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P

aspabomaH memo0d u3y4yeHusi 83aumoldelicmeusi UCXOOHbIX CoeduHeHuUl nannadusi (Hanpumep,
auemama unu xnopuda) Ha Hocumersne ¢ MONeKynsipHbiM 8000podomM. OH OCHOBaH Ha roanoweHuU
ebldensiowielics 8 peakuuu coomeemcmeyroujeli KUCIOmbl U KOMUYECMBEHHOM ee ornpedeneHuu.
CosdaHa cneuyuanbHas ycmaHoeka, Oarowjasi 803MOXHOCMb

uzydamb KUHemMuUKy makux peakuyuu.

Memod nosgonsiem usydamb MexaHu3M (bOPMUPOBaHUSI Memasiudeckux UeHmpos Ha [M08epXHOCMU

2emepoeceHHbIX Kamarnu3amopose

A method was developed to study the initial palladium compounds (e.g. acetate or chloride) interaction with
molecular hydrogen on a carrier surface. It is based on absorption of the corresponding acid evolved in the course of
the reaction and its quantitative determination. A special apparatus was created enabling to study the kinetics of such
reactions. The method allows investigating the metal centers formation on a heterogeneous catalyst surface.

Krnrodeenblie crioea: Memod, peakULIoHHas CrIOCOOHOCITIb, MOBEPXHOC b, KAIMarILB, NayyiaiuL], B0CCITIAHOGTIEHUE 6000POCOM.
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HaneceHHBIE  TaTagueBble  KaTaJU3aTOPHI
HallUTA TIAPOKOE TMPUMEHEHUE B IPOMBIIIICHHOM
OpraHWYEeCKOM CHHTE3e, M, MPEeX e BCEro, B Mpo-
[eccax BKITIOYAKOIIUX THAPHUPOBAHHE HEMpPEIeIhb-
HBIX COCIUHEHUH, JCTUAPUPOBAHHUE, H30MEpH3a-
uuto, ruaporeHonus u T.A. [1, 2]. Tlocnennue
JECATHICTUS 0c0o00€ BHHMAHHUE YHEIsSIeTCS pas-
paboTKe HAYYHBIX OCHOB PUTOTOBJICHUS TAKUX Ka-
TaIM3aToOpOB, U B YaCTHOCTH OCOOEHHOCTSIM WX

CHHTE3a, WCCICNOBAHMSAM CTPOCHHS M (DI3HKO-
XUMHUYECKUX CBOUCTB [3, 4].
OzHMM W3  caMbIX  pacIpOCTPaHEHHBIX

Croco0OB TOMYYCHHS METATMYECKUX KaTallnu3a-
TOpPOB, B TOM 4YHCIIE TMaJUTaIUEBBIX, SBISICTCS
HAaHECCHHC MCXOMHBIX COCOUHCHHHM Ha HOCUTEIH C
MOCJIEAYIOIINM UX BoccTaHoBieHueM [5]. Hecmot-
ps Ha oOwine NyOJUKalMii W OrPOMHOE YHCIIO
MAaTEHTOB PsiJi BOIPOCOB [0 CHUHTE3Y MaJUIaIuEBBIX
KaTaJqu3aTOpOB OCTAETCS HEAOCTATOYHO HW3y4YeH-
HBIMH. ODTO KacaeTcs, B YaCTHOCTH, KMHETUKU H
MEXaHH3Ma BOCCTAHOBJICHUS COCIMHCHUI Iaa-
il Ha TOBEpXHOCTH Hocutene. Takue 3HaHUS
HEOOXOUMBI ISl IPABWIILHOTO BHEIOOpa MCXOTHBIX
COCIMHEHUU /Il CHHTE3a KaTalln3aTopoB, IOIY-
YCHUS KATal3aTOpOB C BBICOKOH JIMCTIEPCHOCTHIO
MeTaJlIa v T.JI.

