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H3ydeHa 3aBUCUMOCTb KaTAJIMTUIECKOM aKTUBHOCTH (Dosibri Co B OKUCIICHWH STUJICHA OT CTETIEHHN OKMC-
JIEHHOCTH NoBepXHOCTU CO MpH CTYIIEHYATOM OKMCIECHUM (DOJIbIU. DKCIEPUMEHTHI TPOBOIWIN ITPU TEM-
neparypax 500—800°C MMIY/IbCHBIM METOIOM C ITONEPEMEHHOM IMomadeil TeCTOBBIX UMIIYJILCOB CMECHU
0.2% C,H;—0.25% O,—1% Ar—He u oxuciautenbHbIx uMnyiabcoB cMmecu 1% O,—1% Ar—He. Crenenn
OKHCJIEHHOCTU TTOBepXHOCTU CO-(hOJbIru MEHsUIaCh OT ITOJTHOCTBIO BOCCTAHOBJIEHHON MOBEPXHOCTH JIO
DTyOMHBI OKMCJICHUS OPSIIKA COTHU “MOHOCI0eB” okcuaa KodanbTa. C MOMOIIIBIO peHreHOo(ha30Boro aHa-
m3a (PDA), ckaHupylolei 31eKTpoHHON MuKpockonuu (CHOM) 1 3HEeproaucepCUOHHOM PEHTIEHOBCKOIM
criektpockornuu (BJ1C) mokazaHo, 4YTO Ha IIEPBOM 3Tarle CTyreH4aToro okucieHus (ot 0 1o ~60 “MoHocIoeB”
OKCHIa) TIpu Bcex TeMIiepatypax oopasyercss CoO, 1 MOXHO MPOCIEANTb U3MeHeHe MOP(OIOTUM MO~
BEepXHOCTHU. B TakoM cocTossHuM 00pa3ibl UMEIOT OTHOCUTEJIBHO BHICOKYIO aKTUBHOCTD B ITapIIMaJIbLHOM U
m1yookoM okuciaeHuu atuieHa npu 500—600°C, onHako nipu 700—800°C nryGokoe OKUCIeHUE MPaKTUIe-
CKM OTCYTCTBYET, M CKOPOCTh MapLMaJIbHOIO OKUCIEHU ropa3no Huxke, yeM npu 500—600°C. Ha BTopom
3Tare OKUCIeHus moBepxHocTH (ot ~60 1o ~120 “moHocoeB” okcuaa) npu 500—600°C HaGmogaeTcs 06-
pasoBaHue Cos;0,, a TaKKe MOCTENEHHOE YIOPSIoYeHMEe KPUCTAJIOB okcuaa. B aToM coctosiHuM 06pasLbl
nMeroT moctosgHHyo0 (500°C) uiau skcTpeMaibHyo (600°C) aKTUBHOCTD B INTyOOKOM OKMCJICHUM STUJIEHA.
HanpoTtug, noseiiieHue teMmepatypbl 10 800°C mpuBOAUT K Ppe3KOMY CHUKEHU IO KaTAIMTUYECKOM aKTUB-
HocTH dobru Co B yKazaHHOM MHTepBaJle CTeTIeHN OKMCICHHOCTH.
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BBEAEHUE

KaranuzaTopbl Ha OCHOBE KOOaibTa IIUPOKO MPU-
MEHSIOTCSI B peakIMsIX TIYOOKOTO M MapIIMaIbHOTO
OKUCJICHMS YTJIEBOAOPOAOB, YIVIEKUCIIOTHOM KOHBEp-
CHMM MeTaHa, TUAPUPOBAHUS W IeTUAPUPOBAHMSI,
cuHte3e Puiepa—Tpomnma u ap. [1—8]. U3BecTHO,
YTO COCTOSIHUE KOOAJIbTa B 00pa3iie MOXKET MEHSIThCS
ot meraumdeckoro Co no Co** B 3aBUCMMOCTH OT
peaKkIIMOHHBIX YCIOBMI (COCTaB peaKIIMOHHOTIO Tra3a,
TeMIieparypa peakuun). OOBIYHO IIPU 3TOM TaKXKe
W3MEHSIIOTCS aKTUBHOCTh U CeJIeKTUBHOCTh Co-co-
JIepxXaliux cucteM. B mutepaType MOXKHO HaTH 9KC-
TIepUMEeHTAIbHBIC TaHHBIE, TTONTBEPKIATOIINE BT -
HUeE cTenieHn okucieHus1 Co Ha ero KaTaTMTUIECKYIO
akTUBHOCTh. Hampumep, B padote [9] meTtomamu

Cokpamenus u 060o3nayenus: POOC — peHTreHoBcKast hoTo-
9JIeKTpoHHasi cnekTtpockornusi, TITJ[ — TepMonporpaMmMupo-
BaHHas necopoumsi, DJC — sHeproamcrepcuoHHasT peHTTe-
HoOBcKasl criekrpockonusi; POA — peHTreHo(}a30BbIil aHAIN3;
COM — ckaHupylolas 3JIeKTPOHHAs MUKPOCKOTTUSI.

PEHTIeHOBCKOI (POTORJIEKTPOHHONCIEKTPOCKOIIUN
(PD®BC) 1 peHTreHOBCKOII abCOPOIMOHHON CIeK-
Tpockonuu (XAS) u3yyajin akTUBHOCTb KOOajabTa B
peakliMM OKMCIIeHUsI MeTaHoJ1a. bblio ycTaHOBJIEHO,
4YTO Ha MeTaTmdeckoM Co MeTaHOJI IIpeBpalacTcs B
H, u CO, Co0;0, kaTanu3upyeT riydboKoe OKUCIEHUS
MeTaHojia, a CoO — mapuuajJbHOE OKHCJISHHUE 10
CH,O0. INoka3aHo, 4TO CTeNMeHb OKUCIEHNS KOOaIbTa
MEHSIETCS TTONI TEMCTBHEM peaKIIMOHHON Cpenbl, U B
YCIIOBUSIX peaKIIMU CYIIIECTBYET MTPOMEXYTOUYHOE CO-
crosinue CoO,. ABTopsl [10] uccnenoBaim HaHeCEH-
Hble Co-KaTaJanu3aTophl B peakIusIx THIPUPOBAHUS
CO unu CO,, cpaBHUBas aKTUBHOCTb U CEJIEKTUBHOCTb
TTOJTHOCTBIO U HE TTOJIHOCThIO BOCCTAHOBJICHHBIX 00pa3-
oB. B cnyyae Co/TiO, yacTUMUHO BOCCTAaHOBJIEHHbIE
00pa3Ibl MMeN 0oJiee BRICOKYIO aKTUBHOCTB. O0Opar-
HYIO 3aBUCUMOCTb Habmonanu mis oopasua Co/SiO,.
Bnusitnue crenenu okucieHusi Co Ha CKOPOCTb OKHC-
JICHMSI MOHOOKCHIA yIjiepona Haomonamu B [11—14]. B
pa6orte [11] uzyyanu okucienue CO Ha Co;0,, npo-
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KaJICHHOM IIpYW pa3HBIX TeMIlepaTypax. beito ooHa-
PYKeHO, 9TO caMasl BRICOKAS KaTATMTUIeCKast aKTHB-
HOCTb (DUKCUPOBAJIACh TIPU JTOCTMKEHUN OIpeneeH-
Horo otHoieHnsa Co?™ u Co®t. Asropsl [12] MeTomoM
P®BC onpenensuin otHoweHne Co’t/Co?* Ha mo-
BEPXHOCTHU KaTajau3aTopa 1 MoKazaju, 4To, Hapsiay ¢
apyrumu dakropamu, otHowmeHne Co*t/Co?t pius-
J10 Ha ckopocTh okucineHus CO. B paborte [13] ycTa-
HOBWJIM BaXKHOCTb TpexBaJieHTHOTro coctosiHus Co
IJIST TOCTMXKEHUSI BBICOKHUX CKOpOCTell peakuuu. B
[14] oxucnenue CO uccienoBaiy ¢ MOMOIIbLIO METO-
Jla pEHTTeHOBCKOI (hOTOINEKTPOHHOI CIIEKTPOCKO-
MUK TIpY NoBbIlIeHHOM naBieHuu (AP-XPS). beuio
YCTaHOBJIEHO, YTO B Tpoiecce okuciaeHust CO B uH-
tepBaie remnepatyp 140—180°C aktusBHast paza CoO
rocrerieHHo rpeBpaiiaercs B Co;0,. [1o cpaBHeHUIO
¢ noBepxHOcTHOM (a3oit CoO obOpasyromasicst mo-
BepxHocTHas daza Co;0, 6ojiee aKTUBHA B OKUCJIE-
HuM CO, 94TO BUIHO U3 MEHBIIIe i BETMIMHBI SHEPTUHN
akTuBanyu. Peakimmio sTaHOJIa Ha TOBEPXHOCTSIX Me-
TATMYECKOTO M OKHUCIIEHHOTO KoOabTa M3ydaid B
paborte [15], mCIIonb3ys TepMOIIPOTPAMMHUPOBAHHYIO
necopounto (TIIA) u PODC. OcHoBHOM peakuueii
STOKCHUIHBIX YAaCTHUI[ Ha TMOBEPXHOCTH MeTaJlIhye-
CKOT'0 KOOaJIbTa ObIIO IeKAapOOHUIIMPOBAHME C TTOSIB-
snenuem CO, H, u yrnepona. Hanportus, CoO, noBepx-
HOCTH, KOTOPBIE IIPEUMYIIIECTBEHHO conepxanu Co’*,
OBLTN CEIEKTUBHBIMU B AETUIPUPOBAHNN STOKCHITHBIX
rpy1n ¢ popmupoBaHueM alleTanbaeruaa mpu 400 K.
bonee okncnenapie CO-TIOBEpXHOCTU, KOTOPBIE CO-
nepxamu u Co?*, u Co®", ObUIM aKTUBHBI B NIyOOKOM
OKUCJIEHUM 3TaHoja ¢ obpazoBaHuem CO, CO, u
H,0. INoxoxue pe3yabTaThl ObUIU MOJYyYEeHbI B pabo-
te [16] mas pasznoxenust metanona Ha Co(0001).
ABTopsl [17] coobmianu, 4To oOpa3Lbl, comepxKa-
e MeTaUTMYeCKUM KoOanbT, aKTUBHEI B Iapo-
BOI1 KOHBEpCUM 3TaHoJa, Torga kak Co?* crioco0-
CTBYET IeTUAPUPOBAHUIO 3TaHOJa. OKUCIeHUE Me-
taHa Ha Co0,;0,/y-Al,O; uccnenopanu B [18]. bsuto

[MOKa3aHo, 4To yBeJuueHue comgepxaHus Co®t cro-
COOCTBOBaJIO TTOBBILIEHUIO KaTaJIUTUYECKON aKTUB-
HOCTU. ABTOpPHI [19] McCOBITBIBAIU ME30MOPUCTHIE
OKCUIHOKOOAIBTOBBIE KaTaJlu3aToOphbl AJIsl TTOJIHOIO
OKHCJICHUSI 0-KCWJIOJa U YCTAaHOBWJIM, UTO CaMbIM
JIy4IIMM ObLIT 0Opa3el] ¢ HauOOJIbIINM KOJINYECTBOM
Co?" Ha OBEPXHOCTH.

