects for
investigation are X-ray amorphous and solid
samples, i.e. the samples which can not be
investigated by X-Ray diffraction structural
methods. The method is used to_study the
structure of the local atom surroundmgs of
the selected chemical element (coordination
number, interatomic distance, Debye factor,
type of the neighboring atom. Volume,
surface or near-surface layers are analysed
depending on the technique applied. The
limitation of the method — investigation of
the structure of the local atom surrounding
starting from:,tltamum small range of the
interatomic djétances (not more than 8A).
Experimental methods of the investigations
of nanomaterials using EXAFS- -spectroscopy
will be presented in the lecture

- MODELING OF THE KINETICS OF
CATALYTIC REACTIONS (L-12)
A. Ermakova, Boreskov Institute of
Catalysis SB'RAS, Novosibirsk, Russia,
anna@catalysis.nsk.su

Mathematical modeling of catalytic
‘reactions is of great importance in the
designing of new chemical processes for the
manufacture of valuable - products in
solving the problems related to increasing
efficiency and optimal Gontrol of existing
industrial processes. Newly designed
~efficient catalysts should obviously not only
shine at exhibition shelves, but being loaded

in a reactor, work efficiently to produce the
target compounds. In order to solve
successfully the tasks of reactor modeling
and optimization, it is necessary to know the
rate of chemical reactions on the particular
catalyst. In other words, we need a set of
mathematical equations describing in
explicit form the dependence of the reaction
rate from the variable parameters
(concentration, partial pressure, partial
fugacity, temperature and pressure) in the
reactor. These equations are referred to as
mathematical model of reaction k1net1cs or,
simply, kinetic model.

Besides variable parameters, kinetic model
includes other parameters determined by the
reaction mechanism (reaction rate constants,
rate constants of elementary reactions,
activation energy). Currently, numerical
values "of these parameters can not be
obtained by purely theoretical calculations.
Experimental kinetic data for the given
catalyst are needed for this purpose.
Experiments help to specify (revise)
suggested kinetic model and to quantify
unknown  parameters by  adjusting
(harmonizing) the experimental data with
the suggested kinetic model. The content,
adequacy, and predicting potential of the
final product — conceptual kinetic model —
depend on the used approach for model
designing. At present, “kinetic designing”,
i.e. development of adequate kinetic
models, is the subject of original research. It
is based on purposeful planning of kinetic
experiments in order to obtain informative

data file, on cormrect estimation of
experimental error and data correction by
statistic = methods.  Determination - of

numerical values of parameters — parametric
1dentification — is based on appropriate

- mathematical, statistical and calculation
methods. Computational approaches to
parametrical identification depend
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essentially on the character of experimental
data obtained with an ideal-stirred flow
reactor, or an ideal plug flow réactor, or a
closed reactor, etc. Indeed, mathematical
equations describing the reactors of these
types belong to different classes of



equations of mathematical physics. In some
cases we deal with a set of differential
equations with nonlinear right members, in
others - with a set of nonlinear algebraic
equations, which are implicit with respect to
variable parameters measured
experimentally.

The set of mathematical, computing and
statistical methods used for parametrical
identification is referred to in English as
“estimator”. This term can be translated into
Russian as «aenTaduxarop» (“identifier”).
Modern  computers are of primary
importance in the realization and permanent
perfection of the identifier.

Within the given time limits, the lecture will
present in more detail the above methods for
kinetic models designing.

MATHEMATICAL ASPECTS OF
MODELING
OF CATALYTIC REACTIONS
DYNAMICS (L-14)
N.A. Chumakova, Boreskov Institute of =~
Catalysis SB RAS, Novosibirsk, Russia,
chum@catalysis.nsk.su

Some methods of the theory of ordinary
differential equations (ODEs) and computer
science will be considered in application to
mathematical modeling of the complex
dynamics in kinetic models of catalytic
reactions. The heterogeneous reaction of
hydrogen oxidation on metallic catalysts is
modeled by a three-dimensional system of
nonlinear ODEs with fast, intermediate and
slow variables being the concentrations of
hydrogen and oxygen adsorbed  onto the
catalyst surface and oxygen dissolved into
the subsurface layer of the metal,
respectively. The assumption that ' the
activation energies of the reaction steps
depend on the state of the catalyst surface
and subsurface layer is applied.

Examples of -steady states multiplicity,
bifurcations of periodic oscillations,
parametric and phase portraits, maximal
families of periodic and steady state
solutions in a one-parameter two-
dimensional subsystem will be done. We
will discuss the phenomenon of “weakly
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stable dynamics” of the global reaction rate.
Its connection with both a strange attractor
in the system considered and an influence of
the global error in long-term numerical
integration of ODEs as a source of
stochastic effects will also be demonstrated.

THE ENZYMES AND BIOCATALYSTS
DESIGN (L-15)

S.N. Zagrebelny, Novosibirsk State

University, Russia, snz@post.nsu.ru

The enzymes as industrial catalytic agents
have many advantages compared to usual
catalysts widely used in chemical industry.
They are much more effective in their
catalytic action, don’t need elevated
temperatures and pressures, and are. very
specific to substrates and reaction pathway.
All this results in decrease of energy and
row material consumption thus improving
the economic indicators.

The enzymes could be used in various
technological ~ systems providing the
possibility to conduct continuous processes
even in the low water conditions which
normally considered to be inconvenient for
enzymatic reactions.

One of the advantages of enzymes as
catalysts is the possibility of fine tuning the
particular enzyme to some particular
reaction. To date various techniques have
been developed based on genetic
engineering to modify the properties of the
enzyme so that it could be made more stable
at elevated temperatures, -at special pH
conditions, more suited to given substrate
etc. Therefore, there is possibility to design
the catalyst adapted to any particular
reaction.

SYNTHESIS AND.
CHARACTERIZATION OF ZEOLITE-
BASED NANOSYSTEMS USING
BINUCLEAR RE AND MO COMPLEX

| PRECURRORS (OP-1-4) -~

A.L. Kustov, Lomonosov Moscow State
University, Russia, arkus@mail.ru =
Binuclear Re and Mo oxide nanoparticles
stabilized in NaY matrix were prepared



using a convential adsorption or 1n01p1ent
wetness technique from methanol solutions
of Re;03(OMe)s, ReMoO,(OMe); and
Mo,0,(MeO)s complexes followed by
thermic decomposition. High dispersion of
obtained oxide particles was evidenced by
EXAFS, TPD-NH; and TPR-H, methods.
Prepared catalysts were tested in model
reactions of methanol oxidation.

CATALYTIC SYSTEM “PLATINUM
GROUP METAL - METALLIC
SUPPORT?” (OP-I-5)
Tupikova E.N., Korolev Samara State
Aerospace University, Russza
chem@ssau.ru

The results of catalytic systems studies (Pt,
Pd, Ir, Rh, Pt-Ir, Pt-Rh)/MexOy/Me, where
Me — aluminium, stainless steel or nickel
and chrome steel, are presented. Catalytic
activity structures on the surface of metallic
support were synthesized using a method of
autoclave thermolysis of complexes of
platinum metals. It was shown that these
systems show a catalytic activity in
processes of complete oxidation, complete
and selective hydrogenation of aromatic and
olefin hydrocarbons, hydroisomerization
and hydrogenolyses of alkanes. It was
investigated the structure of the surface lays
of catalytic systems.

- CONTROL OVER COUPLING OF
CATALYST FORMATION,
DEACTIVATION, AND
REGENERATION PROCESSES AND
THE CATALYTIC CYCLE ONES IN
THE HECK REACTION WITH
NONACTIVATED ARYL BROMIDES
(OP-1-6)

Smirnov V.V., Schmidt A.F., Irkutsk State
University, Russia, aschmidt@chem.isu.ru

Simple catalytic system is reported capable
of catalyzing effectively the reaction of
bromoarenes with styrene in the air in the
absence of any ligands. Quantitative yield of
the product was achieved by the use of
0.04-1.6 mol% PdCl,, 18% HCOONa,
112% AcONa and. six-fold excess of

* supports
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bromoarene (with respect to . styrene) in
DMF after 10 min at 140° or after 180 min
at 100. Confirmation was obtained of the
earlier reported assumption that colloid
palladium particles formed in the course of
the reaction are the main “reservoir’ of
catalytically active homogeneous Pd(0)
complexes.

MODIFYING EFFECT OF Mn AND Ce
ON COPPER-CONTAINING
CATALYSTS OF METHANOL
DEHYDROGENATION (OP-1-7)

Vedyagin A.A., Tsyrulnikov P.G.,
Omsk Department of the Boreskov Institute
of Catalysis, Russia, zordos@mail.ru

Modifying effect of manganese oxide and
ceria was studied for copper supported on
silica and carbon-like material Sibunit. The
manganese oxide and ceria are not active in
investigated reaction. For binary and ternary
systems negative and positive modifying
effects were observed in the case of Sibunit
and silica, accordingly. The opposite
modifying effects of manganese oxide and
ceria could be explained by the different
nature of their interaction with supports.

THE ROLE OF SUPPORTS IN THE

ETHYLENE GLYCOL CATALYTIC
~ OXIDATION INTO GLYOXAL ON

THE SUPPORTED SILVER
CATALYSTS (OP-I-11)

Voronova G.A., Tomsk Polytechmc
University, Russza :
voronovag@mail2000.ru

The ethylene glycol catalytic ox1dat10n into
glyoxal on the supported silver catalysts has
been studied. The effect of chemical
composition and' structure properties of
synthetic and natural alumina-silica
on the catalytic activity of
supported silver catalysts has been shown.
The method of supported silver catalysts
preparation has been elaborated. The
optimal chemical composition of supports
has: been determined. The most active
catalytic' system has been obtained on the
base of 40% SiO, and 60% Al,O3 support.



The correlation between the catalytic
activity and the concentration of the acid Ag
surface species has been established. The
function of acid Ag surface species in the
ethylene glycol oxidation mechamsm has
been suggested.

DEVELOPMENT OF SOLID ACID
CATALYST FOR ALKYLATION OF
ISOBUTANE WITH BUTENES (OP-1-12)

Lavrenov A.V., Duplyakin V.K,,
Paukshtis E.A., Balzhinimaev B.S., Omsk
Department of Boreskov Institute of
catalysis SB RAS, Omsk, Russia,
lavr@jincat.okno.ru

Alkylation of isobutane with butenes is an
essential process for production of the high
quality gasoline. Sulfated zirconium oxide
(SZ) has attracted considerable attention in
the last few years due to its potential to form
an active catalytic system to be used for
hydrocarbon low-temperature conversion.
In the present paper we present the
characteristics of supported SZ on silica or
alumina as a catalyst for alkylation of
isobutane with butenes.

THE INFLUENCE OF LA xAxFEO;.y
(A=CA, SR) SUBSTITUTED
PEROVSKITES MICROSTRUCTURE
ON THEIR CATALYTIC
PROPERTIES IN THE DEEP
OXIDATION PROCESSES (CH,, CO)
L.S. Yakovleva, L.A. Isupova,
S.V. Tsybulya, G.N. Kryukova,
G.M. Alikina, V.A. Rogov,
V.N. Kolomiichuk and V.A. Sadykov
Boreskov Institute of Catalysis SB RAS
irga@catalysis.nsk.su

XRD, BET, MDPD, TPR, and HREM were
used to study the relation between the phase
composition, real structure and -catalytic
properties of substituted La;CaFeOs.y,
La;«SrxFe0s.,(0sx<1)  perovskites in
CO/CHy catalytic oxidation.

Specific catalytic activity of samples in the
reaction of CO/CHy catalytic oxidation was
found to correlate with the density of
extended defects (interphase and intergrain

boundaries) and the amount of reactive
oxygen easily removed by H,-TPR at a
middle temperatures.

THE DIRECTED SYNTHESIS AND
WAYS OF REGULATION OF POROUS
STRUCTURE OF INDUSTRIAL MIX
ALUMINIUM HYDROXIDE (OP-I-15)

Aptikasheva A.G., Lamberov A.A.,
Levin O.V., Egorova S.R., Kazan State
Technological University, Russia,
segorova@rambler.ru

Structural characteristics of peptized
industrial aluminium hydroxides are studied
by method of low-temperature nitrogen
adsorption. It is established, that in
technological  operations the  basic
transformation of aluminium hydroxides
structure occurs by = reorganization of
primary structure of aluminium hydroxides;
the mixture of aluminium hydroxides
obtained by hot (slit shaped pores) and cold
(cylindrical pores) precipitation results in
formation of hydroxides with slit shaped
pores; the process of increasing of wide
porous component, probably, proceeds
spontaneously (is more favourable
termodynamically) increasing of thin pores
component requires the additional energy.
The explanation of the observed phenomena
is given on the. basis of the offered
mechanism - of formation of industrial
aluminium hydroxide porous system.

THE INFLUENCE OF
PRECALCINATION TEMPERATURE
ON TURNOVER NUMBER FOR
SUPPORTED PLATINUM AND
PALLADIUM DEEP OXIDATION
CATALYSTS (OP-I-16)

Chzhu D.P., Tsyrul'nikov P.G., Omsk
Department of the Boreskov Institute of
Catalysis, Russia, tsyr@mail.ru

The effect of sharp increase of catalytic
activity per one surface atom of metal
(turnover number or T.O.N.) was revealed
for catalysts Pt/MeOx and Pd/MeOx, where
MeOx - Al,O;, CeO,, Zr0O,, at the increase

~of precalcination temperature in air from
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500 up to 700°C. This effect was
established for model reactions of the
complete oxidation of methane and n-
pentane. For systems Pt/La,O; and
Pd/La,0; the given effect was not observed.
This phenomenon was associated with
sintering of the supported metal at the
increase of precalcination temperature. It
was found, that one of the important factors
accompanying change of T.ON. for
complete oxidation of hydrocarbons, was
the increase of articles size of the supported
metal. :

The catalytic activity per one gram of
catalyst decreased for all samples with
- increase of precalcination temperature.

CO ISOTOPIC EXCHANGE
REACTION OVER PT-RH/AL,;0; AND
AL,O3 (OP-I-17)

Breeva N.V.,.Zhavoronkova K.N.
Mendeleev University of Chemical
Technology, Moscow, Russia,
lija7@cityline.ru

The isotopic exchange reaction
20180y L1B3C160-130180 120160y oo been
studied over 0.4%Pt-0.1%Rh/Al,0; and

~ sulfated ZrO, hydrogels was studied by

v-Al,O5 catalysts. Tt was found, that two -

types of temperaturé: dependence of specific
catalytic activity (Kgp) for

Pt-Rh/Al,0;, as well as for y-AlO; take
place.

A concerted “four-center” mechanism for
the exchange process at temperature <250°C
on the Pt-Rh/A1,0O; was proposed.

Mass spectrometric, chemisorption
measurements have been employed.

STRUCTURAL ORGANIZATION AND
CATALYTIC PROPERTIES OF THE
Cu?*- CONTAINING ZIRCONIUM
DIOXIDE HYDROGEL (OP-1-19)

E.G. Kovalyova,:A.B. Shishmakov,
V.G. Kharchuk, O.V. Kuznetsova,

L.N. Zhdanov, L.A. Petrov,
M.Yu.Yanchenko, L.S. Molochnikov,
Ural State Forest Engineering University
Ekaterinburg, Russia, gek@mail.ur.ru

The character 6f Cu®* - ions distribution on
the surface of simple non-sulfated and

ESR spectroscopy. It is found that there are
three types of Cu’*-compounds in a gels
phase, namely, mononuclear Cu®'-
complexes, their associates characterized by
the increased local concentration of Cu®*
ions and Cu**-compounds giving no ESR
spectra at the wused frequency and
temperature. The catalytic activity of
different surface copper structures in the
reaction of liquid-phase oxidation of
trimethylhydroquinone (TMGQ) as a model
of hydroxyarenes was determined.

It is found that the last-named Cu*'-
compounds show the most catalytic activity
in the TMGQ oxidation reaction. The data
for the structural organization and catalytic
activity of Cu2+-containing 7210, hydrogels
arc compared to the corresponding
dependences established for the earlier
studied ones. ‘

ACTIVATED ALUMINIUM.
REACTION WITH WATER AND
ALCOHOLS (OP-1-20)
Basova L.A., Nizovski A.IL., Bubnov A.V.
Omsk State Technical University, Russia.
ofik@omsk.net.ru

An interaction of aluminum and industrial
alloys on its basis, activated with liquid
metal alloy In-Ga, with water and alcohols
is considered. It is shown that all used
alloys interact with water and monatomic
alcohols. Intermietallide, included in the
structure of activated aluminum alloys, do
not interact with water and alcohols.

EFFECT OF PREPARATION
CONDITIONS ON THE ACTIVITY OF
Pt/AL,0; CATALYSTS FOR DEEP
OXIDATION (OP-1-21)

. Lobyntsev E.A., Belaya L.A., Shitova N.B.,
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Tsyrul'nikov P.G., Omsk Department of
the Boreskov Institute of Catalysis SB RAS,
Russia, tsyr@mail.ru

This paper deals with the effect of platinum
precursors and preparation conditions on the
catalytic activity of catalysts for deep
oxidation methane and CO. The platinum



- crystallization

precursors used in this work were H,PtCls,
Pt(NO3); and Pt,(CO),,. The alumina was
used as" ‘support. The catalysts were
characterized by BET and H,-Os-titration. It
was ‘shown that the catalyst prepared from
platinum carbonyl - precursor ‘were more
" active for the both teactions. This effect is

- connected with high platinum dispercity for

‘these samples.

SYNTHESIS OF MORDENITE-TYPE
- ZEOLITES USING VARIOUS SILICON
'~ AND ALUMINIUM-CONTAINING

REAGENTS (OP-1-22)
Makhamatkhanov R.A., Paviov M.L.,
Kutepov B.I., Apkarimova G.I.,
Dzhemilev U.M., Institute of
Petrochemistry and Catalysis,
Bashkortostan Republic Academy of
Sciences and Ufa Scientific Centre of RAS,
Russia, rest@mail.ru

The wasteless, ecologically safe method for
synthesis of zeolites of mordenite-type
based on the use of wastes of crystal silicon
production as a source of silicon was
developed for the first time.

The possibility to obtain highly dispersed
zeolite of mordenite-type (4-5 p) with the
degree of crystallinity close to 100% with
the use of sulfate aluminium solutions as
aluminium-containing raw has been shown.

Zeolites of mordenite-type with high mole
ratio Si0,/AL,O3=15-20 are possible to be

synthesized - using  various  organic
templates: monoethanolamine,  isobutyl
alcohol.

Hallosilicate with a structure of zeolite of
mordenite-type  was  synthesized via
of reaction  mixture
containing water solutions of silicate and
“sodium hydroxide and gallium nitrate.

. Adsorbent was synthesized for acid gas media
dehydration on the basis of highly dispersed
zeolite of mordenite type and y-AlL,O; as a
binder, surpassing known mordenite-
containing adsorbent (40 mg/em’) by the
adsorption properties (dynamic capacity to
water vapors 45 mg/em’).

High -catalytic  activity of zeolites of
mordenite type in decationated form was

shown for the first time in a synthesis of
isoprenoid analogs of a-tocoferol and linear
dimers of a-methylstyrene

FORMATION OF OXIDE LAYERS
CONTAINING TRANSITION METALS
BY MICROARC OXIDATION (OP-1-23)

Khokhryakov Ye.V., Butyagin P.I.,
Mamaev A.L, Institute of Physics of
Strength and Material Science, Tomsk,

Russia, atte@mail.tomsknet.ru

- The opportunity of formation of oxide

catalytic layers on aluminium alloys by
microarc oxidation is considered.: The data
on research of element composition of oxide
layers and their morphology are given. The
mechanism of formation of dispersible
particles with participation of compounds
from a solution and inclusion them in
structure of the coatings are offered.

THE INFLUENCE OF PRECURSORS
AND PREPARATION CONDITIONS
ON THE PROPERTIES OF Pt-
Ru/SIBUNIT CATALYSTS FOR CO
OXIDATION IN HYDROGEN RICH
GAS MIXTURES (OP-1-26)
Shlyapin D.A., Snytnykov P.V.,
Tsyrul'nikov P.G., Sobyanin V.A.,
Omsk Department of the Boreskov Institute
of Catalysis, Russia, '
dmitry_shlyapin2@mail.ru

A set of Pt-Ru/Sibunit catalysts was

: Ptn(CO)Zn,
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prepared and the activity of these catalysts
in CO oxidation in hydrogen rich gas
mixtures was determined. H,PtClg,
[Pt(NH3)4]Cl; and ruthenium
carbamide were used as a precursors of the
Pt-Ru/Sibunit catalysts. Supporting of a
mthemm precursor and [Pt(NH3)4]Cl; onto
the surface of the Sibunit was performed by
the impregnation from water solutions.
Pt,(CO)2 and H;PtCls was supported by
adsorbing from acetone and water solutions
respectively. The general content of Pt and
Ru in catalysts was 0.5 % by mass. Besides
the adsorption of the Pt precursors on
Sibunit was studied.

[Pt(NH3)4]Cl; was found to be not adsorbed



on Sibunit. Also it is found, that the value of
Pt,(CO)zq adsorption is ‘more, than for
H,PtClg. It is revealed that the catalyst
contained 0.2 % Pt + 0.3 % Ru was more
effective than the other mixed catalysts. It
was shown that the order of precursors
.deposition has a large influence on the
catalytic activity.

SYNTHESIS OF CATALYSTS BY
METHOD OF ANODIC SPARK
A DEPOSITION (OP-1-27)
Vasilyeva M.S., Rudnev V.S., Tiyrina
L.M., Kondrikov N.B., Gordienko P.S.,
' Reshetar A.A., Far East National
University, Viadivostok, Russia,
sol@chem.dvgu.ru

The traditional method of oxide catalyst
formation is thermal decomposition of
corresponding metal salts or hydroxides on
the surface of previously prepared support.
Method of anodic spark deposition
represents certain possibility for synthesis of
various high temperature oxide structures on
metal surface.

