M3BECTHUA
TOMCKOrO OPJEHA TPYAOBOTO KPACHOIQ 3HAMEHWU WHIYCTPHAJIbHOrQ
Tom 59, 111 HHCTUTYTA umenu C. M. KUPOBA 1941

MCC/IEJOBAHHE AKTUBHOCTHU CYJb®UIHBIX LIMHK-
MEJHbIX METAHOJIbHbIX KATAJ/IM3ATOPOB

H. I1. Kypun u E. H. Cmpeaeyxasn

Coob6menne I

B npeaniaymux coobuienusx IY) u 1I2) 6Mau npuBefeHn NAHHHE MO KaTa-
JIUTHYECKOH aKTHBHOCTH CHCTEMB, COCTOAMeHd X0 BOCCTAHOBAEHHS M3 Cyabdu-
LOB UHHKA H MeaH. AKTHBHOCTb, XapaKTepudyeMas CTENEHbIO Pa3/iOXKEeHHs Ma-
-pOB ME€TaHOJa, H3yyastaCk B 3aBHCHMOCTH OT coaepxanus CuS B Kartanusarope
zo Boccranossenua (ot 0 xo 70°, BecoBux), 06beMHON cxopoctH (oT 420 u
.10 2100) u remneparypsl (250—425°C). B pesyabrare 6H/IO YCTAHOBACHO, HTO
NpH HCC/ie10BAaHHBIX YCIOBHAX HaUBLICUIAA aKTHBHOCTb AAHHON KATAMUTHYECKONH
CHCTEMBI NPOSIBAKETCA A48 KaTadu3aToOpOB, COAEPKAIMHX A0 BOCCTAHOBJEHHS
oT 1 no 4% cyabduna menn. Kpome 3TOro 6h10 NMOKasaHo, 4TO H3MEHEHUe
AKTUBHOCTH HE NONYUHSAETCA NPABUAY alJHTHBHOCTH M HMEET CJAOKHBIH Xapak-
tep. Oanako, npu yepennuenun coxepxanus. CuS ¢ 50 g0 70% axTHBHOCTH
CHCTEMBI HEYKJOHHO najaeTr. B CBA3M ¢ U3/M0XKEHHLIM CGCTECTBEHHO BO3HMKAET
HEOGXOIUMOCTh HCCAEN0BAThL AAHHYIO KAaTaJHUTHUECKYIO CHCTEMY npH eme 60-
nee BLICOKHX KoHUeHTpauusx CuS (o1 70 zo 100%). C 3aTo#l ueabo MLl ApH-
rOTOBUJAM K HcnbiTaNMM Kartaaudatopsl ¢ 90 um 95%, CuS no meTtoauxe 4 HA
ycranoBke onucanuslx B | u Il coobimenunax.

Kpome 3TOro 6nin0 TaxkXe H3YueHO BJAMAHHE METOAA NPUTOTOBJACHHS HA
aKTHBHOCTb CYJbPUAHBLIX IHBK-MeXHBIX METAaHONbHEIX KartaiuszaTopos. [eao
B TOM, UTO BCe NpeAbiJyUlde HaiuH HCC/IeL0BAHHA NPOH3BOAHUAMCH C KATANH-
3aTOPaMH, MPUTOTOBJIEHHLIMH METOJOM MEXaHUYECKOrO CMEUIeHHSl Pa3nesNbHO
OCaXNEHHBIX CynbdHIOB uMHKAa U Meau. VsBecTHo 3), uTo a1 psaaa npouec-
COB KaTaAH3aTOpH, MOJYYEHHbIE COBMECTHBLIM OC3aXAEHHEM KOMMOHERTOB, NPH
ONMBAaKOBOM XHMMHMYECKOM COCTaBe, OKas3hBa/IUCh (OJee aKTHBHLIMH [10 CPaB-
HEHHIO C KaTaJAu3aTOPaMH, NPUTOTOBJEHHBIMH NYTEM MEXAHHUYECKOro CMEIleHHs.

Jlaee MHOTHMMH aBTOpaMH ObLIJIO NOKA33aHO !), UTO AKTHBHOCTH OCAXKIEHHBIX
OKHCHBIX KaTa/JM3aTOPOB B 3HAYMTE/BHON CTENEeHH 3aBHCHT OT KOHUEHTPAUHH
MCXOJLHBIX PacTBOPOB.

B cBasu c BhIEH3T0XKEHHBIM GbLIM NPHTOTOBJAEHE METOAOM COBMECTHOTO
OC2[IEHHSl M HUCHBITAHB NO paHee YyCTAHOBJEHHON METOAMKE TPH KaTaaH3a-
TOpa ¢ OAMHAKOBHIM XuMHueckuM cocraBoM (ZnS-4% CuS) coorsercTByMO-
muM HanGoJee aKTHBHOMY KaTaau3aTopy, MOJYYEHHOMY METOAOM MexaHudge-
CKOTO CMeeHHs KomnoHeHTOB. CoBMecTHOe ocakAeHHe Cyab(DuI0B LHHKA
¥ Mexu npoussoauaoco u3 0,5; 1,0 u 2,0 HopManbHEIX, N0 OTHOLIEHUIO K a30THO-
KHCAOMY HUHKY, pacTBopos. C 3Toil meabio, K BOJAHOMY PacTBOpPY, HMEIOLIEMY
3aJlaHHYI0 HOPMAJILHOCTh 10 a30THOKHCJAOMY UHMHKY (Hanp., 0,5 m T. 4.) U co-
AepXalleMy Heo0XORMMOE KOJIHYECTBO a30THOKHC/IOW Mend, npubasas/cs
aueraT aMMOHHS M 3aTeM NpPONYCKaJCs TOK CEPOBOAOPOAA A0 NpeKpalleHus
BbLIC/NEHHS] CYAb(MHAOB LHHKA U MeAH.

* DHJI0 3amMeueno, 4To NpM nPONYCKAHHM CEPOBOJIOPOAA M3 PAacTBOPa B mep-
BYIO OuepeAb BHENAETCH CyaAbQuA MeAH, KOTOPLIA, NPH HEZOCTATOYHOM Mepe-

49



MEUIMBAHNUH, OCeZaeT HAa IHO, a 3aTeM yxXe BuAeasercd cyabdbum nuuka. Jas
npepynpex/aeHns OCefaHHs Ha AHO CyJbduia Menu H, TEM CaAMHM, IJIA PAaBHO-
MEDHOTO pachnpeneneHds TNOCJASAHEro B Cyab(puie LHHKA, 9yepe3 pacTBOp APO-
MyCKa/JCA HHTEHCHBHBI TOK CEPOBOAOPOLA, KOTOPHIH M mepeMelInBan pacTBOD.
Temneparypa so Bpems ocaxiaexud, KaK 4 B NPEALIAYIIMX ONKTAX, MOLIEP-
KHBastacb KoMmuarHaf. [lonyuennble COBMECTHBIM OCaXAEHHEM OCAAKH GHICTpee
OTCTAUBANKCh K (QUIBTPOBAJKUCH HEXKEIH 3TO HMMEJO MeCTO [PH Pa3AeJbLHOM
OCaX/AEHUH, UYTO YKa3pBaeT HA HMX MEHBLIVIO JAUCNEpCHOCTh. JlaabHeiimas
obpaboTka 0CaaKOB MPOH3BONMAACH TAaX, KaK 3TO OMHCAHO B coobmennu I.

MOJIYUEHHBIE PE3YJIbTATH M UX OBCYXKIEHME,

PaccmoTpuM BHAuane pesyJahTaThl, OTHOCAHIMECH K KaTaqu3aropam, mnoay-
YEeHHBIM METOAOM CMeleHusi CyJbGHIOB LHHKA W MENH.

