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[IpencraBieHbl pe3ynbTaThl MccaeqoBaHus katanusaropos Pd/TiO, u Pd/ZrO,, mpuroToBieHHBIX METO-
JIOM MPOTIUTKU C UCITOJIb30BAHUEM Pa3HBIX YCIOBUM TePMUYECKOit 06pabOTKM, B peaKIIui OKUCICHUS 5-
runpokcuMetuidypdopoina (5-TM®P). Karanuzaropsl uzyyeHsl Merogamu POA, POC, HuskoteMnepa-
TYPHOM amcopOLMM a3oTa M uMImyJbcHoM agcopoimu CO. Katanurnyeckue UCcienoBaHUs IPOBOIIN B
MSITKUX yclIoBUsiX okuciaeHust 5S-I'M®: nipu temnieparype 80°C, maBjieHUM KUCIopoaa 5 aTM U IpUMEHe-
Huu NaHCOj; B KauecTBe 111eJ104HOro areHTa. [lokaszaHo, 4To ycjIoBUsI TEMIIEPATYPHOI 00pabOTKU Cyllie-
CTBEHHO BJIUSIOT Ha (popMUpoBaHMe aKTUBHOTo KoMrnoHeHTa B Pd/TiO, u Pd/ZrO, karanu3aropax, omnpe-
TIeJISIsl eT0 TUCTIEPCHOCTh M B3aMMOJIENWCTBYE C HOCUTENIEM M, KaK CIIeACTBUE, KaTaIUTUUECKHe CBOMCTBa

IoJIyda€MbIX MaT€pHaJIOB.

KioueBble cioBa: okuciieHue S-ruapokcumeruidypdypona, 2,5-dypaHnukapOoHoBasi KMCIOTa, HaHe-

CCHHBIC ITaJJIaAUCBbIC KaTaJIUu3aTOPbI
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BBEAJEHUWE

B HacTtosiee BpeMst 00IbIION MHTEPEC BhI3bIBA-
IOT UCCJIEIOBAHUS B 001aCTH MTOJIyYEHUST U TIPpUMEHE-
HUSI OMOTOIJIUB U MPOIYKTOB IIepepadoTKy OruomMac-
col [1—3]. OmHUM U3 TaKuX MPOAYKTOB SIBJISIETCS S-
rugpokcuMeTidypdypoi (5S-I'M®), KoTopslii IIpea-
CTaBJISIET COOOM TTepCNEKTUBHBIN MPEKYPCOP IS psiia
MPOAYKTOB [4—6], B yacTHOCTH 2,5-bypaHanKapOOHO-
Boit kuciotbl (PIKK), KoTopass MOXeT HCIOIb30-
BaThCS B Pa3IMYHbBIX 00IACTSIX, HAITPUMED, IIPU CUHTE-
3¢ MoMU3(UPOB Kak 3aMeHa TepedTaleBoii KUCIIOTHI,
norydaemoii u3 Heptu. Ctpoenne OJAKK — Hammmume
apoOMaTHUYECKOTO KOJIbIIa U KECTKOW CTPYKTYpBI — Je-
JIaeT ee TakKe KaHAWIATOM TSI IPUMEHEHUST TTPU TIPO-
WU3BOJICTBE OMOTOITINBA, CITOCOOHOTO KOHKYPUPOBAaTh
¢ He(TAHBIMU TOILIMBaMu [7, 8].

Cokpamenuss u obosHayenns: 5-I'MD — 5S-rumpokcrMeTwi-
dypdopon; DOAKK — 2,5-dbypanmukapOboHOBasi KHUCIOTA;
ADD —2,5-mudpopmundypan; TMDPKK — S-ruapokcumeTr-
2-¢ypaHkap6oHoBas kuciaora; OOKK — 5-popmumn-2-dy-
paHKap6oHoBast kuciota; POA — peHTreHo(da30BbIil aHATU3;
P®C — peHtreHodiyopeciLieHTHas1 crieKTpockorust; BOXKX —
BbICOKO(eKTUBHAS XUAKOCcTHast xpoMarorpacdus; bOT —
meton bpyHayspa—Ommera—Temnepa; BJH — meron Bappe-
Ta—/IxoiiHepa—XaneHabl; OKP — o6yacTs KorepeHTHOTO pac-
CesTHUSI; Syzl — IUTIOIIAb YAEAbHON IMMOBEPXHOCTU; V' — cymMmap-
HBII yAENBHBII 06beM 1TOp; Wpy — colepXkaHne MeTajuia B 06-
pasue; D — OMCOEPCHOCTb, d — CpeAHUI IuaMeTp YacTHUll
nayiaausl.

Katanutunyeckoe okuciienue 5-I'M®P — npocroii
1 3PP exTuBHbIi crocob nonydyenus OJIKK. Ob6pa-
3oBaHue ®JKK npu okucienun 5-T'M® uaer yepes
OKMCJIEHME TMIPOKCWIbHOI rpymmbl 5-TM® no
2,5-nudopmundypana (JJDPD) 11bo yepes oKMCIeHUE
JIBICTUIIHOM IPYITITBI C GOPMUPOBAHUEM S-TUIPOKCH-
MeTwI-2-pypaHkapooHoBoii kuciaotel (CTMDKK) [9].
Oba wHTepMeIMaTa IIOABEPraoTCs JajJbHEHIIeMY
OKMCJICHUIO 10 5-popMui-2-¢pypaHKapOOHOBOM KHUC-
Jotel (PDPKK), koTopast 3aTeM OKUCHSIETCA 10 (U-
HajbHoro npoaykra — ®AKK (cxema 1).

