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Abstract: The mono- and bimetallic catalytic systems on the basis of metals of platinum group with the various
contents of the active metals (from 0.5 weight of % and above) are synthesized. Reduction of benzene, toluene,
isopropyl benzene and isopropyl toluene is studied under pressure of hydrogen and various temperatures of
process. The optimum conditions (2.0-6.0 MPa and 273, 373) for hydrogenation of benzene and aromatic
hydrocarbons to 80-98 % are selected.

Annotanusa., CHHTC3HPOBAHBI MOHO- W OMMCTATHYCCKUC KATAJIUTHYCCKHC CHCTCMBI HA OCHOBE MCTAJLIOB
IUTATHHOBOM TPYNIBI C PasiIWdHBIM COACPYKAHHWEM AaKTHBHBIX MeramioB (ot 0.5 Bec % wuw Bbmme). M3ydeHo
BOCCTAHOBICHHE OCH30JIA, TONYOJA, H30-MPOIMIOCH30JA M KYMOJA NPH NOBBIICHHOM [ABJICHHH BOAOPOJA H
Pa3THYHBIX TeMIIepaTypax mporecca. [lomoOpansr onTuManbHbe yeaoBus ( 2,0-6,0 MIla u Temmeparypa — 273-350
K, 373 K) amsa ruapuposanng OSH301a M apPOMATHICCKHX YTIICBOAOPOAO0B A0 80-98%.

KiroueBsbie cjioBa: BOCCTAHOBIICHAC, APOMATHYCCKHE YTIICBOJAOPOIBL, INIATHHOBBIC METAJUIbI, KATATH3aTOP.

Tipek ce3aep: TOTBIFY, APOMATTHI KOMIPCYTCKTED, IIATHHAIBI METAIAP, KATATH3ATOP.

YrieBoOPOAHBIH COCTaB B 3HAYUTCIBHON CTCIICHH BIMSCT HA KAYCCTBO TOIUIUB. APOMATHUYCCKHUC
YIJICBOJAOPOAbl B TOIUIMBAX MOTYT OBITh B BHAC MOHOAPOMATHYCCKHUX COCIMHCHUI. OCH30, TOIyOI,
M30MEPBl KCHIIOA, M MOJHAPOMATHICCKUX — HA(TATHH, TCTPAIWH, OCH3MUPECH W APYTUE KOHICH-
CHUPOBAHHBIC APOMATHICCKUC COCAUHCHUS. [Ipy MOBBIMICHHOM COACPKAHUU apPOMATHYCCKUX YTJICBOAO-
POI0OB, OCOOCHHO OHIIMKIHYCCKUX, OHMKAKOTCS CKOPOCTh M MOJHOTA CrOPAHUS TOILIMBA, YTO HMPHUBO-
JUT K HAYTJICPOKUBAHUIO B CHCTCME CTOPAHMSI ABUTATS/IL U B JANTBHCHUIIEM YXYAIIACT SKOJOTHICCKY O
00CTaHOBKY B MHPC. Y MCHBIICHUC COACPIKAHMS APOMATHICCKUX YIIICBOAOPOAOB B HETAX U HeTCTIPO-
JYKTaX MOKHO JAOCTHUTHYTh PasindHbIMU MeTOAaMu. OCHOBHBIMHU KATATUTHICCKUMH MPOLICCCAMHE IS
3TOH LEIH SBASIOTCS TUAPUPOBAHUEC M ATKWIHPOBAHHUEC aAPOMATHYCCKUX YIJICBOJAOPOIOB, KOTOPHIC
MO3BOJISMIOT U3MCHHTh XHUMHUYCCKYIO CTPYKTYPY YIJICBOAOPOIOB B HEOOXOAMMOM JJISI HMCCICIOBATEIS
HampasjacHud. Cambie 3(PQOEKTUBHBIC U CCNCKTHUBHBIC KATATH3ATOPBI IJISI PEAKIUN THAPO-ASTHAPOTS-
HU3ALUH — KaTAJTUTHYCCKHE CUCTEMBI HAa OCHOBE MeTajuioB miaruHosou rpymnmsl (Pt, Pd, Rh u Ru).
Lensro paboThl ABISICS CHUHTE3 CCICKTHUBHBIX KaTAIM3aTOPOB THAPUPOBAHHS OCH30JIA M apoOMaTH-
YECKUX COCAUHCHUIM.