Bpems BoccraHoBaeHHs kaTtanudatopos ¢ 90 m 95% CuS paBHS10CH COOT-
BeTcTBeHHO 31 W 20 wacam, mpuyeM KOHEYHAsl TemIepaTtypa BOCCTAHOBJEHHSA
O6bina nopbimieHa a0 450°C. Ilauuble, npuBejfeHHble B Tabaune 1, yKasbiBaloT

Ta6nuua l.

[lpoueHT pasaoxeHHs METaHONA B 3aBHCHMOCTH OT TeMneparypsl 4 o6beMHOH CKOpPOCTH B NpH-
CyTCTBHM KAaTalH3aTopa, UCXO/AHas POpPMa KOTOPOrO COCTOSAA H3:

10%, ZnS 4 999/, CuS

Temneparypa - [TpoueHT pasnoxeHWs MeTaHOAA npH 06BEMHBIX CKOPOCTAX
KOHTAKTHOrQ . .
annaparta B ! i
- °C 420 600 ’ . 1200 ' 1800 ' 2100
| |
450°C 3,11 2,56 1,25 ( 0,745 0,284

Ha BEChbMA HH3KYI0O AKTHBHOCTb Karajau3artopa, UMEBIUEro A0 BOCCTAHOBAEHHUS
90% CuS. INpu 1-pe 450°C u HaumeHblI€H, U3 NPUMEHSABUIUXCS HaMH, 06bEM-
HOo#l cxopocTH 420—npouneHT pas/iOXKeHHs METaHOJA COCTEBJASeT BCEro JHLIb
3,11%,. Ilpu Goaee HU3KHX TeMnepaTypax pas3/joXeHHWA NAPOB MeTaHoJa A0
0o6pa3oBaHusl HE KOHLEHCHPYMOWHUXCA ra3000pasHbiX NpoJLyKTOBR He Haba0Aa-
aock. Karaausarop, comepxarmuil 10 Bocctanosaenus 95% CuS oxasajncs He
AKTHBHHIM, TaK Kak B NpPUCYTCTBHU ero jaaxe npu 450°C merano.n He pasfo-
raacs. CocTtaB ra3oo6pa3HbiXx NPOAYKTOB Pa3/oXeHUs MeTaHona (tabauua 2),

T6aanunuma 2.

Cocras ra3006pasHbix MPOAYKTOB PA3NOXEHHA METAHOJNAa B OPHUCYTCTBMW KaTaausatopa, KOTOPHIH
10 BoccTaHoBiaeHus cojepxan 104, ZnS + 900/ CuS.

| Cocr1aB rasa B O6bEMHBIX MPOLEHTAX
Temnepa- O6beMBas |
Typa B J [Toraomen- | [loraoueH- o cH ’ H,
. ' HOE HOE 4 ——
C CKODOCTH £ H2SO4 NaOH | 2 CcO
450 °C 420 | 22 L 40 22,3 5,36 657 2,93
2100 | 36 | 20 176 | 3,83 70.9 4,0

NOoJYYEHHRIX B NPHUCYTCTBHH Kataausatopa ¢ 90% CuS, xapaxrtepusyercs mo-
HMKEHHLIM cojep:xkaHueM okucu yraepoaa (ot 17,6 a0 22,3%), BHICOKHM CO-
AepKAHHEM MeTaHa, 3HAYMTEJbHBIME KOJHYECTBAMH YIJ/IEKHCJAOTH M OpraHH-

o o 2
YECKHX MNPOAYKTOB, NnoriaomaeMblx CEPHOH KHCJAOTOH. OTrHowenue 66—3!-18.‘{}1'
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TeJIbHO OT/IMYAEeTCH OT CTEXHOMETPHYeCKOro oTHomeHHs (2,93—4,0 smecto 2).
Bce 370 ykasmBaeT Ha TO, 4TO KPOME OCHOBHHIX peaKliuil, 06yCAOBANBAIOLIMX
NPOTEKAHUE DA3NOXKEHHSA MO CYMMAPHOMY CTEXVWOMETPHUYECKOMY ~ypPaBHEHHIO
CH3;0H—CO - 2H,, onroBpeMEHHO NPOTEKAI0T NOGOUYHLIE pPEAaKLHH, TIPUBOAL-
wue k¥ obpasoBanuio CO,, CH, u ap.

- IlonBoas wWroru u3ydewdss KaTANHTHYECKON aKTHBHOCTH CHCTEMbl, COCTOSi-
ue#i 10 BOCCTAHOB/AEHHMS N3 CyJb(HAOB UMHKA M MEJU H NOJYYEHHON METOAOM
MEXAHHUYECKOro CMelleHus pas3aeJbHO ocaxiaeHHbX ZnS u CuS, caenyer yka-
3aTh, YTO M3 BCEX HCCJ/E/L0OBAHHBIX W ONHCaHHBIX B cooGmenusnx I, II u Il ka-
TANW3aTOPOB Haubosee AKTUBHEIMH OKas3aJHUCh Te M3 HHUX, KOTOPHIE IO BOC-
craHoB/ienua cogepxanu OT 1 10 4% CuS (cm. puc. 1, 2 u 3), ux u caenyer,
B MEPBYI0 OYepeab, pacCMAaTpUBAThb KaK HauboJee MepcneKTHBHbIE AAA HCIMbI-
TAHHA NOJ AdBJAEHHEM H TIDOMBIIIJIEHHOTO HCNOJL30BAHHA.

PesyabTaThl MCC/€10BaHMA aKTHBHOCTH COBMECTHO OCAXIEHHBIX CYAb(HA-
HBIX KaTaJM3aTOPOB nOpuBeisenbl B Tabaune 3 W NpejcTaBieHHl HA pHC. 4, 5,
6,7, 8un 0. :

Ta6awnua 3.

[poueHT pasnomeHns MeTaHONa B NPHUCYTCTBMN COBMECTHO OCAXIAEHHBIX CyAbQUAHBIX IUHK-MEA-
HbIX KatamusatopoB. CocTas KaTanm3aropa 10 BaccTaHosaeHus 96% ZnS + 4% CuS.

Temneparypa IIponenr pasnoxeHHs METaHONA NpH OOBEMHBIX CKOPOCTAX
KOHTAKTHOTO -
annapata B
= °C 420 600 1200 1870 2100
. Ocaxaenve U3 (,5 HOpManbHOrO pacTeopa
300 19,25 15,2 7,43 5,18 4,93
325 89,8 73,7 42,6 34,0 30,5
350 100,0 100,0 81,0 65,7 61,4
375 100,0 100,0 100,0 100,0 100,0
Ocaxpnenne u3 1,0 HopmanbHOTO pacTsopa
275 3,76 1,75 0,99 0,717 0,534
300 11,7 9,94 6,56 5,06 4,66
325 100,0 78,3 50,4 34,8 30,6
350 100,0 100,0 85,4 69,5 61,3
375 100,0 100,0 100,0 100,0 100,0
Ocaxnaenve M3 2 HOPMANbLHOrO PacTBOpA
300 3,48 2,5 ' 1,31 0,989 0,947
325 38,8 26,9 I 12,4 6.8 5,65
350 100,0 100,0 70,4 48,5 43,6
375 100,0 100,0 83,0 71,7 65,3
400 100,0 100,0 78,6 72,5 62,8