AHaJIM3 JUTEPATYpPhl MO3BOJISIET 3aKJIIOUUTh, YTO
JU1S1 KOOATBTOBBIX KATaJIN3aTOPOB XapaKTepHO 006pa-
30BaHUEe COCTOSTHUI C OMHOBPEMEHHBIM IMPUCYTCTBUEM
aTOMOB/MOHOB KOOAILTA C Pa3HBIMU 3HAYEHUSIMU CTe-
neHu okucaeHus: Co®, Co?" u Co’*. B To xxe Bpems
€CTb pa3HOIJIacHs B BBIBOJAX O MAKCUMMAaJIbHOI aK-
TUBHOCTH U CEJIEKTUBHOCTU COCTOSIHUIA ¢ pa3HBIMU
cootHowmeHusiMu Co?t u Co’". MbI mosaraeMm, 4To
OIHOIt U3 NMPUYUH TaKUX PA3HOIVIACUIA ABISIETCS TO,
4TO B GOJIBLIMHCTBE UCCIE0OBAaHUIA ABTOPBI IPOBOAMIIN
TeCTUPOBaHUE KaTAIUTUYECKUX CBOICTB B OFPAHUYEH-

BbIYKOB u np.

HBIX MHTEPBaIaX U3MEHEHMST CTETICHU OKUCIEHHOCTH
KoOaJibTa (Kak M B Haleit mpeapiayieit padore [20],
MBI UCHOJIb3yeM BbIpaKeHHE “CTeleHb OKUCICHHO-
CTH”, 9TOOBI OLICHUTH TTOJIOXKEHNE M3yJ4aeMOoro oopas-
11a KOOaJTbTa Ha YCJIOBHOM IITKAJIe, OTPaKAIOIICH KOJTH-
YeCTBO KMCJIOPONa, MOIVIONIEHHOIO MPU OKUCICHUU
MeTaummdeckoro Kobanera). [loaromy mpencraBiisi-
JIOCh UHTEPECHBIM MPOCIEAUTh U3MEHEHUE KaTaJlu-
TUYECKOM aKTUBHOCTHU M CEJIEKTUBHOCTHU KOOaIbTa B
MaKCUMAaJIbHO IIIMPOKOM WHTEpBAJIe CTEIIEHU OKUC-
JeHHOCTU CO — OT MOJHOCTHIO BOCCTAHOBJIEHHOTO
(MeTayummueckoro) Co 10 MaKCUMAJIbHO OKMCJICHHO-
ro Co. Panee [20] MBI mpoBOAMIN TTOHOOHEBIE SKCITE-
PUMEHTBI JJIs TIpoliecca OKUCISHUS 3TUJIeHA Ha HU-
KeJie. Peakiiyst oKuCaeHs 3TUIeHA ObLJIa BEIOpaHa B
KauyecTBe TECTOBOI, IMOCKOIbLKY IO CpaBHEHUIO C
JIPYTUMU UCTIOIb30BAaHHBIMU HAMU YIJIEBOJOPOIAMU
B CJIydae 3TUJICHA COCTaB PEaKIMOHHOI ra30BOM Cpeabl
ObUT Hambosee ynoOeH IS M3MEPEeHUS KaTaJIuThde-
CKOi1 aKTUBHOCTH HAIIIUMU MeTOIaMu. MBI TIpUMEHSI-
JI1 METOIOUKY, IIPEIyCMaTPUBAIOIIYIO B3aMOICIICTBIE
HUKEJIeBOi1 (DOJTBIM B IIPOTOKE C TTONIEPEeMEHHBIMU M-
nyJbCaMU TECTOBOM 3TUJIEH-KUCIOPOAHON CMeCU U
OKUCJISTIOIIUMU UMITYJIbCAMU KMCIIOPOACOAepKAaIleii
cMmecu. PesynmbTaToM OBLIO TTOCTPOSHUE 3aBUCUMO-
CTeil aKTUBHOCTH U CEJIEKTUBHOCTHU KaTan3aropa oT
M3MEPEHHOM CTENEeHM €T0 OKMCJICHHOCTU IIpU pa3-
HBIX TeMIeparypax peakuuu. Lleabro HacTosIIe pa-
0OTHI OBLIIO MPOBEIEHNE aHAJTOTUYHOIO MCCIea0Ba-
HUS 17151 KOOAJIbTOBOM (DOJIBIH.

OKCITEPUMEHTAJIbBHAA YACTb

M3yuanu o6pasibl poabru Co pasmMepoMm 5 X 6 X
% (0.1 mM. O6pa3iipl HOMelIaau B TpPyOUaThIii KBapiie-
BBIIi pEaKTOp C BHYTPEHHUM JuaMeTpoM 6 MM. Tpy06-
Ky peaKTopa yCTaHaBIMBaJIM BepTUKaIIbHO. ObOpaser
¢onbru Takke pacriojarajiyd BEpTUKAJIBbHO 1O LIEHTPY
TpyOKu. [10TOK rasa rnogaBajiy B peakTop CBEPXY BHU3,
TaK 4YTO MPOTEKalOIIWii ra3 oOTeKal IIOBEPXHOCThb
donbru. Yepes oTBepCcTHE B [IEYX peaKTopa MOXKHO ObI-
JIO BU3yaJbHO HAOMIONATh M3MEHEHUE 1IBETa MOBEPX-
HOCTH oOpa3lia, o0palleHHOM K HaOI01aTeio.

Csexne oOpaslbl HarpeBaJaW B IMOTOKe He mo
700°C u 3aTeM noaBeprajyd TPeXKpPaTHOMY OKHUCIIe-
nuto (1% O,—1% Ar—He, 3 muHn, 20 MJ/MUH) 1 BOC-
craHoBieHuto (H,, 3 muH, 20 ma/MuH). Takas obpa-
00TKa MpUBOJAUIIA K BOCIIPOM3BOIUMOMY Pa3BUTHIO
rnoBepxHocTu ¢onbru. IloaroToBiieHHBIE yKa3aH-
HbIM 00pa3oM o0paslibl BHICTYNAId B KaueCTBE MC-
XOJHBIX TS NaJIbHEHIIIMX 9KcTriepuMeHTOB. X oxJia-
KIaJlu WKW HarpeBaJiu B 1oToke He no BeIOpaHHOI
temrnepatypbl B uHTepBajie 500—800°C u BoccTaHaB-
JmBaau BogopoaoM (3 muH, 20 Mi1/MUH). 3aTeM I0-
tok H, 3ameHsuin Ha motok He (20 myi/MUH) 1 yepes
3 MWH HaYMHaJIU TIoNepeMeHHo TyckaTtb 0.5 MJI uMm-
MYJILCHI TeCTOBOM peakmmonHoir cmecu 0.2% C,H,—
0.25% 0O,—1% Ar—He u okucnutenbHO cMecu
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Ta6muna 1. IIpemenpHo nocTuraemoe okucieHrue Co-@Goabru B Xoe UMIYJILCHOTO OKMCICHUS IIPU Pa3HBIX TeMIIepaTy-
pax ¥ COOTBETCTBYIOIIME BEJIMYUHBI IITyOMHBI OKUCIEHUS B “MOHOCIOSX”

T, °C [Mormomenne O,, MKkMonb | “Monocnoit” O,, MKMOJIb Yucno “moHocIOEB”
500 7.9 0.0625 125
600 6.6 0.0625 105
700 5.4 0.0625 85
800 5.5 0.0625 88

1% O,—1% Ar—He. UHTepBan BpeMeHU MEXIY UM-
nyjabcamMu ObUT 1 MuH. HacTh ra30BOro MOTOKAa, BHIXO-
JISIIIIETO U3 peakTopa, HAMpaBJIsuId B MACC-CIIEKTPOMETP
OmniStar GSD 301 (“Pfeiffer Vacuum”, I'epmanmnst).
Macc-creKTpoMeTp HEIPEPBIBHO PETHUCTPUPOBAI
curHaiel ¢ m/z = 2 (H,), 18 (H,0), 27 (C,H,), 28
(CO, CO,, C,Hy), 32 (0,), 40 (Ar), 44 (CO,). YToOHI
ornpenennuTh cogepxkanne CO B MpomyKrax, U3 CHT-
HaJja ¢ m/z = 28 BBIYMTAIN BEJIMUYUHBI, COOTBETCTBY-
rouue Bkinagam ot CO, u C,H,. Mcrionb3ys curHan
OT Ar B Ka4eCTBe BHYTPEHHETO CTaHIAPTa, BEIYMCIIS-
JIN cofepXXaHNe KOMITIOHEHTOB B PEAKIITMOHHBIX MM-
MyJIbCax MOCJe KOHTAaKTa C KaTajJu3aropoMm. B mm-
myJibcax oKucaureabHoir cmecu 1% O,—1% Ar—He
MOoCJe peakiiuv U3MePSIIM KOHLIEHTPaLMIO KUCIOPO-
J1a ¥ BBIYUCIISUIM KOJTMYECTBO MOMIOIIEHHOTO KUCIO-
pora B MOJISIX IO (hopMyJte:

— (COZMCX — Coz ) V“M“
: 100 x 24

roe n,, — KOJMYECTBO MOmIomeHHoro O, (Moib);

Co,,. 1 Co, — KoHUEHTpauuio O, B uMIysibee (06. %)
0 U mocje peakuuu; V., — oobeM umityiabca (Ji).