In present work the effect of using of base
Na;B4O;7 electrolyte, containing salts of
Mn(II), Mn(IV), Ni (II), Co (1I), Fe (II) on
formation, element and phase compositions,
morphology of anodic spark coatings was
investigated. ’

The possibility of using of anodic spark
layers as catalysts and electrocatalysts was
’ established upon studying their properties
by a set of physwal chemical and chemical
methods.

CATALYTIC UNITS OF OXYGEN
SENSORS (OP-1-28)
" Tupikova E.N,, Goryainova N.E., Yushina EB,
Korolev Samara State Aerospace
University, Russia, chem@ssau.ru

The catalytic elements of oxygen sensors
are: potential generating electrochemical
- cell (PEC), forming the signal of functional
dependence of EMF from oxygen partial
pressure in complex gas mixtures, and
catalytic block for preparing a gas probe and
‘protecting of PEC.. The functional

- transformation of

characteristics of PEC (the range of
operating temperatures, dependence of EMF
on composition, speeds and temperatures of
gas streams, response time of sensor signal
on changing of a composition of gas
mixture) were determined. The effectivity
of Pt, Pd, and Ir supported on the metallic
porous block from MR catalysts in
conditions modeling the working conditions
of oxygen sensors is shown.

PREPARATION OF LAYERED
DOUBLE HYDROXIDES FROM
SODIUM ALUMINIUM
HYDROXYCARBONATE
(DAWSONITE) (OP-1-29)
Starikova E.V., Tarasov K.A,, Isupov V.P.,
Chupakhina L.E., Mitrofanova R.P.,
Novosibirsk State University, Russia,
Katya@solid.nsc.ru

Layered double hydroxides (LDHs) are
widely used as catalysts and precursors for
their preparation. Their general formula is
[M2+(1 X)M3+X(OH)2]"+(A" wn)MH0,  where
M - Mg¥, Zn*", Ni*" ete, M*" - AP, Cr**
etc, A" - 1nter1ayer anions. In this work, a
novel synthetic route to LDH has been
investigated. It is based on topotaxial
dawsonite
NaAl(OH),CO3* xH,0 into LDHs upon its
interaction with aqueous solutions of salts
of some metals. This allows one to obtain
LDHs with the spinel ratio M**/Al = ¥ and
avoid other disadvantages of the traditional

- coprecipitation method.

~ STUDY OF THE EFFECT OF
ALCOHOLS ON THE ACTIVITY OF
CATALYTIC SYSTEM [PPh;],Ni +
BF;0OEt, IN LOW-MOLECULAR
ETHYLENE OLIGOMERIZATION
(OP-1-30)

Matveev D.A., Vil’ms A.L, Saraev V.V,,

Irkutsk State University, Russia,
saraev@chem.isu.ru

The activity of catalytic systems [PPh3]4N1
+ BF3-OEt; + ROH (R = Et, i-Pr, +-Bu, Bz)
in oligomerization of ethylene is studied
depending on component ratio. It is
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established that the dependence of catalytic
activity on B/Ni ratio has extreme character
for all used alcohol. The position of
maximum of activity is displaced upon
increasing of ROH/Ni ratio to the major
values B/Ni. The magnitude B/Ni in
extreme points grows in the following row:
EtOH ~ BuOH < i-PrOH < t-BuOH. It is
established that the promotion of catalytic
systems is not connected with proton
donation properties of alcohol.

PREPARATION OF REFORMING
CATALYST FOR AROMATIC
HYDROCARBONS PRODUCTION
(OP-1-33) :
Dogadina N.V., Karyakin V.A,,
Rudenko V.A., Saratov State University,
Russia, DogadinaNV@info.sgu.ru

For the first time, influence of
electrohydraulic blow on the properties of
platinum-alumina catalyst for n-hexane
aromatization is studied. It's found that
under electrohydraulic treatment platinum
hydrochloric acid reduces and forms surface
centers active in n-hexane
dehydrocyclization. The above effect
significantly increases aromatic
hydrocarbon yield.

NATURE AND ACCESSIBILITY OF
THE ACID SITES IN
DEALUMINATED MORDENITES
STUDIED BY FTIR OF ADSORBED
ALKYLPYRIDINES (OP-II-1)
N.S. Nesterenko, V.V. Yushchenko,
LI Ivanova, F. Fajula, Lomonosov
Moscow State University, Russia,
NSNesterenko@phys.chem.msu.ru

Series of dealuminated by combination of
calcinations and acid leaching procedures
small-port mordenites was prepared.
Samples were characterized by chemical
analysis, XRD, TPDNH3: IR and N2
adsorption. In the series studied the increase
of Si/Al ratio leads to the creation of
mesopores and the increase of the
contribution of Lewis sites with respect to
Bronsted sites. The use of large bulky
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molecules-substituted pyridines (Py, Lu,
Coll, DTBPy, NPPy, TEtPy) as probe
molecules allowed to determine the
accessibility of acid sites. The inaccessible
sites were probed by CO. It was found that
the accessibility of the acid sites increase
with treatment severity.

FMR OF METAL AND OXIDE ‘
NANOPARTICLES IN CATALYSTS:

' THE EFFECTS OF
SUPERPARAMAGNETISM (OP-1I-4)
M.M. Yulikev, O.N. Martyanov, V.F. Yudanov,
Boreskov Institute of Catalysis SB RAS,

Russia, yulikov@catalysis.nsk.su

The effect of .ferromagnetic resonance
(FMR) line contraction with particle size
decreasing is used to determine the particle-
size  distribution  in  ultra-disperse
ferromagnetic powders. Previous model of
de Biasi and Devezas (BD) is improved in
order to include the high magnetic
anisotropy case into consideration. Quite a
good agreement between the model and the
experimental data is achieved. Several
spectral effects due = to the
superparamagnetism of nanoparticles are
discussed. The analysis of FMR spectra is
performed for several systems containing
metal and oxide nanoparticles within the
framework of the improved BD model.

INVESTIGATION OF CRITICAL
PHENOMENA IN REACTION OF CO
OXIDATION OVER Pd(110):
SURFACE RECONSTRUCTIONS,
CHEMICAL WAVES AND
OSCILLATIONS (OP-1I-5)
A.V. Matveev, Boreskov Institute of
Catalysis SB RAS, Novosibirsk, Russia
matveev@catalysis.nsk.su

By means of temperature-programmed
reaction, X-ray photoelectron spectroscopy
and molecular beam technique the nature
and reactivity of various forms of oxygen
and CO have been investigated. Obtained
results indicate that the chemically adsorbed
surface oxygen species have the most
reactivity. Based. on the proposed



mechanism, chemical autowaves over the
surface of catalyst and oscillations of the
reaction rate were obtained within the
narrow range of parameters, using
‘simulations by Monte-Carlo technique.
Surface reconstruction of Pd(110) plane
(1x1) — (1x2) after adsorption of oxygen or
CO molecules was taken in account. As a
result elliptically stretched chemical waves
could be seen in the course of modelling in

close agreement with the known
experimental data. '
STRUCTURE OF LOW-

TEMPERATURE ZIRCONIA (OP-1I-6)
D.A. Zyuzin, E.M. Moroz, A.S. Ivanova,
‘A.N. Shmakov, Boreskov Institute of
Catalysis SB RAS, Russia,
zyuzin@catalysis.nsk.su

Low-temperature samples of zirconium
hydroxide and zirconia were studied by X-
ray radial electronic density distribution
(RED) method. Samples were obtained
from aqueous solutions of zirconyl nitrate at
pH 7 and 9, and then subjected to thermal
treatment at 383K and 653K. It was shown,
that low-temperature (383K) hydroxide
represented nuclei of crystalline phase with
the size of 10-15 , those near order
structure resembled ZrO,. The thermal
treatment at 653K resulted in the formation
of mixtures of monoclinic and cubic phases
of ZrO,, with the crystallite size of ~60 .
The increased coordination numbers for
Zr-Q distances are observed.

ETHYLENE GLYCOL OXIDATION
INTO GLYOXAL. THE INFLUENCE
OF REACTION MIXTURE AND

INORGANIC PROMOTERS ON THE

ACTIVITY OF CATALYSTS (OP-II-8)
Knyazev A.S., Vodyankina O.V.,
Institute of Petroleum Chemistry SB RAS,
Tomsk, Russia, kas854@mail.ru

Under the influence of reaction mixture the
Ag surface is drastically changed.
Formation of microchannels and filament
carbon deposits had been " observed.
Addition of inorganic promoters on the base

of phosphorous compounds allows to
change the catalytic properties by i mcreas1ng
the catalytic Ag activity. The mechanism of
surface reconstructlon of promoted’ catalyst
is connected with the high ionic
conductivity of phosphorous—contalnlng
salts.

STUDY OF METAL-PROMOTER
INTERACTION IN RUTHENIUM
CATALYST FOR LOW-
TEMPERATURE AMMONIA

- SYNTHESIS (OP-II-10)
Yu.V. Larichev, B.L. Moroz, I.P. Prosvirin,
S.N. Trukhan , V.I. Bukhtiyarov, Boreskov
Institute of Catalysis SB RAS, Novosibirsk,
Russia, larichev@catalysis.nsk.su

Mechanism of modification of electronic
state of ruthenium having place during
interaction between metal and promoter,
and influence of thls interaction on activity
of this metal in reactlon of ammonia
synthesis have been studied. It was
established, that when the sample was
promoted 'by cesium “there have place
negative shift Ru3d‘in XPS spectra due to
interaction metal- promotor It was revealed
considerable changes in action of promoter
in the presence and absence of ruthenium
particle on catalyst by combrnatlon of XPS
and TPD.

MECHANISMS OF FORMATION OF
~ ADSORPTION AND OXIDE’*
RECONSTRUCTIVE LAYERS
DURING OXYGEN INTERACTION
WITH Pd(110) SURFACE (OP-1I-12)
A.L Titkov, A.N. Salanov,
Boreskov Institute of Catalysis SB RAS,
Novosibirsk, Russia,
Titkov@catalysis.nsk.su

" Mechanisms of processes having place

during interaction of" oxygen W1th Pd(110)
surface at pressure Po, =10° = 10 Pa and
temperatures  400-1200 K have been
investigated by  thermal  desorption
spectroscopy (TPD) and mathematical
modelling. It was established, that at low
oxygen pressure (<107 Pa) and



temperatures (<550 K) reconstructive chain
structures. (2x3)-1D and c(2x4) are formed
on the surface of Pd(110), with increase of
oxygen pressure (> 10” Pa) surface oxide
film is formed. At high oxygen pressure
(2 _10'2 Pa;) and temperatures (>550 K)
surface oxide decompose and oxygen
penetrate in the bulk of palladium.

VOLTAMMETRY AS THE
EVALUATION METHOD FOR
CATALYTIC ACTIVITY OF Cu* -
HYDROGEL OXIDE COMPLEXES IN
HYDROXYARENS OXIDATION (OP-II-13)

Mikushina Yu.V., Kharchuk V.G.,
Petrov L.A., Buldakova L.Yu.,
Yanchenko M.Yu., Institute of Organic
Synthesis RAS, Ekaterinburg, Russia,
Yanchenko@ihim.uran.ru

The presence of hydrogels of IV group
elements exert a great influence on the rate
of oxidation of hydroxyarenes, especially
with Cu®* jons. By voltammetric methods
was fixed the changing of redox-potentials
both of hydroxyarene and Cu, contacting

with these gels. The kinetic and
voltammetric  parameters are directly
proportional.

KINETIC OF AMMONIA OXIDATION
REACTION OVER OXIDE
CATALYSTS (OP-1II-1)

E.F. Sutormina, V.A. Kuzmin, Boreskov
Institute of Catalysis SB RAS, Novosibirsk,
Russia, selena@ catalysis.nsk.su

In this work we studied the kinetics of
ammonia oxidation over ferrous oxide block
catalysts modified with different amount of
Al,O3. These catalysts are active in reaction
of ammonia oxidation to NO and now are
widely used in industry at the second stage.
All experiments were carried out under
‘industrial conditions (T=750-950°C, p=1atm,
U=0.3-0.9 m/sec, CiuetNH3)=1-9%). An on-
line UV spectroscopic method has been
developed for quantitative determination of
ammonia, NO and NO; concentrations.

It was shown that reaction of ammonia
oxidation over oxide catalysts is diffusion-

controlled: there is a dependence of
reaction rate on linear gas velocity and
slight dependence on temperature
(Ea = 1.02 kcal/mol), the reaction has first
order for ammonia. All experimental data are
in a good agreement with theoretical ones.

DYNAMICEFFECT IN
HETEROGENEOUS CATALYSIS (OP-II-2)
N.V: Lepekhina, A.A. Plackidkin, Tomsk
Polytechnic University, Russia,
vezunchick@yandex.ru

In the work a new method for determination
the acid-base properties of a catalyst surface
is suggested. The method is based on
recording the dynamic -effect a
phenomenon occurring at interaction of
atomic gases with the surface of a solid
body. The method has no analogues, is free
from restrictions existing in conventional
techniques.

ON THE KINETIC STUDY OF
NATURAL GAS OXIDATION BY
. AEROSOL CATALYSIS
TECHNOLOGY (OP-1II-3)
M.A. Glikin, D.A. Kutakova, LM. Glikina,
East-Ukrainian National Universit,
Severodonetsk Technolog'ical Institute,

Ukraine, glikin@sdtcom.lg.ua

‘A new way to development of the gasphase
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heterogeneous and catalytic processes —
aerosol catalysis technology — is shown. At
present it is well used for the processes of
deep and partial oxidation of organic
substances, the industrial and municipal
wastes treatment, etc. These investigations
are carried out in the flow-type reactor and

in the gradientless reactor  with
vibrofluidized catalyst bed. We obtained the
identical experimental data for both

reactors. At present we are studying the
process of deep natural gas oxidation in the

gradientless  reactor.  Some  kinetic
characteristics of this process are
considered.



STEADY-STATE KINETICS OF
PEROXIDASE OXIDATION OF
- ASCORBIC ACID IN THE PRESENCE
“OF INDOLE-3-ACETIC ACID (OP-III-4)
- Rogozhina T.V., Rogezhin V.V., Yakutsk
Medical Institute, Russia,
vrogozhin@mail.ru

Steady-state kinetics of ascorbic acid
oxidation in the presence of indole-3-acetic
acid (IAA) catalyzed by the horseradish
peroxidase was studied. The values of the
catalytic constants k. and K, and
inhibition constants K; were determined at
the pH from 4.5 to 7.0. Auxin was shown to
inhibit the enzyme by competitive path by
“binding of one ascorbic acid molecule while
peroxidase oxidation of two and more
molecules of indole-3-acetic acid substrate
displays noncompetitive nature of the
inhibition. The ~ possible mechanism of
ascorbic acid oxidation in the presence of
indole-3-acetic acid is suggested.

OXIDATION OF METHANE IN
QUARTZ AND CERAMIC TUBES (OP-III-5)

Slepterev A.A., Tsyrul’nikov P.G.,
Sal’nikov V.S., Omsk Department of the
Boreskov Institute of Catalysis SB RAS,
Russia, tsyr@mail.ru
The homogeneous oxidation of methane
with initial concentration up to 2,0% vol. in
air was investigated at temperatures
750-1000°C. 1t is found that the oxidation of
methane at high temperature in excess of
oxygen goes through formation of carbon
.monoxide with selectivity up to 90%. The
“experimental kinetic dependencies of the
‘methane conversion from the contact time,
'methane concentration, and temperature has
:determlned

HOMOGENEOUS OXIDATION OF
" CARBON MONOXIDE IN CERAMIC
TUBES (OP-III-5)
"'5Slepterev A.A., Tsyrul’nikov P.G.,
Sal’nikov V.S., Omsk Department of the ~
‘Boreskov Institute of Catalysis SB RAS,
Russia, tsyr@mail.ru
The kinetics of homogeneous oxidation of
an intermediate oxidation product of

The oxidation of wundecane

methane - carbon monoxide - was
determined at concentrations interval of
carbon monoxide up to 1,5% vol., at
temperatures 750-1100°C, and at contact
times 0,008 - 0,096 s.

LOW TEMPERATURE LIQUID-
PHASE OXYGENATION OF
UNDECANE IN THE PRESENCE OF

CATALYST BASED ON TRANSITION

METAL COMPLEXES (OP-1IV-1)
Bayahkmetova B.B., Shokorova L.A.,
Zhubanov K.A., Moysa R.M.,
Research Institute of New Chemical
Technologies and Materials, Al-Farabi
KazNU, Kazahkstan, Almaty,
ludmila_sh@nets.kz

The kinetics of low temperature (30-50°C)
11qu1d-phase oxidation of undecane by
oxygen in the presence of catalyst based on
cobalt(Il) and copper(I) complexes
modified by tin(ll) compounds in non-
aqueous solution have been investigated.
‘proceeds
selectively to methyl-nonyl-ketone with
conversion degree 15-20%. The results of
investigation show that the studied Cu(Il)-
Sn(Il) complexes demonstrated major
activity than Co(I)-Sn(Il) complexes.
Kinetic and thermodynamic characteristics
of the process have been determined. -

GALVANOCOAGULATIONAL
TREATMENT OF THE
PHENOLCONTAINING WATER
SOLUTIONS (OP-1V-3)

Zhalsanova D.B., Batoeva A.A.,
Ryazantsev A.A., Baikal Institute of Nature
Management SB RAS, Ulan-Ude, Russia,
abat@binm.baikal.net

The results of galvanocoagulational removal

- of phenol and intermediate products of its

oxidation - catechol, hydroquinone and n-
quinone - from water solutions has been
discussed. It is shown that full removing of
the phenols is realized by sorption-catalytic
mechanism.  Catechol = is  practically
completely oxidized by air oxygen to
quinone, which then adsorbs on the iron
hydroxides during galvanocoagulation and
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is - thereby eliminated from solution.
Hydroquinone is * completely oxidized,
primarily to n-quinone, which is then
decomposed under hydrogen peroxide
action to carbonic acids, carbon dioxide and
water.

CATALYTIC NEUTRALIZATION OF
LIQUID RADIOACTIVE ORGANIC
WASTES OF ATOMIC PLANTS (OP-IV-5)

Karpenko B.L., Shevelev A.M.,,
Pestryakov A.N., Ostrovskii Yu.V.,
Tomsk Polytechnik University, Tomsk,
Russia, karpenko_vita@mail.ru

The presentation is devoted to the catalytic
neutralization of liquid radioactive organic
wastes of atomic plants containing
organophosphorus compounds and
radioactive nuclides by full oxidation of
organic phase to harmless products and
sorption of radioactive components on
catalyst grain.

STUDY OF CATALYTIC
PROPERTIES OF Pt-CONTAINING
CATALYSTS FOR N-PARAFFIN
HYDROCARBONS CONVERSION (OP-1V-6)

Napalkov A., Djavadyan Y.,
Nazmutdinov D., Samara State Technical
University, Russia, chtogr@sstu.edu.ru

The work is devoted to synthesis and test of
catalysts for isomerization of normal
paraffin. A series of zeolite containing
alumina catalysts impregnated with the
solution of platinum compound was
synthesized.

The synthesized catalysts were tested in
reaction of n-hexane isomerization at
microimpulsive plan with chromatographic
analysis of reaction products.

It is experimentally revealed that the
catalysts on the basis of super pure gel of
aluminium hydroxide of the mark SB have
higher isomerization activity.

HETEROGENEOUS CATALYSTS OF
EXHAUST GASES CLEANING (OP-1V-7)
Ivanova Yu.V., Chernyshevskii State
University, Saratov, Russia,
IvanovaUW@jinfo.sgu.ru
Raising of productivity along with
environmental safety is one of the principal
tasks ‘of chemical industry. This problem
cannot be solved without development and
application of novel materials and
technologies. The paper concemns copper-
and nickel-containing catalysts with varying
active component content.

THE INVESTIGATION OF THE
PROCESS OF ACETONE ..
PRODUCTION BY
DEHYDROGENATION OF
ISOPROPYL ALCOHOL (PP-1).
Agamalieva F.M., Ajamov A.K.,

- Azerbaijan State Oil Academy, Baku, .
Azerbaijan, AgamalievaFarida@mail.ru

The - analysis of publications devoted to
this  method of acetone production was
fulfilled. It was revealed that the high

- process temperature (500-550°C) and low

" alcohol

conversion were - the main

- shortcomings of the process. It has been

shown by thermodynamic investigation

. that acetone can be also obtained at low
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temperatures. The choice of the catalyst is
of great importance. Based on the
preliminary data it was established that the
process of dehydrogenation of isopropyl
alcohol has to be carried out on Me/MeQO
catalysts.. The appropriate industrial
catalyst - was  chosen. The  process
temperature changed ‘in the interval of
100-300°C, contact time - 0,5-2,0 sec.
The acetone yield was from 52 to 75%.
According to the fulfilled investigation it is
stated that maximum acetone yield can be
obtained at 200-275°C and contact time of
0,75-1,5 sec.



" ~OXIDATIVE P-O COUPLING OF
WHITE PHOSPHORUS WITH
PHENOL IN THE PRESENCE OF
TIODINE-CONTAINING CATALYTIC
SYSTEMS (PP-2)

M_.B. Aliev, F.Kh. Faizova,

. R.R. Abdreimova, Institute of Organic

Catalysis and Electrochemistry, Almaty,

Kazakhstan, abdreimioce@nursat.kz

~.The oxidative P-O coupling of white
-phosphorus with phenol, yielding triphenyl
phosphate, occurs under oxygen atmosphere
in the solutions of mixed catalytic systems,
FeClI3-I; and NaNO;-I,. A mechanism of
this reaction has been proposed based on the
detailed kinetic and potentiometric studies.
Relevant steps of the P4 conversion may be
considered: (i) the oxidation of P4 by I, to
produce Pul; (ii) the aroxylation of these
species to form a  series of
iodophospharoxydes through a fast cascade
of electron-transfer processes, and, finally,
(iii) the phenolysis of the final product of
this reactions sequence resulting in triphenyl
phosphate. An important role in carrying out
the reaction in the expected way is played
by the continuous oxidation of HI formed
by NaNO, or FeCl;, and the subsequent
reoxidation of NO or Fe(Il) by oxygen.
These oxidative steps are fundamental since
they give back in the catalytic cycles all the
components of the mixed systems I,
NaNO; and Fe(IIl), respectively.