W3 rtabauner 3 u pucyuxos 4--9 BHAHO, UTO B NPUCYTCTBHH COBMECTHO
OCaXJEHHBIX CyNb(HUAHBIX LHUHK-MENAHBIX KaTaA¥3aTOPOB, 3aBUCHMOCTb NpOIEHTa
PA3NOKEHUA NAPOB METaHONa OT 00bEeMHOH CKOPOCTH H TEeMIEepPaTypH HUMeerT
TAKOH K€ BHJ, KaK W B NPHCYTCTBMM KAaTaJU3aTOPOB, MNOJYUYEHHHIX METOLOM
CMEIIEeHHst DAa3ieNbHO OCAXAEHHHIX CyJAb(PHIOB, T. €. C yBeJAHYEHUEM OOGBEM-
HOW CKODOCTH OPOUEHT najaer, a C MNOBHUIEHHEM TeMIepaTypbl HEeNPEPhLIBHO
Bospacraer. Mckniouenne coctapisger KaTaJu3aTe, OCaXKAEHHHH H3 2-HOPMaJb-
HOro. pactBopa. B atom cayuae yBenHyeHHE NPOLEHTA pa3noXKeHHd NpH 06b-
emMHBlX ckopocTax 1200—2100 ¢ noBeileHdeM TeMmnepaTypsl HMEET MecTo
TOAbKO 10 375°C; npu JaabHeidimeM BospacTanuud Temmepartypel no 400°C
NPOUEHT PAa3/NOXeHHd MNajaeT, 4TO, MOBUAUMOMY, CBSI3aHO C paspylleHHem
aKTUBHHIX MOAMGHKALUA KaTa/nu3aToOpa BCAEJCTBHE SBJIEHUA CHHTEPHHra.
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Puc. 4. 3aBucuMOCTh TPOLEHTA DPA3NOKEHHS MEraHoJaa OT
06BbeMHON CKOPOCTM M TeMMepatyphl B NPHCYTCTBMH KarTa-
JAU3aTopa, MOJAYYEeHHOTO METOROM COBMECTHOrO OCaXAeHHd
cyAbduAOB uuHKa # Mean u3 0,5 HOpMAALHOrO ‘PacTBOpa.
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Pic. 5. 3aBucuMOCTh NPOLEHTA pas3nOXKeHWs METaHOJa OT
06bEeMHON CKOPOCTM M TeMNepaTypbl B LPUCYTCTBHM KaTa-
/13aTOPa, MOJYYEHHOrO METONOM COBMECTHOrO OCaXKAEHHS
. cyabduaos IuHKAa 1 Meau u3 0,0 HOPMaJABHOrO pacTBopa.
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mor

96 % ZnS+4 %CuS

3

3

% paznokerus CH:OH Samr—e
8

Q

—

250° 275 300° 325  350° 375
Temnepamiypa 8 °C. smmes——

Puc. 7. 3aBUCHMOCTh NPOLEHTA pa3noXeHHs METaHoAa OT
00BbEMHON CKOPOCTH M TeMNEepaTypH B NPUCYICTBMHM KaTa-
AW3aTOpa, MOJyUE€HHOr0 METOJOM COBMECTHOTO OCaXIECHHS
Cy1b®uNOB LHHKA ¥ Meau u3 1,0 nopwaneHOro pacTsopa.
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Puc. 8. 3aBucHMOCTb MPOLEHTA Pa3aOKEHWs METaHONa OT
o6beMHOIH CKOPOCTH W TemMmepaTtypbl B NPHCYTCTBMH KaTa-
AW3aTOPa, NONYYEHHOTO METOLOM COBMECTHOIO OCaXAeHUS
CyAb$HHUAOB LHHKa ¥ M€ u3 2,0 HOPManrbHOTO pacTsoOpa.
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Puc. 9. 3aBucuMocTs NpoLEHTa pasnoXKEeHHA METaHoJa OT
00BEMHOH CKOPOCTH M TEMNEpaTypbl B NMPHCYTCTBUHM KaTa-
AKM3a10pa, TIONYYEeHHOr0 METOAOM COBMECTHOrO OCaXAGHHS
CyAb®naOB LHMHKA W Mean H3 2,0 HOPMaAbLHOTO PpacTsopa.



Conocrasaas Mexay co6off MPOUEHT pPa3nOXKeHHs NapoB METAHONA B NpPH-
CYTCTBHM KaTaJlH3aTOpPOB COBMeCTHO ocaxaeHHbX K3 0,5 u 1,0 HOpmanbumx
pPacTBOPOB MOXHO 3aMETHTb, YTO a6COMIOTHHE BEAHYHHB AKTUBHOCTH 3THX
KaTaJiu3aTOpPOB MaJo OTJAYAIOTCA APYr OT Apyra.

TakuM o6pasoM, yBe/MyenHe KOHUEHTPALUH PACTBOPA a30THOKHCJOrO LHHKA
or 05 n0 1,0 HOpMa/BHOCTM He H3MEHSET aKTHBHOCTb COBMECTHO OCaX--_.
JEHHOTO Karaausatopa cocraBa 96% ZnS 4% CuS n HexoTOpoe yxyAlleHue
KaTaJUuTHYECKHX CBOACTB HACTyMmaeT JWUIb MPH YBEeJHYEHHH KOHUEHTPAUHKU
pactsopa a0 2,0 HOpMasbHOTO.

ConocTasasfsi aKTHRHOCTb COBMECTHO OCAXKACHHbIX CYAbGHIHBIX LHHK- MEA-
HBIX KAaTanu3aTopos (tabaunma 3) C KaraaAH3aTOpaMH TAKOro Ke HCXOLHOTO
xuMHyeckoro coctasa (96 % ZnS 4 4% CuS), Ho nony4eHHBX METOI0M CMEIIEHUS
pasmeNbHO OCaXAEHHHX CyabdHA0B UMHKA B Mead (coobumenne I, tabauua 1),
MOKHO BHIETb, YTO KaTajH3aTOPH, MOJYYEeHHBIE METOAOM CMEIeHHAa CyabdH-
OB, OKa3aJucb 6oJiee aKTHBHBIMA.

HMurtepecno 6bln0 npoc/aenuTh BAMSAHHE COBMECTHOTO OCaXKICHHA H KOH-
LEHTPAalKKl HCXOAHOTO pacTBOpa Ha COCTAaB rasoo6pa3HniX NPOAYKTOB PasJfo-
XEHHA- NapoB MeTauosa. [ToayueHHBle B 3TOM HANPAaBJCHHU PE3YAbTATH INPH-
BeaeHbl B Tabsuue 4. M3 panuoit TaGJanIK BBAHO, Y4TO COCTaB razoobpasHbIX

Ta6aumna 4.

CocraB ra3oo6pa3Hbix NPOLYKTOB pPa3iOKeHHst METAHONAa B 3aBHCHMOCTH OT TeMmneparypol 4 06n-
€MHO#i CKODOCTH B NPHUCYTCTBHH COBMECTHO OCaXIEHHBIX KAaTAIM3aTOPOB, COIEPXkAILAX 10 BOCCIA-
HOBJeHua 96% ZnS 4+ 4% CuS.