s okucnenus 5-I'M@P ucnosib30Bajv pa3jinyg-
HbIe OKUCIUTEIN (BO3MYyX, YMCTBIM KMCJIOPOI, Ie-
pOKCHUI Bodopoda, TepMaHTraHaT Kajus), OIXHAKO
MPEAnoYTEHNE OTIACTCS BO3AYXY WM YUCTOMY KUC-
JIOpOJY M3-3a UX JOCTYIMTHOCTH, DKOJIOTUYHOCTU U OT-
HOCUTEILHO HU3KOi1 1ieHbl. B KauecTBe KaTajlin3aTo-
poB okuciieHuss 5-T'M® no ®IAKK mnpenioxeHbl
pa3InYHbIe TOMOTEHHBIE U TeTePOreHHBIC CUCTEMBI,
HO HanboJIee ucciaeIyeMbIMU OCTAIOTCSI TeTepOreHHbIC
KaTaJn3aTopbl HA OCHOBE HaHECEHHBIX 0JaropomaHbIX
MmetamioB (Au, Pd, Pt, Ag u 1p.) n3-3a xopoiei cra-
OUJILHOCTU, BO3MOXHOCTH TIOBTOPHOTO MCITOJIb30Ba-
Hus u pereHepauuu [ 10—13]. Katanutnyeckue cBoii-
CTBa TAaKWUX CUCTEM CHJILHO 3aBUCST OT aKTUBHOI (pa-
3bl, HOCUTENISI W YCIOBM peakumu. Tak, mis
KOJUIOUIHBIX HaHouyacTull Pd, HaHeCeHHBIX Ha pa3-
nuunable Hocutenu (TiO,, ZrO,/La,0;, y-Al,O; u
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KF/Al,O,) [14], 6b110 TIOKa3aHO, 4TO 60Jiee aKTHUB-
HbIMu sBisoTcs Pd/ZrO,/La,0; u Pd/KF/Al,O;-
KaTaJu3aTopbl, TPOAECMOHCTPUPOBABIINE BBIXOI
DIOKK 90—-91% c xousepcueit 5-IT'M® Gosee 99%
npu 90°C, 1 6ap O, u pob6apieHuun NaOH
0.5 MMOJIb/4 Uepe3 8 U peakluu, B TO BpeMsl Kak Ha
Pd/TiO, n Pd/Al,O;-katanmn3aTtopax B TeX Xe yclIO-
Busax Bbixon PIAKK cocrasmwin 52 u 78% cooTBET-
ctBeHHO. B mpucyrctBun Au/ZrO,, Au/CeO,,
Au/TiO, u Au/MgQO, nony4eHHbIX METOJIOM HaHece-
Husi—ocaxaeHus1, npu 100°C, gaBjaeHUU KUcjopoaa
10 6ap u monbHOM oTHOIIeHUUu NaOH/5-TM® = 4
yepes 5 u peakunu Beixon ®IKK 6bL1 paBeH 75, 46,
1 1 2% coorBercTBeHHO [15]. B ciyyae o6pasiioB
Au/TiO, u Au/CeQO, [16], IpUroTOBIEHHBIX HAHECE-
HUEM KOJUTOMIHBIX YaCTHII, B CXOXKUX YCIOBUSIX DKC-
nepuMmeHTa (70°C, maBneHue kuciopoza 10 OGap,

TUMO®EEB wu np.

MolbHOe oTHoIleHe NaOH/5-TM® = 4, 4 4y peak-
un) cenektuBHocThb 1o PJAKK mist Au/TiO, GbLia
3aMeTHO Huxke (Bbixom MIAKK — 22%) uem mis
Au/CeO, (Boixon ®AKK — 47%) npu onmmHAKOBO
100%-Hoit koHBepcuu 5-I'M®, 9To 0OYCITOBICHO JIeT-
KOCTBIO OKHUCJIMTEIbHO-BOCCTAHOBUTEILHOIO TIEPEX0-
na Ce**/Ce3" u 6osblIeli HOABUXHOCTBIO KUCIIOPOIA B
TakoM okcuie. OmHAKO B Cllydyae OMMETaJUTMUECKUX
AuCu-karanuzartopoB TiO, oka3zasncs 0osee nonxoas-
IIUM HOCUTEJIEM — B IpucyTcTBUU Au;Cu,;/TiO, BbI-
xon MIAKK cocraBnsn 44% 1o cpaBHeHUIO ¢ 22%
s Au;Cu,/CeO,. Hs NOJTyYeHHBIX BOCCTAaHOBU-
TeNbHBIM OocaxaeHueM Ha runportaiabkute (I'T) 00-
pasuoB Pd/I'T u Au/I'T Beixon KK 6511 paBeH 92
u 8% cootBeTcTBeHHO npu 70°C, gaBIeHUU KHUCIIO-
pona 7 at™ U MoJibHOM oTHoleHur NaOH/5-TM® = 2
= yepe3 4 4 peakuu [17].
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Cxema 1. CxeMa peaklIMy KaTaJIMTUYECKOTO oKucieHus 5S-TM®.

Hab6mromaemble pa3maust IJIsI CXOXKUX IO COCTaBY
CUCTEM, IIPUTOTOBJICHHBIX pa3HBIMU METOOAMHU, CBU-
JIETEIBCTBYIOT O BIMSIHMU CIOCO0a U YCIIOBUIA TTOTY-
YeHMsI Ha COCTOSIHME aKTMBHOI'O KOMIIOHEHTa B Ka-
Tanu3aTopax. B iuTepaType IIpUBOISTCS Pe3yJIbTAaThl
HCCJIENOBAaHUI B3aMMOCBSI3M MEXOY METOOOM CHH-
Te3a M KaTaJIUTUYECKUMHU CBOMCTBAMM CHUCTEM B
okucieHuu 5-I'M® [18], omHako pabGOThI, HallpaB-
JIEHHbIE Ha n3ydeHune 3¢ @deKra, 0Ka3pbIBaEMOI0O CIIO-
coO0OM MPUTOTOBJIEHUS (MPUPOJA MCIOJIb3YEMBbIX
MPEAIIECTBEHHUKOB aKTUBHOTO KOMIIOHEHTA, YCJIO-
BUSI TEPMUYECKOI 00pabOTKM U T.1I.) B paMKaX OIHO-
ro MeToja, MpakTU4YeCcKu OTCYTCTBYIOT. Llenbio Ha-
cTosIIIeit pabOTHI SIBJISIETCS UCCIIEIOBAHUE BIUSHUS
TepMUYECKOI 00pabOTKM HAHECEHHBIX HA OKCUIHBIE
HOCUTENIM TaUIaAueBbIX KaTalu3aTOPOB, ITOJIYYEH-
HBIX METONOM IHPONUTKM, Ha MX KaTaJIUuTUYECKUE
cBolicTBa B peakunu okuciaeHus 5S-I'M® B ®JIKK.

BSKCITEPUMEHTAJIBHAA YACTDb
Cunmes kamaauzamopos

OO0pa3upbl KaTaau3aTopoB ObUIM HPUTOTOBJIEHBI
METOIOM IPOIUTKU IO BJIATOEMKOCTU C MCIOIb30-
BaHueM pactBopa PdCl, B HCI. Hocutensamu ciyxu-

au ZrO,, NOJIy4YEeHHBI TEPMUYECKUM Pa3JIOKEHUEM
Hutpara uupkoHuna ZrO(NO;),2H,O (“PEA-
XUM?”, u. n. a.) nipu 450°C, u TiO, (“Acros Organ-
ics”, 4. 1. a.). BmaroeMKoCTh HOCUTENIEH ONpeneIsuin
KareJIbHbIM MeToaoM I1o Boae. IIpornuraHHbIe 00-
pasubl cymuau npu 150°C, 3atemM BoccTaHaBJIMBaIU
B motoke 5% CO/He (20 ma/mun) npu 300°C wim
NpoKajanBaau Ha Bo3ayxe npu 450°C B TeueHue 4 4 u
Jajiee BoccTaHaBimuBanu B mnotoke 5% CO/He
(20 mi/mMun) npu 300°C. HoMuHaabHOE comepxKa-
nue Pd B o6pasuax cocrasuio 2 mac. %.

Takum o0Opa3oM, ObLIO IIPUTOTOBJICHO 4 KaTaju-
zatopa: 2%Pd/TiO,(cym.), 2%Pd/ZrO,(cymL.),
2%Pd/TiO,(nip.) u 2%Pd/ZrO,(mip.), tme (cymr.) —
oOpa3zell, BOCCTAaHOBJIEHHBIN Mociie cyliku; (rp.) —
oOpa3ell, BOCCTAaHOBJICHHBIH TTOCJIe CYIIIKU U TIPOKa-
JINBAHUSL.