IIpy wu3y4eHUM BOCCTAaHOBIICHUS WCXOJHBIX
COCIMHEHUN aBTOPBHI CTAJKUBAIOTCS C TPYJIHOC-
TAMH, KOTOPbIe OOBIYHO BO3ZHUKAIOT MPU HCCIIEI0-
BaHWM PEAKIUi Ha TMOBEPXHOCTH TBEPAOrO Tela,
HarpuMmep, Kak CICAWTh 3a MPEBPAIICHUSIMH JTHX
COCAUHEHUM M, CJIEIOBAaTEIIbHO, 3a KHHCTUKOMH
mporiecca.

Henpto HacTosmIed pabOTHl sSBWJIACH pa3-
paboTka MeToAa ¥ YCTAaHOBKH IJISl HW3y4YCHUS
B3aMMOJECHCTBHAS COENUHEHUM MaIagus Ha I10-
BEPXHOCTH HOCHTEINSI C BOJOPOJIOM, KOTOPBIH
HEPEJIKO HCIOJBb3YeTCs KaK BOCCTAHOBHTENb IMPH
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NPUTOTOBIIEHUH  HAHECEHHBIX
Karanu3aTopos [6, 7].
IKCHepUMEHTAJIBHAS YaCTh

Bbuli MCIONIB30BaHbl CIIEAYIOIINE PEaKTHBBL:
aneTar v XJOpHUJ Majutagus MapKu «4» 0e3 JomnoJ-
HUTENBHOM OYHCTKH, aneToH wmapku «OCUy,
BOJIOPO Ta3000pa3HbIii Mapku A gucrora 99.99%,
a30T Ta3000pa3HbIi 0co00i wymcTOTHI | copT
guctota 99.999%. TutpoBaHue oCyIIECTBIISIIOCH C
UCTIOJIb30BaHUEM OropeTkn oObemMoM 10 Mi1, 1ieHa
nexennst 0.05 mir.

B xadectBe HOCHTENsI TPUMEHSUICA YIIEPOJ
Mapku «Vulcan XC-72», KOTOPBIN TIepe]] CHHTE30M
OTXKHUTAJICS B KUCIOpoie ipu Temmeparype 450°C B
Te4eHue 4 4acos.

[MannagueBble KaTamu3aTOPbl TOTOBUIIUCH ClIe-
nyommM - obpazom. K 500 wmr yrmepomgHoro
Hocutenss jgoOaBunmm 50 wmn anerona  (muis
HAHECCHHUs aleTaTa NaUlagus) WIA BOJBI (s
HaHeCCHUs1 XJopucroro namraaus). IlomxydeHHyio
CMECh TIIATENFHO TMEpeMEeNINBald C MOMOIIBIO
yIbTpa3ByKa TMPH KOMHATHOW TeMIepaType B
teueHne 20 MUH JUIS 0Opa3oBaHWs OJHOPOIHOMN
cycrensuu. Ilocme sToro mnpuiaMBamM 3apaHee
MPUTOTOBJICHHBIA  PACTBOP PACYETHOTO  KOJIH-
yecTBa alerara nmauiagusd B 15 MiI ameTroHa WiIH
XJIOPUCTOTO Ta/UIagus B IOAKUCICHHOH BoJe
(momeHOe otHOmeHne HCI/PACl,=2). [Tony4ennyo
CMecCh TepeMelIMBalIi B TeueHHE |5 MuH, 3arem
IIpH c1a00M HAarpeBaHWU YIIAPUBAIH PACTBOPHTEIH
Jocyxa B poropHoM wucnaputene. OOpaszer,
cozepKalui XJIOPUAHBIA KOMILUIEKC, KPOME TOTO
cymunu 1 gac nmpu remmepatype 130°C.

PesynbTaTtsl 1 HX 00CyKICHHE

Peakuuss coegmnenuit  nammaausa  (II) ¢
BOJIOPO/IOM IPOTEKAET B COOTBETCTBUHU CO CIIEAYIO-
IIMM ypaBHEHHEM:

L,PdX; + H, —»Pd +2HX +nL

MCTATIIMYCCKHUX



rme X — aHWOH OJHOOCHOBHOM KHCIOTBHI, L—
JIUTaH/.