PaccunTaHHbIE BETMYUHDI Ao, UTS KAXKIOTO UMITYJTb-
ca OKHMCJIUTEIBbHON CMeCH CYMMUpOBAJIU, TOJydast
BEJIMYMHBI CTEIIEHN OKHMCISHHOCTU obOpasia (Belu-
YMHBI, TIpUBeIeHHbIE B Ta0a. 1 1 Ha puc. la—Ir).
JaHHBIe 0 KaTAIMTUYECKOM aKTUBHOCTU 0Opasiia B
UMITyJIbCaX TEeCTOBOI peakuuoHHOU cMmecu 0.2%
C,H,—0.25% O,—1% Ar—He cuutanu oTHOCSIIIUMU -
cs1 K CyMMapHOM BeJIMYMHE CTEIEHN OKUCICHHOCTH,
JOCTUTHYTOM B MpPEAIIECTBYIOIIEM HUMITYJIbCE OKKC-
JIATEJIBHOM CMECH.

Bennuuny “MOHOCIORHOTO” OKUCIEHUS TTOBEPX-
HOCTU IAHHBIX METALTUYECKUX OOPa3LIOB OINPEAeIIsUIN,
ucnonb3yst TepmoBecbl SETSYS EVOLUTION 16/18
(“Setaram”, @paH1MsI), COEIMHEHHBIE C MACC-CIIEK~
tpoMeTpoM OmniStar GSD 301. O6pa3ubl (oabru
Co noMenianu B SYEMKY TEPMOBECOB, BOCCTAHABJIM -
Bajiv B notoke H, mpu 500°C 1 3aTeM OKUCIISIIN B TIO-
toke cmecu 1% O,—He nipu 100°C B Teuenue 20 MUH.
IMocne okucneHHbIe 00pa3Lbl HarpeBaiy B motoke H,
(30 ma/MuH) co ckopoctbio 10°C/MuH go 500°C n
HaxOAWJIU BEJIUUUMHY CHUXKEHUS Beca oopaslia B UH-
tepBajie 150—250°C u3-3a BOCCTAaHOBJIICHUSI OKCHUIA
MeTasia.

KMHETUKA U KATAJIN3 tom 64 Ne 6 2023

®az30oBbIii COCTAB UCCIEA0BAIN C HOMOIIBIO PEHT-
reHoBckoro audpakromerpa Smartlab SE (“Riga-
ku”, Anonus) c uznydenuem Cuk,. I[lpu usmepeHu-
s1x mmar ckanupoBaHust 6601 0.005°, cKOopocTh CKaHM-
poBaHus — 1°/MUH. MacCoBBIil COCTAB ¥ MapaMeTPhbI
pEelIeTKN OIpeNe/siii C ITIOMOIIBIO MPOrpaMMBbl
SmartLab Studio II, nmcnonb3yst meron PurBuina.
Jis mostyyeHUs1 Kaxmoro oopasua misg PDA 6panu
HOBBIIA KycoK Co-(oabru, OCyIIECTBISIIU MpeaBa-
PUTEIbHYIO ITOATOTOBKY, KaK OIMCAHO BHIIIE, 1 BhI-
MOJTHSUIM DKCIEPUMEHT C ITOIIEPEMEHHBIMU MMITYJIb-
camu cmeceit 0.2% C,H,—0.25% O,—1% Ar—He u
1% O,—1% Ar—He, 3akaH4uuBast eTo rmocje 3agaHHO-
ro 4ycia UMIYJIbCOB. 3aTeM oOpa3sell OBICTPO OXJIa-
XKIaad B IIOTOKE TeIus W BBIIIOJHSIJIM U3MEpEHUE
P®A ex situ. B skcnepuMeHTax, MPOBEACHHBIX TTPU
temmeparypax 500, 600, 700 u 800°C, GbLIO ITOATO-
TOBJICHO 4, 6, 4 1 5 00pa31IOB COOTBETCTBEHHO (Hajee
JlaHHbIC 00pa3lbl 0003HAYAIOTCSI COYETAaHUEM TeMIle-
partypsl a3KcriepuMenTa u Oyksbl: A-500, B-500, C-500,
D-500 cootBeTcTBeHHO, A-600 1 T.0.). Ha puc. la—Ir
OTMEUYEHO OyKBaMH, KaKOMY ITOJIOKEHMIO IO IIIKaJe
CTENIEH OKMCJIEHHOCTHU COOTBETCTBYIOT IIPUTOTOBJICH-
HBIe 00paslbl. DTN ke 00pa3libl MCITOIb30BAIN sl
CBM-uccrnenoBaHUi.

Mopdoaoruto mosepxHoct Co-doabru mocie
pPa3IUYHBIX 00pPa0OTOK M3yYaau C ITOMOIIBIO CKa-
HUPYIOIIETO 3JIEKTPOHHOTO MUKpockota Prisma E
(“Thermo Fisher Scientific”, Yexus), Takke ocHa-
IIEHHOTO IETEKTOPOM IJIsl SHEPTOIUCIIEPCUOHHOM
peHtreHoBcKoi ciekTpockornuu (B C). O6pa3iibl ObI-
JIU TEMU XKe, YTO U JUIs1 peHreHO(Ma30BOro aHaIM3a.

IMOJIYVHEHHBIE PE3VIIbTATbI

Onpeae/leﬂue MAaKCcumManvHoil cmeneHu OKUCAeHHoCmuU
u 2/ly5Llel OKUCNEHUS n06epXHocCmuU Kobaasma

B Hammx »sKcnepMMeHTax II0 MMITYJIbCHOMY
okucieHnto Co-¢hojibI B MEPBbIX UMMYIbCaX KUC-
JIOPOJHOM cMecu HabJioAaaoCh MPaKTUYECKU TOJ-
Hoe norouieHue O,. [To Mepe yBenueHUs: CTENEeHU
okuciaeHHoctd Co BeJuyrMHbl KOHBepcuu O, B UM-
MyJIbCE MOCTENIEHHO YMEHBIIAINCH BIJIOTh 10 MpaK-
TUYECKOTO TIpEeKpallleHUs TMOmIoNeHUus ra3oobpas-
Horo kuciopoga. B tabn. 1 mpuBeneHbl BETUYUHBI
OKHCJIEHHOCTH, TOCTUTHYTHIE 1J1s1 00pa31ioB Co-¢hob-
I'U TIpY Pa3HbIX TEMIlepaTrypax. ITU BEJIUYMHBI MpPea-
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Puc. 1. U3meHeHue koHUeHTpaluit stuineHa, CO,, CO u H, npu B3aumoneiictsuu BocctaHoBaeHHOI Co-(hobIru C MonepeMeH-
HbIMU umITyniscamu cmeceit 0.2% C,Hy—0.25% O,—1% Ar—He u 1% O,—1% Ar—He, mocTpoeHHBIE OTHOCUTETBHO CyMMapHBIX
BeanyuH O,, TONIOLIEHHOTo 06pa3LoM, npu Temneparypax 500 (a), 600 (6), 700 (B) 1 800°C (r).

CTaBJISIIOT COOOM T'PaHUYHBIC 3HAYCHMA UHTEPBAJIOB, B
KOTOPBIX Mbl U3y4YaJlid BJIMAHUEC CTCIICHU OKMCJICHHO-
ctu Co Ha ero KaTaJIUTUYCCKYIO aKTUBHOCTD.

YT0ObI OLIECHUTh TOJIIIUHY OKUCIIEHHOTO CJI0sI Ha
noBepxHoCTH Co-(pOoabru, Mbl U3MEPHUIN BEIIMUNHY
“MOHOCIOMHOTO” oKucJieHusT 00pa3uoB mmpu 100°C.
IpuHATO CUMTATD, UTO TIPU ITOM TeMMepaType Iepe-
XOIHBIE METAJJIbI OKUCIISTFOTCS TIPAKTUYECKU 0e3 mrud-
¢y3uu Kucaopoaa Briyob KpuctauioB [21—24]. MeTo-
JIMKa OIMKMCaHa B SKCIIepUMEHTAILHOM yacTu. [is n3sy-
yeHHoro oo6Opasna Co BenmunHa “MOHOCJIOWHOrO”
OKMCeHusT moBepxHoctu cocraBwia 0.0625 MKMOJIb
0O,, 4TO TOpa3mo MEHBIIIEe, YeM KOIM4ecTBO O,, CyM-
mapHo nomtoutaemoe ¢obroit Co npu 500—800°C B
XOJle MMIIYJIbCHOIO OKUCJEHMS. DTO O3HA4yaeT, 4YTo
UHTEPBAJIbl OKUCIIEHHOCTU noBepxHocTU Co, KOTOphIe
MBbI UCCIICIOBAIN, COOTBETCTBYIOT INTyOMHE OKUCIICHUST
IMOBEPXHOCTU B ACCATKMU aTOMapHBIX CJIOCB. BbI‘{I/IC—
JIEHHbIE OLIEHKU YMCJIa “MOHOCJIOEB” TaKxKe IpUBe-
JIIeHBI B Ta0I. 1.