B paGoTe CHHTC3MpOBaHBI KAaTAJU3aTOPBl HA OCHOBE MCTA/UIOB IJIATMHOBOW IPYIIBI ¢ PA3THYHBIM
coaeps;kaHueM akTUBHBIX METaJLI0B (0T 0,5 Bec % H BBIIIC). MOHO- U OMMCETAIIMUECKUE KATATUTHICCKUC
cucremsl Ha ocHoBe Pt, Pd, Rh, Ru ¢ pasnuunsiM aromHbiM cooTHOmEHHEM MeTamioB ot 9:1 g0 1:9 (Eme =
or 0,5 10 5 wmac%). Ilpu npuroToBieHuH KatanuzaTopoB wucmons3osamu comu PdCl, mapku “u”,
RhCl;-3H,0, H,PtCls-6H,0, RuOHCI;, CuSO4-5H,0 mapku “x.u.”. B mporecce OpUrOTOBICHHS HEKO-
TOPBIX OOpPA3lOB KATAIM3aTOPOB HA OCHOBS MAMIATUS MPOBOAWIOCH OCAKIACHHUC KATAIU3ATOPOB
pactBopom Na,CO; (10 pH=8). PacTBOpBI COOTBETCTBYIOIINX COCIUHCHHUI HAHOCHIIUCH aCOPOLIMOHHBIM
METOJOM Ha MOATOTOBJICHHBIC HOCUTEIU. [locie mpoBeACHHS 3TOM PO YPBl 00Pa3Lbl KATAIU3ATOPOB
or™biBatu oT uoHoB Na', CI, S0,” ropsuIcH MUCTUUTHPOBAHHON BOJOM M0 HCHTPATBPHOM PCAKIIHH.
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CreneHp OTMBIBKYA HOHOB XJI0pa KOHTpoupoBajack peakuuci ¢ AgNQO;, cynedara — ¢ BaCl,. O6pasist
KaTam3aropos ordunbTpoBeBaTd U cymumd npu 383-393K mo mocrosHHOro Beca. BoccraHoBneHue
HAHECCHHBIX KaTaJIN3aTOPOB OCYINCCTBIUIN B KBAPLEBOU TPYOKE € NEKTPOOOOTPEBOM B TOKE BOJOPOIA
mpu 473K B TeucHHE 4-X 4WACOB, 3aTCM KATaIH3aTOPhl OXIAKIAIH B TOKC BOJOPOAA A0 KOMHATHOM
Temneparypst. Katamuzatopsl oTIHuanuch HEOUPOMOPHOCTHID U XPAHWINCH B OFOKCE B DKCHKATOPE HAT
XJIOPUIOM KATBIIHSL.

IlpuroToBacHHBIC KATAMM3ATOPbI HCCICAOBAIUCH  (DHU3UKO-XUMHUYCCKUMH METOJAMH  AHAIN3A!
peatreHoBekas  (otosnekrponnas crnekrpockonus (PO®IC), uubpakpacHas cnekrpockomus (MKC),
mMepeHue nosepxHoctu karamusaropa (bIT), tepmonporpamvuposannas aecopduums Bogopoaa (TIIJT),
KOHAYKTOMETPHUS U 3ACKTpoHHas wmukpockonus (OM). [loBepxHOCTh KaTanuzaTopoB OMPEACIISLIH
metogom bBIOT mo axcopOumm azora Ha mpubope “Accusorb”. DICKTpOHHAs MHUKPOCKOMHS 00pas3loB
KCCNICA0BAIACh MPU MOMOIIMH 3ICKTPOHHOTO MHKpockona DOM-125K mMeToaoM pemiuk ¢ 3KCTPaKIueH ¢
MpUMEHEHHEM MUKpoaupakuny (yeennueHue 160 Teic.). s mpoBeaeHUs SKCIIEPUMEHTA HCTIOTb30BAIH
KHHETHYICCKYIO  YCTaHOBKY  Bhicokoro aaeicHus (KYBJ), cocTosmyro W3 yCOBEpPIICHCTBOBAHHOTO
aBTOK/TaBa BUINHEBCKOrO ¢ HMHTCHCHUBHBIM TMCPEMCIIU-BAHHEM H HM3MEpPHUTEApHON dvactu. QOorpes
ABTOKJIABA OCYIICCTBISCTCS SMCKTPOIEYBIO MOCPEICTBOM XPOMETb-KOIEICBOH TepMOnapbl. JKCIICPHMEHT
MPOBOAWIN B H300apHO-U30TCPMHUUICCKOM PEXKUME. AHANMM3 HMCXOIHBIX COCAMHCHUH H MPOAYKTOB
peakunu nposoaud Ha xpomartorpade KPUCTAJIIIOKC 4000M: xononka Zebron ZB-1, 3amonneHHas
JAMETHI-CUIOKCAHOM, JuIHA KOJOoHKH 30mM, muametp komoHkH 0,53 mm. UccmeaoBaHo ruapupoBanme
OcH30Ma, TONYOJa, KyMoOna, OTHIOCH30/a, OCH30J, TOAYOa XpoMarorpaduuecKuil YHCTHIX, MpPe-
JIBAPUTE/IPHO OUYHUIICHHBIX. B KauecTBE pacTBOPUTEICH UCTIOIB30BAIN CHUPTHI (ITAHO, U30-TPOMAHOI) U
FCKCAH MAPKHU «XW», (PU3UKO-XUMHUICCKUE JAHHBIC KOTOPHIX COOTBETCTBOBAIH CHPABOYHBIM.