ELECTROCATALYTIC
HYDROGENATION OF 3-
CYANOPYRIDINE (PP-4)
Z.M. Astafieva, Institute of Phytochemistry
Ministry of Education and Science,
Karaganda, Kazakhstan,
arglabin@phyto.kz

The electrocatalytic hydrogenation of 3-
" Cyanopyridine on skeleton nickel catalyst
was studied. The selective hydrogenation of
C-N-group proceeds on “poisoned” nickel

catalyst. The optimal conditions of
electrocatalytic ~ hydrogenation of  3-
Cyanopyridine to 3-Pynidylmethylamine

were found. The structure and purity of

obtained product were confirmed by IR-
spectroscopy and GLC methods.

ELECTROCATALYTIC
HYDROGENATION OF PYRIDINIC
ALKALOIDS (PP-5)

Z.M. Astafieva, L.A. Mussina, Institute of
Phytochemistry Ministry of Education and

Science, Karaganda, Kazakhstan,
arglabin@phyto.kz

The electrocatalytic hydrogenation of
pyridinic alkaloids anabasine and nicotine
on skeleton nickel catalyst was studied and
the optimal conditions of electrocatalytic
hydrogenation of these compounds were
determined. The structures of hydrogenated
alkaloids were confirmed by IR- and NMR-
spectroscopy methods. :

ISOMERIZATION OF N-HEXANE ON
ZEOLITE CONTAINING
Pd-CATALYSTS (PP-6)

Autanov A.M., Shaymerdenova M.K.,
Zakarina N.A., Sokolskii Institute of
Organic Catalysis and Electrochemistry,
Almaty, Kazakhstan, orgcat@nursat.kz

The dependence of activity and selectivity
of Pd-catalysts in n-hexane isomerization
reaction on zeolite nature (ZSM-5, B,

 mordenite) and precursor of active metal on

matrix of AlO; and natural clays is
investigated. It -was shown that activity of
Pd-catalysts ‘depends on the nature of
modifying zeolite (Pd/ZSM-
5>Pd/Mordenite>Pd/B), dispersion of metal
phase and distribution of acid centers.

CATALYTIC DESTRUCTION OF
WASTE WATER ORGANIC
IMPURITIES ON Fe-PILLAR
MONTMORILLONITE (PP-7)

* Badmaeva S.V., Baikal Institute of Nature
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Management SB RAS, Ulan-Ude, Russia,
shan@binm.baikal.net '

The Fe-pillar montmorillonite (Fe-MM) was
prepared by intercalation Mukhortala
(Buryatiya) montmorillonite with Fe (III) -
polyhydroxycomplexes.

The surface area after calcination at 500°C



as determined by the BET N, sorption
method is 115 m%/g, average pore size is 84,
13 A. The kinetics of dye oxidation by
hydrogen peroxide on Fe-MM is studied at
pH 2-5. The reaction orders on reagents and
_catalyst are determined.

ACID DECARBOXYLATION OF
2-4-DINITROPHENYLACETIC ACID
(PP-8)

Baidakova L.K., Azeev V.N.,
Semenov B.B.., Rodionov L.L.,
Smushkevich Yu.l., Mendeleev University
of Chemical Technology, Moscow, Russia,
semenovb@mail.ru

Methods of “double use” of poly-nitrated
compounds are of great importance now. In
view of the fact we deemed it to be interesting
to enhance synthetic potential of the methods.
We used 2,4-dinitrophenylacetic acid, which
can be readily obtained from commonly
available starting materials, as model
compound.

PECULIARITIES OF ETHANE
TRANSFORMATION ON
CHROMIUM-PHOSPHATE
CATALYSTS (PP-9)

Barenblat 1.0O., Golub N.P., Gomonay
V.L, Szekeresh K.Ju., Uzhgorod National
University, Uzhgorod, Ukraine
homonaj@univ.uzhgorod.ua

Chromium-phosphate has been synthesized
and studied - by chemical and physical-
chemical methods (RPA, DTA and IR-
spectroscopy). The sample acidity:and acid
centres distribution.have been studied. The
catalytic properties were studied in the
reaction of ethane oxidation in a running
plant under stationary and non-stationary
conditions. The main products of the
reaction are ethanol, ethane, acetic acid, CO
and CO,. The reaction conducting under
non-stationary conditions testifies to the
fact, that CO and CO, are the products of
ethane interaction with the active form O*
and ethanol interaction with the less active
form O'.
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. CATALYTIC GENERATION OF
ALKYLHYPOCHLORITES FROM
CCl 4 AND ALCOHOLS EFFECTED
BY Mo AND V COMPLEXES AND A
FURTHER OXIDATION OF ALKANES
IN THEIR PRESENCE (PP-10)
R.Yu. Burangulova, Yu.Yu. Lavrentieva
R.I. Khusnutdinov, N.A. Schadneva,
Institute of Petrochemistry and Catalyszs
Bashkortostan Republic Academy of
Sciences and Ufa Scientific Centre. of RAS,
Russia, ink@anrb.ru

An oxidation of alkanes, cycloalkanes and
alkylaromatic compounds was carried out
with the use of alkylhypochlorites (ROCI)
generated in situ from CCly and alcohols
under the effect of molybdenum and
vanadium: Mo(CO)s and VO(acac), to give
ketones and acids (60-86 % yield).

SYNTHESIS, MODIFICATION,
PHYSICO-CHEMICAL AND
CATALYTIC PROPERTIES OF HIGH-
SILICA ZEOLITE (PP-11)

Velichkina L.M., Institute of Petroleum
Chemistry, Tomsk, Russia, dmps@ipc.tsc.ru

The Zeolites of ZSM-5 type were
synthesized and the catalysts on theirs basis
were prepared to be used in .the process of
the ennobling of a straight-run gasoline
fraction of the crude oil. The influence of
the pretreatment and introduction of various
metals on the properties of: zeolite-
containing catalysts has been studied:  The
methods to increase the yield of the desired
product, i.e. high-octane gasoline, have been
shown.

STUDY OF MASS TRANSFER ON THE
PLATINUM GAUZES IN REACTION
- OF HYDROGEN AND AMMONIA
OXIDATION (PP-12)
Vostrikov Z.Yu.-Sutormina E.F.,
Kuzmin V.A., Boreskov Institute of
Catalysis, Novosibirsk, Russia,
kva@catalysis.nsk.su

In this work we studied the reaction of

hydrogen and ammonia oxidation. on woven
and bound platinum gauzes to compare



mass transfer coefficients and temperatures
for these types of gauzes. All experiments
were carried out under industrial conditions.
It was shown that values of mass transfer
‘:,..’goefﬁcients do not depend on gauze type.
“Studied reactions are diffusion- controlled
and experimental data are in a good
agreement with theoretical ones. The
temperature of platinum gauzes was
determined in reaction of hydrogen
oxidation. Its value is closed to that
calculated using equation of
thermodiffusion, radiation and Luis number.

THE FEATURES OF USING OF
HONEYCOMB OXIDE BLOCKS AS A
* CATALYST IN THE PROCESS OF
AMMONIA OXIDATION (PP-14)
Golovnya E.V. , Telyatnikova T.V.,
“ALVIGO-M" Ltd., Moscow, Russia,
catalin@online.ru

A number of experiments were conducted in
order to find out some features of ammonia
oxidation process. Different types of
catalytic systems including honeycomb
oxide catalysts were - investigated at the
laboratory-scale flow-through plant,
ammonia conversion rate and NOx yield
being measured according to the standard
methods.

“Analysis of experimental data allowed to
formulate the way to determine optimal
configuration of two-stage catalytic system
in" industrial plants for non-concentrated
‘nitric acid production.

CATALYTIC STAGE
TRANSFORMATION IN COMPLEX
COBALT-CONTAINING SYSTEMS

) - (PP-15) _ ’
Golub N.P., Barenblat 1.0., Gomonay
V.1, Szekeresh K.Ju., Uzhgorod National
University, Uzhgorod, Ukraine,
homonaj@univ.uzhgorod.ua

Catalysts on the basis of magnesium
phosphate and cobalt phosphate have been
synthesized and their physical-chemical and
catalytic properties in the reaction of stage
‘oxidation have been studied. Complex

.magnesium-cobalt-phosphate systems were

obtained by the method of precipitation
from the corresponding nitrate salts. The
products of stage oxidation on polygenic
phosphates are ethylene, carbon mono- and
dioxides. Catalyst composition substantially
influences their concentration. Magnesium
phosphate directs the . process of stage
transformation predominantly in CO, and
the incomplete oxidation products output is
considerably smaller. Introducing certain
quantities of cobalt phosphate into the
composition of magnesium phosphate
catalyst contributes to the change of active
surface centres nature, that promotes the
change of process direction to the formation

- of ethylene.

COMPUTER-AIDED MODELLING OF
REFORMING PROCESS ON THE
BASIS OF TWO-LEVEL LUMPING
(PP-17)

A.A. Dzhunusova, N.M. Ostrovskii Omsk

State University, Russia, aikend@mail.ru

It is appropriate for mathematical modeling
of catalytic reforming process to combine
the schemes of conversion of individual and
group reaction components. Two levels of
lumping are proposed that provide more
flexible model, which can be used for
computer programs like “computer assistant
for production manager”.

COMPARATIVE TESTS OF
INDUSTRIAL AND PERSPECTIVE
CATALYSTS OF HYDROTREATING
OF SOLAR OIL (PP-18)

Y. Eremina, V. Konovalov, Samara State
Technical University, Russia,
chtogr@sstu.edu.ru

. For determination of comparative activity of
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industrial and perspective catalysts - of
hydrotreating of solar oil a series of samples
‘was tested at laboratory flowing plan under
hydrogen pressure. The best hydrogenating
and hydrodesulfurating activity have been
shown for two samples of industrial
catalysts and one perspective.



DESIGN OF EFFECTIVE CATALYSTS
FOR RNA HYDROLYSIS (PP-19)

Zhdan N.S., Kuznetsova I.L.,

Silnikov V.N., Zenkova M.A., Novosibirsk

Institute of Bioorganic Chemistry, Russia,

NSZhdanl@yandex.ru

To create the catalysts that cleave
phosphodiester bonds in nucleic acids with
high efficiency and hydrolytically a series
of tripeptides LH1-LH6 modelling catalytic
centers of natural PHK-hydrolyzing
enzymes was synthesized. The compounds
of LHn series possess hydrolytic activity to
phosphodiester ~ bonds  within  CpA
sequences in single-stranded regions of
RNA. The primary data shows the
correlations  between  structures  of
synthesized peptides and their RNA-
cleavage activity

THE INFLUENCE OF V,05/Si0,
CATALYST ACTIVE COMPONENT
ON ITS SORPTIVE CAPACITY FOR

CHLOROBENZENE (PP-20)
E.A. Zhilkina, L.D. Asnin, A.A. Fedorov,
Yu.S. Chekryshkin, R.M. Yakushev,
Institute of Technical Chemistry, Ural
Branch of RAS, Perm, Russia,
cheminst@mpm.ru

An influence of V,0s content on support
(SILOCHROM S-120) in the range of
7-51% on V-Si catalyst specific surface
area (Ssp) and its sorption capacity for
chlorobenzene at 50 and 100°C was studied.
Ssp was found to decrease monotonically
from 106.6 to 56.3 m*/g with the increase of
active component loading. The dependence
of the catalyst’s specific sorption capacity
on V;0s loading is more complicated: it
increases in the interval 1-13%, then
decreases to the minimum at 25% loading.

SELECTIVE CATALYTIC NOx
REDUCTION BY PROPANE OVER
COMMERCIAL OXIDE CATALYSTS
NTK-10-1, STK AND THEIR
MECHANICAL MIXTURE: EFFECT
OF SYNERGISM AND REACTION
MECHANISM (PP-21)
Yu.P. Zakorchevnava, A.G. Zakirova,

- Yu.N. Bukurova, V.F. Tret’yakov,

A.V. Topchiev Institute of Petrochemical
Synthesis of RAS, Moscow, Russia,
tretjakov@ips.ac.ru

For the mechanical mixture of commercial
catalysts NTK-10-1 and STK, synergistic
phenomenon was observed.

Mechanism of redox reactions proceeding in
NOx SCR by propane over commercial
oxide catalysts STK and NTK was studied
by quantitative spectrokinetic measurements
in situ. It i1s found that nitrite-nitrate surface
complexes are the intermediates in th1s
process.
Over NTK catalyst, nitrate complex forms
by reaction with activated form of propane a
nitro-organic compound which is able in
oxidative media either to form end products
of propane oxidation, or to be oxidated
further with release of nltrogen 0x1des into
gas phase.

- Studies of synergistic effect over - the

mechanical mixture of these catalysts have
shown that over NTK catalyst, adsorption

~ and activation of nitrogen oxides occurs
- readily, while it is not so in case of propane.

339

The “latter becomes activated over STK
catalyst and the product of propane partial
oxidation, an effective reducing agent for
nitrogen oxides, forms.

CATALYSIS OF NUCLEOPHILIC
SUBSTITUTION REACTIONS IN THE
SUPRAMOLECULAR SYSTEMS -
BASED ON SURFACTANTS AND
- POLYELECTROLYTES (PP-22)

Ibragimova A.R., Kudryavtsev D.B.,

Zakharov A.V., A.E. Arbuzov Institute of
Organic and Physical Chemistry RAS,
Kazan, Russia, lucia@iopc.knc.ru

In the present work the association and



catalytic effect of the sodium dodecyl
sulfate (SDS) — polyethylene imine (PEI) —
water and SDS — Brij 35 — water mixed
systems ‘has’' been studied.- The former
system ‘is. shown. to. catalyze hydrolysis of
phosphorus acid" esters by factor of 20,
while the latter results in the: retardation of
the reaction. The catalytic' effect is due to
concentrating the reagents in the mixed
aggregates formed and changes in their
microenvironment.

MAXIMAL FAMILIES OF PERIODIC
SOLUTIONS OF A KINETIC MODEL
OF CATALYTIC HYDROGEN

_ OXIDATION (PP-23)

. Ivanova E.A., Chumakova N.A.,

. Novosibirsk State University, Russia,
. ivanovaelena@gorodok.net

- We considered a kinetic model of hydrogen
. oxidation on. a metal catalyst, which
describes  the  dynamics of  the
concentrations of hydrogen and oxygen
adsorbed onto the catalyst surface and the
surface state influence on the reaction rates
constants. Depending on the concentration
x3.:0of oxygen dissolved into subsurface
layer, there are harmonic or relaxation
oscillations. Maximal families of stable and
unstable ‘periodic solutions  have been
constructed by means of the continuation
method. :
We studied the influence of the parameter
k,, which is proportional to the oxygen
partial pressure, on the maximal families.
_For each k; we found that intervals where
periodic solutions exist are bounded by x;
values, at which one of the local or global
bifurcations of the periodic solutions occurs:
Hopf bifurcation, the birth of a semistable
‘cycle, or the degeneration of periodic
solution into a loop of separatrix of saddle
fixed point. In the neighborhood of a
semistable orbit -bifurcation the periodic
solutions are extremely sensitive and can be
called “canards”.

CONSTRUCTION OF CATALYTIC
SYSTEM FE(II) - DERIVATIVES PY-
ASC.-H;0; FOR
FUNCTIONALIZATION OF 1,3-
DIMETHYL-ADAMANTANE (PP-24)
Kirillov I.A., Vasilieva V.V., Krupnov
F.A., and Zaitsev V.P., A.V. Topchiev
Institute of Petrochemical Synthesis of RAS,
Moscow, Russia, Volynsky@ips.ac.ru

The investigation of biomimetic active
catalytic systems is known at present time
as intensively developing new scientific
direction.

The important part of such investigation is
building up of new catalytic systems for
functionalization of saturated hydrocarbons
especially  polysubstituted  adamantane
derivatives possessing biological activity.
Oxidation of 1,3-dimethyladamantane was
carried out in pyridine or acetonitrile
solution at 20°C in presence of ‘catalyst —
FeSO47H,0 / Py-derivatives / ascorbic acid
/ HaO, . As the Py-derivatives were used Py,
4-dimethylaminopyridine, pycolinic acid.
Molar ration catalyst : hydrocarbon : H;O,
was 5:27:55. Mass-spectrometric
identification of the products of reaction
was performed at high performance
spectrometer Finnegan MAT95XL..
Monoalkohols R OH in positions
4,5,6,891011. '

Keton R = Q in positions 6, and products of
alkylation . of pyridine 2-Py in positions 5
and 4-Py in position 5.

12cH, R. Also were determined

8 /5 4 the _ products of

: 4/ alkylation of
Jero—N . acetonitrile.

G/ l\ (131“3 It was found that in

- presence of

FeSO47H,0/Py/picolinic acid in relation
1:2:2 and without dimethylaminopyridine

. alkylation of acetonitrile take place.
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In presence of FeSO,7H,O/Py/picolinic
acid in relation 1:660:2 and without
dimethylaminopyridine  and  acetonitrile
alkylation of Py take place. Yield of oxidation
products of 1,3-dimethyladamantane reaches
maximum with FeSO47H,0/Py/4-
DiMeAPy at molar ratio 1:3:4,5 primary,



secondary and tertiary alcohols are
obtained. In other cases products of
oxidation contain mainly keton tertiary and
secondary alcohols.

THE FEATURES OF THE
CATALYTIC REACTION KINETICS
INFLUENCED BY THE SHAPE AND
SURFACE MORPHOLOGY OF THE
SUPPORTED NANOPARTICLES: A

MONTE CARLO MODEL (PP-26)
Kovalyov E.V., Elokhin V.1,
Myshlyavtsev A.V., Boreskov Institute of
Catalysis SB RAS, Novosibirsk, Russia,
kovalev@catalysis.nsk.su

The aim of the study is to reveal the mutual
influence the shape and the surface
morphology of the supported nanoparticles
on the reaction kinetics. The analysis has
been provided by means of the novel
statistical lattice model, imitating the
physicochemical processes over the
supported particles. To simulate the active
metal particle the finite Kossel crystal
located on the inert support has been
chosen. The change of surface morphology
is caused by the thermal diffusion of the
surface atoms. The model reaction 24+B, ®
2AB has been studied taking into account
the roughening of the particle surface and
the spillover phenomena of the adsorbed
Agas over the support. It has been shown that
the kinetics on the roughened nanoparticle
can be notably different from those
corresponding to the flat homogeneous
surface.

THE DEVELOPMENT OF
COMPUTER SYSTEM FOR
CALCULATION AND FORECASTING
OF REFORMING UNITS
EXPLOITATION MODES (PP-28)

Kravtsov A.V., Ivanchina E.D.,

Galushin S.A., Tomsk Polytechnic
University, Russia, bird@tpu.ru

The computer system for calculation and
forecasting of reforming units exploitation
modes was developed. The developed
system is based on the physicochemical
foundations of the processes occurred on
platinum catalyst. This base ensures high
predictive ability of the system. The model
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takes into account a component-wise
composition of feed, with necessary level of
aggregation, reactions with this components
and also variation of the processing
parameters. Processes of coke formation
and catalytic ageing and poisoning form the
foundation for the .development of
nonstationary model of the process.

SELECTIVE CO OXIDATION OVER
Au- AND Pt-CONTAINING
CATALYSTS (PP-29)

Krotova L.N., Berezina L.A., Burdeinaya

T.N., Tretyakov V.Ph., A.V. Topchiev. .
Institute of Petrochemzqal Synthesis RAS,
Moscow, Russia, ira_krotova@hotmail.com

Selective CO oxidation over Au- and Pt-
containing catalysts has been investigated in
temperature range from 80 to 150°C, the
change of pressure from 1 to 5 atm and the
space velocity from 3600 to 25000 h'. Au-
containing  catalyst exhibited higher
selectivity compared with Pt/SiO,, the
reaction has started at the temperature lower
100°C over gold catalyst, whereas in the
case of Pt/SiO, catalyst it has started at the
temperature higher 100°C. It was stated that
the moisture content in the reactant gas
positively influences the activity of
investigated catalysts. It was shown that the
reaction on Au-containing catalyst proceeds
in self-sustained regime.

ELECTRIC-WATER HAMMER
EFFECT ON CATALYSTS ACTIVITY
OF SELECTIVE NOx REDUCTION

(PP-30) ‘
Krotova L.N., Tretjakov V.Ph.,
Burdeinaya T.N., A.V. Topchiev Institute of
Petrochemical Synthesis RAS, Moscow,
Russia, ira_krotova@hotmail.com

One of the prospect methods of catalyst
activation is electric-water hammer (EWH).
This effect is connected with the
transformation of_energy of hlgh voltage
impulse electrical discharge in the liquid
into the mechanical energy of the shock
waves. This effect generates a number of
the second processes leading to the structure
and the properties changes of the treated
materials.

We have found that preliminary activation
of the commercial catalyst NTK by EWH



increases the NOx conversion from 18% to
65% 1n reaction of the selective NOx
reduction by propane. When NOx reduction
was carried out over Ni-Cr catalyst in
presence of dekane the NOx conversion
rose from 10% (for non treatment sample)
up to 60% after EWH.