[Ipeanaraemslif HAMM METOJ OCHOBaH Ha TOM,
YTO B  XOJE€ BOCCTAaHOBJICHHS  BOJOPOJIOM

COCMHEHHUS MaIauid ONpeeseTcss KOJUYeCTBO
KUCJIOTHI, oOpa3symomieiicss o 3Toi peakuun. Ilpn
9TOM TIOJIaraercs, 4dTO BCS KHCIOTa OyHeT
KOJIMYECTBEHHO JIeCOPOMpPOBaHa MOTOKOM rasa.

Jnsa peanuzanuu 3Tol upen Obla U3rOTOBJICHA
YCTaHOBKa, CXeMa KOTOpOi MpuBeeHa Ha puc. 1.

YcTaHOBKa TPEACTABISCT COOOW CTEKISHHBIN
peakTop IMamMeTpoM 3 MM CO BCTPOEHHBIM BHHU3Y
CTEKJISIHHBIM (DHIIBTPOM ISl yICPKUBAHUS HCCIIC-
nyemoro obOpasma. Peakrop ¢ oOpasmom mome-
Ial0Tcs B HM30TEPMUYECKYIO 30HY II€4YH, OCHa-
HICHHYIO TEPMOMNAapoi W H3MEpHUTENeM TeMIepa-
Typsl. OmmOKka B M3MEPCHUU TEMIIEPaTYphl COC-
taBisia  +£1°C. Yepe3d peakTtop NpOMyCKancs
BOJIOPOJI WJIM, €CIM HEOOXOJUMO, a30T, CKOPOCTb
MMOTOKa KOTOPBIX HW3MEpsulach C  ITOMOIIBIO
porameTpa. Beixomgmuii W3 peakTopa  ras
npoxoaua depe3 BoAHbll pactBop NaOH s
TIOTJIONICHHUS 00pa3yIOMIEHCs 10 PEaKIIUH KUCIOTHL.
MonbpHOE COOTHOIICHHUE BBIICIIIONMICIHCS KUCIOTHI
(8 pacuere Ha 100% BoccTaHOBICHHME aleTara
najiaaus a0 Metaimdeckoro Pd) u  miemoun
coctapisuio 1:2. OOpaTHBIM THUTPOBaHUEM (HICITO-
np3oBasicst 0.0IN pacteop HCI, B kauecTBe uMHAM-
Karopa-peHoN(pTaIeHH) ONpeAeisuId KOJIUIECTBO
00pa3zoBaBIICHCST KHUCIOTHI.

1 — TpexxomoBoOii KpaH, 2 — BeHTHJIb, 3 — pOTaMeTp,
4 — peaktop, 5 — GuBTp, 6 — TepMoMnapa, 7 — nedb peaKTopa,
8 —IBMepUTENH TeMIIepaTyphl, 9 — HOITIOTHTENBHAS EMKOCT CO
IIEJIOYbIO

Puc. 1. Cxema ycTaHOBKH.

Meron Obl1  ONpoOOBaH HA COSAUHECHHSIX
nayjiaaus, coAepKalmx KapOOKCHUIBHBIN (arerar)
Y TaJIOTCHUTHBIN (XJIOPU) aHUOHBI, KOTOPhIE OBLIH
HaHECEHBI Ha yriiepo Mapku « Vulcan XC-72y.