WzyueHo ruapupoBanue OEH307Ia U apOMATHUSCKHX VITICBOAOPOIOB B PACTBOPUTEIAX. Y CTAHOBICHO,
4TO HAWOOJBINAS CKOPOCTh PEAKIHH THUAPUPOBAHUS APOMATHUYCCKUX YTICBOJAOPOJOB, B HACTHOCTH
Ocnzona, HaOmogacTes Ha Pt- u Pd-karanuzaropax (tadmn. 1). Konsepcust 6¢H30/1a 1 BBIXOA LIUKIOTCKCAHA
TaKXKe OKazaauch MakcuManbHel Ha Pt/Al,O; u Pd/AlLO;.

TaGmura 1 — I'uapupoBanue 6eH301a Ha 2%0-HbIX KaTallM3aTOpax Ha OCHOBE METAIUIOB 8 IPYINILL. PacTBOPHUTENL-3TaHOIL,
Japienre Bogopoja-1,5 Mia, T=373K, quar.pa- 0,21

No /it Karanuzarop Konsepens, % CKOpOCTh, MOJIB/MUH Brxo g ixitorekcana,%
1 Pt/Al,0O4 78 342 76
2 Pd/AL,O4 76 282 75
3 Rh/ALO, 72 23,7 65
4 RwALO, 60 122 40+15*

* — BBIXOJI ITUKJIOTEKCEHA.

Ha Ru-karanuzaropax mpoOHCXOAWT HEMOJIHOC BOCCTAHOBICHHE OcH3oma a0 umknorekceHa (15%),
BBIXOJ ULHUKIOreKcaHa gocturact Beero juinb 40%. Ilo ckopocTH, KOHBepcHM OCH307a W BBIXOAY
LUKIOTEKCaHa KaTamu3atopsl oOpasyioT psa . Pt > Pd > Rh >> Ru. MakcumanbHas akTHBHOCTB,
koHBepeust OeHzona (82%) u Beixop muknorekcana (76%) nadmronarorcs y 5% Pt/ALQO;.

VY cTaHOBIEHO, 4TO OHMETATTHYCCKHE Karanu3atopsl Ha ocHoe MetamnoB VI rpymmer npossisror
0onee BBICOKYIO aKTHBHOCTb, 4YeM MoOHoMetammuueckue. Cpeau HUX MaKCHMATIbHBIC BEIMYHHEL
kouBepeun (91%) u Beixoa HadTeHOBOro yriacsomopona (88%) wmabmromatorcs Ha Pt-Pd/AlLO; u Pt-
RW/ALO; (tadn. 2).

[lo yMCHBIICHHIO CKOPOCTH PEaKLIUM, KOHBCPCHH OCH307a M TONYOJA, BBIXOAY LHKIOTCKCAHA
(METHJILIMKIOTCKCAHA) KAaTATH3ATOPBI PACIIONOKEHBI B PSI;

Pt-Pd/Al,OQ; = Pt-Rh/Al,O; > Rh-Pd/Al,O; > Pt-Ru/Al,O; > Ru-Pd/AlQ;.
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TaGmra 2 — I'uapupoBanue 6eH3071a Ha OCMMETAJUIMYEeCKUX KaTalu3aTopax Ha OCHOBE METaJlIOB
8 rpymmier B s1anone upu 1,5 Mina, 373K, Quarpa — 0.2 T.