CATALYTIC ACTIVITY OF
NATURAL Cu- AND Ni-CONTAINING
ZEOLITES IN DEEP OXIDATION OF

HYDROCARBONS (PP-31)
Kryazhov A.N., Smolentseva E.V.,
Kazantseva L.K., Karpenko V.I.,
Pestryakov A.N., Ozhereliev O.A., Tomsk
Polytechnic University, Russia,
anp@tspace.ru

Chemical and phase - composition,
thermostability and catalytic activity of
natural Cu- and Ni-containing zeolites in
deep oxidation of hydrocarbons have been
studied by the methods of XRD, electron
microscopy and catalytic testing. The
experiments showed that 100% conversion
of the hydrocarbons on zeolites catalysts is
reached at 150-250°C - depending on the
operating  conditions, . the  catalyst
composition and zeolite field. These
characteristics are comparable with the ones
of commercial bulk CuO catalyst.

XRD data indicated that zeolite phase in the
studied samples composes  70-90%.
Prolonged calcination of the samples
revealed that up to 300°C all the used
zeolites retain their structure. At 500°C
phase structure of zeolites fails on 20-60%.
Mordenite of Mukhor-Talin field has the
highest thermostability, clinoptilolite of
Khonguru field has the worst one.-

TELOMERIZATION OF CC1 4 WITH
OLEFINS, 1, 3- AND 1, 4-DIENES

- EFFECT BY VANADIUM AND
MOLYBDENUM COMPLEXES (PP-33)
Yu.Yu. Lavrentieva, R. Yu. Burangulova,
R.I. Khusnutdinov, N.A. Schadneva
Institute of Petrochemistry and Catalysis,
Bashkortostan Republic Academy of
Sciences and Ufa Scientific Centre of RAS,
Russia, ink@anrb.ru '

A regioselective telomerization of CCL 4
with olefins, norbomene and its

substituted derivatives, 1, 3-dienes and
norbornadiene, catalyzed by vanadium and
molybdenum complexes in alcohol medium
(ROH) was carried out. Alkylhypochlorites
generated from CCl; and ROH under the
effect of : Mo(CO)¢ and VO(acac); were
stated to be an initiator for telomerization
reaction. -

EXTRACTION OF SUMMARY
PROTEINS FROM SOYBEANS AND
INVESTIGATION OF THEIR
ENZYMATIC AND OTHER
PROPERTIES (PP-34)

Lamberova M.E., Bataschov E.S.,
Lenskiy M.A., Byisk Technological
Institute (Branch) of The Polzunov Altay
State Technical University, Russia, we
bti.secna.ru

During the given work the summary
proteins from soybeans were extracted. The
qualitative and quantitative estimation of
their aminoacid composition and properties
is carried out, amilolytic, proteolytic and
other enzymatic activities of summary
proteins is determined. The aminoacid
contents (lizyn, methionyn + cistein,
treonin, triptophane) in milled soybeans,
wheat flour and their mixtures are given.
Data of enzymatic activities of summary
proteins from soybeans are presented.
. Enzymatic activities of extracted
summary proteins

Quantity and activity of Enzyms
Type of | from other extracts of soye beans,
Enzyms unit/mg
Water Dialyzin | Dialyzing
extract g Salt extract
Water
extract
Amilasa 0,00500 | 0,00300 0,00700
Proteinasa | 0,00025 | 0,00015 0,00030
Katalasa 0,18000 | 0,21000 0,29000
Oxydore- 0,14500 | 0,12000 |~ 0,07250
ductasa
Ureasa + + +
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STUDY OF DYNAMIC EFFECT BY
MATHEMATICAL SIMULATION
METHODS (PP-36)
N.V. Lepekhina, V.D. Ababiy, Tomsk
Polytechnic University, Russia,
vezunchick@yandex.ru

Previously unknown dynamic effect was
noted upon studying of chemical
interactions of atoms with inorganic solid
substances. The mathematical simulation
techniques were used to study the
phenomenon nature. The kinetic and
stochastic models of the process were
constructed. The results of simulations
correlate with experimental data.

ADSORPTION AND TEXTURAL
PROPERTIES OF SILICA AND
ALUMOSILICA SBA-15
MESOPHASES (PP-37)
MePgunogva E.A. and Mel’gunov M.S.,
Boreskov Institute of Catalysis SB RAS,
Russia, melena@catalysis.nsk.su

In this communication we discuss the
adsorption and textural properties of silica
and alumosilica SBA-15  mesophases
synthesized in aqueous media within
2.9<pH<3.3 region. It is shown that short
ageing time (up to 5 h) results in formation
of mesophases with micropores, probably
located in the walls between hexagonally
organized cylindric-like mesopores.
Increase of ageing time results in decrease
of micropore volume that becomes an
evidence of walls “curing”. The mesopore
volume-size distributions become narrower
with increase of both ageing time and Al:Si
ratio in the sample.

ABOUT THE POSSIBILITY OF
BUTANE ISOMERIZATION BY
SILICA-SUPPORTED TITANIUM
HYDRIDE (PP-38)
M.N. Mikhailov, A.A. Bagatur’yants,
L.M. Kustov, N.D. Zelinsky Institute of
Organic Chemistry RAS, Moscow, Russia,
Imk@jioc.ac.ru

The geometric and electronic structure of
H11Si401003TiR (R:H, MC, Bu; i—Bu)

-clusters modelling basic intermediates of the

catalytic butane isomerization reaction cycle
on silica-supported titanium hydride was
studied theoretically using ab initio quantum
chemical calculatlons at the B3LYP and
MP2 levels.

It was found, that butane isomerization
consist of four stage. Each stage represents
C-C or C-H bond metathesis proceeding via
formation of the four-center transition state
while coordination number remains
permanent.

INVESTIGATION OF STRUCTURE
AND CATALYTIC PROPERTIES OF
HETARYLFORMAZANATES OF
Cu(1f) IMMOBILIZED ON
ANION-EXCHANGERS (PP-39)
L.S. Molochnikov, L.N. Lipunov,
Yu.A. Gorbatenko, I.G. Pervova,
G.N. Lipunova, E.G. Kovalyova, Ural
State Forest Engineering University, :
Ekaterinburg, Russia, biosphera@usfea.ru.

Novel polymeric materials carrying
hetarylformazan groups were synthesized.
The synthesis of polymeric
hetarylformazanates of Cu(ll) was
performed by two ways, namely, by sorbing
copper ions into the anion-exchanger
carrying formazan groups and by attaching
the earlier formed formazanates of Cu(Il) to
anion-exchanger.

The composition and structure of the
synthesized polymeric - copper complexes
were studied by ESR spectroscopy. The
catalytic activity of novel materials was
determined in  the reactions of
decomposition of hydrogen peroxide and
liquid-phase oxidation of sodium sulfide.

SYNTHESIS OF OXIDE CATALYSTS
ON THE BASE OF ZrO, DOPED BY
3d-METALS OXIDES WITH USING

MELTING NH;NO; (PP-40)
Morozov L.V., Fedorova A.A., Novozhilov
M.A., Kemnitz E., Lomonosov Moscow
State University, Russia, '
Fedorova@inorg.chem.msu.ru

Oxide samiples on the base of Zr0, with CuO
and/or Cr,Os additions were synthesized by
thermal ~ decomposition  (170- 300°C) of




~mixtures of zirconium, copper and

- chromium nitrates with excess of NH4NOs.
. It was determinated by XRD that the final
: products are solid solutions on the base of
cubic ZrO,. Series of samples CuO/ZrO, (5-
40 mol. % Cu) was investigated by methods
of electron microscopy and X-ray spectra
element microanalysis. It was found that the
crystal phase of CuO exists in samples
containing more than 20 mol. % CuO
besides of solid solution CuO in ZrO,.
Catalytic activity of the samples was
investigated in the total methane oxidation
reaction. The most active samples are that
including copper chromite.. The work was
supported by the Russian Foundation for
Basic Research (grant 01-03-33306a).

THERMAL STABILITY STUDY OF
Ag/Al,O; MODEL SUPPORTED
CATALYSTS BY STM AND XPS (PP-41)
Anna V. Nartova, Ren 1. Kvon, Boreskov
Institute of Catalysis SB RAS, Novosibirsk,

Russia, nartova@catalysis.nsk.su

The model alumina support suitable for
STM and XPS investigation was prepared
by the original procedure. STM and XPS
study of silver model catalysts is presented.
Silver was vacuum deposited at the
prepared alumina film. Dependence of the
size, distribution of silver particles on the
deposition duration and Ag - source
temperature and thermal stability of silver
“particles were explored.

CATALYTIC OXIDATION OF
- PHENOL WITH HYDROGEN
PEROXIDE IN AQUEOUS
SOLUTIONS IN PRESENCE OF THE
SOLID CATALYSTS (PP-45)
Ogorodnikova O.L., Pestunova O.P.,
Parmon V.N., Boreskov Institute of
Catalysis SB RAS, Novoszbzrsk Russia,
‘0gorod2000@mail.ru '

This work was aimed at comparison of
activity and stability of a- wide range of
~oxide catalysts as well as  graphite-like
_catalyst Sibunit in the model reaction of
phenol oxidation with the hydrogen

peroxide. The most active- and stable
catalysts appear to be Fe/Al,O; and pure
graphite-like porous material Sibunit. The
unexpected activity and selectivity with
respect to the CO, evolution was found for
the pure graphite-like material Sibunit.

MATHEMATICAL MODELING OF
~ CATALYTIC SOOT FILTERS
LOADING AND REGENERATION
DYNAMICS (PP-46)

i T L. Pavlova, N.V. Vernikovskaya,

N.A. Chumakova, A.S. Noskov, Boreskov
Institute of Catalysis SB RAS, Novosibirsk,
Russia, vernik@catalysis.nsk.su

Diesel soot particulate filters of monoliths
configuration with long narrow channels
were studied in this report. The foam made
walls of the channels, carrying a suitable
catalyst, are flow-permeable and soot
particles can penetrate into the wall porous
structure. This enables simultaneous soot
filtration and combustion, thereby avoiding
high pressure drop over the filter during the
soot loading and filter regeneration
problems as well.

Mathematical modeling of the soot loading
and filter regeneration (through  soot
oxidation) dynamics in a foam made filter
wall with deposited catalyst was carried out.

THE CATALITYC ACTIVITY OF
SUPRAMOLECULAR ASSEMBLIES
OF FUNCTIONALISED A
CALIX[4]RESORCINARENES AND
SURFACTANTS IN THE
HYDROLYSIS REACTION OF
PHOSPHORUS ACID ESTERS (PP-47)
Pashirova T.N., Babkina Ya.A.,
A.E. Arbuzov Institute of Organic and

_ Physical Chemistry RAS, Kazan, Russia,

- (OH,

ryzhkina@jiopc.ken.ru

The aggregation of  amphiphilic
calix[4]resorcinarenes with hydrophobic
(R=C9H19—C11H23) and alkyl phOSphOl’liC
acid (R=CH5P(O)(OC4Hy)OH) fragments
on “lower” rim of cavity and hydrophilic
NMez - CH2C(O)NHC(CH20H)3

~ groups ‘on the ¢ ‘upper” rim of cavity in the
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presence and in the absence of surfactants

and the effect of the content of organic
solvent (DMF), the structure of amphiphilic
calix[4]resorcinarenes on the process were
investigated in the work. It was shown, that
calix[4]resorcinarenes reveal properties of
surfactants, they self-associate in aggregates
and incorporate into micelles formed by
cationic detergent CTAB. The catalytic
activity = of aggregates of
calix[4]resorcinarenes and mixed aggregates
based on these compounds and surfactants
was investigated in the hydrolysis of
phosphorus acid esters.

THE KINETICS OF
HYDROALUMINATION REACTION
OF OLEFINS BY ALKYLALANES IN

A PRESENCE OF Cp,Zr,Cl; (PP-48)
Pechatkina S.V., Parfenova L.V.,
Khalilov L.M., Institute of Petrochemistry
and Catalysis, Bashkortostan Republic.
Academy of Sciences and Ufa Scientific
Centre of RAS, Russia, ink@anrb.ru

The kinetic regularities of hydroalumination
reaction of olefins by alkylalanes (HAlBuz ,
Cl1AIBu,, AlBu3) in a presence of

Cp2Zr,Cl; catalyst have been studied. The -
effect of reaction experimental conditions -
such as temperature and organoaluminium -

compounds nature has been established.

IMPROVEMENT OF PLATINUM-
RHENIUM REFORMING CATALYST
BY MODIFYING OF ALUMINA
CARRIER BY TIN COMPOUNDS
~ (PP49)

Proskura A.G. Belyi A.S. Omsk
Department of the Boreskov Institute of
Catalysis SB RAS, Russia,
belyi@incat.okno.ru

The mechanism of action of various
modifying additives in the reforming

catalysts (RK) is rather complicated and-

different and is not sufficiently-elucidated.
Attempts of introduction of tin in order to
obtain platinum-rhenium catalyst with
simultaneously good activity and selectivity
and enough stability were crowned with
success only recently, that was marked by
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the appearance of the tnmetalhc catalyst
RG-582 (Procatalyse) the market. Chlorine
is a necessary part for some reforming
catalysts. Against chlorine, selectivity of
fluorinated cataIysts is lower. At the same
time they are characterized by high relative
stability and lowér quantity of coke.

Catalyst modifying was carried out by
various tin compounds. Optimization of
quantity and way of introduction of
modifying additives allowed to synthesize a -
sample with catalytic properties surpassing
that of ftrimetallic catalyst RG-582
(Procatalyse). '

FEATURES OF OXIDATION OF
CYCLOHEXANE IN THE PRESENCE
OF CATALYTIC SYSTEMS
CONTAINING SALT OF METALS OF
VARIABLE-VALENCY: AND
ORGANIC ADDITIVES (PP- -50)

Reutskyy W.W., Melnyk Yu.R.,
Zastawnyy S.M., Lvov Polytechnic Natzonal
University, Ukraine, reutskyy@yahoo.com .

The liquid-phase oxidation of cyclohexane
1s investigated in the presence of complex
catalytic systems containing salt of metals
of wvariable valency, namely cobalt
naphthenate (NC), and organic additives. It
is established, that at the use of the listed
additives there is a change of quantitative
composition of oxidates and rate of
oxidation. One of the main stages. of the
process of cyclohexane oxidation
degenerative branching of cyclohexile
hydroperoxide was investigated.

The obtained results make possible to
predict  the influence of the investigated
additives on the mechanism of liquid-phase
oxidation = of  cyclohexane  and/on
composition of a reaction mixture.

PEROXIDASE IN OXIDATION
REACTION OF RAPIDLY
AND SLOWLY OXIDIZED
SUBSTRATES (PP-51)

Rogozhina T.V., Rogozhin V.V,, Yakutsk
Medical Institute, Russia, V
vrogozhzn@mazl ru _
Steady-state  kinetics of o-dianisidine,
hydroquinone and potassium ferrocyanide



oxidation was studied in the presence of
indole-3-acetic acid (IAA) catalyzed by
horseradish peroxidase. Values of catalytic
constants (kc;z and K,,) and inhibition
constant were determined in the pH range
from 4.5 to 7.5. IAA was shown to inhibit
peroxidase in the reaction of o-dianisidine
oxidation by competitive path while in the
reaction of hydroquinone oxidation at acid
pH values noncompetitive nature of
inhibition took place, converting into mixed
pattern at pH>6.5. IAA didn't affect the
peroxidase  oxidation of  potassium
ferrocyanide. Inhibition mechanisms by
auxins of peroxidase oxidation reactions of
o-dianisidine and hydroquinone are
suggested. ;

STEREO-DIFFERENTIATING
EFFECTS IN CYCLOALUMINATION
REACTION (PP-53)

S.V. Rusakov, M.Yu. Zaytsev,

L.M. Khalilov, U.M. Dzhemilev
Institute of Petrochemistry and Catalysis,
Bashkortostan Republic Academy of
Sciences and Ufa Scientific Centre of RAS,
Russia, ink@anrb.ru

The origin of stereo-differentiating effects
of cycloalumination reaction observed for
different “types of olefins have been
investigated by using the quantum-chemical
method PM3.

' THEORETICAL AND
EXPERIMENTAL INVESTIGATION
OF MECHANISM OF NO+CO
- REACTION OVER THE Pd(110)
SINGLE CRYSTAL SURFACE (PP-54)

Sametova A.A., Matveev A.V., Boreskov
Institute of Catalysis, Novoszbzrsk Russra
matveev@catalysis.nsk. su

In the present work adsorption of NO and
coadsorptlon of NO, CO and O, has been
investigated by means of thermo-desorption
spectroscopy (TDS) and temperature
programmed reaction (TPR). Influence of
adsorbed molecules on morphology of
Pd-nanoparticles as well as Pd(110) plane
was studied by the theoretical method of
interacting bonds (MIB). It has been shown
that adsorption induces the morphology
changes of Pd-nanocrystals and Pd(110)

plane. By analysis of TPR spectra of
desorbing N, and CO; for different NO,q, +
CO,s coverages, we suggest an
autocatalytic reaction in an “explosive”
way. Kinetic experiments revealed the
maximum catalytic activity of Pd(110)

. within temperature range of 450 — 650 K

" of Michael

346

and formation of N; and CO, mainly.

MECHANISTIC APPROACH OF
CYCLOHEXANE
TRANSFORMATIONS TO
DIMETYLDECALINE UNDER THE
ACTION OF ALUMINUM —
POLYHALOGENMETHANE
CATALYTIC SYSTEM (PP-55)
M.G. Samokhina, P.N. Petrov,
A.R. Valeeva, R.A. Sadykov, Institute of
Petrochemistry and Catalysis,
Bashkortostan Republic Academy of
Sciences and Ufa Scientific Centre of RAS,
Russia, ink@anrb.ru

Mechanism of cyclohexane transformations
under the action of aluminum -
polyhalogenmethane catalytic system have
been suggested. _
As to reaction of aluminium and
polyhalogenmetane produces AICl; in situ
generatmg superelectrophilic system AICly
+ CCly". The elimination of hydrogen atom
from "‘cyclohexane by CCls* produces a
cyclohexane carbocation. The skeletal
transformation of latest and its dimerization
give a mixture of dimetyldecalins.

ASSYMETRIC SYNTHESIS IN

MICHAEL REACTION (PP-57)
Semenov B.B., Smushkevich Yu.l.,
Kurkovskaya L.N., Levina LI., Mendeleev
University of Chemical Technology,
Moscow, Russia, semenovb@mail.ru

In present study we show diastereoselective
and diastereospecific results of proceeding
reaction from non-chiral
reagents and solvents with basic catalysis.

Michael reaction has been known for more
than'a hundred years. Recently, it has been
shown that the reaction can proceed
diastereoselectively (d.e. 90%) in the case
of alkylation 1,3-dicarbonyl compounds, for
example, in the case of alkylation of



acetoacetic ester with = N-[1H-indole-3-
yl(phenyl)methyl]-N-methylamlne As a
further step of those studies, we showed
possibility of diastereoselective synthesis of
tetra-substituted ethanes having either equal
or opposite configuration of asymmetric
carbon atoms. Also we found conditions,

under-- which the reaction proceeds
diastereospecifically.
BASIC CATALYSIS IN

INTERAMINATION OF a-PHENYL-
NOR-GRAMINE (PP-58) '
Semenov B.B., Smushkevich Yu.l.,
Kurkovskaya L.N., Levina LI., Mendeleev
University of Chemical Technology,
Moscow, Russia, semenovb@mail.ru

In present study we used basic catalysed
alkylation properties of oa-phenyl-nor-
gramine for formation of novel C-N bond.
Alkylation properties of o-phenyl -nor-
gramine were used for formation of novel
C-C bond. However, formation of novel
strategic C-N bond on the base of a-phenyl
-nor-gramine has been not reported until
now. Present study was aimed to cover that
gap. Piperidine, morphohne and 4-
benzylpiperidine were used for alkylatlon as
model compounds '

ETHYL (2R*)-2-[(R*)1H-INDOLE-3-
YL-(PHENYL)METHYL]-3-
OXOBUTANOATE]- BASED
SYNTHESES (PP-59)
Semenov B.B., Smushkevich Yu.L,
Kurkovskaya L.N., Levina LI,
Mendeleev University of Chemical
Technology, Moscow, Rz?Ssia,
semenovb@mail.ru ’

Present study is dedicated to asymmetric
synthesis of ethyl (2R*)-2-[(R*)1H-indole-
3-yl-(phenyl)methyl}-3-oxobutanoate] under
slightly basic catalysis conditions (d.€.90% ).
We used alkylation properties of o.- phenyl-
nor-gramine - for design and -formation of
tetra-substituted -ethanes having 3-indolyl
residue with two-asymmetric carbon atoms.
In reaction of the.latter with acetoacetic
ester with basic catalysis ethyl (2R*)-2-
[(R*)1H-indole-3-yl-(phenyl)methyl)-3-
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oxobutanoate was obtained (yield 71%).
Diastereoexcessiveness(90%) of the
reaction -was suggested based on
comparison of integral intensities of dublets
CH protons of principal and minor
diastereomers.

3-[1H-INDOLE-3-YL- (PHENYL)
METHYL]-2,4-PENTADIONE — BASED
SYNTHESES (PP-60)
Semenov B.B., Smushkevich Yu.l.,
Kurkovskaya L.N., Levina L.1., Mendeleev
University of Chemical Thechnology,
Moscow, Russia, semenovb@mail.ru

Present study is dedicated to synthesis of 3-
[1H-indole-3-yl- ~  (phenyl)methyl]-2,4-
pentadione under | shghtly basic catalysis
conditions

Mono-substituted 1 ,3-d1ketones are
commonly used in organic chemistry, for
example, for syntheses of substituted
3,5-dimethyl pyrazoles, isoxazoles,
pyrimidines. In view of the fact, we found it
to be interesting to generate 3-[1H-indole-3-
yl-(phenyl) methyl]-2,4-pentadione and to
study its synthetic potential.