CoctaB rasa B o6beM. TpOILL

Teunepatypa | o5 cpman.| i
KOHTAKTHOrO [Toraouien- INoraoien- H
CKOPOCTB HOE HOE CO H2 CH4 %
annapara H,SO, NaOH
Ocaxxaenve u3 0,5 HOPMaAbHOTO PACTBOpA
300 420 3,0 J 2,8 26,8 66,5 — 2,48
325 1420 2,6 0,2 30,0 66,2 - 2,19
2100 2,8 0,2 22,6 78,4 — 3,24
<50 420 9,7 1,3 29,2 64,1 0,33 | 2,19
2100 1,4 1,4 31,2 65,4 0,33 2,09
375 420 1,5 0,7 29,3 66,8 0,68 2,27
2100 2,0 2,5 30,5 ()4.7 — 2,12
400 420 2,8 4,2 23,9 68,6 — 2,87
2100 3,2 4,0 24,3 65,8 — 2,711
Ocaxaenue u3 1,0 HOpMaALEOTO pacTBOpa
300 420 3,2 12,0 11,3 72,1 — 6,38
2100 2,8 10,6 19,6 66,6 — 3,4
325 420 1,5 0,5 30,0 676 | — 2,26
2100 2,8 2,0 216 67,2 1 — 2,47
350 420 2,0 0,8 31,2 65,6 L 21
2100 2,2 1,2 314 64,6 -— 2,06
375 420 3,0 2,6 29,8 65,0 — 2,18
2100 2,8 2,6 27,6 67,1 — 2,43
420 3,9 5,3 22,2 68,6 — 3,1
400 2100 6,0 5,2 23,8 65,6 - 2,76
OCaxuJaeHne 13 2-x HOpMaﬂbHOrO pacmopa
300 420 2,8 2,7 2715 66,6 0,6 2,41
2100 2,0 9.5 17,5 68,0 0,7 3,89
325 420 2,5 6,7 22,4 67 4 0,68 3,01
‘ 2100 3,3 7.9 17,6 70,5 0,52 4,25
350 420 2,5 2,0 31,1 62,5 - 0,32 2,01
2100 2,0 3,8 24.4 67.8 — 2,78
375 420 2,2 4,9 . 26,3 65,7 0.33 2,5
2100 2,4 4,3 27,3 65,5 — 2,4
400 420 4,2 58 23.8 66,2 — 2,78
! 2100 44 6,8 23,2 65,2 — 281
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NPOAYKTOB pA3/JI0XKEHHS NapOBR METAHONAA MaJ0 3aBHCHT OT KOHUEHTPAUHH
MCXOJAHOTrO0 pacTBOpa a3oTHokHCa0ro uuHka. CocTaBel T230B, NOJYUEHHHIE B
NPUCYTCTBHH KaTalu3aTopoB, ocaxaecHubix #3 0,5 u 1,0 HOpManbHLWX pacTBo-
pOB, MPAKTHUECKH OMHHAKOBH M XapakTEPHUIYIOTCA HEBHICOKHUM COJEPKAHUEM

H
OpraHH4YeCKHX BELECTB H YIrJAeKHCJOTH, a TaKXe OTHOUIeHHEeM az)— MaJo

OTAHYAIOMIUMCA OT CTEXHOMETPHUYECKOro, OOYyC/10BAHBAEMOro  peakuuHel
CHgOH'—>2H2 + CO.

Cocrap rasa B MpHUCYTCTBUHM KaTa/W3aTopa, OCAXAEHHOIO H3 2-HOPMaJLHOTO
pacTBopa, OKa3aiNCd HECKOAbKO XYAUIET0 KAauecTBa, HEXEJH STO HMENO0 MeCTO
AJ NEepBHX ABYX KaraJau3aTOPOB. B 4acTHOCTH, A48 GOAbIIHHCTBA YCJAOBHM
(TemMnepaTyp n 06bEMHHX CKOPOCTel) HAGAOIAaNOCh NMOBLILIEHHOE COAEPKAHHE
YIVIEKHCJAOTH, a TaKke OGoJablllee OTKJIOHEHHE OT CTEXHOMETDUYECKOTO BeaH-

Tabaunma 3.

KOHCTaHTH CKOPOCTH peakuWwH pa3/iOWEHHH NapoB METaHoJ1a B NPUCYTCTBHH COBMECTHO OCAKAECH-
HbIX KAaTaAW3aTOPOB, COCTOABIIAX A0 BOCCTraHoBAeHUR W3 96% ZnS + 4% CuS, BolaucaeHdbie 07
ypasaeHnio (l).

| Koncranth CKOpPOCTH B NPHCYTCTBHA KAaTaJlH3aTOPa COBMECTHO-OCAXICHHOTO H3!

(C)::;g;?bﬂ 0,5 N pacisopa ! 1,0 N pactsopa 2,0 N pacrsopa
b
v K | Kep. log Kep. ‘ K Kep. log Kep. K Kep. log Kep.

Temneparypa 275°C; IyT. 103 = 1,825

420 ‘ 32,9

600 o214 25,40 1,4048
1200 24,1
1800 26,1
2100 22,6

Temaeparypa 300°C; 1/T. 103 = 1,745

420 | 202 115 | 31,7
600 220 138 ’ 32,3 i
1200 201 @ 211 2,3243 176 169 2,2279 33,4 35,4 1,549
1800 206 | 201 ' 37,7
2100 228 215 42,1

Temneparypa 325°C; 1/T. 10* = 1,672
420 | 1570 — 495
600 1680 1830 448
1200 1600 | 1690 | 3,2279 1990 1870 3,2718 366 374 2,5729
1800 1790 1850 286
2100 | 1830 1840 275

1

Temneparypa 350°C; 1/T. 103 = 1,605
1200 4010 4340 1970
1800 4470 | 4410 | 3,6444 4840 4640 3,6665 2960 2640 3,4216
2100 4750 4740 3000

3

Temneparypa 375°C; 1/T. 10 = 1,543
1200 4330 '
1800 5260 4990 3,6981
2100 5380

Temneparypa 400°C; 1/T. 10® = 1,486
1200 ‘ 4150
1800 5650 | 5000 3,699
2100 5290
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H i e ' !
YHHL Eé O6pamaer Ha cedd BHUMAHHE MaJOe COLEPKAHME METAHA MAH NOJ-

HOE €ero OTCYTCTBHE W € 3TOH TOYKHM 3peHHs, MOJYYeHHLIe S5THM METOAOM
KATA/NH3aTOPLI, 06NaNAI0T MOBLILIEHHON CEJIeKTHBHOCTBIO JEeHCTBHS.

Beugy Manoffi axTHBHOCTH KaTalM3aTOPDOB C BHICOKUM mnpoieHtom CuS
(90 u 95%) A1 HUX He OBLIM NOJyuYeHH NaHHbIE, HeOGXOAWMBIE AAS BLHIYHC/E-
HUsSL TeMmepaTypHON 33@BHCHMOCTH KOHCTaHT CKOPOCTEH M SHEPrHM AKTHBALHHU.
Uro kacaeTcs COBMECTHO OCaXJIEHHBIX KaTa/Au3aTOPOB, TO, KAaK MNOKAa3wBaeT
tTabaMua 5, B NPUCYTCTBUU HX DPAa3N0KEHHE MapOB METAHOJAd MPOTEKAeT MO
HYJAEBOMY NOPSAKY M YJOB/JETBOPHTEIbHO BHPAKAETCA KHHETHYECKHM ypaBHe-
uueM H. Il. Kypuna (cm. coobuierus I u lI):

K:V(1+a)—2—;-3_a. (1)

Bouncaeunsle mo ypaBresuio Arrhenius MeToaom, onucaHdsiM B coobine-
HHY |, BenuvHHLI ®HEpPrUil dKTMBAUUA npuBeneHw B Tabaune 6.