Memodst uccaedosanus 0b6paszyoe

O06pa3bl OBLTN NCCIeTOBAHBI KOMITJIEKCOM METO-
noB. PentreHodasoBblii aHanu3 (P®MA) obOpas3noB
MPOBOIWINM HAa PEHTTEHOBCKOM Au(paKTOMETpE
XRD-7000 (“Shimadzu”, SIlnoHKUsT) C MOHOXpPOMAaTH-
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OKHWCIEHHUE 5-TUAPOKCUMETUIIOYPDOYPOIIA

yeckuM CuK -usnyyenuem (1.54 A) B mnamnasone 20
20°—=70° u ckopocTthio ckanupoBanus 0.02°/c. 1aH-
Hble OBbLIM TOJyYeHbI C UCTIOJb30BAHUEM FEOMETPUU
Bparra—bpenTano. 111 KanuOpoBKu 1PpakTOMET-
pa B KauyecTBe BHEIIIHEro CTaHIapTa NPUMEHSIU
KpucTaueckuii Si (@ = 5.4309 A, L = 1.540562 A).
da30BEIif cOCTaB OIIPEIEIISIIN C TIOMOIITBIO 03kl JaH-
Hbix PDF-2 (Release 2012 RDB). ConepkaHue Kpu-
cTauIMyeckux a3z, mapaMeTpbl KPHUCTATMYECKHUX
si9eeK, o01acTu KorepeHTHOTro paccessHust (OKP) Ha-
XOIWJIN C MCHOJb30BAaHWEM MOJHONPOMUIBHOTO
aHanu3a audpakTorpaMM B MPOrpaMMHOM ITaKeTe
PoderCell 2.5.

TexkcTypHbIe CBOICTBa 00pa3lLOB OLIEHUBAIU U3
JaHHBIX HU3KOTEMIIepaTypHOU aacopOLMy a30Ta.
MccnenoBaHust BHIIIOJHSIIM Ha Ta30a1COPOLIMOHHOM
aHaJM3aTope YAeJbHOI MOBEPXHOCTU U TIOPUCTOCTU
TriStar 11 3020 (“Micromeritics”, CIIIA). YnenpHy1o
MOBEPXHOCTD Sy, PACCUUTHIBAIM 110 MeTony bpyHay-
apa—3OmmeTta—Temnepa (bOT), cyMmMapHBbIii yaeib-
HBIIT 00BeM TIOp V' U pacmpenelieHre mop Mo pa3me-
pam Haxogman 11o Metoxy BJH, mcronb3ysa mecopo-
LIMOHHYIO BETBb U30TEPMbI aICOPOLIMU—IECOPOLINH.

XUMHYECKUI cocTaB 0OpasloB aHAJIU3UPOBAIIN
METOJIOM PEHTTeHOMIYOPECLIEHTHON CIEeKTPOCKO-
muu (PP C) ¢ momoliiblo Mocaea0BaTETbHOTO PEHT-
reHodayopeciieHTHOro criekrpomerpa XRF-1800
(“Shimadzu”, JAnoxHus).

OnpeneneHre OUCIEPCHOCTUM MeTala — IO
CBOOOIHBIX aTOMOB METAJLJIA [10 OTHOLIEHMIO K OOI1IEMY
KOJINYECTBY aTOMOB MeTajl/la B KaTajJu3aTope — OcCy-
LIECTBIISIIIA METOJIOM UMITYIbCHOM agcopouuu CO ¢
npuMeHeHneM aHanm3aTtopa Chemi-Sorb 2750 (“Mi-
cromeritics”, CIIIA) B U-06pa3HOM KBapleBOM pe-
aKTOpe, COBMEIIEHHOM C KBaIpyMOJIbHBIM Macc-
criektpomeTpoM UGA 300 (“Stanford Research Sys-
tems”, CIIA). Aacop6ouuto CO mnpoBoawiavd MOpu
temrneparype 30°C, wucCnoab3ys WMIIYIbCH 5%
CO/He o6bemom 0.5 mu. IIpeaBapurenbHO o6pasers
oOpabaThiBaiu B moToke reiausi (20 MJI/MUH) TIpu
300°C ¢ nocaenyomuM oxaaxaeHuem g0 30°C. Juc-
MepCcHOCTH D pacCYUTHIBAIU IO CIEAYIONIEe (hopMy-
ae [19]:

p = coMpa x10°
WeaS

b

TIE N — KOJIMYECTBO ancoporpoBaHHoro CO Ha rpamMm
obpasLa, Mosb/T; Mpy; — atoMHas Macca Pd, r/monb;
Wpq — conmepkaHme MeTajuIa B obpasiie, mac. %; S — cre-
XUOMETPUIECKHUU (hakTOop, TIpUHATHI 11 Pd pas-
HbIM 0.6. CpegHuit muamMeTp YacTUIl d TTaijIaaus ole-
HUBaJIU U3 JaHHBIX UMITYyJIbcHOIT agcopoumu CO 1o
dopmyne

_10*x F _10"x FSp,

d ,
SpaOpa ncoN A Opd
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rIe Ppy — IUIOTHOCTH Pd, cM3/T; Spy — IIOIIAIb 110~
BEPXHOCTU MeTajuia, M2/r; F — ¢paktop GpopMmbl, pu-

HATBIA paBHBIM 5; N, — 4MciIo ABOraapo, Mojib';

Ps — MOBEPXHOCTHAA IJIOTHOCTb ME€TaJl1a, M2

Karammtnueckue cBoiicTBa 00pa3moB UCCIIeI0Ba-
JI1 B MajiorabapuTHoOM peakTope cepuu Parr 5500 HR
(“Parr”, CIIIA). B peakTop 3arpyxajiu peaklOH-
HYI0O CMeCh O0IIMM oObeMoM 21 MJI, comepsKalryio
0.05 monp/n 5-T'M®, 0.1 mons/n NaHCO; u 2 X
x 1073 Monb/J1 KaTtaymsaTopa (B pacyeTe Ha METaL).
DKcriepuMeHT IpoBoawin rpu 80°C, maBjieHUM K1C-
Jlopoda 5 aTM M HeIpepbIBHOM II€peMEIIMBAHUU CO
ckopocTthio 450—500 06./MUH IJIS1 UICKIIOYEHUS BIY-
SIHUSI TIPOLIECCOB MaccomepeHoca.