ISOTOPIC EXCHANGE WITH ALFA-
OXYGEN SPECIES OVER FEZSM-5
ZEOLITES (PP-61)

Semikolenov S.V., Dubkov K.A,,
Starokon E.V., Panov G.I., Boreskov
Institute of Catalysis SB RAS, Novosibirsk,
Russia, sersem@catalysis.nsk.su

Nitrous oxide decomposition over FeZSM-5
zeolites is accompanied by formation of a
new surface oxygen form, called a-oxygen,
which have high reactivity. In this work an
isotope exchange of molecular oxygen with

a-oxygen in the temperature range from —40
to 250°C was studied.

STUDY OF NON-ADDITIVITY
EFFECTS IN A CATALYTIC SYSTEM
{Na,S + CySH + O; + H,0 + CuCl,
/PAAG} (PP-62)

Sivtseva A.V., Lomonosov Moscow State
University, Russia, sianva@rambler.ru

The separate and joint oxidation of cysteine
and sodium sulphide by molecular oxygen



in the presence  Cu(Il)-containing
homogeneous -and heterogeneous (on the
basis of polyacrylamidic hydrogel) catalysts
18 mvestlgated

It is shown, that. upon ox1dat10n of mixtures
of sodium sulphide and cysteine. with
various components ratio the effect of
deviation of the rate of oxygen absorption
from additive values obtained as a sum of
oxygen volumeés ‘for separate ‘oxidation of
substrates-is observed. It is established, that
the component ratio and reaction parameters
influence the value and mark (positive,
negative, reversal) of these effects.

OPTIMIZATION OF CATALYTIC
SYNTHESIS OF SODIUM

D- GLUCURONATE (PP-64)
Smolentseva E.V., Kryazhov A.N.,
Belyanin M.L., Pestryakov A.N.,
Filimonov V.D., Tomsk Polytechnic
University, Russia,
anp@tspace.ru

D-glucuronic  acid and its derivates are
important. bioactive substances used in
medicine. The method of catalytic synthesis
of sodium d-glucuronate by liquid-phase
oxidation of d-glucofuranose using Pd/C
catalysts has been studied.

The experiments showed that activity and
selectivity of palladium catalyst depend
strongly on type of the activated carbon
supports as well as on the method of the
catalyst preparation. The best catalyst gave
70-80% yield of the desired product at 40°C
(versus 70°C according to the literary data).
Addition of CuCl, modifier to the palladium
‘catalyst led to 20-30% acceleration of the
oxidation process. In spite of the- patent
data, modification of the catalyst by LiCl
did not influence the process sufficiently.

MECHANISM OF HYDROGEN
INTERACTION WITH a-OXYGEN
OVER FeZSM-5 ZEOLITE (PP-65)

E.V. Starokon, K.A. Dubkov,

E.A. Paukshtis, A.M. Volodm, G.I. Panov,
Boreskov Institute. of Catalyszs SB RAS,
Russia, starokon@catalysis.nsk.su

Iron complexes in ZSM-5 zeolite matrix
have been shown to produce a new surface
oxygen species (called a-oxygen) upon N,O

“high reactivity and provides
“oxidation

decomposition. a-Oxygen exhibits a very
selective
of hydrocarbons at room
temperature.
In the present work, the kinetics and
mechanism of «-oxygen stoichiometric
reaction with H, on the FeZSM-5 surface
were studied in the temperature range from
+20°C to -100°C.
According to IR diffuse reflectance
spectroscopy data, o-oxygen interaction
with hydrogen is accompanied by H,
dissociation yielding (HO)4-groups on the
zeolite surface, both bonded to O,.

H; + 2(0)y —> 2(HO),
This mechanism is additionally supported
by stoichiometric ratio (H, : Og), which is
close to 1:1.6. High value of kinetic isotope
effect (ky/kp) .reveals that similar to
methane [3], the dissociation of H, molecule
is a rate-limiting step.

GATTERMAN-KOCH
FORMYLATION OF BENZENE
HOMOLOGIES OVER IONIC

LIQUIDS (PP-68)
A.A. Tyrlov, L.M. Kustov, Zelinsky
Institute of Organic Chemistry RAS, Russia,
Imk@joc.ac.ru
Nowadays, various : ionic liquids are
considered as = potential catalysts  for
production of valuable organic compounds.
A number of-i 1omc liquids having Lewis-
acid properties were investigated in
Gatterman-Koch formylation of benzene
homologies. Favorable conditions and most
active ionic liquids were defined. CuCl is
regarded as possible promoter of the
reaction. » .
CATALYTIC GAS CLEANING FROM
METHANOL USING
HETEROGENEOUS METAL
COMPLEX CATALYSTS (PP-69)
Feshchenko L.I., Soroka L.S.,
Bochkarev V.V., Tomsk Polytechnic
University, Russia, larissaif@mail.ru

Methanol oxidation using metal complex
catalysts was investigated. Catalytic activity
of Ni-, Co-, Cr-melamine phthalocyanine
complexes and Co melamine formaldehyde




pyropolymer and Co - phthalocyanine
pyropolymer were studied. Catalytic activity
was studied in the flowing installation under
20-300°C. Results show that.in the
temperature range of 200 —300°C and gas
speed 50000 y! purification extent of
catalysts is 80-99%.

CHEMICAL MODIFICATION OF
DIANE EPOXY RESINS BY
HYDROPEROXIDES IN THE
PRESENCE OF CROWN-ESTERS
(PP-72) '
T. Chervinsky, Lvov Polytechmcal
National University, Ukraine, '
mbratych@polynet.lviv.ua

Peroxy derivatives of diane epoxy resins are
widely used as active cross-linking additives
for the polymer composites. Such
compounds are synthesized by the chemical
modification of epoxy resins by different
hydroperoxides in the presence of non-
organic bases, Lewis acids and quartinary
ammonium salts.

We have studied the possibility of - the
synthesis of peroxy diane epoxy resins in
the presence of Crown-esters. It has been
shown that at the temperature of 50°C the
reaction between the ED-20 diane epoxy
resin and tret-butyl—hydroperox1de does not
proceed even in the presence of
30 mol% of Crown-ester. We suggested to
use ZnCl, as the co-catalyst of the process.
It has been established that the Crown ester
+ ZnCl, optimal ratio is 1:3 (mol.%) for the
one epoxy group. The characteristics of the
synthesized products-have been determined
and the possibility of their application as the
cross-linking agents for the composite

materials during the production of
protective lacquer coatings has been

examined.

ACTIVITY OF ZSM-5 ZEOLITES OF
VARIOUS COMPOSITION IN N,;O
- DECOMPOSITION (PP-73)
Chernyavsky V.S., Ivanov A.A., Boreskov
Institute of Catalysis SB RAS, Novoszbzrsk
Russia, cher@catalysis. nsk su

Catalytic properties of Fek introduced in the
pentasil type zeolite matrices of various
composition (B-ZSM-5, Ga-ZSM-5,
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Ti-ZSM-5) were studied. All initial zeolites
were shown to be active in N;O
decomposition only with Fe introduced into
these matrices; It was found that zeolites
activity-in N;O decomposition depends only
on -the a-sites concentration. Activity of a
single a-site is nearly independent of the
matrix composition.

SYNTHESIS OF SUPPORTED PT-RE
CATALYSTS BY THE METHOD OF
CIRCULATING IMPREGNATION.
INFLUENCE OF THE WAY OF.
PREPARATION ON CATALYTIC
PROPERTIES OF CATALYSTS (PP-74)

Chesak. S.V., Belyi A.S., Omsk
Department of the Boreskov Institute of
Catalysis SB RAS, Russia,
belyi@incat.okno.ru

In this work the technology of 01rculat1ng
impregnation for preparation of the PR-51
catalyst for process of reforming was
investigated.

The catalytic properties of Pt-Re/Al,0s
catalysts synthesized by various ways of
circulating  impregnation have been
investigated on flowing microcatalitic
installation. The optimal way of preparation
of the catalyst was determined.

-THE TEXTURE OF-
MONMORILONITE (PP-75)
Chirkova O.A., Omsk Department of
Boreskov Institute of Catalysis, Russia,
val@jincat.okno.ru

The influence of the following treatmets:
hydration, disintegration, mechano chemical
activation, sorption of polymers, the texture
and solidity of the drying and calcination
montmorillonite composites has been
studied. It has been revealed that an
addition  of  structure-  modifying
components in amount of 5-10% w. to
hydrated or mechanoactivated
montmorilonite allows to increase a
specific surface area on 80-100 m2/g and
pore volume on 0.5-0.6 cm3/g to be
compared with initial material. The obtained
results can provide a theoretical basis of the



technology of the molded -carriers for
selective water sorbents.

- DEUTERIUM SOLID-STATE NMR
STUDY OF DYNAMIC BEHAVIOR OF
PROTONS AND WATER
MOLECULES IN SOLID H3PW 1,04

(PP-79) '
Shegal T.0. ., Stepanov A.G., Boreskov
Institute of Catalysis SB RAS, Novosibirsk,
Russia, shegai@catalysis.nsk.su

Mobility of water molecules and protons of
deuterated  analog of  solid  12-
tungstophosphoric acid, H3PW,049° nH;0,
containing various amount of water (n= 5.5
and 0.1) has been characterized by
deuterium solid state NMR. Analysis of the
’H NMR line shape and spin-lattice
relaxation times allowed us to conclude
about peculiarities of proton and water
mobilities at different water content of HPA
at temperature range of 173-383 K. At
173-273 K and »= 5.5 the motion of water
corresponds to fast jumps by the angle of
180° around C, axis of water at immobile
proton in HsO," ion. At temperature as high
as 293 K both water and proton become
involved in fast rotation around C; axis in
the formed hydroxonium ion.

CRACKING OF HYDROCARBONS ON
ZEOLITE CONTAINING CATALYSTS
(PP-80)
Chshukina OQ.V., Volkova L.D.,
Zakarina N.A., Sokolsky Institute of
Organic Catalysis and Electrochemistry,
Almaty Kazakhstan, orgcat@nursat., kz
Presented -report is devoted to the
construction of cracking catalyst based on
H-form zeolite Y, modifying by multivalent
cations and heteropolyacids of 12-row. The
activated natural clays of Tagan and
Naryncol deposits was used as matrix and
binder. The catalytic activity of promoted
catalysts was researched by conversion of

isopropilbensene  (IPB), kerosene-gasoil
fraction (KGF) and vacuum gasoil (VG).
was found, that the introduction

It

multivalent-ions increased of catalytic
activity and thermostability of the samples.

KINETIC'STUDY OF THE
MECHANISM OF OLEFINS’
CYCLOALUMINATION BY ALET; IN
THE PRESENCE OF CP,ZRCL,

A.T. Yuldashbaeyv, L.V. Parfenova,
S.V. Rusakov, L.M. Khalilov,
U.M. Dzhemilev, Institute of
Petrochemistry and Catalysis,
Bashkortostan Republic Academy of
Sciences and Ufa Scientific Centre of RAS,
Russia, ink@anrboru = -

The new data of -interaction AlEt; and a-
olefins with Cp,ZrCl, is obtained by kinetic
investigation. The rate of «a-olefins
consumption increases depending on
temperature of AlEt; -Cp,ZrCl, system. For
the elementary steps of cycloalumination
reaction the values of binding activation
energy were calculated.

DEVELOPMENT OF MONOLITHIC
CATALYSTS WITH LOW NOBLE
METAL CONTENT FOR DIESEL
VEHICLE EMISSION CONTROL

(PP-82)
S.A. Yashnik, V.V, Kuznetsov,
Z.R. Ismagilov, N.M. Danchenko,
S.P. Denisov, Boreskov Institute of
Catalysis SB RAS, Novosibirsk, Russza
Yashnik@catalysis.nsk.su e
One of the promising ways of development
of catalytic converters for diesel engine
exhaust gases is partial or complete
substitution of noble metals (Pt, Pd or Rh)
to transition metal oxides in the catalyst.
The present work is directed to the
development of the monolithic catalyst with

" low content of noble metals. The influence
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of addition of nmanganese oxide
(0-10 wt/%) and content of noble metals (Pt
or Pd, 0-1.0 wt.%) on the catalytic activity
in the methane oxidation reaction is studied.
The substantial increase of the activity of
the Mn-Al-O catalyst has been observed
upon addition - of low (0.5-1.0 wt.%)



quantities of Pt or Pd. The developed
monolithic catalysts demonstrated higher
activity and thermal stability (up to 900°C)
comparing to the commercially used Pt-Rh-
catalyst.

CATALYSTS FOR ORGANIC
SOLVENTS REMOVING FROM GAS
EMISSIONS (PP-85)

Dogadina N.V., Korsukova A.V., Saratov

State University, Russia,
DogadinaNV@info.sgu.ru

This paper presents results of the
experiments on catalytic benzene and
toluene removing from gas emissions in the
presence of exhausted galvanic sludge,
containing 0.12-0.75% (mass.) of copper.
The catalyst provides 100% benzene and
toluene removing from gas emissions under
temperatures and weight hour space
velocities in the range 250-300°C and
4500-10000 h", correspondingly.

NICKEL-COPPER-ALUMINA
CATALYSTS PREPARATION IN
CONDITIONS OF
ELECTROHYDRAULIC TREATMENT
(PP-86)

Ivanova Yu.V., Rakitin S.A.,
Chernyshevskii State University, Saratov,
Russia, IvanovaUW@info.sgu.ru

This paper is devoted to development of
modern precious metals-free catalysts for
automobile neutralizers. Actuality of the
paper is determined by the necessity of
development of reasonable catalysts
prepared from inexpensive components by
simple technologies.

THE EFFECT OF COMPOSITE
CATALYSTS COMPOSITION ON THE
OXIDATIVE CATALYTIC CRACKING

OF BLACK OIL (PP-87)
Mataeva Z.T., Ibrasheva R.Kh.,
Suleimenov M.A., Al-Farabi Kazakh
National University, Almaty, Kazakhstan,
ohtn@mail.ru

The regularities of oxidative cracking of
black oil M-100 in 0.2% weight suspension
with composites from activated Chankanai
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zeolite and Narynkol clay were studied
under the conditions of continuos supply of
suspension into a flow reactor. The effect of
additives into the air reaction zone and the
ratio of components of the composite
catalysts on the yield of light products of
cracking was determined. The difference in
the mechanism of reactions proceeding on
composite  catalysts and on their
components was stated. Both on clay and
zeolite proceeds not the process of cracking
but on the contrary, the reaction of
condensation of hydrocarbon molecules. In
the presence of 14% zeolite containing
composite the reaction of condensation is
completely suppressed. The given catalyst
shows the greatest activity in the cracking of
black oil.

POLYMERS OF DIVINYL ETHERS OF
OLIGOETHYLENE GLYCOLS AS
MATRICES OF HETEROGENEOUS
SUPERBASE CATALYSTS (PP-88)

Morozova L.V, Tatarinova I.V.,
Mikhaleva A.L, Petrova O.V,,

Trofimov B.A., A.E. Favorsky Irkutsk
Institute of Chemistry SB RAS, Russia,
ol_petr@irioch.irk.ru

Divinyl ethers of oligoethylene glycols were
used as the monomers for production of
novel polymeric solid superbases.

For the preparation of porous powdery
polymers, possessing developed surface and
controllable degree of macromolecule cross-
linking, we elaborated a method for
polymerization in an inert solvent - iso-
octane.

All solid insoluble polymeric potassium
alcoholates, synthesized as a result of
subsequent polymerizations and polymer
analogous transformations, have high
catalytic ~ activity in  reactions of
isomerization of propargyl ethers, in the
synthesis of 2-methyl-3 butine-2-o0l from
acetone and acetylene (Favorsky reaction)
and in vinylation of glycols.



DESIGN'OF SOLID POLYMERIC
SUPERBASES FOR THE CATALYSIS
OF ACETYLENE REACTIONS (PP-89)

Tatarinova L.V., Morozova L.V,,
Mikhaleva A.L, Petrova O.V., v
Trofimov B.A., A.E. Favorsky Irkutsk
Institute of Chemistry SB RAS, Russia,
ol_petr@irioch.irk.ru.

A homopolymers of methyl vinyl sulfide
were synthesized under conditions of radical
polymerization. Introduction of divinyl
ether of diethylene glycol into the reaction
mixture results in formation of cross-linked
three-dimensional structures.

For transformation of sulfide groups into
sulfoxide ones, the obtained polymers and
copolymers were oxidized in acetone with
H,0;. The novel polymeric bases were
synthesized by interaction with alcoholates
and hydroxides of alkali metals.

A principal possibility of catalysis by
polymeric superbases of ethynylation of
acetone, vinylation of glycols and
isomerization of propargyl - ethers into
allenyl ethers has been established.

352



LIST OF PARTICIPANTS

Sudhir Eknathrao Dapurkar
Indian Institute of Technology-Bombay
Powai, Mumbai 400076 - '
400076 Mumbai '
india
~ Tel.: 22 572 2545 ext. 7188
Fax: 22 576 7152
E-mail: sudhir@chem.iitb.ac.in

Jaromir Dmytrzyk

Faculty of Chemistry, Jaglellonlan University -

Ingardena, 3

30-060 Krakow

Poland

Fax: +48 12634 05 15

E-mail: dmytrzyk@chemia.uj.edu.pl

Dominik Eder

University of Innsbruck

Innrain, 52a

6020 Innshruck

Austria

Tel.: +43 512 507 5064

Fax: +43 512 507 2925

E-mail: dominik.eder@uibk.ac.at

Kisnaduth Kesore

IKO-Minerals GmbH
Schmielenfeldstrasse, 78

45772 Marl, NRW

Germany

Tel.: +49 2365 508349

Fax: +49 2365 804287

E-mail: K. Kesore@ikominerals.com -

Stefan Knobl
Fritz-Haber-Institut der
Max-Planck-Gesellschaft
Faradayweg, 4-6

14195 Berlin

Germany

Tel.: +49 3084 1344 04

Fax: +49 30 84 1344 01

E-mail: knobl@fhi-berlin.mpg.de

Gongxuan Lu

Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences
730000 Lanzhou

China

Tel.: 86 931 82 77837

Fax: 86 931 8277088

E-mail: gxiu@ns.lzb.ac.cn

353

Ana Cristina Alves Monteiro

The University of Birmingham, School of
Chemical Engineering '

Edgbaston Y

B31 2AE Birmingham

United Kingdom

Tel.: +44 121 414 6965

Fax: +44 1214145324 .

E-mail: a.c.a.monteiro@bham.ac.uk

Elza Michail Nelkenbaum

Technion, Institute of Technology,
Department of Chemistry "~

Mahal 20, 67431 Tel-Aviv

Israel

Tel.: 972 4 829 3724

Fax: 972 4 829 3735

E-mail: nelza@techunix.technion.ac.il

Dirk Niemeyer

Fritz-Haber-Institut der
Max-Planck-Gesellschaft
Faradayweg, 4-6

14195 Berlin

Germany

Tel.: +49 30 84 13 44 04

Fax: +49 3084 13 44 01 ,
E-mail: niemeyer@fhi-berlin.mpg.de

Simon Penner

University of Innsbruck

Innrain, 52a

6020 Innsbruck

Austria

Tel.: 43-512-507-5064

Fax: 43-512-507-2925 _
E-mail: simon.penner@uibk.ac.at

Eisje Alessandra Quadrelli

Laboratoire de Chimie Organométallique de
Surface, '

UMR 9986 CNRS-CPE Lyon

43, Boulevard du 11 Novembre 1918
69616 Villeurbanne

France

Tel.: +33472431808

Fax: +33472431795

E-mail: quadrelli@cpe.fr

Arumugam Sivasami

Technical University of Berlin
Department of Environmental Chemistry
Strale des 17, Juni 135

D-10623 Berlin

Germany

Tel.: +49 30 314 26015

Fax: +49 30 314 23850 ...

E-mail: ransaml@yahoo co.in



Werner Unterberger

University of innsbruck

Innrain, 52a

6020 Innsbruck

Austria -

Tel.: +43'512 507 5064

Fax: +43 512 507 2925

E-mail: werner.unterberger@uibk.ac.at

AramanueBa ®apuna MyxrapoBHa
Farida M. Agamalieva :
AsepbaiimpxaHckasn rocygapcTeeHHas
HedTAHas akagemus

np. Asagnsir, 20

370010 baky

Azepbaiaxan (Azerbaidzhan)

Tel.: +994 12 98 59 25

E-mail: AgamalievaFarida@mail.ru

AreeBa lOnus BnaguMupoBHa
Julia V. Ageeva

MockoBckuiA rocyaapCTBeHHbIR YHUBEPCUTET

mm. M.B. JlomoHocoBa
Bopob6eerbl Mopsl

119234 Mockea

Poccus (Russia)

Tel.: 916 530 1694

Fax: +7 095 939 5417
E-mail: yulageev@rambler.ru

AnxamoB As3 KelkaBycoBMY
Ayaz K. Adzhamov '
AzepbaipkaHckan rocygapcreeHHas
HedTsHas akageMus

np. Asagnsir, 20

370010 baky

AzepGaipxaH (Azerbaidzhan)
Tel.: +99412 98 59 25

E-mail: AgamalievaFarida@mail.ru

AxceHoBa UHHa BnagumuposHa
Inna V. Acsenova

LXJ1 OAO "AKPOH"

173012 Benukuit Hosropog
Poccun (Russia)

Tel.; +7 816 2 197 169

Fax: +7 8162 197 172

E-mail: iacsenova@acron.natm.ru

Anekctok Bukropun CepreesHa
Victoriya S. Aleksyuk

Owmckuii punnan UHCTUTYTa KaTanuaa
um. " K. Bopeckoea CO PAH

yn. Hedresasoackas, 54

644040 Omck

Poccun (Russia)

Tel.: +7 381 2 66 44 11

E-mail: avix2001 @mail.ru

Anwes Mypar BakbimkaHoBHY

Murat B. Aliev

MHCTUTYT OpraHu4eckoro kartanuaa u
anexkrpoxumun um. [1.B. Cokonsckoro MOH PK
yn. [1. Kynaesa, 142

480100 AnmaTtsl

KasaxcraH (Kazakhstan)

Tel.; 327 29167 24

Fax: 327 291 57 22

E-mail: abdreimioce@nursat.kz

Annepr Hatanba AnekcaHgpoBHa
Nataliya A. Allert

Omckuin punuan UHcTuTyTa KaTtanusa
um. I".K. bopeckoea CO PAH

yn. Hecresasogckas, 54

644040 Omck

Poccusa (Russia)

Fax: +7 3812 64 61 56

AntukaweBa Anbthua FeHHaabeBHa
Alfiya G. Aptikasheva

KasaHckuil rocyaapcTBeHHbIA
TEeXHOMOrM4eckuii yHusepcuter

yn. K. Mapkca, 68

420015 KasaHb, TatapcTtaH

Poccun (Russia)

Tel.: +7 84327203 24

Fax: +7 84327203 24

E-mail: segorova@rambiler.ru

Apanosa TaTbsfiHa AHApeeBHa

Tatiana A. Arapova

WuctuTyT katanusa um. I.K. Bopeckosa CO PAH
np. Akag. llaBpeHTbeBa, 5

630090 Hosocubupck

Poccun (Russia)

Tel.: +7 3832344573

Fax: +7 383 2 34 30 56

E-mail: arapova@ngs.ru

ApucroB HOpuit UBaHOBKUY

Yurii I. Aristov .