MmMeeT cMBICT COMOCTaBUTh U3MEPEHHYIO BEJIU-
YUHY “MOHOCJIOMHOr0” OKUCJIEHUS C pacueTHOM Be-
JIMIUHOM aTOMapHOTO MOKPBITHS, OXKUIAEMOTO IS
yKa3aHHON reoMmeTrpun obdbpasua douabru Co. s
cymMMapHoii rowmanu donsru ~60 Mm? B pacyere Ha
1 x 10" aToM0OB/M? MOBEPXHOCTH METaJIJIa MOHOCJIOM

MOBEPXHOCTU IOJKEH comepxkarth 6 X 10'* aromos
i 103 Mkmosb ancop6eHTa. U3sMepeHHast Ben4u-
Ha 0.0625 mxmoins O, 6oJiee YeM Ha TOPSIIOK ITPEeBOC-
XOIWUT 3Ty pacueTHyIo OleHKy. O4YeBHIHO, TaKoe
MPEBBIIIEHUE BHI3BAHO OOJIBIIION IIIEPOXOBATOCTHIO
MOBEPXHOCTH Halllero oopasiia, 4YTo MoATBEPKAAETCS
TAaHHBIMU CKaHMPYIOIIei 3JIEKTPOHHOM MHUKPOCKO-
nuu (CM. HIKE).

Hzmenenue kamanumuueckoil akmueHocmu Kobaabma
npu e2o CmyneH4amnom OKuciAeHuu

IlonepeMeHHbIE HUMITYJbChl TECTOBOU CMECU
0.2% C,H,—0.25% 0O,—1% Ar—He u oxuciautenb-
Hoit cMecu 1% O,—1% Ar—He 1ryckanm Ha mipenBa-
pUTENBHO BOCCTaHOBJIEHHYIO Co-(osbry npu TeM-
neparypax 500, 600, 700 u 800°C. Pe3yabTaThl OIBI-
TOB MIPUBEICHBI Ha puc. la—IT.

BoccranoBnenHblit Co MMeeT caMylO0 BBICOKYIO
KaTaJIMTUYCCKYIO aKTUBHOCTD B ITaplinaJIbHOM OKHUC-
nenuu atuieHa 1o CO u H,. HeoxxunanHo ckopocTh
peakly B MEPBOM MMITYJIbCE YMEHBIIIAETCS C PO-
CTOM TeMmIepatypsl (Tadu. 2). I[Tpu OBBIILIEHUN TEM-
nepatypsl ot 500 1o 800°C KOHBepCcHUsI 3TUJIEHA CHU-
xkaetcs oT 98.3 10 63.1%. Eciiu ipu 7= 500 u 600°C
ckopoctu obpazoBanust CO u CO, 0Jiu3Ku, TO IpU

KMHETUKA U KATAJIU3 Ttom 64 Ne 6 2023
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Taomuua 2. KoHBepcusi 3TWICHA U coepX)KaHue MPOAYKTOB peaKLUK B TIEPBBIX UMITYIbCaX B3aUMOACHCTBUS CMECU
0.2% C,H4—0.25% O,—1% Ar—He c BoccTaHoBieHHo# donbroit Co

T,°C X(C,H,), % H,, 06. % CO, 06. % CO,, 06. %
500 98.3 0.55 0.17 0.2

600 97.3 0.38 0.18 0.18
700 92.2 0.41 0.35 0.037
800 63.1 0.24 0.26 0.014

T = 700 n 800°C konuuectBo CO Ha MOpSIAOK Mpe-
BbIlIaeT koanuectso CO,.

Crynenuaroe okuciaeHue Co npu 500°C Ha Ha-
YyaJIbHOM 3Talle He MPUBOIUT K PE3KUM CKauKaM Ka-
TaIUTUYECKO aKTUBHOCTU U CeJICKTUBHOCTU. B
rporecce nodasiaeHusa 10 ummynbcoB cMecu 1% O,—
1% Ar—He KoHBepcus aTUIIeHa CHIXKaeTcs ¢ 98.3 no
88% . CocTaB IPOAYyKTOB IIPU 3TOM ITOYTU HE MEHSIET-
cs, otHoueHue CO/CQO, HaxomuTcsl B WHTEpBaje
0.5—0.6. BusyanbHoe HabI0geHUE U3MEHEHU 1IBE-
Ta noBepxHocTU Co (oJIbIM TpU €€ UMITYIbCHOM
OKMCJICHUM (LIBeTa Mo0eXXaJoCTH) IOKA3bIBACT, YTO
OKMCJIEHHE TIOBEPXHOCTHU MPOUCXOAUT HEPABHOMED-
HO: CHavajla OKUCJISIETCS TIEPBBIi 110 TCUYEHUIO YYaCTOK
¢ombru, a 3aTeM 00JIaCTb OKMCIICHUS paCIIpOCTPaHSIET-
cs B HaIpaBJIeHUM MToToKa ra3a. ITocie ~11 mMITyIbCcOB
OKMCJIEHUS ITOBepPXHOCTh CO CTAaHOBUTCSI pABHOMEPHO
Cepoil U yXe He MEHSIETCS C ITOCICAYIOIIMMI UMITYJIb-
camu O,—He. D10 03HauyaeT 1OCTMXKEHUE 3HAYUTEb-
HOM TTyOMHBI OKMCJICHUSI TIOBEPXHOCTH (CyMMapHOe
MomIoLIEeHUe KUcaopoaa cocTanisieT ~4 MkMoinb O,). B
STOT MOMEHT OTMEUYACTCsl CHIDKEHNE KaTaIMTUYECKOMN
aKTMBHOCTH oOpasia: obpaszoanue CO u H, nagaer
MOYTHU 10 HyJisl, a oOpazoBaHue CO, yMeHbIIAETCs B
~2 paza. [JanbHeiilliee OKMCIECHUE KaTajanu3aTopa He
BBI3BIBACT CYIIECTBEHHOTO M3MEHEHMS KaTaaIuTU4de-
CKOM aKTUBHOCTH.

ITpu 600°C HayaabHbBIA 3Tal OKKUCIEHUS ITOBEPX-
HocTu Co coKpalllaeTcsi: paBHOMEPHOE CepOoe OKpaIlIM-
BaHUe Ge3 LIBETOB MOOEKAIOCTH HAOTIOAAETCS YKe IO~
cie 8 umimynbcoB cmecu O,—He. Kak u ipu 500°C, B
JTaHHOM MHTepBasie nowoueHus O, (0—2 mxmonb O,)
duKcHupyeTcd BhICOKasg akTUBHOCTL Co B Iapiuaib-
HOM U IJIyOOKOM okucieHuu (puc. 10). MHatepecHo,
yT0 Ha 3TOM 3Tarne otHoieHue CO/CO, B mpomyKrax
peakuuu 3aMeTHO pacteT or 0.9 mo 1.6 (puc. 10).
INpu nanpHelilIeM OKMCIEHUU 06pa3lia B MUHTEpBa-
je 2—4 mxmoinb O, BeJIMUYMHA KOHBEPCUM ITUJIEHA
nagaet g0 20%, HO MOTOM OITSITh HAUMHAET PacCTH,
nmocTturast Makcumyma 35% mipu 5 Mxmonb O,, Tiocrie
yero cHoBa cHmkaeTcs o 30%. B Takom cocTosTHUM
KOOaIbT KaTaJIM3UPYET TOJBKO INTyOOKOE OKMUCIEHUE
stuneHa 1o CO,.

ITpu 700°C 3aBUCUMMOCTb KaTaJUTHUYECKON aK-
TUBHOCTHU OT CTeleHu okucyieHuss Co CHoBa U3MEHSI-
etcst. CKOpOCTh INIyOOKOTO OKUCIJIEHUS Ha TIpeIBapy-

KMHETUKA U KATAJIN3 tom 64 Ne 6 2023

TeJIbHO BOCCTaHOBJIEHHOM CoO pe3Ko yMEHbIIaeTCs,
n otHomeHne CO/CO, B MepBBIX ABYX UMITYJIbCcax
(puc. 1B) coctaBisier ~10. Ilpu BeqnunHE CTETIEHU
okucyieHus: 1 MkMosb O, aKTUBHOCTb PE3KO CHMXKAET-
cs1, 1 KOHBEPCHs STWICHA MamaeT mpakTudecku 1o 0.
Takass aKTMBHOCTb COXpaHSIETCS IpU NalbHEHIeM
okucyieHuu 1o ~3.5 MmkMosib O,, mocJie Yero oHa mo-
CTEIIEHHO BO3pacTaeT, JOCTUTasT MaKCUMyMa (KOH-
Bepcus stuieHa — 22%) npu 4.6 mxmonb O,. [lpu
3TOM IPOUCXOAUT TOJLKO IIYOOKOE OKUCIICHUE ITH-
JeHa. [locnenyrwoiiee okucieHue a0 5.5 Mkmoib O,
MIPUBOAUT K CHIKEHUIO KOHBEpCUU 10 7%.

ITpu noeiieHun TeMneparypbl 10 800°C kaTtaiu-
TUYECKAsl aKTUBHOCTb TTPeIBapUTEIbHO BOCCTAHOBIEH-
HOTro KoOayibTa 3aMeTHO yMeHbI1aetcs (puc. 1r). B riep-
BoMm ummnynece cmecu 0.2% C,H,—0.25% O,—1% Ar—
He xoHBepcust aTHIIeHa COCTaBIISIET TOIBKO 63% U Tia-
naet noutu 1o 0 mociue okuciaeHus 1o ~0.5 mxmons O,.
Takast HuU3Kasi aKkTUBHOCTb COXPaHSIETCS B XOJI€ 1aJlb-
HeNIero oKucjaeHus 1o 5.5 Mkmosnsb O,.