CocraB peaklIMOHHOI cMeCH aHATM3UPOBaIU Me-
TOIOM BBICOKO3(P(HeKTUBHOI KMIKOCTHOI XpOoMaTo-
rpadun (BO2XKX) Ha xpomarorpade Prominence-i
LC-2030C (“Shimadzu”, fronus). st pa3aeaeHust
U PErucTpaliii KOMIIOHEHTOB UCITONb3oBamu 2KX-
kosoHKY Rezex ROA-Organic Acid H+ (8%), smo-
eHt 0.025 M H,SO, u YO-netekTop ¢ (poTonnmoaHoi
MaTpuleil. AHAJIN3 BBIIOIHSUIN IIPU CKOPOCTH IOTO-
Kka amoeHTa 0.8 Mi1/MuH, 00beM BBoaa — 10 mki1. I1e-
pel aHalM30M aJIMKBOTY pPeakKUMOHHOI cMecHu
50 Mk pasz6asmsun 1 v 0.0125 M H,SO,. Konsep-
curo 5-TM®@, Beixon 'M®PKK, JDPP, ODJIK, u
®DJIKK, a TakKe yriiepoaHbIii 0alaHC paCcCUUTHIBAIM
Ha OCHOBE KOHIECHTpALUi, OIIPEASICHHBIX C ITOMO-
meo BOXX:

C(TM®), - C(TM®)

Kousepcusa = x100%,
C(TM®),
Brixon = LX 100%,
C(TM®),

C(I'M®d) +ZiC(i)
C(TM®),

rne C(IM®), u C('M®P) — ucxomHass W TeKyIast
KoHUeHTpauuu 5-I'M®, monb/n; C(i) — Tekyias
KOHILIEHTpalMs i-T0 MpoaykTa, Mojib/J; [ = TMPKK,
JDOD, ODOAK n ®AKK. Bo Bcex akcrnepruMeHTax
GaJjiaHc 110 yriepoay OblI BhIlIe 95%, 4TO coracyer-
CS C TIOTPEIIHOCTHIO OIIpeAe/ieHUs] KOHIIEHTPaiA
MmetonoM BOXKX.

YraepoaHblil 6ajlaHC = x100%,

PE3VJIBTATBI 1 UX OBCYXIEHHUE

B ta6n. 1 mpencraBiaeHBI COCTaB U TEKCTYPHBIE Xa-
PaKTEpUCTUKN CHUHTE3WPOBAHHBLIX oOpas3noB. Ha
puc. 1 mpuBeaeHbl U30TEPMBI aJICOPOLUM a30Ta, a
TaKXKe pacIpenesieHrs Mop Mo pa3Mepam IJjiss HOCH-
TeJleil U KaTaJIu3aTOPOB, MOJIydYeHHBIX BOCCTAHOBIIE-
HUEM ITOCJIe TIPOKAJIMBaHUsI Ha Bo3ayxe. M30TepMbl
agcopOLUM a30Ta U paclipeiesieHrue mop o pa3sMme-
paM UIsT KaTajJu3aTOPOB, IPUTOTOBIIEHHBIX BOCCTA-
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TUMO®EEB wu np.

Tab6muna 1. CocraB, TEKCTYpHbIE XapaKTepUCTUKU 00pa3lioB, AUCTIEPCHOCTD U pa3dMep yactull Pd B Hux

MMannanuii 5 ;
Obpaen Wpg, Mac. % D, % d, HM Sy MO/T Vo em'/r

TiO, — — — 44 0.24
Pd/TiO,(cymu1.) 2.5 2 57.3 44 0.24
Pd/TiO,(mp.) 2.5 38 2.9 45 0.40
ZrO, — — — 47 0.12
Pd/ZrO(cymr.) 2.1 9 12.5 47 0.12
Pd/ZrO,(mp.) 2.1 9 12.5 36 0.10

Hpo'{epKM YKasblBalOT Ha OTCYTCTBUE Najyiaaus B o6pa3uax.

HOBJICHUEM IIOCJIE CYIIKHM, aHaJOIM4YHbI TaKOBBLIM
1A COOTBETCTBYIOIIINX HOCHUTEJIEH.

TiO, 1 KaTtayM3aTopbl Ha €r0 OCHOBE XapaKTepu-
3y1oTcsl, cornacHo kiaccudukamuu I[UPAC [20],
n3otepmoit axcopoumm 1V Tuma ¢ metnei rmcrepesn-
ca tuna H2 B nuanazone P/P, = 0.8—1.0, coorBeT-
CTBYIOLIEH IIIMPOKOMY pacrpeaesIeHUI0 Me30TIop 10
pa3mepaM. YaenbHas oBepxHocTb Hocutens TiO, u
€ro CyMMapHbIil 00beM IOP COCTaBISAOT 44 M2/T 1
0.24 cM?/r. YaenbHas MOBEPXHOCTh KATAIM3aTOPOB Ha
ocHoBe TiO, HocUTeIs1 HE CUJTbHO MEHSIETCS TIPU HaHe-
CEHUU MaJIaiusl HE3aBUCMMO OT TEpMUUYECKOI oOpa-
00TKM, onHaKko npokanuBaHue obpasua Pd/TiO,(mp.)
Ha Bo3myxe npu 450°C mepen BOCCTaHOBJIEHUEM IIpH-
BOJUT K CYIIIECTBEHHOMY YBEJIMUEHUIO 00BbeMaA MOpP U
M3MEHEHUIO pacrnpeaeieHus Top Mo pa3Mepam, 4To
KOCBEHHO CBUIETEJIbCTBYET O B3aMMOIEUCTBUU
MpeniecTBeHHMKa aKTUBHOTO KOMIIOHEHTa ¢ HOCU-
TeJIeM TIpU TPOKAIMBAHUM.

Marepuanasl Ha ocHoBe ZrQO, xXapaKTepU3YyIOTCS
n3orepmoii axcopoumm IV tuma ¢ metnei rmcrepesn-
ca tuna H3 B nuanazone P/P, = 0.4—1.0, cooTBETCTBY-
IOIIE OTHOCUTEIHLHO Y3KOMY PacIIpeleCHUIO Op B
uHTepBaJie 2—15 HM C MakKCUMYMOM IpU ~6 HM.
VnenvHas noBepxHoOCTb HocuTesss ZrO, cocTtaBisier
47 m?/r. Ilpu BBedeHUU NAUIAnus TEKCTYPHBIE Xa-
paktepucTuku obpasia Pd/ZrO,(cyl.) cyiecTBeH-
HO He MeHstoTcsd. B ciayyae o6pasua Pd/ZrO,(mp.),
MOJIy4EHHOTO BOCCTAHOBIIEHHEM TOCJe MPOKAaINBa-
HUSI Ha BO3IyXe, HabI0JaeTcss 3aMeTHOE CHIDKeHUE
VIEJIBHOM TUIOIIAAM TTOBEPXHOCTH 10 36 M%/T U He-
60JIbII0€E YMeHbLIEHNE 00beMa 11op 10 0.10 cm3/T 6e3
3HAYUTEJbHOTO UBMEHEHMSI pacrhpeaeeHus: mop 1o
pa3Mepam, 4TO 00yCIOBJICHO CIIEKaHUEM 00pa31ia 1o
MEXaHN3MY ITOBEPXHOCTHOM T Py3nn.