WMHctutyT katanuaa um. I".K. Bopeckosa CO PAH
np. Akap. JlaBpeHToeBa, 5

630090 Hosocubupck

Poccun (Russia)

Tel.: +7 3832344573

Fax: +7 383 2 34 30 56

E-mail: aristov@catalysis.nsk.su

ActadbeBa 30s MuxainosHa
Zoya M. Astafieva

MucTuTyT cbutoxumuu MOH PK
yn. M. Fasanuesa, 4

470032 Kapararnpa

KasaxcTtaH (Kazakhstan)

Tel.: 3212433127
Fax:3212433773

E-mail: arglabin@mail.krg.kz



AytaHoB AiabiH MyxaToBuy

Aidyn M. Autanov

MHCTUTYT OpraHMyeckoro karanusa u
anexTpoxumuu um. [1.B. Cokoneckoro MOH PK
yn. KyHaesa, 142 '

480100 AnmMartsl

KazaxcraH (Kazakhstan)

Tel.: 3272 91 67 90

Fax: 3272 91 57 22

E-mail: orgcat@nursat.kz

BbaamaeBa CasiHa BacunbeBHa
Sayana V. Badmaeva

BUIM CO PAH

yn. CaxbsiHoBa, 8

670047 YnaH-Ya3a, bypsatus
Poccun (Russia)

Tel.; 3012 33 18 68

Fax: 3012 33 87 53

E-mail: shan@binm . baikal.net

Bapenonar Uropb AnekcaHgpoBHUY

Igor A. Barenblat

YKropOACKMiA HauuoHanbHbIA yHUBEPCUTET
yn. loaropHas, 46

88001 Yxropog

YkpaunHa (Ukraine)

Tel.- 03122 303 59

Fax: 03122 3 50 91 ;
E-mail: homonaj@univ.uzhgorod.ua

BapuiweBa Jlapuca BacunbeBHa

Larissa V. Barysheva

UHcTutyT karanusa uM. K. Bopeckosa CO PAH
np. Akagemuka JlaBpeHTbeBa, 5

630090 Hoeocubupck

Poccun (Russia)

Tel.: +7 38323449 01

Fax:+7 383234 18 78

E-mail: barysheva@catalysis.nsk.su

BacoBa UpuHa AnekceeBHa

Irina A. Basova

OMckuit counnan UHcTutyTa Katanusa
um. I K. bopeckosa CO PAH

yn. Hepresasogckas, 54

644040 Omck

Poccun (Russia)

Tel.: +7 381 2 66 43 14

E-mail: ofik@omsk.net.ru

Barawos EBreiui CepreeBuy

Evgenii S. Batashov

BuiicKuiA TEXHONOTMYECKUIA UHCTUTYT, thunuan
ARTanCcKoro rocy4apcTBEHHOro TEXHUYECKOro
yHuBepcuteTa

yn. Tpocpumosa, 27

659305 buiick

Poccun (Russia)

Tel.: +7 3854 25 24 88

Fax: +7 3854252486

E-mail: info@bti.secna.ru

355

BanaxmeToBa Byn6yn BasixmeToBHa
Bulbul B. Bayakhmetova - _
HWUN HoBbix xummuyecknx TexHonorui u
Mmatepuanos npuv KasHY um.ans-Papatu
yn. Kapacaii-6atoipa, 95a

480012 Anmatsl

KasaxcTaH (Kazakhstan)

Tel.: 327 2 63 56 80

Fax: 327 2 63 56 80

E-mail: ludmila_sh@nets.kz

Benas Jlunua AnekcaHapoBHa
Liliya A. Belaya o

Owmckuit bunuan UHCTUTYTa KaTtanusa
uM. I K. bopeckosa CO PAH

yn. Hedresasoackas, 54

644040 Omck

Poccun (Russia)

Tel.: +7 381 2 66 33 48

Fax: +7 381 2 64 61 56

E-mail: ofik@omsk.net.ru

BuomH Bnaanmup Hukonaesuy

Viadimir N. Bibin

WHeTutyT katanusa um. I K. bopeckora CO PAH
np. Akap. JlaBpeHTLeBa, 5

630090 Hosocubupck

Poccun (Russia)

Tel.: +7 383234 1278

Fax: +7 383 2 34 30 56

’ BpeeBa Hapexaa BnagumnpoBHa

Nadejda V. Breeva

PoccUACKUA XMMUKO-TEXHONOMMYECKUIA
yHuBepcuteT uMm. [1.1. Menpeneesa
Mwuycckas nn. 9

125047 Mocksa

Poccun (Russia)

Tel.: +7 095 486 69 38

E-mail: lija7 @cityline.ru

BynyyeBckui EBreHnih AHaTonbLeBUY
Eugeny A. Buluchevsky

Omckuit bunuan UHeTUTYTa KaTanusa
um. I".K. Bopeckosa CO PAH

yn. HedresaBogackasn, 54

644040 Omck

Poccusa (Russia)

Tel.: +7 381266 44 74

Fax: +7 3812 64 61 56

E-mail: mazepa1999@mail.ru

BypaHrynoBsa Puta FOHMpoBHa

Rita Yu. Burangulova

UHeTuTyT HedTexumun n katanusa AH PB
YHL PAH

np. Okrabps, 141

450075 Yda, bawkopTtocTaH

Poccuna (Russia)

Fax: +7 347 2 31 27 50

E-mail: ink@anrb.ru



ByxTusipos Banepu# UBaHoBuY

Valerii I. Bukhtiyarov -

WHeTuTyT katanusa um. T.K. Bopeckosa CO PAH
np. Akaa. JlaBpeHTeeBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383234 17 71

Fax: +7 383 2 34 30 56

E-mail: vib@catalysis.nsk.su .

BacunbeBa Buktopus BnaaumupoBHa
Victoria V. Vasilieva

WHCTUTYT HeTEXUMUYECKOTO CUHTESA
um. A.B. Tonunesa PAH

JleHuHckui np., 29

119991 Mockea

Poccus (Russia)

Tel.: +7 095 955 41 25

E-mail: Vasilieva_v@mail.ru

BacunbeBa Mapuna CepreeBHa
Marina 8. Vasilyeva

[anbHeBOCTOUHbIN rocyAapCTBEHHbIN
YHUBEPCUTET,

WHCTUTYT XUMUK U NPpUKNagHow aKonormu
Oxrabpbckan, 27

690600 BnapueocTok

Poccus (Russia)

E-mail: sol@chem.dvgu.ru

BeasaruH Anekcen AHatonsLeBuY
Aleksey A. Vedyagin

Omckuid punuan NHeTuTyTa Katanusa
nm. I.K. BopeckoBa CO PAH

yn. HedbTesasoackas, 54

644040 Omck

Poccus (Russia)

Tel.: 73812662275

Fax:7 381264 6156

E-mail: zordos@mail.ru

Benuukuna Moamuna MuxainoBHa
Ludmila M. Velichkina

UHeTutyT xvumuu HecbTn CO PAH

np. AkapeMudeckui, 3

634021 Tomck

Poccus (Russia)

Tel.: +7 382 2 25 94 91

Fax: +7 382 2 25 84 57

E-mail: dmps@ipc.tsc.ru

BopoHosa NynsHapa AnbthpuaoBHa
Gulnara A. Voronova

TOMCKMI# NONUTEXHNHECKNI YHUBEPCUTET
np. NleHura, 30

634050 Tomck

Poccus (Russia)

Tel.: +7 3822 41 54 74

Fax: +7 382 2 41 58 65

E-mail: voronovag@mail2000.ru

‘356

BoctpukoB 3axap IOpbeBuy

Zakhar Yu. Vostrikov -

MHcTuTyT katanusa um. I'.K. EopeCKOBa CO PAH
np. Akag. flaBpeHTbeB], 5

630090 Hosocubupck

Poccus (Russia)

Fax: +7 383 2 34 30 56

E-mail: Selena@catalysis.nsk

FanywuH Ceprei AHaTONbEBHUY
Sergey A. Galushin

TOMCKUI NONUTEXHUYECKUIA YHUBEPCUTET
np. fexuna, 30

634050 Tomck

Poccus (Russia)

Tel.: +7 382 2 41 54 43

E-mail: bird@tpu.ru

Menunep AiHa NeHHagbLeBHa

Anna G. Gentsler

WncruryT katanusa um. I.K. bopeckosa CO PAH
np. Akag. JlaBpeHTbeBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383 2 342458

Fax: +7 383 2 34 30 56

E-mail: annagesib@online.nsk.su

MukuHa UpuHa MapaTtoBHa

Irina M. Glikina :
BOCTOYHO-YKpanHCKuiA Hauuonaanbm
YHUBEpPCUTET,

CeBepofoHELIKMIA TEXHONOTUYECKUIA UHCTUTYT
LWocce Ctpoutenen, 13-56

93412 CeBepogoHeLik

Ykpauna {(Ukraine)

Tel.: 06452 34 028

E-mail: glikin@sdtcom.lg.ua

FonoBHs Erop BuxtopoBuy
Egor V. Golovnya

000 «ANBUIO-M»

LHocce 3HTy3nacTos, 38
111123 Mocksa

Poccus (Russia)

Tel.: +7 095 232 1465

Fax: +7 095 232 1465
E-mail: catalin@online.ru

Fony6 Hens MNetposHa

Nelya P. Golub

Y)KrOpOACKUiA HALMOHANLHBIN yHusepcuTer
yn. NMoaropHas, 46

88001 Yxropoga

Ykpauta (Ukraine)

Tel.: 03122 303 59

Fax: 03122 3 50 91

E-mail: homonaj@univ. uzhgorod ua



Fopb6ateHko lOnua AHaTonbeBHa
Julia A. Gorbatenko

YpanbCkuii rocyaapcTBEHHbINA
NEeCOTEXHUYECKUIA YHUBEPCUTET
Cunbupckuid TpakT, 37

620100 EkatepuHbypr

Poccusa (Russia)

Tel.: +7 3432 62 96 50

E-mail: biosphera@usfea.ru

FopbyHoBa EkaTtepuHa AneKkcaHgapoBHa
Ekaterina A. Gorbunova

WHetutyT katanuaa um. I K. Bopeckoea CO PAH
np. Akag. llaBpeHTeeBa, 5

630090 Hoeocubupck

Poccusi (Russia)

Fax: +7 383 2 34 30 56 ,

E-mail: newkatya@yahoo.co.uk

FopsinHoBa Haranus EBreHbeBHa -
Nataliya E. Goryainova

Camapckuid ['ocyaapcTBeHHbIA
A3POKOCMUYECKNA YHUBEPCUTET

um. C.I. Koponesa

Mockoeckoe Lwocce, 34a

443086 Camapa

Poccus (Russia)

Tel.: +7 8462 3571 64

E-mail: chem@ssau.ru

F'ycesa Enena BukropoBHa
Elena V. Guseva

KasaHckuit rocyaapcTBeHHbIN
TEXHONOTMYECKN yHUBEepCUTeT

yn. K. Mapkca, 68

420015 KaszaHb, TatapctaH
Poccua (Russia)

Tel.: +7 843 2 63 69 93

E-mail: hasanshin.rustem@mail.ru

DanunoBa UpuHa reHHaAbeBHa

Irina G. Danilova

WucturyT katanusa um. I K. bopeckosa CO PAH
np. Akag. flaspeHTbeBa, 5

630090 Hosocubupck

Poccusi (Russia)

Tel.: +7 3832397359

Fax: +7 383 2 34 30 56

E-mail: vera@catalysis.nsk.su

Oemuaos Muxaun BopucoBuy

Mikhail B. Demidov

WucturyT katanuza um. K. Bopeckosa CO PAH
np. Akag. JlaBpeHTbeBa, 5

630090 HoBocmbupck

Poccus (Russia)

Tel.: +7 383 2 34 17 46

Fax: +7 383 2 34 30 56 _

E-mail: demidov@catalysis.nsk.su

357

xyHycoBa AKKeH Amaurenbp.bleBHa
Aiken A. Dzhunusova

Omcxkuin rocyp,apc:TBeHHbm yHMBepCVITET
np. Mupa, 55A

644077 OMck

Poccus (Russia)

Tel: +7 381264 24 10

Fax: +7 381 2 64 24 85

E-mail: aikend@mail.ru

BoranuHa Hatanus BanepneBHa

Natalia V. Dogadina

CapaToBCKUiA rocyAapCTBEHHbIH waBepcmeT
uM. H.I. YepHbiLLeBcKoro

yn. AcTpaxaHckas, 83

410600 Caparos

Poccusa (Russia)

Tel.: +7 8452 52 50 07

E-mail: DogadinaNV@info.sgu.ru

OpaHeBa EneHa

Elena Draneva

HIMK "Ansuro-KC"

yn. MNMueoeaposa, 5

93403 CeBepogoHeux
Yxpauna (Ukraine)

Tel.: 38 06452 93 628
E-mail: kalin@alvigo.lg.ua

EpemuHa lOnust BhaguMmupoBHa

Yulia V. Eremina

Camapckuit rocyfapCTBeHHbIN TEXHUYECKUI
yHUBEpCUTET

HonoTtHblA nep., 6-27

443065 Camapa

Poccus (Russia)

Tel.: +7 846 2 42 35 80

Fax: +7 846 2 42 35 80

E-mail: chtogr@sstu.edu.ru

EpmakoBa AHHa

Anna Ermakova

WHetuTyT katanuaa uM. K EopeCKosa Co PAH
np. Akag. flaBpeHTeeBa, 5 '

630090 Hosocunbupck

Poccusa (Russia)

Fax: +7 383 2 34 30 56 .

E-mail: anna@catalysis.nsk.su

Xancanosa [apuma BanHoBHa

Darima B. Zhalsanova .
BaiikanbCkuii MHCTUTYT npupo,qonom:aoeaHm
CO PAH

yn. CaxbaHoBow, 6

670047 YnaH-Ya9, Eyp;rrm

Poccus (Russia)

Tel.: +7 301233 1868

Fax: +7 301 2 33 02 59

E-mail: abat@binm baikal.net



Xnan Hapexna CepreeBHa

Nadezhda S. Zhdan

Hosocubupckuii UHCTUTYT BUoopraHuyeckoi
XuMuy -

Mopckoii np., 1

630090 Hosocubupck

Poccun (Russia)

Tel.: +7 3832 33 37 62

E-mail: NSZhdan1@yandex.ru

Xunkuna Enena AnaTonnesHa

Elena A. Zhilkina

UHeTuTyT TexHnyeckon xumun YpO PAH
yn. JleHuHa, 13 '
614990 Mepmb

Poccun (Russia)

Tel.: +7 342212 44 32

E-mail: cheminst@mpm.ru

3arpebenbHii CtaHucnaB Hukonaesuy
Stanislav N. Zagrebelnyi

Hosocubupckuit rocyaapcTBeHHbINA
yHuBepcuTeT

yn. MNuporosa, 2

630090 Hosocnbupcek

Poccus (Russia)

Tel.: +7 383 2 30 06 56

E-mail: snz@cclib.nsu.ru

3akuposBa Ankthua MNabapaxmaHoBHa
Alfia G. Zakirova

WHCTUTYT HedbTexMmMmyeckoro cuHTesa
um. A.B. Tonunesa PAH

JleHuHckui np., 29

119991 Mocksa

Poccusa (Russia)

Tel.: +7 095 955 42 71

Fax: +7 095 230 22 24

E-mail: tretjakov@ips.ac.ru

3akopuesHasn lOnua MeTpoBHa
Julia P. Zakorchevnaya

NHCTUTYT HedTexuMmueckoro cuHTesa
um. A B. Tonunesa PAH

JleHuHCcKuniA np., 29

119991 Mockea

Poccusa (Russia)

Tel.: +7 095 955 42 71

Fax: +7 095 230 22 24

E-mail: tretjakov@ips.ac.ru

3i03uH AMuTpui AnLSepToBuy

Dmitrii A. Zyuzin

WHetutyT Katanusa um. I'.K. Bopeckosa CO PAH
np. Akag. JlaspeHTbeBa, 5

630090 Hosocubupck

Poccua (Russia)

Tel.: +7 383234 1300

Fax: +7 383 2 34 30 56

E-mail: zyuzin@catalysis.nsk.su

M6parumosa Ancy PaliHypoBHa

Alsu R. |lbragimova

WHCTUTYT opraHuyeckoi 1 mandeckoi xumnu
um. A .E. Apbysosa KHL] PAH -

yn. Akag. Apbysosa, 8

420088 KasaHb, TaTtapcraH

Poccus (Russia)

Tel.: +7 8432752293

Fax: +7 8432752293

E-mail: lucia@iopc.knc.ru

VisavoB Omutpuit NeTpoBuy

Dmitry P. lvanov

WnetutyT katanusa uMm. I K. Bopeckosa CO PAH
np. Akag. JlaspeHTbeBa, 5

630090 HoBocnbupck

Poccus (Russia)

Tel.: +7 383 2 34 46 07

Fax: +7 383 2 34 30 56

E-mail: divan@catalysis.nsk.su

MBaHoBa EneHa AnexkcaHapoBHa
Elena A. lvanova

Hosocubupckuii rocyaapcreeHHblii
yHUBEpcuTeT

yn. MNuporosa, 2

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 3832341278

E-mail: ivanovaelena@gorodok.net

MBaHoga lOnus BayecnaBsoBHa

Yulia V. Ivanova

CapaToBCKUiA rocyAapCTBEHHLIA yHUBEpCUTET
uM. H.I". YepHbileBckoro '
yn. AcTpaxaHckas, 83

410600 CapartoB

Poccus (Russia)

Tel.: +7 845 2 52 50 07

E-mail: lvanovalUW @info.sgu.ru

Namep Bavecnar Banepnesuy
Vyatcheslav V. lzmer _
MockoBckuit rocyfapcTBeHHbI# YHuBepcuTeT
um. M.B. flomoHocosa L
Bopobbesei ropel

119899 Mocksa

Poccusa (Russia)

Tel.: +7 095 939 47 64

Fax: +7 095 932 88 46

E-mail: izmer_slava@mail.ru

WemarunoB Unbac 3undeposuy
llias Z. Ismagilov

np. Akag. llaspeHTbeBa, 5

630090 HosocuGupck

Poccus (Russia)

Tel.: +7 383 2 34-26-70

Fax: +7°383 2 39 73 52

E-mail: iismagil@catalysis.nsk.su’



Ucmarnnos 3uHdep PuwaroBuy

Zinfer R. Ismagilov ,

WrcTutyT katanuasa um. I.K. Bopeckosa CO PAH
np. Akag. flaepenTtbeBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383 2 341219

Fax: +7 383 2 397352

E-mail: zri@catalysis.nsk.su

KanawHuk Anekcangp
Alexandr Kalashnik

HIMK "Ansuro-KC"

yn. lNMusBoBaposa, 5
93403 CeBepofoHeuk
Ykpauna (Ukraine)

Tel.: 38 06452 93 628
E-mail: kalin@alvigo.lg.ua

KanaxeBckui Bnnagucnas BaunasoBuy
Viadislav V. Kanazhevsky
Hosocubupckuii rocygapCTBeHHbI
YHUBEpPCUTET

yn. MNuporoea, 2

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 3832394013

E-mail: gugon@mail.ru

KapneHko Buranui

Vitalii Karpenko

TOMCKUIA NONUTEXHU|YECKUA YHUBEPCUTET
np. flennHa, 30

634050 Tomck

Poccusa (Russia)

E-mail: karpenko_vita@mail.ru

Kupunnos Uropb Aunpeeauq
Igor A. Kirillov

NuctutyT Heq.)TeXVIMVIHeCKOFO CuHTE3a
um. A.B. Tonumesa PAH

TleHuHckuia np., 29

119991 Mocksa

Poccus (Russia)

Tel.: +7 095 955 41 25

E-mail: Volynsky@ips.ac.ru

Knioca MapuHa AnekcaHApoBHa

Marina A. Klyusa

MHcruTyT katanusa uM. [.K. bopeckosa CO PAH
np. Akag. llaBpeHtbesa, 5

630090 Hoeocubupck

Poccusa (Russia)

Tel.: +7 3832343679

Fax: +7 3832343056 ,

E-mail: klyusa_m@catalysis.nsk.su

Kuases Anekcei Cepreesny
Alexei S. Knyazev N
WHCTUTYT XMMUK HebTH CO PAH
AkapeMudeckuid np., 3