Tabauna 6,

BeanyuHbl 3HEPTHH aKTHBALUMH JAY KaTaaW3aTOPOB, NOJAYYCHHBIX COBMECTHHIM OCAMAEHUEM
(ucxonnwi#i coerze Zns - 4 9/, Cus). :

O6aacTb Jbeprua O6nacthb 3nueprusg
Pactsop TEeMNEeparyp | aKTHBAUMM | TEMIEPAaTyp | aKTUBALHH
B °C B KaJ/M0Jb B8 °C B Kan/Moab
’ -
0,5 HopM. 300 -325 56700 325—350 27000
1,0 , 275 -325 56700 325—350 27000
20 , 300—350 60000 350 — 400 20800

M3 puc. 10 Bugno, uTo npamuie log K = (—%) HUMEIOT Pe3KHil U3J0M, NpH-

UeM SHEPru¥ AaKTHBAUHHM [ANs KAaTalu3aTOPOB, CORMECTHO ocaxaeussix u3 0,5
¥ 1,0 HOpManbHBIX PACTBOPOB, B COOTBETCTBHH
30 . ‘ — ¢ puc. 10, aas obaacteil NOHUKEHHHX H MOBHI-
- LWIEHHbIX TEMMEPATYP OKA3aAUCh COOTBETCTBEHHO
paBHeiMM 56700 u 27000 kas/moab, T. €. U3Me-
R HeHHe KOoHnentpauuu pacrtsopa ot 0,5 no 1,0
\ HOPMAJLHOCTH HEe H3MeHSieT 3Hepruio axTH-
B \ Baund. [loBulIEHHE KOHIEHTPALMH pPacTBOPa 10
3 , 2-HOpMaNbHOr0 NPHBOJUT K HEKOTOPOMY YBEJH-
\\ YEHHIO 3HePFHM aKTHBALHH NPH MOHMKEHHBIX

N

T-pax (60000 kaa/moab). B oObuwem sHeprus

W

‘20 N AKTUBALMM COBMECTHO OCaX/EHHBIX KaTajH-
x i \<\ 3aTOPOB 0Ka3aJacb HECKOJAbKO 60Jiee BLICOKOM
S i

—
==

10 N0 CPaBHEHHIO C a&HAJOTHYHLIMH BEAUYHHAMH

' , A9 OOJBUIHHCTBA KAaTA/IU3aTOPOB, MOJNYUYEHHHIX

& | -’ CMellleHHEeM pa3nebHo ocaxaennsix ZnS u CuS.

" 9}5 i 7 75 7 Hynesod nopsiiok pasiomendns M Haund4e

’ " 4103 = ' ”  HanpaB/JeHHOrO K BepXy mepeaoma npaMoii
Puc. 10.

log K=f{ (%) MOKAa3bIBaIOT, YTO B NPHCYTCTBHHU

COBMECTHO OCaXIAECHHBIX KATAJH34ATOPOB, KaK H B CJydYae KaTaJaH3aTOpPOB,
OJy4YE€HHBIX CMEIIEHUEM, MEXaHH3M pPAa3JOXKEHHUA METAHOJA COCTOUT U3 IABYX
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nocjaenOBaTeNbHBIX peakuui, npuueM 110 OAHOW U3 HHX ajACOpOMPOBAHHHIHA
METAaHOJ HAa MOBEPXHOCTH KaTa/ u3aTopa pasnaraetrcd ¢ BbiaegeHnem ¢Gpopmaib-
Jeruia ¥ BOJOpPOA3, H MO BTOPOH peakunu GopmaibAerda pacnajgaercs Ha BO-
AOPOA U OKHCH yraepoja (cm. coobuwenue [ u II).

Kak yxe otrmeuanoch B coobumenusx | u Il, orcyrcrsyer kakasn-i1n6o mnpo-
CTas 3aBHCHMOCTb MEXAY HCXONHHEIM COCTdBOM LMHK-MeJHBIX Cy/JbGUAHEIX Ka-
TaJ¥3aTOPOB H HX KATAJIHUTHYECKOH aKTHBHOCTbIO, HANPHUMeEp, THMa TOH, KOTO-
pas onpenenseTcsd NPaBUJIOM aAJUTHBHOCTH. AHaJ0ru4yHasg kapTuHa HabJIo-
JaeTCsi U NPH CONOCTABAEHHH AKTHBHOCTH, U3MEPAEMOH NMPOUEHTOM pasyoxe-
HHUR, C dHeprueid aktuBauud. JledCTBHTENBHO, CONOCTABAAR MPOLEHT Pas/a0XKe-
Hus MeTaHoJa (puc. 1, 2 u 3) C COOTBeTCTBYWINUMH SHEPrUaMH aKTHBALMH
(tabavua 7) NS HEKOTOPHX CJAy4aes, HANpUMep, MOBLIHIEHHE SHEPrUd aKTH-

’v Ta6awua 7 %),

3naueHHs aﬂepruﬁ aKTUBAUKH Npolecca pa3nro:KeHWss napoB METaHONa B MNPHCYTCTBHH 1LWHK-
MEAHDLIX KaTa/ln3aTtopos,

Wcxoauwit cocTap KaTasusaTopa Q6aacth E— OGaacse | Juepras
‘ TemnepaTyp| OSHeprus | Temuepatyp | aXTHBaLHH
B BECOBBIX IpPOLEHTAX : B °C AKTHBAINY B °C ''E kan/Moib
Z0S © v . L e it e e e e e 250—325 42400 _ _
. + 08% Cus . . .. . ... . 250-350 43200 — —
., +— 10 ® e et e e 250—325 . 49500 —_— b -
. + 20 . - . . . e . 250—325 47800 — —
. + 40 e e e e e s 250--325 49300 — —
T80 ... i | 300—350 54500 — —
. =+ 16,0 e e e e 300—375 32700 —_ —
., + 200 s e e e e e 300—375 44400 — —_
. + 250 e e e e e e . 300—375 52800 375—400 30200
. + 30,0 w et e e e e e 300—350 67000 350 - 400 31100
. + 350 wooe e e e e e 300 —360 60800 360—400 30800
» -+ 80,0 W e e e e e e . . 275—354 450 0 354—400 26300
w —+ 70,0 s b s e e s e e e 300—350 48000 360—425 17000

BaU¥Md BeAeT K MaJeHHI0 aKTUBHOCTH; OJHAKO, B APYrHX CJAy4YasnX HM3MEHeHUe
BeqiMudHEl E compoBoxaaercs nmpoOTHBONOMOXKHBIM OXHIdEMOMY pe3ynbTaTam,
T. €, BMECTO MOBBLIMIEHUs HJAM NOHMKEHHS CKOPOCTH pPasjoxeHus Habaojgaercs,
COOTBETCTBEHHO, €€ 3aMeJJIeHHe W/IH YBeJHYeHHE.