Ne Karanuzarop CKOpOCTD, MO/ MUH Brixon iuxiiorekcana,%
i Kongepcus, %

1 2,0%Pt-Pd/Al1,05 (2:8) 90 498 88

2 2,0%Rh-Pd/AL,O; (2:8) 78 2.1 73

3 2,0%Ru-Pd/AL,O; (2:8) 70 352 62

4 2,0%Pt-Rh/ALO; (2:8) 91 492 88

5 2,0%Pt-Ru/AL,O3(2:8) 81 384 75

Hawnnyummvu okazanuce karamuszatopsl ¢ cootHomeHueM Pt:Pd = 2-8 u 1-9, Ttak xak umMeHHO Ha
HUX HAOMIOJAIOTCS MaKCHMAaIbHBIC KOHBepCcHs OcH3oaa (80-82%) u Beixoa nuknorekcana (75-76%).
Ha xaramuzarope cocrasa Pt:Pd(9:1) peakuums mporekaetT ¢ HauOOJBMICH CKOPOCTBIO, HO BBIXO[
MPOIYKTA HEBEICOK.

Kax ciaexyer u3 pesynbraToB TepMomporpammupoBanHoi aecopbumu Bogopoga (TI1[1), B cmyuae
CMCILIAHHBIX METATTHYCCKUX KATATH3aTOPOB HA HOCHUTEIIX COXpaHACTCA Yuciao (Gopm copOHpOBaHHOrO
BOJOPOJA, XapPaKTEPHBIX IS KQKIOTO U3 KOMIIOHCHTOB, & KOMMYCCTBCHHBIC COOTHOIICHHS MEKIY HHUMH
MPETEPIICBAIOT 3HAYUTEIBHBIC H3MCHCHHS IIPU BAPbUPOBAHUH cOcTaBa. Tak, BOZOPOA, AeCOPOUPOBAHHBIH
¢ IUIaTHHA-TIAJUIAAMCBBIX KATATH3aTOPOB HA OKHCH ATIOMUHUS, BBIACIIETCA B BHAC ABYX (OpPM:
PacTBOPEHHBIA — U TIPOYHO aaCcOPOHPOBaHHbBIH. PacTBOpUMOCTh BOJOPOAA YMCHBIIACTCS C YBEIHUCHUEM
KoJMMuecTBa IUiatuHbl B criase u npu 30 ar% Pt paBHa nmymo. TepmomecopOLHOHHBIC JAHHBIC
MOKAa3bIBAIOT MPECUMYILICCTBCHHOS MPUCYTCTBHE OJHOPOIHOTO BOAOPOAR, JccopOHpyromerocs npu 495-
500K, n me3naumtenpHBIA THK Bomopoda mpu 630K. g rmapupoBaHms apoOMaTHYECKHX COETHHEHUH,
KaK M U1 MHOTHMX PCaKLHi THIPOTCHH3ALNH, MAKCUMYM AKTUBHOCTH HaOIIOZACTCS NP HEOOIBIIOM
conepskanuu mwiaruael -10-20% OTHOCHUTEIBHO MALIAHS.

B pabote Obina uccnenoBana crabuibpHOCTE KataiauzaTopos. Ha karamuzatope Pt-Pd(9:1)/AL,0;
OBLIO TPOBEICHO MHOTOKPATHOE BoccTaHoBNneHne OcHzona. [lepsric 3 HaBecku OEH301a THAPUPOBATUCH
0c3 UBMECHCHHUS aKTUBHOCTH KaTta-iu3aropa. Jlanee, ¢ KaKaoi HaBECKOH akTUBHOCTh YMECHbBINACTCS HA 3-
10%. Ilocne 7-8 zarpy3km OCH30Ja AKTHBHOCTh PE3KO yMmeHbimwiack. (OIHAKO, MOCIC VAAICHUS
PCAKLMOHHOTO PACTBOPA U 3arpy3KH CBEXKCH MOPLIUH PACTBOPUTEIS, AKTHBHOCTD €0 OILITH BO3PACTACT.
[TomyueHHEIE JaHHBIC TOBOPAT O AOITOCPOUYHOH ciyxOe karamm3aropa. [lo-BuauMomy, TPOIYKTHI
peakuny AcCOpPOUPYIOTCSA € MOBCPXHOCTH KaTalH3aropa H OCBOOOKAAIOT €¢ AUl CICAVIOIECH HABECKH
OcH3oma. Pe3ynbTaTsl SKCHEPUMEHTA CBHACTENBCTBYIOT O JOCTATOYHO JIETKOM percHepalyi CHHTE3HUpPO-
BaHHBIX KATATH3aTOPOB.