Penmeenogpazoentit ananus

Ha puc. la—1r 6ykBamu (A, B, C u T.1.) oTMede-
HbI TOYKU, B KOTOPHIX OTpeaesisiiin (pa3oBhIii cocTaB
oOpa3ia ¢ moMoubio PPA. J1J1s1 mTojiydeHUsI KaXKI0To
oOpasua mist POA 6panu HoBbIi Kycok Co oabru,
MMPOBOIWIN TIPEABAPUTEIILHYIO IIOATOTOBKY U BBI-
MOJIHSIIA DKCIIEPUMEHT C MOMepPEMEHHBIMU UMITYJIb-
camu cmeceit 0.2% C,H,—0.25% O,—1% Ar—He u
1% O,—1% Ar—He, 3akaHumBas ero mocie 3agaHHO-
ro Yucjia UMITyJIbCOB. 3aTeM obpasell ObICTPO OXJia-
KIaJIU B TIOTOKE TejiMsl U BBIMOJHSIJIM U3MEpEeHUe
P®A ex situ. B Tabi. 3 ipuBeneHsl JaHHbIE O (a30-
BOM COCTaBe 00pa3loB U MMapaMeTpax KpucTauinde-
CKOM pemreTku o6pasywiuxcsas okcuaoB CoO u
Co0,0,. B kauecTBe mpumepa Ha puc. 2 mpeacTaBIeHbI
nudpakTorpaMMBbl YeThIpeX 00pa31ioB, MPUTOTOB-
JieHHbIX ripu 500°C.

Pesynbrarsel POA 06pa3ioB, TeCTUPOBAHHBIX ITPU
temiteparype S00°C, cBUIETEIBCTBYIOT, YTO B MHTEpBa-
Jie crenieHu okuciaeHHocTu 0—4 MkMosb O, (Touku A 1
B Ha puc. 1a) HabOmogaeTcss yMeHBIIIEHNE COAepXKa-
HUSI METaJIJIMYEeCKOTro KobajbTa U 00pa3oBaHUE OK-
cupa kobansta CoO. dopmuposanus Co;0, B 3TOM
UHTepBae He TpoucxonuT. [1pu nanbpHeiIeM oK1c-
JieHuu oOpasiua csbilie 4 Mkmosnb O, KpomMe pocrta
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Ta6mma 3. da3oBbIit cocTaB 0OPA3IIOB U MapaMeTPhbl KPUCTATMIECKON pelieTK Mo JaHHbIM PMA

O6paser Co, mac. % CoO0, mac. % | Coz0,4, mac. % a(Co0), A a(Co;04),A | OKP CoO, A
500°C
A-500 85 15 4.2642 — 353
B-500 81 19 4.2622 — 387
C-500 56 26 4.2722 8.137 416
D-500 40 40 4.2649 8.1305 445
600°C
A-600 87 13 4.2664 — 630
B-600 76 24 4.2747 — 628
C-600 61 39 4.2687 — 663
D-600 47 53 4.2682 — 746
E-600 32.5 57.5 4.2656 8.1725 522
F-600 24 46 4.2644 8.1004 He onpenensm
700°C
A-700 65 35 4.2715 — 1027
B-700 55 45 4.267 — 966
C-700 30 70 4.2665 — 1086
D-700 20 80 4.2613 — 908
800°C
A-800 90 10 4.2649 — 706
B-800 80 20 4.2743 — 732
C-800 50 50 4.2645 — 847
D-800 25 75 4.2639 — 1015
E-800 8 92 4.2646 — 1164

IIpouepku o3HayvaroT, uTo dasza Co304 B 06pasiie OTCYTCTBYET.

koimdecTBa CoO 3apMKCHUPOBaAHO ITOSIBJICHUE OKCH-
na Co;0,.

M3menenus ¢pazoBoro cocraBa Co-(Goabru B xone
TecTUpoBaHud Ipu TeMiteparype 600°C TakKe moka-
3BIBAIOT ITOCTEIEHHOE CHMXKEHHE COACPKAHUS Me-
Tayta 1 Bo3pactanue 1oau CoO BIUIOTH 10 BEINYU-
HBI CTETIEHU OKMUCIIEHHOCTH ~5 MKMOoJb. Ilpu namn-
HelileM okucjaeHn KonndectBo CoO cHUXKaeTcs 3a
cyeT noBblleHus1 conepxanus Co;0,. 3aMeTHO, YTO
napaMeTp peuietku ¢ y CoO MocTerieHHO YMEHbIa-
eTCsl 10 Mepe YBEJIMYEHUSI CTEIEeHU OKMCISHHOCTH
(ot coctossaus B x F) (Ta6mn. 3).

B onbitax mpu temnepatypax 700 u 800°C o6paszo-
BaHue ¢aszpl Co;0, He HabIonaeTCsT Jaxe Npu BbICO-
Kux creneHsx okucieHHocTu. ITpu 700°C Takke oTMe-
yaeTcsl ITIOCTENIEHHOE YMEHBILIEHHE TTapaMeTpa pelieT-
ku a y CoO, Torma kak B onbiTax mpu 800°C BeTMYUHBI
a OCTaIOTCs IPUOIU3UTEIIBHO TTOCTOSTHHBIMMU.

Mukpockonuueckoe uccaedoganue

Ha puc. 3 nokazaHa mukpogoTorpadus oobpasua
Co-(doapru mocje OpeaBapUTEIbHON ITOATOTOBKU
npu 700°C niepen KaTaJIUTUYECKUM TECTUPOBAHUEM.

Ha uzobpaxeHuun BUAHBI KpuctauiuThl Co pa3me-
poMm 0.5—1 MKM C TTagKo¥ MOBEPXHOCTHIO. Mexmy
HEKOTOPBIMU KPUCTAJJIUTAMU 3aMETHBI MUKPOTIOPHI
pa3zmepom 0.5—1 mxm. Takum oOpa3om, oOpa3iIb I1e-
pel KaTaTMTUYECKUM TECTUPOBAHUEM COMIEPXKAT IO~
PUCTBIN MOBEPXHOCTHOM CJioii, 60iee pa3BUTHIN OT-
HocuTelIbHO ncxogHoii Co-doibru.

Kpowme Toro, mposenennl D C- u COM-uccieno-
BaHUSI HEKOTOPBIX 0OPa3110B, BHIOPAHHBIX IS PEHT-
TFE€HOBCKOTI'O aHAJTN3a (CM. BBIILLIE) MIOCIIE UCTILITAHUS Ka-
TATUTUIECKON aKTMBHOCTU TIpM TeMmreparypax 500,
600, 700 u 800°C. Cpenu TecTpoBaHHBIX ITpu 500°C
JIJTIsT MUKPOCKOITMYECKOTO UCCASAOBAHUS OTOOpaHbI
o6pasusl B u D (puc. 1a, nanee B-500 u D-500), mis
KOTOPBIX aKTUBHOCTb M CEJICKTUBHOCTh OKUCJICHUS
STWJIEHA IIPUHIUIIMAILHO pasiuyaiachk. M3 TecTu-
poBanHbIX npu 600°C B3siThI 00pa3ubl Eu F (puc. 16)
(manee E-600 u F-600), Tak:ke MHTEpECHBIE C TOUKU
3pEeHUsT U3MEHEHUsI KaTaJIUTUYECKOUM aKTUBHOCTH.
W3 s3tmx ke coobpazkeHnit BEIOpaHbl 0opa3nsr A-700
u D-700 (puc. 1B) u A-800 u D-800 (puc. 1r).

Ha puc. 4 npusenens! Kpusble coaepxxanust Co u O
Ha moBepxHocTH 00pa3noB B-500 u D-500 mocne mc-
MbITAHUS KaTaJIuTU4eckKoil aktuBHOCTH mpu 500°C.
KNUHETUKA U KATAJIU3 Ne 6
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Puc. 2. Judpakrorpammsr o6pasuos A-500, B-500, C-500 u D-500.

Ceputo n3MepeHui 111 KaXKI0ro o0pasiia BITTOIHS -
JIA BAOJIb NPSIMOM JIMHWUU, TIPOXOISIICH BOOJb Ha-
MpaBJIeHUs MOTOKa MPOTEKAIOIIEro ra3a, ¢ Liarom
~0.1 mMm. Hau6osee uHTeHCUBHBIMU ObLTU TUHUU CO
1 O Ha BHEProAUCNEePCUOHHBIX criekTpax. OLEeHOYHOe
cymmMapHoe koimaectBo Co m O — cBbine 90 at. %. B
KadyecTBe mpuMeceit 3apeructpupoBaHbl C, N, Al,
Fe. J11a o6pasna D-500 cooTHOIMIEHNE MTHTEHCUBHO-
creii curHanoB Co u O (I./1y) cocTaBasieT mpuMep-
HO 1.1 ¥ cyliecTBEHHO He BapbUpyeTcs BOOJIb TO-
BepxHoctu ¢onbru. Hanporus, ot oopasua B-500
cpenHee cooTHoueHue Iq,/lo = 3.1, HO 3HaUeHus B
OTAENbHBIX TOYKaX IMOCTEMEHHO MEHSIOTCS BIOJb
JIMHWM, COOTBETCTBYIOILIEH MpPOTeKaHWIO Ta3a y IIO-

2 MKM

Puc. 3. Mukpodororpadust oopasua Co-¢hoabru mocie
npenBaputesbHOi monrotoBku npu 700°C mepen Kara-
JINTUYECKHUM TECTUPOBAHUEM.

KMHETUKA U KATAJIN3 tom 64 Ne 6 2023

BepxHOCTH (hosbru. st M3ydeHHOTro MHTepBaia JIJIv-
HOI1 4 MM B BEpXHEM 10 TEUEHUIO MOJIoXeHuu I, /I =
= 1.5, a B HIXXHE MO TeyeHUIo Touke /,/lo = 7.0, To
€CThb BepXHssI 00JIaCTh IIOBEPXHOCTU OOpasna sIBIsI-
€TCsl OTHOCUTEIBLHO 00Jiee OKUCICHHOM.