634021 Tomck

Poccus (Russia)

Tel.: +7 3822 41 30 38

E-mail: kas854@mail.ru

KoBaner EBrenmit Buktoposuy

Evgenii V. Kovalyov

WHeTutyT katanusa um. I".K. Bopeckosa CO PAH
np. Akag. JlaBpeHTbeBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 3832343679

Fax: +7 383 2 34 30 56

E-mail: kovalev@catalysis.nsk.su

Kosanesa Enena l'epmauoaua
Elena G. Kovalyova I
YpanbCKuil rocyaapcTBEHHbIA
NEecoTEeXHU4YECKUA YHUBEPCUTET
Cubupckuii TpakT, 37 -
620100 ExaTepuHGypr

Poccusn (Russia)

Tel.: 7 343 2 62 96 86

Fax:7 3432240337

E-mail: gek@mail.ur.ru

KonecHuk Bacunun

Vasiliy Kolesnik

WHetutyT katanusa um. IN.K. Bopeckosa CO PAH
np. Akaa. flaBpeHTbeBa, 9 .
630090 Hosocubupek

Poccus (Russia)

E-mail: kolesnik@nioch.nsc.ru

Komosa Okcaxa BaneHTnHoBHa

Oxana V. Komova

WHcTtuTyT KaTanusa um. I.K. bopeckosa CO PAH
np. Akapn. JlaBpeHTbeBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383 2 34 23 36

Fax: +7 383 2 34 30 56

E-mail: komova@catalysis.nsk.su

KoxHoBanos Buxrop Buktoposuv
Victor V. Konovalov
Camapckuii rocyqapCTBEHHbIA TEXHAYECKMNIA

yHUBEpCUTET .
BonoTHblit nep., 6-27
443065 Camapa

Poccusa (Russia)

Tel.: +7 846 2 42 35 80
Fax: +7 846 2 42 35 80
E-mail: chtogr@sstu.edu.ru



KoHuapeB AHfper

Andrey Kontsarev

Omckuii punman Uuctutyta KaTanuaa
um. FK. Bopeckosa CO PAH

yn. Hedreaasoackasn, 54

644040 Omck

Poccus (Russia)

Tel.: +7 381266 43 14

Fax: +7 381 2 64 61 56

E-mail: ofik@omsk.net.ru

Kopobka Hatanbs CepreeBHa ‘
Natalia S. Korobka '
HIK "Aneuro-KC"

yn. Nueoeaposa, 5

93403 CepepopoHeLk

Ykpauna (Ukraine)

Tel.: 3 8064 5293 628

E-mail: kalin@alvigo.lg.ua

KouyGeu OQmurpuit UBaHoBUY

Dimitri I. Kochubey ‘

WHctuTyT katanusa mm. LK Eopecxoaa CO PAH
np. Akag. JlaspeHTeesa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383 2 34 47 69

Fax: +7 3832 34 30 56

E-mail: kochubey@catalysis.nsk.su

KpamapeBa Hatanbs BacunbeBHa

Natalia V. Kramareva ,

MHCTUTYT OpraHu4ecKon Xummumu

um. H.3. Senunckoro PAH

JleHuHcKkuiA np., 47

119991 Mockea

Poccus (Russia)

Tel.: +7 095 137 29 35

Fax: +7 095 137 29 35 L
E-mail: nkramareva@mail.ru

KpotoBa UpuHa HukonaeBHa

Irina N. Krotova :

WHCTUTYT He(PTEeXMMUYECKOro CuHTE3a
um. A.B. Tonumesa PAH

JleHunHckui np., 29

119991 Mockea

Poccus (Russia)

Tel.: +7 095 955 42 71

Fax: +7 095 230 22 24

E-mail: ira_krotova@hotmail.com

KpynHoB ®egfop AnekcaHapoBuY
Fedor A. Krupnov

UHCTMTYT HedTexnMmyeckoro cuHTesa
um. A.B. Tonunesa PAH

JleHunHcKkui np., 29

119991 Mockea

Poccus (Russia)

Tel.: +7 095 955 41 25

E-mail: Volynsky@ips.ac.ru
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KpsxoB Anapens HukonaeBuy

Andrey N. Kryazhov

TOMCKUIA NOFIMTEXHUYECKUNA YHUBEPCUTET
np. lNlenunHa, 30

634034 Tomck

Poccusa (Russia)

Tel.: +7 382 2 41 58 61

Fax: +7 382 2 52 08 08

E-mail: anp@tspace.ru

KcernocoHToB Bnagucnas AHaTosibeBUY
Viadislav A. Ksenofontov

WHCTUTYT OpraHn4eckon Xumum

um. H.[. 3enuHckoro PAH

JleHwHcku# np. 47

119991 Mocksa

Poccus (Russia)

Tel.: +7 095 137 2935

Fax: +7 095 137 2935

E-mail: viad17@zmail.ru

Ky3HeuoB Bagum Bnagumuposuy

Vadim V. Kuznetsov

WHctuTyT Katanuaa um. K. Bopeckosa CO PAH
np. Akaa. NaspeHTbeBa, 5

630090 Hoeocubupck

Poccusa (Russia)

Tel.: +7 383 2 34 16 81

Fax: +7 383 2 34 30 56

E-mail: vadimk@catalysis.nsk.su

Ky3xneuyos Bnagumup JibBoBMY

Vladimir L. Kuznetsov

ViHctutyT Katanusa um. I".K. Bopeckosa CO PAH
np. Akag. NaspeHTbeBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383 2 34 37 65

Fax: +7 383 2 34 30 56

E-mail: kuznet@catalysis.nsk.su

Ky3Heuyosa Mapusa AnekcaHgpoBHa

Maria A. Kuznetsova

Hosocubupckuit MHCTUTYT GuoopraHuyeckoi
xumum CO PAH

np. JlaspeHTbeBa, 8

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 3832396275

Fax: +7 38323336 77

E-mail: kuzn@niboch.nsc.ru

KycroB Apkapui JleoHnaosuny

Arkadii L. Kustov

MockoBckuit rocyaapcTBeHHbI yHnBepeuTeT
um M.B. JlomoHocoBa

JNeHuHckve Mopbl

119899 Mocksa

Poccus (Russia)

Tel.: +7 095 9 392 054

Fax: +7 0959 393 570

E-mail: arkus@mail.ru



NaepexoB Anekcanap BaneHTHHOBUY
Alexander V. Lavrenov

Omckuia: ouninan MHCTUTyTa KaTanuaa
um. I' K. Bopeckosa CO PAH

yn. HedbresaBoackas, 54

644040 Omck

Poccus (Russia)

Tel.: +7 381266 43 14

E-mail: lavr@incat.okno.ru -

NaepenTbeBa IOnua IOpbeBHa

Yulia Yu. Lavrentieva : »
UHCTUTYT HedbTexumuu:u katanusa AH PB n
YHU PAH :
rp. Okrabps, 141

450075 Ydpa, BaLUKOpTOCTaH

Poccun (Russia)

Fax: +7 347 2 31 27 50

E-mail: ink@anrb.ru

Nam6epoBa MapuHa dayapaoBHa

Marina E. Lamberova

Buiickuii TexHonoruueckuit UHCTUTYT, counuan
ANTaRCcKoro rocyfapCTBEHHOTO TeXHM‘-IeCKOFO
yHUBepcuTeTa

yn. Tpodumosa, 27

659305 buiick

Poccus (Russia)

Tel.: +7 385 4 25 24 88

Fax: +7 385 4 25 24 86

E-mail: info@bti.secna.ru

Nanuna CeeTnaHa Anexcau.qpoaua
Svetlana A. Lanina

AOOT BHUWHedTEXUM
>KenesHogopoxHolit np., 40

193148 Canxkr-MNerepbypr

Poccus (Russia)

Tel.: +7 812 56045 34

Fax: +7 812 560 45 34

E-mail: svi@maiiru.com

Jlapnyes Opuit BacunbeBuy

Yurii V. Larichev

MHerutyT kaTanusa uMm. I'.K. Eopecxosa CO PAH
rnp. Akan. JlaBpeHTbeBa, 5

630090 Hosocubupck

Poccuna (Russia)

Tel.: +7 38323417 71

Fax: +7 383 2 34 30 56

E-mail: prsv@catalysis.nsk.su

NeHcknin Makcum AnekcaHgpoBuy
Maksim A. Lenskii '

BuiiCKuiA TEXHOMOrNYECKNIA MHCTUTYT, ounuan
AnTaicKoro rocygapCTBEHHOro TEXHUYECKOro
yHUBepcuTeTa

yn. Tpodumosa, 27

659305 buirck

Poccus (Russia)

Tel.: +7 385 4 25 24 88

Fax: +7 385 4 25 24 86

E-mail: info@bti.secna.ru
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Nenexuna Hapexaa BnagumupoBHa
Nadezhda V. Lepekhina '
TOMCKMIA NONUTEXHUYECKIA YHUBEPCUTET
np. lenunna, 30

634050 Tomck

Poccus (Russia)

Tel.: +7 382 2 41 58 65

Fax: +7822415474

E-mail: vezunchick@yandex.ru

JNlo6biHUeB EBreHuMi AnexcaHapoBuy
Evgeniy A. Lobyntsev

Omckuit punman UHcTuTtyTa Katanusa
um. I'.K. Bopeckosa CO PAH

yn. Hedresasogckas, 54 '

644040 Omck

Poccus (Russia)

Tel.: +7 3812662275

Fax: +7 381 2 64 61 56

E-mail: tsyr@mail.ru

NMuicoBa AHHa AlteKcaHOpoOBHa

Anna A. Lysova '
MexayHapoaHbii Tomorpacbuqecmu LeHTp
CO PAH

yn. UHctutyTekas, 3a

630090 Hosocubupck

Poccua (Russia)

Tel.: +7 383 2 33 35 61

Fax: +7 3832331399

E-mail: lysova@tomo.nsc.ru

MacTtepkoB AHaTONW’ AHaTONbLEBNY
Anatoly A. Masterkov

Omckuii punman UHeTuTyTa Karanusa
um. I'.K. Bopeckosa CO PAH

yn. Hedresasoackas, 54

644040 Omck

Poccun (Russia)

Tel: +7 38126644 74

Fax: +7 381 264 61 56

E-mail: ofik@omsk.net.ru

MaraeBa 3a#pa Tom'apﬁexxusbl
Zaira T. Mataeva

Kasaxckuii HauMoHanbHbii yHuBepcuTeT
vm. anb-Papabu

yn. Kapacait-6atbipa, 95a

480012 AnmaThb!

KasaxcTtaH (Kazakhstan)

Tel.: +7 327 263 56 80

Fax: +7 327 263 56 80

E-mail: ohtn@mail.ru

MarBeeB nmwrpuu Anexcau.qpoauq
Dmitrii A. Matveev

UpKyTCKMiA rocyAapCTBEHHbIN YHUBEPCUTET
yn. K.Mapkca, 1

664003 UpkyTck

Poccua (Russia)

Tel.: +7 3952 46 19 35

Fax:+7 395246 1935

E-mail: saraev@chem.isu.ru



MarBeeB AHatonu# Bnagumuposuy
Anatoly V. Matveev

MexayHapoaHblil ToMorpadmyeckuin LLeHTp
CO PAH

yn. UHcTuTyTCKas 3a

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383233 3561

Fax: +7 3832 33 1399

E-mail: matveev@tomo.nsc.ru

MarseeB Anapei#t BuktopoBuy

Andrey V. Matveev

UHcTuTyT Katanuza um. K. Eopecxoaa CO PAH
np. Akaa. flaBpeHTbeBa, 5

630090 Hosocubupck

Russia (Russia)

Tel.: +7 38323973 15

Fax: +7 383 2 34 30 56

E-mail: matveev@catalysis.nsk.su

Martpocosa Mapus MuxainoBHa

Maria M. Matrosova

WHctuTyT kaTanuaa um. K. Bopeckoea CO PAH
np. Akagemuka JlaBpeHTeeBa, 5

630090 HoBocubupck

Poccus (Russia)

Tel.: +7 3832 34 22 88

Fax: +7 383 2 34 24 53

E-mail: timofeeva@catalysis.nsk.su

MaxamartxaHoB Pyctam AaumxaHoBuY
Rustam A. Makhamatkhanov

UHeTuTyT Heq)TewaMM u KaTanuaa AH PB 1 .
YHU PAH .
np. Okrsi6psi, 141

450075 Ydva, BawkoproctaH

Poccus (Russia)

Tel.: +7 347 2 31 27 50

Fax: +7 347 2 31 27 50

E-mail: rest@mail.ru

Menbrynosa Enena AnekcaHoposHa

Elena A. Mel'gunova

WHeTuTyT KaTanuaa um. I.K. Bopeckosa CO PAH
np. akag,. flaepeHTheBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383 2 34 42 55

Fax: +7 383 2 34 30 56

E-mail: melena@catalysis.nsk.su

MenbHuk IOpui PomanoBuy

Yuriy R. Melnyk :
HaUMOHaJ'IbeIVI yHUBEpCUTET "ﬂbBOBCKaﬂ
nonuTexHuka" :
cT. baHgepsi, 12

79013 JlbBOB

Yxpauna (Ukraine)

Tel.: 0322398980 -

E-mail: ju_melnyk@yahoo.de
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Mukywuna lOnus BnagumuposHa
Yulia V. Mikushina

UHCTUTYT oprannyeckoro cuHtesa YpO PAH
yn. Codwu KoBanesckoi, 20

620219 ExatepuHbypr 'Cl1-149

Poccust (Russia)

Tel.: +7 343 2 49 35 38

Fax: +7 343 2 74-11-89

E-mail: Yanchenko@ihim.uran.ru

Muxainos Muxaun Hukonaesuu
Michael N. Mikhailov

WHCTUTYT opraHunqeckoil Xumum
um. H.[0.3enunHckoro PAH
NenuHckuii np., 47

119991 Mockea

Poccus (Russia)

Tel.: +7 095 938 35 45

Fax: +7 095 137 29 35

E-mail: mik@ioc.ac.ru

Mopos 3nna MuxaWnoBHa

Ella M. Moroz

WHeTuTyT KaTanusa um. K. Bopeckosa CO PAH
np. Akag. NlaBpeHTbeBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383234 1300

Fax: +7 383 2 34 30 56

E-mail: Ella.Moroz@catalysis.nsk.su

Hanankos Anekcanap Cepreesuy
Alexandr S. Napalkov

Camapckuil rocy4apCTBEHHbIN TEXHUYECKUIA
yHUBEpCUTET

[onotHsiiA nep., 6-27

443065 Camapa

Poccus (Russia)

Tel.: +7 846 2 42 35 80

Fax: +7 846 242 35 80

E-mail: chtogr@sstu.edu.ru

Haprosa AxHa BnapumuposHa

Anna V. Nartova

WHCTUTYT kaTtamuaa uM. I".K. Bopeckosa CO PAH
np. Akaa. NaespeHTbeBa, 5

630090 Hosocubupck

Russia Russia

Tel.: +7 383234 17 71

Fax: +7 383 2 34 30 56

E-mail: nartova@catalysis.nsk.su

Haywmenxko MNasen MBaHoBUY

Pavel I. Naumenko

MockoBCkuiA rocyAapCTBEHHbIN YHUBEPCUTET
uM. M.B. flomoHocoBa

Bopobsesol MNopebi

119234 Mocksa

Poccus (Russia)

Tel.: +7 095 939 2054

Fax: +7 095 939 3570

E-mail: pnaum@yandex.ru



Hectepenxo Hukonai CepreeBuy

Nikolay S. Nesterenko

MockoBckuii rocyaapCTBEHHbIA yHUBEpPCUTET
um. M.B. flomoHocoBa

Bopo6besebi ropbi

119899 Mocksa

Poccus (Russia)

Tel.: +7 095 939 20 54

Fax: +7 095 939 35 70

E-mail: NSNesterenko@phys.chem.msu.ru

Heukuna Onbra BnagumupoBHa

Olga V. Netskina

WHcTuTyT katanusa um. I'.K. Bopeckosa CO PAH
np. Akag. JlaBpeHTbeBa, 5

630090 Hoocubupck

Poccus (Russia)

Tel.; +7 383 2 34 26 91

Fax: +7 383 2 34 23 36

E-mail: shport@catalysis.nsk.su

HukonaeBa Enena UropesHa

Elena I. Nikolaeva

WHcTuTyT katanusa uM. I".K. Bopeckosa CO PAH
np. Akag. JlaspeHTtbera, 5

630090 Hoeocunbupck

Poccus (Russia)

Tel.;: +7 3832341278

Fax: +7 3832341878

E-mail: nikalena@catalysis.nsk.su

OropoaHukoBa Onbra JleoHugoBHa

Olga L. Ogorodnikova

MHcTuTyT katanusa uM. I.K. bopeckoea CO PAH
np. Akag. JlaBpeHTbeBa, 5

630090 Hosocubupck

Poccust (Russia)

Tel.: +7 383 2 34 25 63

Fax: +7 383 2 34 30 56

E-mail: ogorod2000@mail.ru

MaBnoBa TarbAHa JleoHWAOBHA

Tatyana L. Paviova

WHecTuTyT kaTtanusa um. I.K. Bopecxosa CO PAH
np. Akag. JlaBpeHTbeBa, 5

630090 Hoocubupck

Poccusa (Russia)

Tel.: +7 3832341278

Fax: +7 3832341278

E-mail: vernik@catalysis.nsk.su

MaxerHos Erop MuxainnoBuy

Egor M. Pajetnov

WHctutyT Katanysa uM. I'.K. Bopeckosa CO PAH
np. Akag. llaBpeHTbeBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel:+7 3832397110

Fax: +7 383 2 34 30 56

E-mail: gosha@catalysis.nsk.su
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MapmoH BaneHTuH HukonaeBuy

Valentin N. Parmon

WHCTuTYT KaTarinza uM. I~ K. Bopeckosa CO PAH
np. Akag. JlaBpeHTbeBa, 5

630090 HoBocubupck

Poccua (Russia)

Tel.: +7 383 2 34 32 69

Fax: +7 383 2 34 32 69

E-mail: parmon@catalysis.nsk.su

MaTmap daucoH CBATOCNABOBUY

Edison S. Patmar

UyBalLUCKUIA rocyiapCTBEHHbIN YHUBEPCUTET
nM. W.H. YnbsHoBa

MockoBckuit np., 15

428015 Yebokcapbi, YyBalums

Poccus (Russia)

Tel.: +7 835 2 498 738

Fax: +7 835 2 428 090

E-mail: edi@chuvsu.ru

MaxomoB Huxonah AnekcaHapoBuY
Nikolai A. Pakhomov

WMHcTutyT Katarmsa uM. I".K. Bopeckosa CO PAH
np. Akagemuka JlaBpeHTbeBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383 2 34 54 53

Fax: +7 383 2 34 30 56

E-mail: pakhomov@catalysis.nsk.su

NMawwupora TarbAHa HukaHgpoBHa

Tatiana N. Pashirova

NHCTUTYT opraHnyeckoit n (pruandeckon xumum
um. A E. Ap6ysosa KHL| PAH

yn. Akap. ApBysosa, 8

420088 KazaHb, TaTapcTtaH

Poccusn (Russia)

Tel.: +7 843 2 75 22 93

Fax: +7 84327522 53

E-mail: ryzhkina@iopc.kcn.ru

MepkuHa VpuHa UnbuHuyHa
Irina I. Perkina

3A0 "YpanTtexHoreHmeT"

¥Yn. OHrensca, 19

624140 Kuposorpag

Poccus (Russia)

Tel.: +7 343 57 52 829

Fax: +7 343 57 40 960
E-mail: UTM@utm.ru

MeyatkuHa CBeTnaHa ButankeBHa
Svetlana V. Pechatkina

UHCTUTYT HedTexumum U KaTanusa AH PE 1
YHU PAH

rip. OkTsbps, 141

450075 Ydpa, baiikopTrocTtaH

Poccusa (Russia)

Tel.: +7 347 2313527

Fax: +7 347 23127 50

E-mail: ink@anrb.ru



Mpockypa AnekcaHap l'eHHagbeBUY
Alexandr G. Proskura

‘OMckui punuan UHeTuTyTa Katanusa
um. I K. bopeckosa CO PAH

yn. Hedresasoackas, 54

644040 Omck

Poccus (Russia)

Tel.: +7 381 2 66 40 34

Fax: +7 381 264 61 56

E-mail: belyi@incat.okno.ru

MNbinuHuHa AHHA UBaHOBHA
Anna I. Pylinina

Poccuiickuin YHusepcuteT Jpyx6bt Haponos

yn. Muknyxo-Maknas, 6
117198 Mocksa
Poccusn (Russia)

Tel.: +7 095 955 08 96
E-mail: pylinina@list.ru

PaxumaaHoBa UpuHa

Irina Rakhimzyanova

Omckui comnuan UHcTuTyTa Katanusa
um. I.K. bopeckosa CO PAH

¥n. Hetresasogckan, 54

644040 Omck

Poccun (Russia)

Tel.: +7 381266 43 14

Fax: +7 381 2 64 61 56

E-mail: ofik@omsk.net.ru

PoroxuHa TaTbAHa BacunbesHa
Tatjna V. Rogozhina

FAKYTCKMIA MeANLMHCKNIA UHCTUTYT
yn. Kynakosckoro, 16 3
677007 Akyrck, AkyTus

Poccusa (Russia)

Tel.: +7 41122579 09

E-mail: vrogozhin@mail.ru

PomaxeHko EneHa lNeTtpoBHa
Elena P. Romanenko

HoBocMBUPCKUA UHCTUTYT opraHuquKow

xumumn CO PAH

np. Akag. JlaBpeHTbeBa, 9
630090 Hosocubupck
Poccusa (Russia)