Ha puc. 2 npencraBieHbl peHTTEeHOTpaMMBbI HOCU-
TeJIel 1 KaTaJn3aToOpOoB, B Ta0JI. 2 IIpUBEICHbBI CBEJIE-
HHAS 0 ($a30oBOM cocTaBe OOpas3loB M ITapaMeTpax
KpUCTa/UIMYeCKuX a3, omnpeaecsieHHble U3 JaHHBIX
P®A. VicxogHEbIll OKCHA TUTaHA IPEUMYIIECTBEHHO
COCTOMT M3 OTHOCUTEJILHO TVUCIEePCHOM (da3bl aHATa-

3a (87 mac. %, OKP — 33 HmMm), B KayecTBe MpUMeCH
MPUCYTCTBYeT TpybomucrnepcHas (pasa pyTtuia
(13 mac. %, OKP — 53 um). Ha pentrenorpammax 06-
pasuoB Pd/TiO,(cym1.) u Pd/TiO,(1ip.) Hapsiny ¢ pe-
direkcamMu a3 HOCUTEIISI pa3IUudMMbl MAJIOMHTEH-
CUBHBIC W IINPOKKE pedIeKchl MeTaymieckoro Pd.
Bsenenune Pd HezaBucuMo OT TeMIiepaTypHO# oopa-
00TKM 00pa3lia NpaKTUYSCKU HE BIIMSIET Ha ITapaMeT -
PBI KPUCTA/UTNUECKO pellIeTKN U JUCIIEPCHOCT (a3
HocwuTess (Tabu. 2). B To xke Bpemsi, HeCMOTpSI Ha He-
BO3MOXHOCTb TOYHOTO ONpEASICHUST CONepXKaHUs U
nmapameTpoB pelieTku Pd m3-3a mepekpbsiBaHUS pe-
daekcos mammagust U a3 HOCUTEST Ha PEHTTEHO-
rpaMMax KaTajlu3aToOpOB, MHTEHCUBHOCTh pedieK-
coB Pd 3ametHo pasznuuaercsa nist Pd/TiO,(cyur.) u
Pd/TiO,(np.): npu BoccTaHOBJIEHUU obOpa3slia rmocie
MPOKAJIMBAaHUs HA BO3IyXe HAOII0JaeTCs 3aMETHOE
CHIXXKEHME MHTeHCUBHOCTU pediekcoB Pd Ha peHT-
reHorpaMMe, CBMETEILCTBYIOIEEe O ero Ooblieit
IUCIEpCHOCTU B oOpasue. Habmomaemoe mn3MeHe-
HHE XOPOIIO COOTHOCUTCSI C pe3yJibTaTaMU OIpeae-
JIeHUs aucriepcHocTu no agcopouuu CO (tabi. 1),
cornacHo koTopbiM obOpasen Pd/TiO,(cyii.) xapak-
Tepu3yeTcs HU3KOM IUCHEPCHOCTHIO TMAaJIagust —
2%, 4TO COOTBETCTBYET pa3Mepy YacTHIL MHasulamgvst
6osnee 50 uMm, a B obpasue Pd/TiO,(mp.) nucrnepc-
HOCTB Bo3pacTaer 10 38%, 4TO COOTBETCTBYET pa3zMe-
Py YacTHll Najiagust ~3 HM.

HMcxonHblii OKCHI LIMPKOHUS COAEPKUT OTHOCU-
tenbHO nucnepcHble (OKP He mpesbimaior 30 HM)
MOHOKJIMHHYIO M T€TparoHanbHy1o ¢asbl ZrO, B KO-
nuuectse 82 u 18 mac. %. B uesnom, BBegenue Pd co-
MPOBOXJAETCsl yBEJIMYEHHWEM KOJUYecTBa MOHO-
KJIMHHOM dassl ZrO, no ~30 Mac. % 1 He3HAYUTEb-
HBbIM M3MEHEHMEM e¢ IapaMeTpPOB HE3aBUCUMO OT
TeMmIiepaTypHoit 00paboTKu KaTaau3aTopa, B TO Bpe-
Ms1 KaK IapaMeTpbl OCHOBHO TeTparoHaaibHOM (a3bl
Zr0O, He MeHsttoTed (Tabu. 2). Kak u B cityyae kataiu-
3atopoB Ha ocHoBe Ti0O,, Ha peHTreHorpammax o0-
paszuoB Pd/ZrO,(cyu1.) u Pd/ZrO,(p.) Hapsiny ¢ pe-
dnekcamu a3z HoCUTENS pa3TUUYUMbl MaJTOUHTEH-
cuBHBIE peduiekchl MeTayummdeckoro Pd. Touynoe

KNUHETUKA U KATAJIU3 Ne 4
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Puc. 1. MI30TepMbl HU3KOTEMITEPaTypHOI ancopOIMm a3oTa (a, 6) 1 pacrpeaeaeHue nop no pasMepam (B) U1t HOCUTENei (OTKpbI-
ThI€ CUMBOJIbI) M KaTaJIN3aTOPOB, MOJTYYSHHBIX BOCCTAHOBJICHUEM ITOCJIE TPOKAIIMBAHUS HA BO3MYyXe (3aKPBIThIE CUMBOJIBI).

comepxanue Pd nmo manHbiM P®A HaliT 3aTpyaHu-
TeabHO (olleHKa gaeT 1—2 Mac. %), B TO XXe BpeMsI pe-
3yJIbTaThl ONpeAeseHnus AMCIIEPCHOCTU MO anacopo-
muu CO (tabj. 1) mokaspIBalOT OJMHAKOBYIO THC-
nepcHocTh Pd, coctapnsioniyto 9% (pa3Mep 4acTHII
~13 HM) ang oboux obOpasuoB Pd/ZrO,(cym.) u
Pd/ZrO,(11p.), 4TO CBUAETENBCTBYET O HE3HAUUTEb-
HOM BJIMSIHUU TE€PMUUYECKOU 0OpaboTKM Ha hopMu-
poBaHMe aKTUBHOM (ha3bl B HUX.

Hab6miomaembie pasznuuusi B AUCHEPCHOCTU Ya-
CTUII TTAJTaaUsI HA OKCUIHBIX HOCUTEIISIX CBSI3aHbI C
BOCCTAaHOBJICHHEM NaJUIagysl U3 Pa3HBIX COEOUHE-
HUM-TIpEAIIECTBEHHUKOB aKTMBHOTO KOMIIOHEHTA,
00pa3yIolIXCcsl Ha pa3HbIX 3Tanax (GoOpMHUPOBAHUS
Katanm3aTtopa. Tak, s HMOJTydeHHBIX aacoOpOIMOH-