MuxkpocHumMku COM Ha puc. 5a—5r, cneaHHbIe
st oopasia B-500 Bmosis HarpaBieHUS TEUEHUS T'a-
3a OT MEHEee OKHCJIEHHOro M0 0oJjiee OKMCIEHHOIO
COCTOSIHUSI comnacHo pesyiabrataM DJIC, 1Mo3BosIoT
MPOCICINTh N3MEHEHNE MOP(MOJIOTUH TTOBEPXHOCTH
¢onweru mo Mepe pocra creneHu okKMciaeHHOcTU. Ha
nepBOM 3Tare (puc. 5a) Ha TOBEPXHOCTU KPUCTAJIIIU -
ToB Co0 00pa3yIoTcs IIacTUHYATHIC KPUCTAJUIHI (“4Je-

90
80

[V e SN |
o o O

Conepxanue Co, at. %
—_— N W A
o o o O
T T T
N

0 1 2 3 4
Jmuna Co-donbru, Mm

Puc. 4. Conepxanue Co (1, 3) u O (2, 4) Ha TOBEPXHOCTHU
obpasnos B-500 (7, 2) u D-500 (3, 4) no manabeM BJ1C 110
HampaBJICHUIO TeUCHHUSI ra3a.
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2 MKM

Puc. 5. COM-u3ob6paxenust oopasua B-500, cnesaHHble BAOIb HAllpaBJIeHUsI TEUEHUsI ra3a HaBCTpeuy MOTOKY (a—T).

myiikun”) okcnaa kobanbra CoO (o nanHbIM PDA);
1BeT (hoIbIY MPAKTUYECKU HE OTJIMYAETCs OT LIBETa UC-
XOIHOTO BOCCTaHOBJIEHHOIO oOpasiia. 3ateM (puc. 50)
KOJIMYECTBO ATUX “YellyeK”’ YBEJIMYUBAETCS, U OHU
MOKPBIBAIOT Bce BUAMMBIE Kpuctauiutel Co. B Ta-
KOM COCTOSIHUM MTOBEPXHOCTh (DOJTBI'M UMEET YEPHBIIA

Puc. 6. COM-uzob6paxkenue obpasia D-500.

nBeT. Ha cirenyroriem stame (puc. SB) 3aMeTHO 00pa3o-
BaHUE TUIACTMHYATHIX KPUCTAIOB, PACTIONOXKEHHBIX
1o 60JIBIINUM YTJIOM K TIOBEpXHOCTU MeTaJljla — BILJIOTh
1o 90°. B aToM coctostHIM hOJTbra MMeeT SIPKO CHHUIM
1BeT. B HanboJtee okrcieHHoM 0b1acTr oopasna B-500
YacTUIIbl OKCHAA HAYMHAIOT 3aroJIHATh MUKPOIIOPHI
mexay kpuctayumramu Co (puc. 5r). IToBepxHOCTh
NIpUOOpETAET Cephlii LIBET, KOTOPHIM MPAKTUUYSCKU HE
MeHsIeTcsl pu JaibHeiemM okucieHuu Co-(hosbru.
IMoBepxHOCTE 06pasia D-500 (puc. 6) paBHOMEPHO IO~
KpBITa KpUCTaIaMM oKcraa pasMmepoM ~ 100 Hm, dpop-
Ma KOTOPBIX OJIM3Ka K KyOUUeCKOIA.

O6a o6pasua E-600 u F-600, BEIOpaHHBIE IS
COM-nccnegoBanus (puc. 7 1 8 COOTBETCTBEHHO),
XapaKTepU3YIOTCs MOJHOCTBIO OKMCIEHHON MOBEepX-
HOCTbI0. Paznuune Mexny HUMM MPOSIBIISIETCS B TOM,
YTO Ha ITIOBEPXHOCTH OoJiee okucieHHoro F-600 Bum-
HBl XOPOIIIO OTpaHEHHbIE KPUCTAIBI OKCHUIA KO-
GajbTa, TOrma Kak KPUCTAJUTUTEI OKCHIIa Ha ITOBEPX-
Hoctu E-600 He UMEIOT YeTKO# OrpaHEeHHOCTH.

CornacHo pesyabratam DJ1C, oopaszerr A-700, mo-
n06H0 B-500, 061amaeT HepaBHOMEPHO OKUCISHHOM
MOBEPXHOCTHIO. JINMHUM M3MEHEHUST KOHIEHTpaluii
Co 1 O nmo nmoBepxHocTH obpasna A-700 Bmoss Ha-
Ne 6 2023
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2 MKM

Puc. 7. COM-usobpaxenue oopasua E-600.

MpaBJIeHUs TeYEHUS ra3a aHAJIOTUYHbBI TAKOBBIM JIJIST
B-500 Ha puc. 4. B MeHee OKMCIIeHHOM 00/1acTH Ja-
CTULIBI MeTajlla TIOKPBIThl KpUCTAUIMKaAaMU OKCHUa
pazmepom 60—80 HM, HO MUKPOITOPBI MEXIY METAJI-
JIMYECKMMU YacCTULIAMU ellle XOPOLIO Pa3IudyUMbl
(puc. 9a). B 6osiee okMcieHHOM 001aCTU Ha TOBEPX-
HOCTU BUIHBI TOJBKO KPUCTAJIbI OKCHIIA, 0Opasyto-
11IMe PBIXJIbIIA croii (puc. 96). Obpazerr D-700 (puc. 10)
MOKPBIT pPABHOMEPHBIM CJIOEM XOPOIIIO OKPUCTAJIIIU -
30BaHHBIX YaCTUIL C XapaKTePHBIMM yIIIaMU MEXKIY
rpansmMu ~60°.

W3 nByx o6pasiioB A-800 u D-800 mepBblit TakKe
WMeeT HEepaBHOMEPHYIO CTeleHb OKHUCICHHOCTHU
BIOJIb HAIIpaBJICHHST TEUYCHUS Ta3a, U MOXHO 3aMe-
TUTh TIEPEXO OT COCTOSIHUS C YellyiiKaMu OKCHUa,
YaCTUYHO MOKPBIBAIOIITMI UCXOMHBIE YACTHUIIHI Me-
Ttayuia (puc. 11a), 10 MOJIHOrO MOKPHITUS TAKUMU Ye-
mryiikamu (puc. 116) u ganee no cocrostnusi (puc. 11B),
B KOTOpPOM HaOJIOHAIOTCS KPUCTAUIBI OJIM3KONH K
npsiMoyToabHOM (hopmbl pazmepom 140—170 HMm. To-
pas3no cuiibHee OKMCIIeHHBIN oopasenr D-800 comep-

- 2 MKM

2 MKM

Puc. 8. COM-usob6paxenue obpasua F-600.

KUT 00Jiee OKPUCTAIJIU30BAHHBIE U “OCTPOYrojib-
HbIe” KpUCTaJUIbI (puc. 12).

OBCYXIEHMWE PE3VIILTATOB

ITonyyeHHBbIE pe3ysbTaTbl IMO3BOJISIIOT MpOCe-
IATH TIPOIIECC OKUCIICHUS TTOBEPXHOCTH KOOAIbTa B
temnepatypHoM uHTepBasie 500—800°C oT ucxomHo-
ro Metasuinueckoro Co 10 pakTuyecku mpeaeabHOro
HaCHIIIIEHUS TOBEPXHOCTH CBSI3aHHBIM KHCIIOPOIOM.
N3mepenHass rmyoMHa OKWCIEHUSI COCTAaBJISIET I10-
psiiKa coTHU “MoHocnoeB”. IlpomykramMu OKucIie-
nus siBisitorest CoO u Co;0, ipu 500—600°C u Tomb-
ko CoO npu 700—800°C. BeposTHO, CpaBHUTEIIHLHO
OoJbliiee KOM4YecTBO mnomoleHHoro O, npu 500—
600°C otHocutenbHO 700—800°C (Tab:. 1) cBs3aHoO ¢
obpaszoBaHueM okcuaa Co;0,, coaepxauero OosbLIe
Kuciaopona Ha oguH atoM Co. B mporecce okmnciaeHus
MOBEPXHOCTU KOOAJIbTa MOXHO BBIIEIUTH TEPBBIM
3Tar, KOTOPBIN XapaKTepu3yeTcs IMPaKTUISCKU MOJI-
HBIM TIOTJIOIIIEHEeM Ta30(pa3Horo KMCI0poaa 13 UM-

- 2 MKM

Puc. 9. COM-u3zo6paxeHnust oopasua A-700, caenaHHbIe BAOIb HATIPABJICHUST TeUSHUSI Ta3a HAaBCTpedy MOTOKY (a, 0).
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Puc. 10. COM-uzob6paxkeHnue obpasina D-700.

MyJbCOB OKUCJISIONIEH CMECU U 3aMETHOI HEOmTHO-
POITHOCTBIO CTEIIEHW OKMCJICHHOCTH BIOJIb HarpaB-
JICHUS TeYSHUS Tra3a HaJ oOpa3loM (CM. pe3yJIbTaThl
B C). IIpu Bcex TeMIlepaTypax Ha 3TOM 3Ttarie (pop-
mupyercs okenn CoO. U3 canmvkoB CHOM BUIHO, 9TO
CTYIIEHYaTOe OKHMCJIEHUE KOOATTbTa MPOUCXOIUT ITyTeEM
0o0pa3oBaHMs TUIACTUHYATHIX KpUcTaioB CoO (“ue-
Iyek”’) Ha IIOBEPXHOCTU KpUCTaIoB MeTasia. Ilo
Mepe yBEJIWYEHHUs KOJIMYeCcTBa KUCIOpona, IOTIo-
ILIEHHOTo 00pa3110M, Ha0JII0AAeTCsl MTOCTENEHHOE T10-
BolmeHue conepxaHust CoQO, 1acTMHYATBIE KpHU-
CTaJIJIbl KOTOPOTO CHavyasia MOKPBIBAIOT MIOBEPXHOCTD
MeTajljla CBOMMU OOJILIIMMMU TJIOCKOCTSIMU, a TTocCJie
MOJHOTO MOKPHITUS (POPMUPYIOTCS MOA OOJIBIINMU
yIJlaMM K TeoMeTpuuecKoii moBepxHocTHu. IlepBrlit
9Tall OKMCJIEHUSI 3aBepllaeTcsl Iocje CyMMapHOTO
nontomeHusT ~4 MkMoib O, ipu 500°C u ~3 MKMOJTb
O, ipu 600—800°C (puc. la—1r).