Tel.: +7 383 2 34 48 55

Fax: +7 383 2 34 47 52
E-mail: roman@nioch.nsc.ru

Pycakos Cepre# Butanbesuy
Sergei V. Rusakov

VIHCTUTYT HedbTexuMum u karanusa AH Pb u

YHU PAH

np. OxTa6ps, 141

450075 Yha, baiukopTtocTaH
Poccusa (Russia)

Tel.: +7 3472 31 3527
Fax: +7 347 23127 50 °
E-mail: ink@anrb.ru

CametoBa AtHa AneKcaHapoBHa

Anna A. Sametova

WHeTutyT kaTanusa um. I.K. Bopeckosa CO PAH
np. Akag. JlaBpeHTbeBa, 5

630090 Hoeocubupck

Poccus (Russia)

Tel.: +73832397315

Fax: +7 383 2 34 30 56

E-mail: matveev@catalysis.nsk.su

Camoxuta Mapus NeHHaabeBHa

Maria G. Samohina

WueTutyT HedTexumum v katanusa AH PB u
YHU PAH

np. OkTs6psa, 141

450075 Ydha, batukopTtocTaH

Poccus (Russia)

Tel.: +7 347 2 31 27 50

E-mail: ink@anrb.ru

CenumoB [amup PaputoBHY

Damir F. Selimov

WHCTUTYT HedbTexmmum n katanusa AH PE u
YHU PAH

np. Okrabps, 141

450075 Ydoa, bawwkopTocTan

Poccus (Russia)

Tel.: +7 347 231 27 50

Fax: +7 472 31 27 50

E-mail: ink@anrb.ru

CemeHoB Bopuc BopucoBuy

Boris B. Semyonov

Poccuitckuit XuMUKO-TeXHONOTMYeCKUiA
yHuBepcuteT un. .M. MeHgeneesa
Muycckan nn., 9

125047 Mocksa

Poccus (Russia)

Tel.: +7 095 978 94 77

Fax: +7 095 200 4204

E-mail: semenovb@mail.ru

CemukoneHoB Brniagumup AnekcaHapoBsuy
Viadimir A. Semikolenov

WucturyT katanusa um. I.K. Bopeckosa CO PAH
np. Akaa. JlaBpeHTbeBa, 5

630090 HosocuGupck

Poccusa (Russia)

Tel.: +7 83234 1222

Fax: +7 383 2 34 30 56

E-mail: semkoln@catalysis.nsk.su

CemukoneHos Cepreit BnagumupoBuy
Sergey V. Semikolenov

WHcTutyT kaTanuza um. K. Bopeckosa CO PAH
np. Akag. JlaBpeHTheBa, 5

630090 Hosocubupck

Poccus (Russia)

Fax: +7 383 2 34 30 56

E-mail: sersem@ngs.ru



CuBueBa AHacTacus BacunbeBha
Anastasiya V. Sivtseva' ‘
MockoBckuii rocyaapCTBEHHbIA yHUBEPCUTET
umM. M.B! TlomoHocoBa

Bopo6besbl [opbl

119234 Mockea

Poccusa (Russia)

Tel.: +7 095 939 36 66

E-mail: sianva@rambler.ru

CumeHuioBa Mpuna MBaHOBHa

Irina |. Simentsova

WHcTUTYT Karanuaa um. K. BopeCKosa CO PAH
np. Akag. JlaBspeHTbeBa, 5

630090 Hosocubupck -

Poccusa (Russia)

Tel.: +7 3832 34 41 09

Fax: +7 383 2 34 30 56

E-mail: sii@catalysis.nsk.su

CunartpoB Anatonui NeHHagbeBuY
Anatolii G. Sipatrov

WHCTvTyT Katanusa um. K. Bopeckosa CO PAH
np. Akag. JlaBpeHTbeBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: 3832 34 4109

Fax: 383 2 34 30 56

E-mail: sipatrov@mail.ru

CnentepeB ApTem AHaTONbLEBUY
Artyom A. Siepterev

OMckuit punuan UHCTUTYTa kaTanusa
um. I.K. Bopeckosa CO PAH '
yn. Hedpresasoackas, 54

644040 Omck

Poccusa (Russia)

Tel.: +7 381266 22 75

Fax: +7 381 2 64 61 56

E-mail: tsyr@mail.ru

CmupHoB Bnaaumup Bnagumuposuy
Vladimir V. Smirnov

pKyTCKWiA roCyAapCTBEHHbIA YHUBEPCUTET
yn. K. Mapkca, 1

664003 UpkyTck

Poccusa (Russia)

Tel.: +7 3952 46 28 56

Fax: +7 3952 46 19 35

E-mail: aschmidt@chem.isu.ru

CmupHoB EBreHun Unbuy

Evgenii I. Smirnov

WHcTuTyT Katanuaa um. K. Bopeckosa CO PAH
np. Akag. flaBpeHTbeBa, 5

630090 Hosocubupck

Poccusa (Russia)

Tel.: +7 383234 1278

Fax: +7 3832 34 30 56

E-mail: esmirnov@catalysis.nsk.su
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CmoneHueBa EnenHa Banepbeana
Elena V. Smolentseva C :
ToMCKuiA I'IOJ'IMTeXHW-IeCKMM yHMBepcheT
np. JlenuHa, 30

634034 Tomck

Poccus (Russia)

Tel.: +7 382 2 41 58 61

Fax: +7 382 2 52 08 08

E-mail: anp@tspace.ru

CHbiTHukoB MaBen Banepbeauq

Pavel V. Snytnikov

WHctuTyT Katanusa uM. I.K. BopeckoBa CO PAH
np. Akap JlaBpeHTbeBa, 5

630090 HoBocubupck

Poccusa (Russia)

Tel.: +7 383234 47 89

Fax: +7 383 2 34 30 56

E-mail: pvsnyt@catalysis.nsk.su

Co6annH Bnagumup AnekcaHapoBuY
Vladimir A. Sobyanin

NHcTuTyT Katanuaa um. I.K. Bopeckosa CO PAH
np. Akaa. JlaBpeHTbeB], 5 ‘

630090 Hosocubupck

Poccusa (Russia)

Tel.: +7 3832344306

Fax: +7 383 2 34 30 56

E-mail: sobyanin@catalysis.nsk.su

Copoka Jlioamuna CtaHucnaBoBHa
Ludmila S. Soroka .
TOMCKUIN NONUTEXHUHECKUIA YHUBEPCUTET
JleHuHa, 30

634034 Tomck

Poccusn (Russia)

Tel.: +7 3822415584

Fax: +7 382 2 41 52 35

E-mail: stasay_Ils@mail.ru

CrapukoBa ExaTtepuHa BukropoBHa
Ekaterina V. Starikova
HosocuBupckuia rocy.qapCTBeHHbm .
yHUBEpCUTET

yn. Fluporosa, 2

630090 Hosocubupck

Poccusa (Russia)

Tel.: +7 383 2 36 38 37

Fax: +73832322847

E-mail: Katya@solid.nsc.ru -

CrapokoHb EsreHui Bnagumuposud
Evgeny V. Starokon

WUHCTUTYT Katanmaa um. K. BopeCKosa CO PAH
np. Akap. JlaBpeHTbeBa, 5

630090 Hoocubupck

Poccusa (Russia)

Tel.: +7 383 2 34 46 07

Fax: +7 383 2 34 30 56

E-mail: Starokon@catalysis.nsk.su



CrapueB AHatonui Hukonaesuy

Anatolii N. Startsev

WHcrutyT katanusa um. I K. Bopeckosa CO PAH
np. Akag. NlaBpeHTbeBa, 5

630090 HoBocubupck

Poccus (Russia)

Tel.: +7 3832343314

Fax: +7 383 2 34 30 56

E-mail: startsev@catalysis.nsk.su

CyropmuHa EneHa ®egopoBHa

Elena F. Sutormina

WHeruryT KaTtanusa um. I.K. Bopeckosa CO PAH
np. Akag. llaspeHTbeBa, 5

630090 Hosocubupck

Poccus (Russia)

Fax: +7 383 2 34 30 56.

E-mail: selena@catalysis.nsk.su

Tan6aH Enena CepreesHa

Elena S. Tayban

WreTutyT katanusa uMm. I.K. Bopeckosa CO PAH
np. Akag. llaBpeHTbeBa, 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383 2 342458

Fax: +7 383 2 34 30 56

E-mail: taykos@ngs.ru

TarapuHoBa UuHa BanepbeBHa
Inna V. Tatarinova

WPKyTCKMiA MHCTUTYT XVIMUM

um A E. dasopckoro CO PAH

yn. dasopckoro, 1

664033 UpkyTck

Poccus (Russia)

Tel.: +7 3952 422409

Fax: +7 395 2 39 60 46

E-mail: ol_petr@irioch.irk.ru

TepexuHa TatbsiHa lNeTpoBHa
Tatiana P. Terekhina

Aupekuus no rasonepepaboTre

1 HebTexumun A0 "KOKOC PM"
YnaHckuia nep., 26

103045 Mockea

Poccus (Russia)

Tel.: +7 095 755 80 11

Fax: +7 095 755 80 11

E-mail: terekhinatp@yukos.ru

TutkoB AnekcaHap Wropesuy

Alexander |. Titkov

WucruryT katanuaa uM. I.K. Bopeckosa CO PAH
rp. Akagemuka JlaBpeHToeBa, 5

630090 HosocubBupck

Poccus (Russia)

Tel.: +7 3832344255

Fax: +7 383 2 34 30 56

E-mail: Titkov@catalysis.nsk.su

366

Tkauenko Oner KOpreBuy

Oleg Yu. Tkachenko

MockoBckas rocyfapcTeeHHas akagemus
TOHKOW XUMWYECKON TEXHOMOTUN

uMm. M.B. NomoHocoBa

np. BepHagckoro, 86

119571 Mockea

Poccus (Russia)

Tel.: +7 095 434 8141

E-mail: out@pochtamt.ru

TpyxaH Cepreit Hukonaesuu

Sergey N. Trukhan

WHcTuTyT katanusa um. I.K. bopeckosa CO PAH
np. llaBpeHTbEB], 5

630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383 2 344769

Fax: +7 383 2 343056

E-mail: frukhan@catalysis.nsk.su

TynukoBa Enena HukonaeBHa
Elena N. Tupikova

Camapckuit FocyaapcTBeHHbIR
a3POKOCMUNYECKUIA

yHusepcuteT um. C.I. Koponesa
MockoBckoe wocce, 34a
443086 Camapa

Poccun (Russia)

Tel.: +78462 3572 06

E-mail: chem@ssau.ru

TypAabikynora AitHa

Aina Turdykulova

Kasaxckuid HauvoHarnbHbliA yHUBEpCUTET
uM. anb-dapabu

yn. Kapacai-6arbipa, 95a

480012 Anmatsl

Kaszaxctan (Kazakhstan)

Tel.: +7 327 2 69 55 91

Fax: +7 327 2 69 61 02

E-mail: ohtn@mail.ru

ThipnoB Anekcanap ApyHOBHY
Alexander A. Tyrlov

VIHCTUTYT OpraHu4eckoi xumum
uMm. H.[1. 3enuHckoro

JleHuHckwiA np., 47

119991 Mockea

Poccuitckan (Russia)

Tel.: +7 095 137 29 35

Fax: +7 095 137 29 35

E-mail: alekmail@yandex.ru

®éngoposa AHHa AnekcaHapoBHa

Anna A. Fedorova

Mockosckuid rocygapcTBEHHbIA YHUBEPCUTET
um. M.B. JlomoHocoBa

Bopobuesbi Mopbl

119899 Mocksa

Poccun (Russia)

Tel.: +7 095 194 07 33

Fax: +7 095939 28 70

E-mail: fedorova@inorg.chem.msu.ru



®deuweHko Jlapuca MBaHoBHA

Larisa I. Feshchenko
TOMCKUA-MONUTEXHUYECKUA YHUBEPCUTET
flenuna, 30 . :
634034 Tomck

Poccusn (Russia)

Tel.: +7 3822 4155 84

Fax: +7 382 2 41 52 35

E-mail: iarissaif@mail.ru

®ponosa HOnus BnagsMnpoBHa

Yulia V. Frolova

MHcTuTyT Katanuaa um. I.K. Bopeckosa CO PAH
np. Akaa. NaspeHTbesa, 5

630090 HosocnBupck

Poccus (Russia)

Tel.: +7 3832 3426 72

Fax: +7 383 2 34 30 56

E-mail: frolova@catalysis.nsk.su

XacaHuwunH Pyctem AnMmasoBuy
Rustem A. Khasanshin

OAOQ "KasaHboprcuHTes"

yn. benomopckas, 101

420051 KasaHb, TaTtapcTaH
Poccus. (Russia)

Tel.: +7 843 2 49 89 65

E-mail: hasanshin.rustem@mail.ru

XoxpsakoB EBrenuin BacunbeBuu
Evgenii V. Khokhryakov

HWUY UHCTUTYT DUSUKU NPOYHOCTH 1
MaTtepuanoseaeHust
Akagemuueckuni np., 8/2

634055 Tomck

Poccus (Russia)

Tel.; +7 382 2 2590 91

Fax: +7 382 2 25 88 63

E-mail: atte@mail.tomsknet.ru

XycHyTauHoB P.U.

R.l. Khusnutdinov _
NHCTUTYT HedbTexumuu v kaTtanusa AH PB u
YHL, PAH

np. Oktabps, 141

450075 Ydpa, bawkoprocTaH

Poccus (Russia)

Tel.: +7 3472313527

Fax: +7 347 2 31 27 50

E-mail: ink@anrb.ru

YepeuHckui Tapac UropeBuu

Taras I. Chervinskii :
HauuoHanbHbIn yHuBepcuTeT «J1bBOBCKAN.
NOMUTEXHWKAY

yn. cT. baHgepet, 12

79013 MbBOB

Ykpanuna (Ukraine)

Tel.: 0322 39 8166

Fax: 032 2 39 81 66 _

E-mail: mbratych@polynet.lviv.ua
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Yepusisckuit Banepui CepreeBuu

Valery S. Chernyavsky

WHeTuTyT Katanuaa M. K. Bopeckosa CO PAH
np. Akaz. JlaepeHTbeBa, 5

630090 Hosocubupck

Poccusa (Russia)

Tel.: +7 383 2 34 46 07

Fax: +7 383 2 34 30 56

E-mail: cher@catalysis.nsk.su

Yecak Ceprei BnaguMmupoBuy
Sergei V. Chesak -

Omckuin dunuan UHCTUTYTa KaTanumaa
um. I".K. Bopeckosa CO PAH

yn. HedresaBoackas 54

644040 Omck

Poccus (Russia)

Tel.: +7 381 2 66 40 34

Fax: +7 381 2 64 61 56

E-mail: belyi@incat.okno.ru

YUxy [enuc MeTpoBuy

Denis P. Chzhu .
Omckuid unman NucTuTyTa Katanusa
um. I".K. bopeckoea CO PAH

yn. Hedbreszasoackas, 54

644040 Omck

Poccus (Russia)

Tel.: +7 3812662275

Fax: +7 381 2 64 61 56

E-mail: tsyr@mail.ru

YupkoBa Onbra AnekceeBHa

Olga A. Chirkova

Omckuit bunuan NHcTUTyTa KaTanusa
um. I.K. bopeckoesa CO PAH

yn. Hedpresasonckasn, 54

644040 Omck

Poccus (Russia)

E-mail: chirkowaolg@mail.ru

YymakoBa HaTtanba AnekceeBHa

Natalia A. Chumakova

UnetutyT kaTanusa um. K. Bopeckosa CO PAH
np. Axag. llaBpeHTbeBa, 5

630090 Novosibirsk

Russia (Russia)

Tel.: +7 3832341278

Fax: +7 3832341878

E-mail: chum@catalysis.nsk.su

LWaikun Pycnan BacunbeBuy

Ruslan V. Shaikin

NHCTUTYT HedpTexumum u katanusa AH PB u
YHL, PAH

np. Okrs6ps, 141 B

450075 Ydpa e

Poccus (Russia)

Tel.: +7 3472313527  ‘uix
Fax: +7 3472 312750 .-
E-mail: ink@anrb.ru




Wamcuen PaBuian CabutoBuy
Ravshan S. Shamsiev
-MockoBcKas rocyaapcTBeHHas akageMus
TOHKOW XMMUYECKOHA TEXHONOru

um. M.B. JlomoHocoBa

np. BepHagckoro, 86

119571 Mockea

Poccus (Russia)

Tel.: +7 095 434 8141

E-mail: shamsiev@pisem.net

Wansko Moamuna AHaTOHI:eBHa
Ludmila A. Shanko

Omckuid ounman UHCTUTYTa KaTanusa
um. I'.K. bopeckoea CO PAH

yn. Hecbreaasopgckas, 54

644040 Omck

Poccus (Russia)

Tel.: +7 381 2 66 23 65

Fax: +7 381 2 64 61 56

E-mail: ofik@omsk.net.ru

LeBener Angpen Muxannosuy
Andrei M. Shevelev

CeBepckuii rocyjapCTBEHHbIN
TEXHOMOrMYECKUIA UHCTUTYT
KoMmyHucTuueckui np., 65
634050 CeBepck

Poccusn (Russia)

Tel.: +7 382 42 4 58 20

E-mail: karpenko_vita@mail.ru

LWerai Tumyp OneroBuy

Timur O. Shegai

WHeturyT karanuaa um. I.K. Bopeckosa CO PAH
np. Akaa. NlaBpeHTbeBa, 5

630090 Hoeocubupck

Poccus (Russia)

Tel.: +7 383239 73 50

Fax: +7 383 2 34 30 56

E-mail: shegai@catalysis.nsk.su

WeneTta KOpu#

Juri Shepeta S
Omckuii ounuan UHcTuTyTa Katanuaa - © .
um. I".K. Bopeckoea CO PAH B
yn. Hecbreaasogckas, 54

644040 Omck

Poccus (Russia)

Tel.: +7 381266 43 14

E-mail: lavr@incat.okno.ru

Wnanui BMuTpuit AnapeeBuy
Dmitry A. Shlyapin :
Omckuii dounuan UHcTuTyTa Katanusa
um. I' K. Bopeckosa CO PAH

yn. HecpTesasoackas, 54

644040 Omck

Poccus (Russia)

Tel.: +7 3812662275

Fax: +7 381 2 64 61 56

E-mail: dmitry_shlyapin2@mail.ru
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LWysanosa Onbra Bna.quuupoaua
Olga V. Chouvalova

MHCTUTYT HETEXUMUHECKOrO CUHTE3A
um. A.B. Tonunesa PAH

JleHnHckumit np., 29

119991 Mockea

Poccus (Russia)

Tel.: +7 095 955 41 30

Fax: +7 095 230 22 24

E-mail: shuv@ips.ac.ru

Lep6arbix EBreHmii AHaTORLEBHY
Evgeny A. Scherbatyh

Owmckuii punman UHcTuTyTa Katanusa
um. I".K. Bopeckoesa CO PAH

yn. Hedresasopckas, 54

644040 Omck

Poccus (Russia)

Tel.: +7 381 2 66 40 34

Fax: +7 381 264 61 56

E-mail: belyi@incat.okno.ru

lllykuna Onbra BukropoBHa
Olga V. Schukina :

WHCTUTYT opraHnM4ecKoro Katanuaa u
sneKkTpoxuMuu uMeHu [1.B. Cokonsckoro
yn. KyHaesa, 142

480100 Anmarsl

Kazaxcrax (Kazakhstan)

Tel.: 327291 67 90

Fax: 327291 57 22

E-mail: orgcat@nursat.kz

IOnpaw6aeB Azamar Tanratoeuy
Azamat T. Yuldashbaev

NHCTUTYT HedpTexummm v kaTtanusa AH Pb u
YHL| PAH

np. Okrabps, 141

450075 Ydba, balukopTtocTaH

Poccus (Russia)

Tel.: +7 347 2 31 35 27

Fax: +7 347 2 31 27 50

E-mail: ink@anrb.ru’

OnukoB Makcum Muxainosuu

Maxim M. Yulikov -

WHeTuryT kaTtanusa um. MK Bopecxosa CO PAH
np. Akaa. JlaBpeHTbeBa, 5 IR
630090 HoBocubupck :

Poccusa (Russia)

Fax: +7 383 2 34 30 56

E-mail: yulikov@catalysis.nsk.su

Owuna Enena BnapumupoBHa
Elena V. Yushina

Camapckuii rocyaapcTBeHHbINA
83POKOCMUHECKNIA

yHuBepcuteT um. C.M. Koponesa,
Mockosckoe wocce, 34a

443086 Camapa

Poccus (Russia)

Tel.: +7 846 23571 64

E-mail: chem@ssau.ru



fixoBneB Bagum AHatonbeBuY

Vadim A. Yakovlev E :
WMHeTuTyT Katanusa um. I™.K: bopeckosa CO'PAH
np. Akag. llaspeHTheBa, 5. | . e
630090 HoBocubupck | -
Poccus (Russia)

Tel.: +7 3832342458

Fax: +7 383 2 34 30 56

E-mail: yakoviev@catalysis.nsk.su

AxoBneBa UpuHa CepreeBHa -

Irina S. Yakovleva :
WHeTutyT KaTanusa um. I".K. bopeckosa CO-PAH
np. Akag. JlaBpeHTbeBa, 5 ‘
630090 Hosocubupck

Poccus (Russia)

Tel.: +7 383 2 34 37 64

Fax: +7 383 2 34 30 56

E-mail: irga@catalysis.nsk.su

AwHnk CBeTnaHa AHatonbeBHa

Svetlana A. Yashnik

WHeTuTtyT KaTtanunsa um. I".K. bopeckosa CO PAH
np. Akag. JlaBpeHTeeBa, 5

630090 Hosocumbupck

Poccusa (Russia)

Tel.: +7 3832342670

Fax: +7 383 2 34 30 56

E-mail: Yashnik@catalysis.nsk.su
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