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TpaguiMoHHBIM METOIOM MPOMUTKY MPUTOTOBJIEHB MOHOMETATMUECKHE MEIHbIE Y OMMETATMUECKHE Majlia-
IUii-MeIHbIE KaTaIu3aTopbl, HaHeceHHbIe Ha ZnO—Al,053, CeO,—Al,O3 1 ZrO,—Al,O3, 1 nccenoBaHa ux ak-
TUBHOCTb B peaKIIy CMHTe3a MeTaHoJIa. Peakinio mpoBoaviiv B Ge3rpaiieHTHOM peaKTope TPU TTOBBIIICHHOM
nasiaeHuu (3.5 MITa) u temneparype 220°C. 11 uccliienoBaHus (PU3NKO-XMMUUECKUX CBOMCTB IMPUTOTOBJICHHBIX
KaTaJIM3aTOPOB MCMOIb30BaHEbI CAEAYIOLIMEe MEeTOb!: ornpenesneHue nosepxHocty o bOT, TIIB-H,, TTI/I-NH;,
P®DA, CHOM c sHepromucnepcroHHoi ciektpockonueit (DC) u @ypre-MKC. PesyabraThl, OIy4eHHBIE C ITO-
Molbio POA 1 COM-DIC, nokazajiu, 4To NP aKTUBALIMKY OMMETAJLTMYESCKMX KaTaIM3aTOPOB 00pa3yeTcsl CIUIaB
Pd—Cu. CaenaH BbIBOJI, UTO C MPUCYTCTBUEM DTOTO CIUIABA CBSI3aHA MOBBILIEHHAS! aKTUBHOCTb U CEJIEKTUBHOCTh
KaTaJIn3aTopoB B UCCIIEMOBAHHOM peakiy. Cpeny N3ydeHHBIX KaTaM3aTopoB HanboJiee BhICOKask CKOPOCTh 00-
pa3oBaHusI MeTaHOJIA HabonaeTcst B mpucytcTBuM cuctembl 2% Pd—20% Cu/ZnO—Al,O;. Ha ocHoBaHuM pe-
3ysbTaToB U3MepeHust Oypre-NK-crekTpoB BEIABUHYTO MPEATOIOKEHUE, YTO MOJIEKYJIbl BOAOPOAA THUCCOLIMA-
THUBHO aJICOPOUPYIOTCST Ha TIOBEPXHOCTH METAJUTMIECKOM MeIM C 00pa30BaHNEM aTOMapHOTO BOIOPOIA, YTO CITO-
CcoOCTByeT ycwieHuIo 3 deKkra crmuioBepa BOIOpoaa Ha IpaHUIIe pas3nesia MeTalI—HOCUTeNlb. B omimyue ot
Bonopona, CO, ancopoupyeTcst Ha KUCIOPOIHBIX BAKAHCUSIX HOCUTENS ¢ 00pa30BaHUEeM KapOOHAaTOB, KOTOPBIE
B JAJIbHEMIIIEM TTOIBEPratoTCs THIPUPOBAHUIO IO METaHOJIA.

KiroueBnie ciioBa: cuHTe3 MeTaHosa, ruapuposanue CO,, nmautaguii-menHele kaTanusaTopbl, Pd—Cu-
CIUIaB, OMHApHBIE OKCUIIBI, PEaKIIMOHHOCTIOCOOHBIE MHTEPMEIAThI
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Mechanistic Studies of Methanol Synthesis Reaction over Cu and Pd—Cu Catalysts
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Monometallic copper and bimetallic palladium—copper catalysts supported on ZnO—Al,O;, CeO,—Al,O; and
Zr0,—Al,O5 were prepared by conventional impregnation method and tested in the methanol synthesis reaction in a
gradientless reactor under elevated pressure (3.5 MPa) at 220°C. The physicochemical properties of prepared catalytic
systems were studied using BET, TPR-H,, TPD-NH;, XRD, SEM-EDS and FT-IR techniques. The results of XRD
and SEM-EDS measurements showed the formation of Pd—Cu alloy during the activation of bimetallic catalysts. It
was found that the formed alloy was responsible for the improved activity and selectivity of catalysts in the studied re-
action. Among investigated catalysts, the highest formation rate of methanol was observed with 2% Pd—20%
Cu/Zn0O—Al,O; system. Based on the results of FT-IR measurements it can be concluded that hydrogen molecules
adsorb dissociatively on the metallic copper surface to form hydrogen atoms, increasing the hydrogen spillover effect
on the metal—support interface. In contrast, CO, adsorb on the oxygen vacancies of the support to form carbonates,
which can further undergo hydrogenation to methanol.

Keywords: methanol synthesis, CO, hydrogenation, palladium—copper catalysts, Pd—Cu alloy, binary oxide,
reactive intermediates

! Monuas Bepcusi cTaThu Oyznet onyonrkoBaHa B “Kinetics and Catalysis” Ne4, 2020.
Oo6o3navenna: RWGS — peakiusi, oopatHast naposoit kousepcun CO, TPR-H, — remnepaTypHO-IIporpaMMupyeMoe BOCCTaHOBIIE-
Hue BonoponoM, TCD — nerekrop no terutonposogHoct, TPD-NH; — remnepaTypHo-niporpaMMupyemMasi 1ecopoLns aMMHaKa,
SEM — ckaHupyollas 3JeKTpoHHas crieKTpockonusi, EDS — sHeproaucnepcroHHasi peHTreHoBcKas ciekrpockonusi, GC — razo-
Bast xpomarorpacdusi, XRD — penrreHoda3zossiit aHanus, FT-IR — npeo6pasoBanue ®ypbe-nHdpakpacHast CIEKTPOCKOITHSI.
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