KUHETHKA U KATAJIU3 Ne 4

TOM 64 2023

HeIM MeTogoM Pd/TiO,/Ti-karain3zaTopoB OKucCIIe-
Hus: CO ObLIO MoKa3aHo [21], 4To Ipu UCIOJIb30Ba-
HUM KOHILIEHTpUupoBaHHbIX pactBopoB H,PdCl, mis
MPUTOTOBJIEHUSI KaTAIU3aTOPOB C BBICOKMM COJEpXKa-
HueM nayuianus — 2 mMac. % — konuuectso H,PdCl, B
pacTBOpe CYIIECTBEHHO MPEBbIIIAET COPOLIMOHHYIO
€MKOCTb HOCUTEJISI, U B TTIOpaxX HOCUTENSI IPU BBICY-
IIMBAaHUU MPOUCXOAUT KpHUCTa/UIM3alusl Oobleit
YacTu TIpeIllIeCTBEHHUKAa aKTUBHOIO KOMIIOHEHTa,
BOCCTaHOBJIEHUE KOTOPOTO MPUBOAUT K 0OpasoBa-
HUIO KpyIHbIX yactull Pd. ITpu aTomM copOLIMOHHBIE
LIEHTPBI HA MOBEPXHOCTH OKCUAA TUTAHA BBICTYIIAIOT
LIEHTpaMU KPUCTAJIM3ALIMM TMPEAIIeCTBEHHUKA U
JioKain3auuu (GopMUPYIOIIMXCS TPU BOCCTAHOBJIE-
HuM yactun Pd, 9To crmocoOCTByeT paBHOMEPHOMY
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Puc. 2. Inppaxrorpammer 06pasnos Ha ocHoBe TiO, (a) u ZrO, (6) n ITpUXauarpaMMBl JUTs KpUCTAIMYECKNX a3 OKCHAIOB
TUTaHAa, LMPKOHUSI U METAJUTMYecKoro namianusi: I — Hocutens; 2 — Pd/TiO,(cymr.) wim Pd/ZrO,(cym.); 3 — Pd/TiO,(mp.)

um Pd/ZrO,(mip.); * — pednekcs! kpuctaummdeckoro Pd.

WX paclipeieJIeHUIO TI0 TTOBEPXHOCTU HocuTes. st
o6pasuos Pd/TiO,, nojrydeHHbIX METOJOM MPOIMUT-
ku ¢ npumeHenueM H,PdCl, B kauecTtBe mipeniie-
CTBEHHMKA Tayuragus M TpoKajdeHHBIX npu 400—
500°C [22—24], Habmomanoch obpaszoBaHue PdO.
BoccraHoBieHHe MPUTOTOBJIEHHOTO TAKUM 00pa3oM
PdO-karanuzaropa cunreza H,O, ¢ comepxxaHuem
namiagus 2 mac. % B Bomopoae npu 300°C Bemer K
dopmupoBaHutio yactull Pd co cpenHuM pasmepom
2.2 HM, TIpY 3TOM YacTh IIOBEPXHOCTHEIX aToMOB Pd
MOXeT OBITh OKMCJIEHa YK€ TP KOMHATHOI TeMIIe-
parype aacopOupoOBaHHBIM KHCJIOPOAOM C yIaCTUEM
TiO, ¢ obpazoBaHuem MexdasHbIx rpaHul Pd—
PdO-TiO,.

Takum oOpasom, B clyJae oOpa3sna
Pd/TiO,(cym1.) obpazoBaHue YacTUll C HU3KOM IuC-
MepPCHOCTh O0YCIOBJIEHO UX (POPMUPOBAHUEM B pe-
3ynbTaTe BocctaHoBieHus PACl,, kpucraiiu3zoBaH-
HOTO B IOPUCTOM IIPOCTPAHCTBE HOcUTENsI. B corydae
Pd/TiO,(nip.) mpokanuBaHue obpasiia Ha BO3myxe

npu 450°C, no-BUAUMOMY, IIPUBOIUT K MOSIBJIEHUIO
OKCUAHBIX (hOpM Majuianusi, B TOM 4YHUCJie TTOBEpX-
HocTHoro TBepaoro pactsopa Ti; _,Pd, O, [25], Boc-
CTaHOBJIEHME KOTOPBIX COMIPOBOXKAAETCS OoJiee AUC-
MEePCHBIX YacTUll Najjiaausi, olleHKa pa3Mepa KOTo-
peIX 1o maHHBIM ancopouuu CO (taba. 1) xopoiro
COOTHOCHTCS C JTaHHBIMU paboThl. Bo3aMokHOE 06pa-
3oBaHue TBeproro pacrtsopa Ti; _ ,Pd O, cornacyercs
C pe3yJbTaTaMu HU3KOTEMIIepaTypHOU ancopOLuu,
BBISIBUBIIMMU CYIIIECTBEHHOE YBEJIWYEHUE OObema
MOp U U3MEHEHUE paclipelesieHUus UX Mo pasMepam
nist oopasua Pd/TiO,(mip.). BoccraHoBieHue nauia-
IIUST U3 TBEPIIOTO PacCTBOPA MOXKET COMPOBOXIATHCS
¢dopmUpoBaHUEM JUCTIEPCHBIX YACTUIL, TPOYHO CBSI-
3aHHbIX ¢ HocutejeM. B ciyyae Pd/ZrO,(cyul.) u
Pd/ZrO,(1ip.) TemmniepatypHasi o6paboTKa He OKa3bl-
BaeT CyIIECTBEHHOTO BIUSHUS Ha JUCIIEPCHOCTD Ya-
ctull Pd, 4yTo yka3beiBaeT Ha uX (popMUpOBaHUE yXKe
Ha CTaaMsIX TIPOTIUTKU U CYLIKH.

Ha puc. 3 npuBeaeHbI pe3ylIbTaThl UCCACAOBAHUS
KaTaJIUTHYEeCKMX CcBOMCTB Pd-karanm3atopoB. BruI-

KMHETUKA U KATAJIU3  Ttom 64 Ne 4 2023



OKHWCIEHHUE 5-TUAPOKCUMETUIIOYPDOYPOIIA 443

Ta6mmma 2. Pa3oBbIii cOCTaB 06Pa3IOB U MTapaMeTpbl KPUCTAUIMYECKUX (a3 B HUX IO TaHHBIM PDA

Oo6pa3zerlr ®da3za ConepxxaHue, Mac. % OKP, um
TiO, AHatas 87 33
Pytun 13 53
Pd/TiO,(cymr.) AHara3 86 32
PyTtun 13 51
Pd ~1 H.O.
Pd/TiO,(mip.) AHara3 87 33
PyTtun 13 52
Pd H.O. H.O.
ZrO, ZrO, TeTparoHaJIbHbII 82 29
ZrO, MOHOKJIMHHBII 18 19
Pd/ZrO,(cymu1.) Z10O, TeTparoHaJabHbII 68 23
Zr0O, MOHOKJIMHHBI 30 19
Pd 2 H.O.
Pd/ZrO,(11p.) Z1O, TeTparoHaJabHbII 72 23
ZrO, MOHOKJIMHHBI 27 19
Pd 1 H.O.