OueBUHO, YTO B PE3yJIbTaTe BOCCTAHOBJICHUS
arnerara majuaaus oOpasyeTcss YKCyCHas KHCJIOTa,
KOTOpasi JIOJbKHA OBITh JecopOHpoBaHa ¢ oOpasia
MOTOKOM BOjopojaa. Kazanock HEoOXOIUMBIM
U3yYUTh TPOTEKAHWE TIpolecca AecopOonud BO
BpEeMEHHU. DTU uccienoBanus mnposoauiuch Ha 0.1
r obOpasma, coxepxameM 9.1% Pd, npu Ttem-
nepatype 50°C u pasiauuHOM BpeMeHH. BHauane
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4yepe3 oOpasel] MpoIycKaad BOAOPOA 15 MuH co
ckopoctbto 0.72 /4. Kak mokazajno THTpOBaHHE,
KOJIMYECTBO IOIJIONICHHON PAacTBOPOM €IIKOr0 HaTpa
YKCYCHOH KHCIIOTBI COOTBETCTBYET Y paBHOMY 6%,

rae Y — pona oOpa3oBaBlieiics B peakUUd C
BOJIOPOZIOM YKCYCHOM KHCJIOTBI OT KOJHYECTBA
YKCYCHOH  KHCIIOTBI, KOTOopas  Moria OBl

obpazoBarbkcs mpu 100% BocCTaHOBIEHUS arleTara
najnanus B Mmeraundeckuid Pd B uccnenyemom
oOpasiie.

3aTeM TOK BOIOpOAA ObLT 3aMCHEH Ha TOK a30Ta.
Takum 00pa3oM, BOCCTAHOBIICHHE alleTara Majulaans
OBLIO TIPEKpAIllCHO, W TpOTEeKalla JIHIIb JecOpPOIrs
VKCYCHOM KHCNOTHL [lonydeHHBIC JaHHBIE —TIPH
temrieparype 50°C u Toke azora 0.72 j1/4 npuBeeHbI
Ha puc. 2.

Bunno, uto 3a 1 wac mpomyBaHUS a30TOM JO-
MOJHUTEIBHO JeCOPOUPYeTCsl YKCYCHAsl KHCIOTa,
cootBercTBytomas Y paBHomy 34%. Ilocne 2-3
4acoB JiecopOIus yKCycHOW kucnotel mpu 50°C
MOJHOCTBIO Tpekpamiaercs. CrenuaibHbBIMU OIIbI-
TaMu OBIJIO TIOKA3aHO, YTO, €CIM BOCCTaHOBIICHHUS
BOJIOPOZIOM TIPOBOIUTE B TeUCHUE 3 4acoB U Ooee,
TO JecopOIms YKCYCHOW KHCJIOTHI MOJTHOCTBIO 3a-
BEpIIACTCS, U HET HEOOXOIMMOCTH B JIOTIONHUTEIb-
HOH TpoJTyBKe a30ToM. VIHTepecHO OTMETHTb, UTO €CITH
o0pasIbl  TIOCTIe  BOCCTAHOBICHHS BONOPOIOM HE
OpOIyBaTh a30TOM, TO OHU Ha BO3MyXE CaMOBO3-
roparorcst. O4eBHIHO, YTO, €CNIH OIBITHI M0 BOCCTa-
HOBJICHHIO TIPOBOJIUTH MPH Temrieparypax oonee 50°C u
ckopoctd momaun raza 0.72 n/4, mecopOumst Oyner
NpOTEKaTh CKOpPee, U CyMMapHOE BPEMs MPOAYBKU
oOpasmia razoMm (BOJOpPOJX U, €CiIW HEOOXOIMMO,
a30T) TaKke He OyleT mpeBbIaTh 3 yaca.
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Puc. 2. 3aBucumocTs 1ecopOLINH YKCYCHOM KUCIOTHI
azoToMm oT BpeMeHH, (50°C).

Hcxons w3 TONYYSHHBIX PE3yJbTAaTOB IS
obOecrieueHUs] TIOJHOTBI  JECOPOIMHU  YKCYCHOM
KHUCIIOTHI C TIOBEPXHOCTH HCCIEIYEMBIX 00pasIoB
HE0OX0IMMO, YTOOBI TOK Tra3a (BOAOpPOJAA WIH
BOJIOPO/Ia, a 3aTeM a30Ta) MPOXOAUT Uepe3 PeaKTop
HE MEHee 3 JacoB.