Ha BTOpOM 3Tane npoiecca OKUCIEHUs MOBEPX-
Hoctu Co NoroleHUe KUCIOPOIa U3 UMITYJILCOB T'a-
30BOi1 cMecu ymeHblIaeTcsa. Ha rpadwukax, npuse-
NIEHHBIX Ha puc. la—1r, 3TO MPOSABISIETCI B TOM, UTO
BEJIMYMHBI TIPUPOCTa KOJMYECTBA IOIIOLIEHHOIO
Kuciaopoga (IIar To4ek II0 OCHM abCIMCC) 3aMETHO
CHIKAIOTCS U CTpeMSITCs K Hyo. Ha aTom atane npo-
SIBJISIIOTCSI pa3inuusl B (ha30BOM COCTaBe MPU pa3HBIX
temnepatypax. [Tpu 500—600°C o6pazoBanue CoO 3a-
MemsieTcs, U HaunHaetcst hopmupoBaHue Co;0, (cM.
JaHHble Taba. 3, Hampumep, Touku D, E u F npu
600°C). Hanporus, ipu 700—800°C mpomomkaeTcs
HakomieHue CoOQO. 11 BTOpOTro 3Tamna OKMCJICHUS
MOBEPXHOCTU XapaKTepHO MOsIBJICHUE Oojiee KOM-
MaKTHBIX, XOpOIIOo chOPMUPOBAHHBIX KPUCTAJIOB
(KyOryeckue WM OCTPOYTroJbHbIE KPUCTAJIbl BMe-
CTO MJIACTUHYATHIX).

IIpu Temmeparypax 600 u 700°C ymaetcs mpocie-
IUTH YMEHBIIEHNE TocTossHHOM penteTkn a CoO mo
Mepe CTYIEHYaToro OKMcJIeHus obpasua (tadm. 1).
BeposiTHO, 3TO SIBIIsSIETCST pe3yIbTaTOM TOIO, YTO IIPU
HayaJIbHBIX CTEMNEHSIX OKMCJIEHUS O0Opa3ylolIuiics

BbIYKOB u np.

G 2 MKM

000 x 1500 kV 6.6 mm

2 MKM

Puc. 11. COM-uzob6paxkenue obpasua A-800, caemaH-
HbIE BIOJIb HAITPABJICHUSI TEUEHUSI ra3a HaBCTPeUuy MOTO-

Ky (a—B).

CoO umeeT n1epeKTHYIO CTPYKTYpPY, KOTOpasi CTAaHO-
BUTCS OOJIee YITOPSIIOYEHHOI ¢ yBEJIMYEHUEM CTeIe-
HU okuciaeHHocTU. g daser Co;0,4 Takke HaOIO-
JaeTcsl yMEHbILIEHHUE TOCTOSIHHON PEIeTKH a 110 Me-
pe okucieHus obpasia.

B 11e;10M, MOXXHO TOBOPUTD, UTO MOBEICHUE KaTa-
JIMTAYECKOM aKTUBHOCTH KOPPEIMPYET C M3MEHEHEM
CTEIIeHU OKUCIEHHOCTH HAIlIUX 00Pa31oB, HO XapaKTep

KMHETUKA N KATAJIN3 Ne 6
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2 MKM

@ HY WD
x 1500kV 6.7mm 5.9

Puc. 12. COM-uzob6paxkeHnue obpasina D-800.

STUX M3MEHEHMIA CUJILHO 3aBHCUT OT TeMIIEpaTyphl
sKcrepuMeHTa. [Ipy Bcex M3ydeHHBIX TeMITepaTypax
MaKCUMaJlbHasl KaTaJINTUYecKasli aKTUBHOCTb HaOJIIO-
JacTCS B MEPBOM HMMYJIbCE ATUJIEH-KUCIOPOIHOMN
cMecU, KOTopasl pearupyeT ¢ npeaBapUTebHO BOC-
CTAHOBJICHHOI MOBEPXHOCTHIO KobasnbTa. ToT (axr,
YTO BEJIMYMHA KOHBEPCUHY 3TWIEHA 3aMETHO YMEHbIIIA-
€TCSI C TIOBBIIIEHUEM TeMIepaTypbl peakiliv, CBUIE-
TEJIbCTBYET, YTO, MO-BUIMMOMY, JaXe B MMITYJIbCHOM
pexXrMe M3MepeHUs He MojIydaeTcs 3a(MKCUPOBAaTh
KaTaJIUTUYECKYI0 AKTMBHOCTb YKCTOM MeTaJlIdde-
CKOM TIOBEpXHOCTU. BO3MOXHO, CHUXXKEHHE CKOPO-
CTH OKHUCJICHMS C TEMIIEPATYpPOii CBSI3aHO C TEM, UTO
npu 6oJiee BHICOKOM TeMIlepaType Ha IMOBEPXHOCTU
MeTaJIJIMYECKOTo KobOajbTa 00pa3yeTcsi MEHBIIIE pe-
AKIIMOHHOCIIOCOOHOIO XeMOCOPOMPOBAHHOTO KUC-
JIOpoJia U3-3a ero GBICTPOil JecopOLUr WY, HAIIPO-
THUB, TIEPEHOCA B ITOAMOBEPXHOCTHBIEC CJIOU.

B xome mepBoro atamna OKWUCICHUST TTOBEPXHOCTHU
kobGanbTa npu Temmeparypax 500 u 600°C orMmeyaeT-
csl BBICOKAs KaTauTU4YeCcKast aKTUBHOCTb C BEJINYM-
Hamu KoHBepcum stmiieHa 80—90%. IMpu aTom on-
HOBpPEMEHHO IPOTEeKAIOT MIyOOKOe M TaplraibHOe
okucieHue atuiieHa (puc. 1a, 16). ITpu 500°C co-
OTHOIIIEHWE CKOPOCTE 3TUX MPOILIECCOB MOYTH HE
MEHSIETCS B MHTepBaJie ITOTJIOMICHUs] KHUCIopoma
0—4 mxmoib O,. Hanpotus, nipu 600°C 1o Mepe Ha-
KOIUJIEHUsI Kucjopona 10 2 MKMoib O, CKOPOCTb
napluajibHOTo okuciieHus (oopasosanue CO u H,)
ocTaeTcs TOYTH TIOCTOSTHHOM, Torma KaK CKOPOCTHb
obpazoBanuss CO, cHUXaeTcs, B pe3yJbTare 4Yero
nmapuuajbHOE OKMCIIEHUE 3TUJIeHa MpeobanaeT Hafl
DTyOOKMM OKHMCJIECHUEM. DTOT Pe3yJIbTaT KaXKeTcs 3a-
CITYy>KWBAOIITM BHUMAaHMUS, TaK KaK OOBIYHO B OKHC-
JIMTEJIbHOM KaTajiu3e B MPUCYTCTBUM OoJiee OKMC-
JICHHOTO KaTaJl3aTop MOSIBIISIETCS OOJIbIe TTPOMYK-
TOB IJTyOOKOTO OKMCJICHUSI.

CoBceMm npyrasi KapTuHa HabaonaeTcs: pyu TeM-
neparypax 700—800°C. ITo mannbeiM P®DA, B xome
TMEPBOTrO 3Talla OKMCJICHMST TTOBEPXHOCTH KOOAIbTa

KMHETUKA U KATAJIN3 Ne 6
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TakXXe MMeeT MECTO MOCTEeeHHOE HAKOIUIEHUE OK-
cuma CoO, HO BeIMUYMHA KOHBEPCUM STUJICHA PE3KO
nagaeT Mocje IEPBbIX HMITYJIbCOB CTYIEHYATOIO
okucienust (puc. 1B, 1r). IIpu s3TOoM mpeobiagaioT
MPONYKTHI napuuaibHoro okuciaeHuss CO u H,. Oye-
BUJHO, UTO B JAHHBIX YCJIOBUSIX (POPMUPYIOLIUIACS
oKcuj KobajibTa UMeeT OYeHb HU3KYIO KaTaJuTude-
CKYyI0 aKTMBHOCTb. Pa3Hasi katajiuTudeckasi aKTUB-
HocTh CoO mpu pasHbIX TeMIepaTypax MOXeT ObITh
CBSI3aHA C pa3IMYHON NeEeKTHOCTHIO TTOBEPXHOCTHU
okcuga. Kak ymoMuHaercst Boille, TP BCeX TeMIIe-
paTypax yCTaHOBJIEHO oOpa3oBaHue GoJjiee YyIopsa0-
YEeHHBIX TT0 GopMe KPUCTAJIJIOB C POCTOM CTENEHU
okucieHHocTu. Kpome Toro, B ombiTax mpu 600 u
700°C ObLIO 3aMETHO CHIDKEHME NapaMeTpa PELLETKU d
0 Mepe OKUCJICHMST 00paslia, YTO TaKXKe, BO3MOXKHO,
yKa3bIBaeT Ha Hajauuue Oe(eKTHOCTU KpUCTaJTAde-
CKOIl pemieTku y obpasywouuxcs KpuctamuioB CoO.
IMpenmonoxuTeabHO, MPU BBICOKUX TeMIIepaTypax 3a
cyeT 00JIbllIeii TOABUKHOCTY aTOMOB PEIIETKY 00pa-
syoiuiics CoO umeeT MeHblIe nedeKTOB Ha T0-
BepxHocTH. KpomMe Toro, tak kak mpu 500—600°C
ycToiuuBOi siBnsieTcs: Takxke ¢aza Co;0,, MOXHO
OXMAATh IOsIBIIeHUs. Ha moBepxHocTU CoO nmedex-
TOB, conepxauux Co’*,