B xauecTBe BepOSATHOroO MOXXHO NPHBECTH cJaexpylouee O0O0bACHeHHE [aH-
HOrO aBJ€HHA. Kax H3BeCTHO, ¢opmanbHasd CBA3b KOHCTAaHTH CKOPOCTH XHMH-

yecKOl peaKLUMH C dHepruefi aKTHBALHH BhIPaxaeTcs ypaBHeHHeM (2)
E

K = Const. e X, (2)

Jasi MOHOMOJIEKYASPHEHX TOMOTEHHBIX Ta30BHIX DeaKIlHil Const. aBaserca
HE3aBUCHMBIM OT Temmnepatyps (akTopoM, KoTopelii coraacHo Polanyi #u
Wigner®) B 60/NbIIHHCTBE CJAy4YdeB NO DOPsAAKY CBOoeH BeAHYHHB COOTBET-
CTBYET BHYTPUMOJekyaspHoft uacrore. MoxHO mnoJsaratb, Y4TO 3aKOHH, YII-
paBJAfAlOIHE CKOPOCTBI0O XHMHUECKUX peaklluii B TpexMepHuX rasax, HMEWT
CHJY TaKxXe U J/15 ABYXMEPHbIX ra3oB, NPeACTaBAAOUIUX U3 CeOA MJCHKH,
ancopOUpoBaHHEIE HA TBEPAOH MOBEPXHOCTH KaTaJH3aTopa, B KOTOPHIX MO
JIEKYJb MOTYT NEepeMellaTbCsl TOAbKO B IBYX HanpaBiaedusax. Kak yxe yka-
3biBaJ0Ch BHILIE, PA3JOXKEHHE MAPOB METAHOJA B NPHUCYTCTBHH HCC/IE]OBaHHBLIX
HaMH KAaTaJM3aTOPOB ABJSETCS NPOLECCOM HY/AEBOr0 NOPSAKa, XapaKTepHa3yio-

#) Tabanua 3auMCcTBOBaHa u3 coolineHnit 1 u 1L
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ULerocs MOJHLIM MOKPHTHEM PEAarHpyiolldM BELIECTBOM aKTHBHOM MOBEPXHOCTH
KOHTAKTa; TakHM 06pa3oM, pas3naraThbCsi MOTyT AHIIbL AKTHBHBIE aACOPGHPOBAH-
HHE Moaekyab. HMcTurHHI npolecc pasfokeHHs napos MertaHosa B aacopo-
LHOHHOM C/I0€ COCTOMT M3 2-X MOCNeAOBATENbHBIX MOHOMOJAEKY/ISAPHLIX PEAKIHHA. -

CH,OH — CH,O +H,,
CH,0 — CO + H,,

npuueM nepsas M3 HHUX fABJgeTCA Hanbonee MeLN€HHOH, a, C1e]0BaTeNbHO, H
onpeneasiomedl CyMMapHyio CKOPOCTh MpoHecca NpH NOBHIUEHHBIX, BTOpasg—
1py¥ NMOHWKEHHHIX TeMneparypax.

Beanuuny Const B ypasuennu (2) Ans ywasaHHHX peakuu#t, npOTEKAOLWUX
8 ABYXMEDHOM ra3e Ha MOBEPXHOCTH KaTaJW3aTOPOB, MOXHO NMPEACTABHTb KaK
npoussencuue A. const, rae const amasorayna seauunse Const B ypass.
(2), HO OTHeceHa K eiMHAUE AKTHBHOH MOBEPXHOCTH; BeJHYHHA A ecTb He 4TO
HHOe, KAaK o06ulas aKTHBHAas NOBEPXHOCTb, KOTOPO# 006/afaeT OAHWH HACHIMHOK
o6beM Ap0o6aeHOTO KaTaausatopa. Takam 0Gpasow,

E
K=A.conste <. . (3)

B cB93H ¢ 3THM, OTMEUEHHOE BHIIIE HECOOTBETCTBUE MEXJY CKOPOCTBHIO pas-
JIOWEHHA TapoB METAaHOJAa B MPUCYTCTBHH LIHHK MEAHLIX KaTajJH3aTOPOB U 3HEP-
ruefi akTHBAlMH MOXHO OGDBACHHTH TEM, YTO BeauunHa A. const B ypaBHEHHH
(3) MoxeT W3MEHATbCA HACTO/BKO CHJbHO, YTO MPNHUCXOAALIEE, HANpHUMeEp, yBe-
JiH4eHHe CKODOCTH MNpPOLECCa pas3oXeHHd BCAEACTBHE YMEHbUIEHHS IHEPrHH
aKTHBaLMM OyIeT GOJHOCTbIO MOramarbCs MM Aaxa nepexpuBathca. Ecau no
aHaJOTHH C MOHOMOJEKYJspHOH peaxnued B rasoBof (ase NpHHATHL BEAHYHMHY
const B ypaBH. (3) HEe3aBHCHMOH OT TeMNepaTypbl H DPaBHOMA a5 BCeX HCCae-
LOBAaHHHIX HAaMU LMHK-MEIHBIX KATa/JH3aTOPOB, HECMOTPSA HA PA3JHUHYIO IHEPTe-
THYECKYIO UEHHOCTH (H3MEepsieMylo SHEepruefl aKTHBalMM) UX AKTHBHOH NOBEpX-
HOCTH, TO, 3Hafl AJAA KAXAOTO U3 HHUX OSHEPrHi0 aKTHUBAUHH M KOHCTAHTY CKO-
pocru K, MOXHO BHIYHCAHTBL CTENEHb Pa3BUTHS aKTHBHOHW NMOBEPXHOCTH OJAHOTO
KaTaAuM3atTopa M0 OTHouieHHI0 K Apyromy. [lns storo BhipaXeHndhe Temnepa-
TYpHOH 33BHCHMOCTH KOHCTAHTH CKOPOCTHM JJsi KaTa/JW3aTopa, NMPHHHMAeMOTO
3a CTaHAAPTHBIA, HanaweM ¢ HHjJexcamu (1)

E,

K,= A conste RT, : 4

a4 aHaJorHuHylo (QyHKUWI0 4JA8 KAKOro-nu0O0 APYroro KaTaauW3aTopa, CpaBHU-
B3aEeMOro CO CTAaHAApPTHHM C HHAEKCaMHu (2),

EQT
K;=A, conste o (5)
Pasnenns ypasu. (5) Ha ypasu. (4) noaysum “
E,—E,
Ko _ AR
K A,

OTKyJAa CTeleHb pAa3BUTHA aKTHBHOH MOBepXHOCTH KaTanusaropa Il mo oTHo-
wenwno k karaausatopy | 6yaer pasHa
E,—E,
A, K. RT
—t. = ¢ . (6)

Brouncnenpunie no ypaBHeHHIO (6) BeAHUUHB

npuBejeHsl B TabJu-
1

ue 8. [pu BHuUnCAeHnax ans o6/acTH MOHMKEHHBIK TeMmmepaTyp (250—325°C)
33 eJHHHIlY TNPHHATA aKTHBHAA [OBEPXHOCTb KATANAH3aTOPa, COCTOWBIUErO N0
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Tabanua 8.

A
3HaucHUS BEAMUUBH —
A
A, K, E,—E
Hex =" 1 ———— npH TeMuepar
cxoaubii A K, KT p Mumepatrypax
coctras —
KaTaam3aTopa 250° 275° 300° 325° 375° 400°C
ZnS . . . . 1 1 1 1 — —
. + 0,89, CuS 1,16 1,71 1,01 1,27 — -
. + 10 . 6,37.102 9,61.102 0,71.102 4,34.102 e —
, + 20 . 1,87.102 1,57.102 1,54.102 1,0. 102 — L —
w + 40 . 5,85.102 8,0. 102 6,10.102 3,69.10? —_ —
. + 80 o — 5,99.108 1,28.108 1,72,108 — C—
. -+ 20 " - C—_ 0,244 0,227 - -—
» -+ 25 " —_ — 1,43.102 1,80.103 1 : 1
. + 30 . — — 3,33.108 3,25.108 1,82 1,98
. + 35 » - —_ 1,20.108 1,29.10¢ 1,35 1,32
. -+ 50 v — 0,684 0,375 0,465 0,0334 0,0331
. + 170 » - —_ 2,62 3,97 1,44.10-3 | 1,29,10-3