Brio mccnenoBaHo BIMSIHHE CKOPOCTH MOTOKA
BOJIOpO/IA Ha MPOTEKaHHE peaxnuu
BoccTaHoBneHus. Ha puc. 3 mokazaHa 3aBUCMMOCTD

BEJIMYUHBI Y OT CKOPOCTH IOTOKa (BpeMs ombITa 3
g, 50°C).
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BunHo, 9TO TIpM OTHOCHTENFHO HEOOIBIIHX
ckopocTsix (r) motoka H, BenmuumHa KOHBEPCUU
3aBucHT oT 1. OHaKo npu BenuuuHe r 6osee 0.55
7/9 KOHBEpCHS YK€ HE 3aBHCUT OT Hee. Takum
00pa3oM, MOXHO IOJIaraTh, YTO MPH 3TOM BKIA[
BHEIIHEH 11 y3UH HECYIIECTBCHEH.
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CropocTe moT oka Hy, i
Puc. 3. 3aBucHUMOCTh BEMYUHBEI Y OT CKOPOCTH
motoka H, (Bpems ombita 3 u).

[Nony4eHHbIC NaHHBIC TO3BOIIIM HAM OICHUTD
MOTPENIHOCTh HM3MEPEHUH KOJIMYECTBA YKCYCHOM
KHCIJIOTHI, BBIICIIIONICHCS B PEaKIIHH.

B Ta6n. 1 mpuBeneHbI pacueTHBIC TAHHBIC MTOT-
peIIHOCTE OIMpeesIeHUs] YKCYCHON KHCIIOTHI ISt
0.1 r 0Opa3noB ¢ coxepkannem mamraaus ot 9.1 no
0.5%. BugHo, u4TOo  perymupys  OOBEMBI
noryoTutedabHOro pacreopa (ot 10 mo 30 mu) m
oTOMpaeMol sl TUTPOBAHHS ANUKBOTHI MOKHO
U3y4yaTh KHHETUKY pPEaKUUH BOCCTAHOBJICHHS C
NOTPENIHOCTbI0 HE MpeBblmawromed 7% g
o0pasios, coxepxammx 1% mnamnamgus u Oonee.
Ecmu HyXHO wu3ydarh 00pa3mbl ¢ MCHBIOINM
COJlep)KaHWEeM  MaJiaJus, BO3HHKAeT  HeoO-
XOIMMOCTh YBEIMYMBATH KOJHMYECTBO HCCIEIy-
emMoro obpasia.

Tabnuma 1. PacdeTHple TaHHBIE TIOTPEITHOCTEH OMPEeIICHUS YKCYCHOM KUCIIOTHI, BBIICISIONMIESHCS MPH

BOCCTAaHOBJICHUH ali€TaTa najuiaans BOJOpOJAO0OM.

O0BeM

Konnenrpanus Bemmaunay BLII?;P;I;E:;CH menoyHoro  OtOupaemas A HCI', ITorpemHocTs,
Pd na nHocutene NOTJIOTUTENS,  AaJTMKBOTA, MJI MJT %
KHUCJIOTBI, MOJIb MIT
9.1 100 0.15x10” 30 5 2.5 +1
9.1 20 0.30x10™ 30 5 0.5 +5
9.1 10 0.15x10™ 30 5 0.25 +10
9.1 5 0.75x107 10 10 0.75 +3.3
4 20 0.144x10™ 15 15 1.44 +1.7
20 0.72x107 15 15 0.72 +3.5
1 20 0.36x10” 15 15 0.36 +6.9
0.5 20 0.18x107 30 30 0.18 +13.9

* Pazauma mexny oosemom HCI, npymieit Ha TutpoBanue pactsopa NaOH, 1o ombITa U rmocie Hero.