xon P D Bo Beex cirydasx cocTaBWI MeHee 1% u Ha
pUMCyHKe He TokasaH. M3 mnpencTaBiieHHbIX JaHHBIX
BUIHO, 4TO Kataju3aropbl Ha Hocutene TiO,, B 1e-
JIOM, MPOAEMOHCTPUPOBAJIUM OOjiee HU3KYIO aKTUB-
HOCTb B CE€JIEKTUMBHOM OoKucyieHuu 5S-IT'M® mo cpaB-
HEHMIO ¢ oOpa3iamu Ha Hocutene ZrO,. Katanusa-
topbl Pd/ZrO,(cyii.) u Pd/TiO,(cy1i1.), nojsydyeHHbIe
MPU BOCCTAHOBJIEHNHU BBICYIIIEHHBIX 00pa3110B, UMEIOT
JIy4llie KaTaTUTUYeCKUe XapaKTepUCTUKH, YEM COOT-
BeTcTByO1IMEe 00pasipl Pd/ZrO,(nip.) u Pd/TiO,(mip.),
MpeaBapyUTeIbHO TTPpOKaJeHHbIe Ha Bo3myxe npu 450°C.
Tax, nna Pd/TiOy(np.), Pd/TiO,(cyur.), Pd/ZrO,(nip.)
u Pd/ZrO,(cy.) uepes 4 u peakiuu Beixon @IAKK co-
crasun 0.3, 2.7, 4.3 u 8% npu xkouBepcuu S-I'M®D
17.2, 51.2, 60.6 u 74.6% cooTtBeTcTBeHHO. Han6omin-
myo 3OEOEKTUBHOCTh B KaTAIUTUYECKOM OKMCIIe-
Huu 5-I'M® B ®AKK mipoaeMoHCTpupoBan o6paseir
Pd/ZrO,(cyi1.), B OpUCYTCTBUM KOTOPOTO BBIXOM
DOAKK 6501 paBer 30.8% mpu MTpaKTUIECKU TTOTHOMN
koHBepcuun 5-I'M® 3a 22y peakuuu. CpaBHUMbBIE
Beixoansl MKK (30.3 11 28.7%) Tak:ke MTOJTydeHBI 1T
Pd/TiO,(cymi.) u Pd/ZrO,(1ip.) 3a 22 4 peakliuu, 4TO
TOBOPUT O O0Jiee BBICOKHMX CKOPOCTSIX MpeBpallleHUs
MPOMEXYTOYHBbIX MPOAYKTOB Ha HMUX, YeM Ha
Pd/ZrO,(cyii.). B oTanuune ot apyrux KaTaau3aTo-
poB, mis1 Pd/ZrO,(np.) xapakTepeH 3HaYMTEIbHBIN
Boixon PPOKK B KauecTBe MPOMEXYTOYHOTO MPO-
JIyKTa, B TO BpeMsl KaK JJIsl OCTaJIbHBIX KaTaan3aTo-
pOB B KayeCcTBE OCHOBHOTIO MPOMEXYTOYHOTO IIPO-
nykra HakaruBaetcss T M®KK. HabmronaeMbiii a1s
karanusaropa Pd/ZrO,(mp.) 3aMeTHBII BBIXOI UMEH-
HO @DKK cBsI3aH ¢ yCWJIIEHMEM B3aMMOIEMCTBUS

KMHETUKA U KATAJIN3 Ne 4

TOM 64 2023

Pd-gactun, ¢ HocuteneM B HeM, OOYCJIOBIEHHBIM
npokanueaHnuem ob6pasua Pd/ZrO,(1ip.) Ha Bo3nyxe
nipu 450°C 1iepen BocCTaHOBJIEHUEM.

IMonyyeHHBIC TaHHBIE TTOKA3bIBAIOT, YTO YCIOBUS
TepPMHUUYECKO 00pabOTKM IalyIafueBhIX KaTajlnu3a-
TOPOB Ha OKCUIHBIX HOCUTEJISIX OKa3bIBAIOT CYIIEe-
CTBEHHOE BIMsIHNE HAa (OpPMUPOBAHUE AKTUBHBIX U
CEJIEKTUBHBIX LIEHTPOB Ha UX moBepxHocTtu. CoIo-
CTaBJICHUE Pe3yJIbTAaTOB MCCIEIOBaHUS KaTaIUuTU-
YEeCKMX CBOMCTB U COCTaBa U CTPYKTYPHI KaTaau3a-
TOPOB ITO3BOJIIET 3aKJIOYUTh, YTO BbICOKAs HAUC-
MEePCHOCTh (DOPMUPYIOLIVXCS IMAJUIAAEeBbIX YACTULL B
Pd/TiO,(np.) TpUBOAXT K CHUXKEHUIO €70 KaTAJIUTUYE-
cKoit akTMBHOCTU. POPMUPOBAHUE MEHee IUCIEePC-
HBIX MeTa/uIMdeckux dactuli, Pd B oOpasmax
Pd/TiO,(cyi.), Pd/ZrO,(rip.) u Pd/ZrO,(cy1i1.) obec-
MeYrBaeT 3aMETHYI0O aKTMBHOCTb KaTajJu3aTOPOB B
okucyieHun 5-TM® no ®JIKK. /115 00pa31oB Ha OC-
HoBe Hocutenei TiO, nu ZrO, HabaonaoTcs pas3iu-
Yusl B YCKOPEHUM Pa3HbIX CTAANN MOCIeI0BaTEeIbHO-
ro okucieHus. s katanuzatopoB Ha ocHoBe TiO,
HEe3aBUCUMO OT TePMHUYECKO 00pabOTKI OTMEUaeT-
ca HakormieHne 'M®KK B kayecTBe OCHOBHOTO
IPOAYKTA, YTO TOBOPUT O BEICOKOII CKOPOCTH €T0 00-
pa3oBaHMsI U HU3KOIl CKOPOCTU €TI0 ITOC/ICAYIOIIETO
okucieHus. [ng katanuzatopoB Ha ocHoBe ZrO,
MpeaBapUTeIbHOE TIPOKAJIMBAaHUE Ha BO3MyXe CIOCO0-
CTBYET MOJIyYeHUIO B KAYECTBE OCHOBHOIO CTAOMILHO-
ro uHtepMenuata @MOKK, 4ro0 0COGEHHO BBIPAKECHO
MPU HU3KUX CTeIeHsX npespanieHus S-IM@, cBuae-
TEJILCTBYS O 3HAYUTEJIBHOI CKOPOCTH €ro (hOpMUpPOBa-
HUSI B TIEPBYIO 04Yepeb ITo ITyTH oOKucieHust 5-I'M @ ye-
pe3 ADD. nsa cuctembl Pd/ZrO, 6pu10 TI0Ka3aHo,
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Puc. 3. Konsepcusa 5-TM® u Beixonsr ®JIKK, TM®KK 1 @OKK, Habmonaemsle s Katanuszaropos Pd/TiO,(cymr.),
Pd/TiO,(nip.), Pd/ZrO,(cym.) u Pd/ZrO,(nip.) uepes 4 (a) u 22 4 (6) peakuuu. Beixon JPD Bo Beex ciryyasix COCTaBUI MEHee

1% u Ha prCyHKe He TTOKa3aH.

YTO TIPOKAJIMBAHWE KaTaJIM3aTOPOB B OKUCIUTEIb-
HO#t aTMocdepe TIPUBOAUT K YCUJICHUIO CBSI3U Me-
TaJTI—HOCUTEJIb 32 cUeT (hOpMUPOBaHUS MexK(a3zHOi
rpaHULbI NAJJIaaNs C HOCUTEJIEM B BUE CJIOSI OKCUIa
PdO, ycToitunBoii K BocCTaHOBIEHUIO [26].