BOCCTaHOBJIEHH H3 YHMCTOro ZnS; Aaa o6/1aCT# MOBBILIEHHHLIX TEMIIEPATYp 3a
CTaHAAPT MNPHHAT KaTaJH3aTOP C HCXOAHEM coctaBoMm ZnS 4 25% CuS. Kak
Nok43eiBaeT TabJauia 8, NpH NPAaBHJBLHOCTH CAEJNAHHOFO NPEANOAONEHHS OT-
HOCHTENbHO NOCTOSHCTBA BEJIMYHHLI const B ypaBH. (3) BBejeHue B KaTa/M3a-
TOPp Ppas/iMYHHX KOoaHM4ecTB cyabpuza Mead npu t-pax 250—325°C B 60.1b-
IIKACTBE CJY4YaeB YBE/JAHYHBAET AKTUBHYIO MOBEPXHOCTb CMEIAHHOTO KaTaJjH-
2aTOpa MO CpaBHEHHWI0 C aKTHBHOH MOBEPXHOCTBIO KaTa/JH3aTOPA, MOJYYEHHOTO
u3 uucroro ZnS, Ins nanGosee aKTHBHBIX KATaNH3aTOPOB C COAEPKAHHEM B
nexoaHo# cBoelt gopme ot 1 no 4% CuS yBeaAnyeHue aKTHBHOH NMOBEPXHOCTH
B CPaBHEHHH CO CTAHAAPTHBLIM KaTalH3aTopOM cocTaBaseT ot 150 ao 600 pas;
OZHAKO, N9 HEKOTOPBHIX MEHEe aKTHBHHLIX KaraiusatopoB (c 35u 30% CuS)
3TO yBesndeHune pocruraer 1,29.106—3,25.108 pas.

Hro kacaeTcs mnosbliueHHbix Temneparyp (350—400°C), npu KOTOpHIX JH-
mutupyiouledd seaserca peakuua CH;OH -— CH;0 -+ H,, 10 yBenuuenue B Hc-
XORHOH ¢opMe KkaTaaWzaToOpa KOJHMUECTBA Cy/ibduua mead Buime 25% npHBo-
IMT CHAYana K MeJI/IeHHOMY, a 3ateM OLICTPOMY NalE€HHI0O aKTHBHON [OBEPX-
HocTH. TakuM o6pasom, H3 8cero BHILEH3/NO0XEHHOTO BHAHO, YTO PeaKIHOH-
Has NOBEPXHOCTb BOCCTAHOBJEHHBIX LUUHK-MEIHBIX KATaJH3aTOPOB pa3avyaeTcst
B 3aBHCHMOCTH OT HCXOAHOrO COCT3aBa KAaK M0 KauecTBY (H3MEpSeMOMY aHep-
'Hel aKTHBAaUMH). TaK M KOJWUECTBY aKTHBHHX Y4aCTKOB (UE€HTDPOB) HAH aK-
THBHOW NOBepXHOCTH, [IpUunHE JaHHOrO ABIERWA KPOIOTCA B TOM, uTO Cama
HCxonHad, aMopdHas, TOHKO AucnepcHas cyabduauas dbopma He sBIAETCH KaTa-
/M3aTOPOM H B NEPHOJ BOCCTAHOBJACHHMSA NOJ BJHAHHEM NapPOB METAHONE, OKHCH
yriepoaa a BOAOPO/a OHA paspywaeTcs ¢ yAaJeHueM cepsl H 0GpPa30BaAHUEM HO-
BOM KaTalUTHYECKH AKTHBHOW KPHCTAMIMYECKON CHCTEMBb, COCTORAMIEH H3 OKHCH
LMHKA, METAAHYECKHX UHHKA H MEJM, a TaKXX€ BO3MOXKHO H TBEPA6IX PACTBOPOB.

[Tocko/IbKY B 3aBHCHMOCTH OT colepxaHus. CuS B CMeWaHHOM KaTanuaa-
TOPE H3MEHAIOTCA yCJ0BHA 06pa30BaHHA M (POPMHUPOBAKMA KATAJIM3ATOPA U €ro
dKTHBHOW TMOBEPXHOCTH, NOCTOABKY M CJEJYET OXUAaTh MOABAEHHS DPa3/aH4Ul
B KayeCTBe M KONWUYECTBE AKTHBHBIX LEHTPOB, U 3TO LOMKHO ObiTb B MEPBYIO
o4yepeab CBfi3aHO CO cTeneHbio aucnepcHoctd., OJHAKO, HE CJAeAYeT OXKHIATh
NpAMOH 3aBHCUMOCTH MEXIY CTENeHbio AUCHEPCHOCTH U AKTHBHOCTbIo, Kak no-
Kasaan psA HCc/aepoBaTe et ¢), Bo3pacTaHHe CTENEHH AUCIEPCHOCTH NMPUBOJAWT
K YBEJHUEHHIO aKTHBHOCTH JHIIbL A0 W3BECTHOrO [Ipejeaa, NepeBaanB KOTOPH i
AKTHBHOCTbE HAYHHAET YMEHbIIATLCA.
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- B cBa3a ¢ 3THM, HaAuudMe MUHHMYMOB H MaKCHMYMOB AKTMBHOCTH HCCJIe-
JIOBAHHOHM HaMid KATaJHTHYECKOH CHUCTeMbl MPU H3MEHEHHH ee HCXOLHOro CO-
€TaBa MOXHO OOBYCHHTL BO3MOXHOCTBIO OOpasOBaHHA DA3NUUHBIX CTENEHeH
AMCHEPCHOCTH JEXAaIlMX K3k B A0 ONTHMA/JbHOA, TAK W NOCAE ONTHMAaAbLHOM
o6acTax 115 KAaTaJAMTHUYECKH AKTHBHBIX KOMIIOHEHTOB, M3 KOTODHIX COCTOSIT
BOCCTAHOBNEHHBIE CY/nb(UAHBIE LHHK-MEAHblE KaTaAu3aToOpHl U Heu30exHO npo-
MCXOASIIUM NpY 3TOM HANOKEHHEM HX aKTUBHOCTEH.

C/aenyer yKasaTh, YTO OTCYTCTBHE Mapanjenu3Ma MeXAYy H3MEHEHHAMH CKO-
POCTH pa3JOXeHds MeTaHOAa M SHeprueil aKTHBALUUM MOXKHO C QopmanbHOH
CTOPOHB OODBSICHUTL W ApyrHM cnoco6om. KMeHHO, 178 3TOTO 10CTaTOYHO
MPEeANnoJ0KuTh, YTO B ypaBHeHUH (3) A OCTaeTcs NOCTOAHHOW, a BeauduHa const
MOJKET H3MEHSTbCsl NIPH Nepexofe OT OAHOTO KaTaau3artopa K APYroOMy U TeEM
CaMblM KOMMEHCHMPOBATh WJH TEPEKPHIBATb NMPOUCXOAALIHE H3MEHEHH® B CKO-
' POCTH pa3/0XeHWs BCJACILCTBHE OIHOBPEMEHHOTO M3MEHCHHSI 3HEPIMH AKTHBA-
nnu. Kpome ykasanHbiX NBYX KpaHHUX CAY4aeB BO3MOXKEH M NPOMEXKYTOYHBIHA
cAyuafi, KOrga B ypapHeHuu (3) npu mepexojie OT OJHOrO KaTaau3aTopa K Apy-
romy O6yAyT OAHOBPEMEHHO W3MeHATbCs Kak A, Tak u const. B mocaeanux
ABYX CJy4asx JaHHbe, NpHBEACHHBE B TabJanue 8, GyAyT COOTBETCTBOBATDH

const, . A, const,
const, A, const, .