C wucnonp3oBaHHEeM pa3pabOTaHHOTO MeEToJa
Obula  HCCIEOBaHA  3aBUCHMOCTh  KOHBEPCHUHU
aleTaTHOHOB B peakunu ¢ H, or Temmepartypsl
(xonnentpanusa Pd B oOpasue pasna 9.1%, 3 u) Ha
puc. 4 moOKazaHa 3Ta 3aBUCHMOCTh Ha 5 CEpHsX
00pasIoB, Kakaast U3 KOTOPBIX ITOyYeHa B Pa3HBIX
cuHTe3ax (Bcero 12 o6pasmo). [IpencraBneHHbIe
JAHHbIE TIOKa3bIBAIOT BBICOKYIO BOCIPOU3BOMAHU-
MOCTb ITOJIYIEHHBIX PE3yIbTATOB.

100 -
& cep
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Puc. 4. 3aBucuMOCT BETMYHUHBI Y OT TeMIEpaTyphl
(xoruentparms Pd 9.1%, 3 q).
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CrnenoBaTenbHO, NpeAiaraeMblii MeTOH I03-
BOJMCT H3Yy4aTb KHWHCETHUKY pPCAaKIUKW BOCCTAHOB-
JCHUS COCAMHECHMH Taulaiusi BOIOPOAOM HAa
MOBEpXHOCTH  Hocutens. [lomydeHHas  KuHe-
THYecKass KpuBas (coaepkaHWe TaUlafusi B
obpastie  9.1%, Temmeparypa BOCCTaHOBJICHHS
50°C) nmokazaHa Ha puc. 5.

20

1} T T T T T T
a a0 él an 120 150 120
Bpens, mun.

Puc. 5. 3aBucumocts BenmuuuHbl Y OT BpEMEHU
(comeprkanue maymaaus B oopasiue 9.1%,
Temriepatypa BoccranoBieHus 50°C).
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Br1o mpoBeiIeHo BOCCTAaHOBIIEHUE XJIOPUCTOTO  OTHOIICHWIO K BOJIOPONAY, a TaKkKe KWHETHUKY H
najjiajivs, HAHECEHHOT0 Ha Yroiib, BOAOPOAOM.  MEXaHM3M HX BOCCTaHOBIeHHs. Takue aHHbBIE
VYcranosneno, uto npu temneparype 120°C 3a 3 SBISIOTCS OYEHb BAXKHBIMU ISl  ONTUMM3AILUHU
yaca KOHBEpCHS cocTaBisiia 95%. nyTed cHHTe3a 3PPEKTUBHBIX KaTaIU3aTOPOB.

Takum  o0pazoMm, MNPeasoXKEHHbIH  MeTOoJ 2. Meron XapakTepusyeTcs HU3KOH
OTKpBHIBAET BO3MOKHOCTh HW3YyUYCHUS KHHETUKH M  BEJIMYMHOW TOTPEIIHOCTH U3MEPEHUH M XOpouIeH
MeXaHn3Ma (OpMHUPOBaHUS aKTHBHBIX IICHTPOB HA  BOCHPOUW3BOJUMOCTBIO TP HEOOIBIIMX HaBeCKax
MOBEPXHOCTH KaTanu3aropoB npu BocctanoBiaeHun  (0.1-0.2 T) ucciemyemsix 00pasIioB.

MCXOJHBIX COEIUHEHUN Nallaanus BOAOPOJIOM. 3. Ilpenmaraemblii  METOZ, HECOMHEHHO,
BeIBOABI MOXKET OBITh HCIONB30BAaH M JUIA HW3YUYCHHS
1. Pa3paboran METO/I W3YYCHUS  B3aUMOJICHCTBHS COCIAMHEHHH APYTUX METaIOB C

B3aUMOJICHCTBHSI ~ COCIMHEHMH  TalUIagusi C  BOJOPOJOM, COACPKAIIMX  allWJAOJNUTaHIbl |
BOIOPOJOM Ha TMOBEpXHOCTH HocuTened. OH  00pa3ylomux B pe3ylbTaTe peakIny OTHOCHTEIBHO
MO3BOJIICT HM3YYaTh PEAKIHOHHYIO CHOCOOHOCTh  JICTKOKHILAIINE KHCIOTEL.

Pa3IHYHBIX HCXOJHBIX COCIMHEHUA 1o
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