B paGore OcHzonm, 3TUIOCH30M W KyMOJ OBLIM MPOTHAPHPOBAHBI A0 LUKIOTCKCAHA, DTHILHKIO-
IeKCAHA W H30-TPONMJI-LIHKIOTCKCAHA B OTCYTCTBHU pacTBopurensd. [Ipu cpaBHEHHH pa3nUYHBIX
KaTATUTHYCCKAX CHCTEM, KaK MOHO- TaK U OMMETATUIMYCCKUX , HAHECCHHBIX Ha pasmuuneie Hocutenu (C,
ALOs, Si0,, cuOyHuT) BBISIBICHO, uTO KaraausaTopsl cocraBa Rh-Pt /Al,Os;- nauGosee akTuBHBIC U
CENEKTHBHBIC AN 3THX mpoueccos. [Ipu ruapuposannu GeH30/1a MPOLECC MPOBOJWIN NMPH KOMHATHOU
TeMreparype ¥ He ObLo HeoOXoAMMOoCTH Harpesa. JlaBneHue Boaopoaa BapbupoBaiy B mpeaciax 2,8-4.0
MIla. 'napupoBanue 3THIOCH301a MPOBOAKMIHN Kak O¢3 HATPEBAHUS TaK U MPH MOBBIMICHUH TEMIICPATYPHI
npouecca (ue Boime 323 K) npu gasnennn Bogopona, pasHoM 3,0-3.3 Mlla. lng ruapuposanns KyMomia
TpeboBaNoCh MOBBIIEHHE TeMmepaTypel 10 323 — 350 K. laBnenue Bogopona-3,2-4,0 MIla.

CKOpOCTh peakiMi M KaTATHTHYCCKAs CCJICKTUBHOCTh YMEHBIIANNCH B CICAYIOWEM piny: Rh-PtRA-
Pd » Pd-Ru>Rh. Ckopocth peaxiiiy yMCHBIIASTCS C YCIOKHCHHEM CTPYKTYPBI YITICBOAOPOAOB B Psiay . OCH30M
HITUIOCH30T >KyMOJT. BBIX0 COOTBETCTBYIOIIMX IUKIOMPOAYKTOB cocTaBiisit 80-98%.

Takxum 06pazom, B paboTe ObLINM CHHTC3UPOBAHBI U UCCIICAOBAHBI CECCKTUBHBIC BBICOKO3()(PECKTHBHBIC
CTa0UIIBHBIC MOHO- W OMMETATTMYCCKUE KATATU3aTOPbl HA OCHOBE METANIOB IUIATHHOBOH TPYINIBL U
nogobpansl  ontuManeHbele yenoBms (2,0-6,0 MIla m temmeparypa — 273-350 K, 373 K) aaa
THAPUPOBAHKS OCH307a H QpOMATHUYECKHX YITIEBOA0PoAoB 10 80-98%.
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XOII UICTI KOMIPCYTEKTEP/I JKOF APBI KbICBIMIA TH/IPJIEY/IIH,
KOH IbIPBIJIF AH CEJIEKTUBTI KATAJIM3ATOPJIAPBIH CUHTE3/IEY

KypambrHaa maatwHA TOO METAIAap HETi3iHAC TYpai OeixeHAi meramgapsl 0ap (camMarst 0,5 % >KOHC >KOFApPHI)
MOHO- JKOHE OMMETANIbl KaTaTUTHKAJBIK JKyHecl cuHTe3Aenal. Typal TeMIeparypasa skoHE KOFaphl CYTEK KbICBIMIA
OCH30IIIBI, TOIYOJIbLU30-TIPOTIIOCH30IIBI KOHE KyMOJIbI TOTHIKTHIPYBI MPOILECE 3epTTeNai. XOI KeMipcyTeK-
TepMmeH 80-90% neiiin xoHe OCH30IIbI THAPICYIC BIKTHMAIIBL: JKYPy maprrapsl (2,0-6,0 MIla sxone Temmeparypa-
273-350K, 373K) aHbIKTaIIbL

Tipex ce3aep: TOTHIFY, XOII HiCTIKOMIPCYTEKTEP, TUIATHHAIIBI METANIAP, KATAIN3ATOP.
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