B 3TO#f CBSI3W [MOCTAHOBXA PEHTreHOCKOMHYECKHX HCCJALLOBAHHH C LIEAbIO
onpeneseHds CTPOECHHMS M CTeNeHH JNUCNEPCHOCTH BOCCTAHOBJEHHBIX UUHK-MEX-
HBIX  KaTaJaHW3aTOPOB IN03BO/AHJa OBl NPOBEPHUTh NPaBUALHOCTb NPHBENEHHHIX
BLIlIe COOGpaXeHUH OTHOCHTEJIbHO CBSiI3H KOHCTAHTH CKODOCTH CO CTeNneHbio
JUCTIEPCHOCTH UM Hepruefl axkTHBAUHMH s HCCAEJOBAHHOH HaMH KaTraauTHYe-
CKO# CHCTEMBI. '

3HAYECHHUAM

BbIBObI.

1. Ilo pasee paspaboranHofl mertonuke (coobul. I} Ona HCCIeN0BaHA akK-
THBHOCTb CYyJb(HAHBIX LHHK MeJHbBX METaHO/JbHBLIX KaTANXU3dTOPOB, MONyuYeH-
HBIX METOJIOM CMEUIeHHA pa3je/bHO ocaxaeHHHX ZnS m CuS caeayouHx Hc-
XOLHBX cocraBor: ZnS-+90% CuS u ZnS—+95% CuS.

Kpome aToro, 651 TakXe NOABEPrHYTH HCOBITAHHIO KATAJAM3aTOPE, MpH-
FOTOBJEHHLIE METOAOM COBMECTHOTO OCaXKAeHHA CY/Ab(PHUAOB H3 BOAHBIX pa-
CTBOPOB a30THOKHC/ABIX LIHHKA W MEIH Da3JHYHMX KOHUEHTPalHM.

Ycaosus wuccaenosanus: temneparypa 250—450°C, o6bemHas CKOPOCTH
420—2100.

2. Kartaausatop, NpPHrOTOBJEHHEIH METOLOM CMeWeHHd H HMEBWHH JO
pocctanoBaennsa 90% CuS auwp npun 450°C Haunman pasiaratb METaHon C
06pa30BaHMEM HEKOHIEHCHDPYIOUHXCA ra3oo6pasamx npoaykros. Karanusarop
¢ ucxoausiM coctasom ZnS 495% CuS okasanca cosepuleHHO He AKTHBHBIM
u He pasjaraj Merados naxe npu 450°C.

3. B 0puCyTCTBHHM COBMECTHO OC2X/EHHBIX CY/Ib(QHUAHBIX [MHK-MEAHBIX Ka-
TanusaTopoB (coctas no BoccTaHoBaeHHs 96% ZnS-4-4% CuS) 1ax xe, Kax
A8 KAaTaJu3aTOpPOB, NOJYYEHHBIX MeXaHMUYECKMM CMEUeHHeM C YBEJHYEHHEM
06’beMHON CKOPOCTH, CTEMEHb DPA3J0XKeHUs najaet, a NpH BO3PACTaHHU TEMIIE-
parTypsl yBeAHUHBAETCH. ~

4. Mosuimenne kouuentpauuu pacteopos ¢ 0,5 no 1,0 HOPMANbHOCTH
NpaKTHYECKH HE H3MeHAeT aKTHBHOCTH COBMECTHO OCAXJEHHHIX KaTalH3aTo-
poL ‘M HEKOTOpPOe yXyAlIeHHe KaTaJuTHYeCKUX CBOHCTB HACTynaeT JAWb [pH
YBeJMYEHUM KOHUEHTPAUKH pacTBOPa A0 2-X HOPMaJabHOrO.

5. CocraB ra3oo6pas3sbix NPOAYKTOB pPas/iOkKeHH# apoB MeTaHosnd MaJjao
3aBHCHT OT KOHI(EHTPAaUWH HCXOLHOIO PacTBOPA M XapakTepU3yeTCs HEBHICO-
KUM COJ€pPIKaHMEeM OpPraHudeCKHX BemecTB M YrJACKHCIOTH, MalblM COAEPKA-
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HUEM HWJH IOJHLIM OTCYTCTBHEM MeTaHa H oTHoweHHeM H,:CO 6/H3KHM K
CTEXHOMETPHUYECKOMY. R

Pasnoxenue napoB MeTaHo.ja B NPUCYTCTBHH COBMECTHO OCaXIEHHHIX Ka-
Ta/M34TOPOB NPOTEKAEeT MO KaXyLIEMyCsl HYJIeBOMY NOPSAKY U YAOBJETBOPH-
Te/JbHO BhIpaxaercs kuHeTnueckum ypasHennem H. [1. Kypuwna:

4
K=V(l+4a 273 o .
T

DHEPruM aKTHBALMM A/ KATAJAM3aTOPOB, MOJAYYEHHBIX METOAOM COBMECT-
Horo ocaxnenus us 0,5 ¥ 1-BOpMa/bHLHIX pPacTBOPOB A9 06JaCTE€ll TOHMXKEH-
HblX (275—325°C) M nosuiweHnbix (325—350°C) Temneparyp, OKasa/aucCb CO-
OTBETCTBEHHO paBHHIMH 56700 n 27000 kas/mMoasb; A1 KaTaaH3aTOPA, OCANKJEH-
HOTO M3 2-HOpMaJbHOro pactBopa B o6aactu temnepartyp 300—350°C, E pasna
60000, a npm 350—400°C—20800 kas/MOAbL. MexaHu3M pas/ONEeHHUs MeTa-
HOMa TaKOW Xe, KaKk U B NMPUCYTCTBHH KAaTaAu3aTOPOB, MPHIOTOBJEHHBIX Me-
TOLOM MEXAHHYECKOTO CMeLIeHHs,

7. OTCcyTcTBHE HODMAAbHOH 3aBHCHMOCTH MEXY SHEpruell aKTUBAlMH H
AKTHUBHOCTBIO JI/IsSI KATA/M3aTOPOB, OJYUYEHHBIX METOA0OM CMEUIEHHs Pa3iebHO-
OCAXNEHHBIX CyabQHUIOB UHHKA H MeJH, OOBSCHSIETCS Pa3JMUYHAMH B CTENEeHH
Pa3BHUTHUS DPEAKIIMOHHO-CIIOCOOHOW NMOBEPXHOCTH, KOTOPAsT B CBOIO OUEPE/ib CBH-
33Ha C JHUCIEPCHOCTbIO BOCCTAHOBJEHHBHIX KaTa/au3aTopoB. C 3TO# nociaepHed
TaKXe CBS3bHIBAETCSl MOfBJEHHE MAKCHMYyMOB M MHHHMYMOB HAa KPHUBHX NPO-
ienTa pasiaoxenus =f (% CuS).

8. [loasoan wuTOrH H3yueHHA KaTaJUTHUYECKOH CHCTEMBl, CocTosAwmeld Ao
BOCCTAaHOB/EHUS W3 MEXaHWYeCKHX CMeceil pa3fe bHO OCAXKIAEHHHX CyabpHIOB
LUMHBKa W MeaH, CJAeAyeT YKa3aTb, YTO H3 BCEX OMHCAHHHIX B COOOIIEHHSAX
- L1, u 1l xatanusatopos (or 100% ZnS no 100% CuS) nan6o/see akTHBHHMH
OKa3a/uCh Te W3 HHUX, KOTOPHE N0 BOCCTAaHOBJEHHUs cozepxanu oT | no 49,
CuS wux caenyer B nepByio ouepeib paccMaTPHBATh, Kak HauboJjee mepcrex-
TUBHBIE I/ HCOBITAHWA NOJ AaBJACHHEM H NMPOMLIWJIEHHOTO HCOOAL30OBAaHHUA.
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