Habmomaemble pasmuuusl B KaTaJIUTHYECKHX
CBOICTBaX, MCCIEeAyeMbIX O0Opa3lOB yKa3bIBalOT Ha
CTPYKTYPHYIO YYBCTBUTEIBLHOCTIO PEAaKIIUU OKMCIIe-

Hug 5-TM® u BiIuMsIHUE HOCUTENS Ha COCTOSIHUE
najjiaaus B KaTajau3aTopax B pe3yabTaTe UX B3aMO-
neiictBust. CTpyKTypHast YyBCTBUTEIBHOCTD PeaKIINU
okucyeHuss 5-I'M®, a Takxe OSH3WIOBOIO CIIMPTa
Ha TMaJUIagreBbIX KaTaau3aTopax oTMeduallach paHee.
Tak, nasg KyOMJecKUX M OKTadIPUICCKUX KOJJTOUI-
HBIX HAHOYACTHUIL] pa3MepoM 10 6—7 HM ObLIO MMOKa-
3aHO [27], 94TO CTPYKTypHasI 9yBCTBUTEIBHOCTD ITal-
Ne 4 2023
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Jagust B okucieHuu 5-F'M® obycioBiaeHa pasiny-
HBbIM TMPOLIEHTHBIM coAepXaHueM atomMoB Pd Ha
noBepxHocTsax {111} u {100}. Oxrasnmpudyeckue Pd-
YaCTULIbI, TOBEPXHOCTh KOTOPBIX MpeCTaB/ieHa rpa-
Hsamu {111}, IposBIsIIN 3aMeTHO O0Jiee BHICOKYIO Ka-
TAIUTUYECKYIO aKTUBHOCTb MO CPAaBHEHHUIO C KyOu-
yeckuMu Pd-yacTuniamMu, TOBEpXHOCTb KOTOPBIX
npencrasieHa rpansmu {100}. B pabore [28] ObL1a
oOHapyXeHa ByJIKaHWYeCKasi 3aBUCUMOCTh aKTUBHO-
CTU TTaJJTAIUEBBIX KaTAJIM3aTOPOB OT pa3Mepa YacTHUll
Pd mpmn aspo6bHOM OKMCIeHNM OEH3MIOBOTO CITMPTA.
I1pu 3TOM HOCUTEND MOXKET AOMOJHUTEIHHO BIUSITDH
Ha CTPYKTYPY U 3JEKTPOHHOE COCTOSTHUE 00pa3ylo-
IIMXCS YacTUll, YTO Takxke OyneT oOycCJIOBIMBAaTh
CTPYKTYPHYIO 4yBCTBUTEIbHOCTh. PoJib B3aumMoneii-
CTBUSI METAJUI—HOCHUTENb JJIs1 KaTaanu3aTOpOB OKUC-
JieHus 5-I'M® TpebyeT JOMOJHUTETHLHOTO U3YyYeHUS
M OyIeT IIpeaAMEeTOM JTaJbHEUIIINX NCCIECTOBaAaHUA.

SAKIIIOYEHHWE

IMpuroroBieHa cepyst HAaHECEHHBIX ITaJJTATNEBBIX
KaTaau3aTopoB Ha OKCUAHBIX HocUTEeIsiXx ZrO, u
TiO, ¢ ucroabp30BaHreM MeToAa MPOIUTKH IO BIIa-
TOEMKOCTH W pa3JIMYHBIX YCIIOBUI TepMUIECKOM 00-
paboTKU TIOJydeHHBIX MaTtepuayioB. ITokazaHo, 4To
yciaoBUs TemIiepaTtypHoit obpabotku Pd/TiO, u
Pd/ZrO, cyiiiecTBEHHO BIUSIOT Ha (hOpMUPOBaAHUE
AKTUBHOIO KOMITOHEHTA B HUX, ONPEAEss €ro Iuc-
MEPCHOCTh U B3aMMOJEHCTBHE C HOCUTENIEM M, KakK
clieICTBUE, KaTaluTU4yecKue cBoiicTBa. Katanuzaro-
pbl Pd/TiO, nmpoaeMoHcTpupoBaiu 06oJjiee HU3KYIO
AKTUBHOCTb B CEJIEKTUBHOM okuciieHnu 5-I'M® no
cpaBHeHuto ¢ Pd/ZrO,, npu 3ToM KaTajiuzaTopshl,
MPUTOTOBJIEHHBIE BOCCTAHOBJIEHMEM BBICYIIICHHBIX
00pa3loB U XapaKTepusylolluecss HU3KOM TUCIepc-
HOCTBIO METAJTIMYECKUX yacTul] Pd, nMmeroT nyuime
KaTaIMTUYECKHUE XapaKTePUCTUKU YeM T€, YTO ObLIU
MpenBapuTeIbHO MpoKaJieHbl Ha Bo3nyxe Tpu 450°C.
Bricokass mucnepcHOCTb (POPMUPYIOMIMXCS Tajia-
JIHUEBBIX YaCTUIL U UX CHJIbHAs CBSI3b C HOCUTEJIEM B
karanuzdarope Pd/TiO,, monydyeHHOM BOcCCTaHOBJIE-
HUEM ITPOKAJIEHHOTO Ha BO3Ayxe 00pasia, MPUBOAUT
K CHUDKCHUIO €ro KaTaTUTUYECKOM aKTUBHOCTHU. B To
Ke BpeMms i KatanuszatopoB Pd/ZrO, npenBapu-
TeIbHOE MpOKaJIMBaHue 00pa31ia Ha BO3IyXe CITIOCO0-
CTByeT OOpa30BaHUIO B KauyeCTBE OCHOBHOIO CTa-
ounbHoro nurepMmeauata @PPOKK.

OPMHAHCHUPOBAHUME

HUccnenoBaHue BBITOIHEHO 3a cYeT IpaHTa Poccuiickoro
Hay4yHoro doHma Ne 19-73-30026, https://rscf.ru/project/19-
73-30026/.
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Oxidation of 5- Hydroxumethylfurfural over Supported Pd-Containing Catalysts

K. L. Timofeev!: *, D. P. Morilov!, and T. S. Kharlamova'
! National Research Tomsk State University, 36 Lenin Ave., Tomsk, 634050 Russia

*e-mail: kvintkl@gmail.com

The results for the oxidation of 5-hydroxymethylfurforol (5-HMF) over Pd/TiO, and Pd/ZrO, catalysts ob-
tained by impregnation using different heat treatment conditions are presented. The catalysts were studied by
XRD, XPS, low-temperature nitrogen adsorption and pulse CO adsorption methods. Catalytic studies were
carried out under mild conditions of 5-HMF oxidation: a temperature of 80°C, an oxygen pressure of 5 atm,
and the use of NaHCOj as a base agent. It is shown that the conditions of temperature treatment significantly
affect the formation of the active component over Pd/TiO, and Pd/ZrO, catalysts, determining dispersion of
active component and interaction with the support and, as a consequence, the catalytic properties of the ob-

tained materials.

Keywords: oxidation of 5-hydroxymethylfurforol, 2,5-furandicarboxylic acid, supported palladium catalysts
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