Bropoii aTanm oKucIeHNs] MOBEPXHOCTH KOGaIbTa
HayMHaeTcs Mocjie HaKorieHus1 ~4 MkMmoiib O, npu
500°C u ~3 mxMmonb O, ipu 600°C (bopMaibHO co-
oTBeTcTBYeT 50—60 “MoHOCHOAIM” okcuma). Ilpm
STHX TeMIlepaTypax MPOUCXOIUT 3aMETHOE CHIIKe-
HUEe KOHBEPCUU 3TUJIEHA W MCYEe3HOBEHUE MPOIYK-
TOB MapiranrbHoro okucienuss H, u CO. ITpu 500°C
B XOlI¢ HAIBLHEUINEro OKMUCIeHUs TTOBEPXHOCTU KO-
OanbTa 00 ~125 “MOHOCHOEB” HAOMIOmAEeTCId MOYTU
TIOCTOSTHHAST CKOPOCTD TITyOOKOTO OKMCIICHUSI STHJICHA
¢ obpazopanuem 0.12% CO,. Hanpotus, npu 600°C
rocjie yMeHbleHus cogepxanust CO, mo 0.04% B uH-
tepBajie 3—4 Mxmonb O, (puc. 10) oTMeuaeTcs 3a-
METHBII POCT ero 00pa3oBaHUsl, KOTOPOE MPOXOIUT
yepe3 MakcuMyM 0.1% Tipy IDOCTMKEHUM CTEIICHU
OKUCJIEHHOCTHU 5 MKMOJIb O,. [lanbHeiiee HaKoTie-
HUE KUCJIOpoaa B oO6paslie MPUBOAUT K CHUXEHUIO
conepxanusi CO, no 0.06%. ConocraBieHne OaH-
HBIX, PEICTAaBICHHBIX HA pUC. 10 1 B TabI. 3, TTOKa3bI-
BaeT, uTo obpazew; E-600 Bkimouaer 10% dazbr Co;0,,
Torga Kak B obpasne D-600 1o MoMeHTa mpupocTa
CO, aTa (aza orcyrcrByeT. Ellle 601ee OKUCIEHHbII
o6pazer; F-600 conepxut yxe 30% Co;0,, HO cKO-
poctb obpazoBanuss CO, B ero MpUCyTCTBUU MEHb-
mre. BeposiTHO, 31ech MMEET MECTO HaJloXXeHHe He-
ckonbkux 3ddekToB: obpaszoBaHue dazpl Co;0,
CIIOCOOCTBYET YBEIMICHUIO KATAIMTUYECKOM aKTHB-
HOCTH B ITyOOKOM OKWCIIEHUM 3TUJIeHA, HO YIIOPSI-
nodyeHre (yMeHbIIeHHEe OedeKTHOCTH) 3TOM (a3nl
CHUXaeT 3TOT noka3zareiib. 00 ynopsaoueHuu Co;0,
CBUIETEIILCTBYET COKpaIlleHe BEININHEI ITapaMeT-
pa peuretku a ot E-600 k F-600 (ta6xn. 3), a Takxke
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Iepexo OT IJIOXO OrpaHEHHBIX YacTHIL (pHC. 7) K XO-
pOIIIO OTpaHEHHBIM KpUcTajiaM (puc. 8).

IMoxoxwuit achdeKkT pocta U MOCIEAYIONIET0 YMEHb-
mreHus comepxaaust CO, oTMedany Ipu TeMIiepa-
type 700°C B MHTEpBajie CTEIIEHU OKUCJIEHHOCTU
4—5.5 mxmonb O, (puc. 1B). IIpu 3TOM Takxke Ha-
OMofgaNM  YIydileHHue OTPAaHEHHOCTH KPHCTAUIOB
oKcmaa TIipu Iiepexone ot obpasma A-700 x D-700
(puc. 9 u 10), HO He buKcupoBa 0Opa3zoBaHus da-
361 C050,, TO3TOMY TPUIMHA BO3PACTAHUS U CHUKE -
HUS KaTaJTUTUIECKON aKTUBHOCTH B TAHHBIX YCJIOBH -
SIX OCTaETCsI TTO/ BOIIPOCOM.

INony4eHHBIE pe3yabTaThl, CBHICTEILCTBYIOIINE O
CYIIIECTBOBAaHUM TPOMEKYTOUHOTO IO CTETIEHU OKMC-
JICHHOCTHY COCTOSIHUSI TToBepxHOCTU CO ¢ MaKCUMaJlb-
HO# KaTaIMTUYECKOM aKTUBHOCTBIO TIePEKITNKAIOTCS
C TIPUBENCHHBIMI BO BBEACHUHU JINTEPATYPHBIMM TaH-
HBIMU O BBICOKOM aKTUBHOCTH KOOAIBTOBBIX KaTaan3a-
TOPOB C HEKOTOPBIM ITPOMEXKYTOUHBIM COOTHOIIICHUEM
Co?"/Co*". BO3MOXHO, OITUCAHHBIE B IMTEPATYpE d(P-
(ekTH MMeNnn Takylo ke NpUPOIy, KaK M OoOHapy-
JKEHHBIC B HACTOSIIIEH paboTe.

3AKJIIOYEHHME

ITo pesynbTaTam McclieqOBaHUS ObLIM ompeaesie-
HbI 3aBUCUMOCTU aKTUBHOCTU U CEJICKTUBHOCTU Ka-
TAIMTUYECKOTO OKUCIIEHUSI STUJICHA Ha KOOAJIbTEe OT
CTEeTNIeHU OKHUCJIEHHOCTH moBepXHocTu Co B UHTEp-
Bajie oT 0 mo ~120 “MoHOC/I0eB” oKcuaa IIpU TeMIie-
parypax 500—800°C. I[Toka3zaHoO, UTO MOXKHO BbIACJIUTh
MEPBYIO U BTOPYIO CTYIIEHN OKUCJICHUSI TOBEPXHOCTU
Co Ha mryouny 50—60 u 100—120 “mMoHOCI0€eB” COOT-
BeTCTBeHHO. OKMCIeHUEe KOOaIbTa Ha ITIEPBOM 3Tare
XapaKTepu3yeTcsl HEOTHOPOIHOCThIO BAOJIb HAIIPaB-
JICHUs TeueHusI ra3a u oopazoBaHueM ¢asbel CoO; kara-
JINTUYECKOE OKHUCJIEHUE STUJIEHA JaeT MPOIYKTHI map-
muansHoro (500—800°C) m mrybokoro (500—600°C)
OKUCJIEHUSI, TPUYEM CKOPOCTh KaTaJIMTUYECKOI pe-
aKIUU B LIEJIOM CHUXKAETCI C POCTOM TeMIIEPATYPHI.
Ha BTopom stane okuciienust nosepxuHoctu Co mpu
500—600°C nat6monaercs dopmuposanue Co;0, u
YIIOpsIIOYEHME CTPYKTYphl oKcunoB. Karanutuueckoe
OKVCJICHUE 3TUJICHA TaeT IPU 3TOM TOJIBKO MPOAYKThI
m1yooxoro okuciaeHus. Kpome toro, mpu 600 1 700°C
3a(hUKCUPOBAHO AKCTPpEeMaJIbHOE MOBEACHUE KaTaIu -
TUYECKOM aKTUBHOCTU C IOCTMKEHUEM MaKCHUMyMa
Mpu cpeaHeil TIyOuHe OKUCJICHUS ITOBEPXHOCTH.
BrickazaHo mpearnojiokeHue 0 TOM, OOHapyKeHHbIE
U3MEHEHUSI KaTaIUTUYECKON aKTUBHOCTH CBSI3aHBbI,
B TOM YMCJIe, C TPOTEKAHUEM IIPOLIECCOB YIIOPSII0UYES-
HUSI KPUCTAJJIOB OKCUJA.

OMHAHCHUPOBAHUE

PaGora BpIIIOIHEHAa NOpu MOOAAEPXKKE Troc3amgaHus
OUIL XD PAH N 122040500058-1. COM u D1 C usmepe-
Hu4 BbimoHeHbI B LIKIT Ne 506694 U1 XD PAH.

KOH®JIMKT MHTEPECOB

ABTODBI 3asIBJISIIOT 00 OTCYTCTBUM KOH(MIMKTA UHTEpE-
COB, TPEOYIOIIEero PacKphITHS B JTAaHHOM CTaThe.
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Variations of Cobalt Catalytic Activity and Selectivity in Ethylene Oxidation against
Stepwise Oxidation of Cobalt Surface

V. Yu. Bychkov! *, Yu. P. Tulenin', A. A. Gulin', and V. N. Korchak!

Semenov Institute of Chemical Physics, Kosygina str., 4, Moscow, 119991 Russia
*e-mail: bychkov@chph.ras.ru

Catalytic activity of Co foil in ethylene oxidation was studied against oxidation degree of Co surface at step-
wise foil oxidation. Experiments were conducted at temperatures of 500—800°C by a pulse method using al-
ternative pulses of 0.2% C,H;—0.25% O,—1% Ar—He testing mixture and 1% O,—1% Ar—He oxidative mix-
ture. Oxidation degree of Co foil varied from a totally reduced surface to an oxidation depth about a hundred
of cobalt oxide “monolayers”. Using XRD, SEM and EDS, it was shown that CoO phase formed during a
first stage of the stepwise oxidation (from 0 to ~60 oxide “monolayers”) at the all tested temperatures and
modifications of surface morphology could be observed. At this stage the samples had a relatively high activity
in both partial and total oxidation of ethylene at 500—600°C. On the contrary, at 700—800°C total oxidation
was practically absent and the rate of partial oxidation was much lower than that at 500—600°C. During a sec-
ond stage of Co surface oxidation (from ~60 to ~120 oxide “monolayers”) at 500—600°C also Co;0,4 phase
was found as well as a gradual ordering of the oxide crystals. In that state, the samples demonstrated a station-
ary (at 500°C) or an extremal (at 600°C) activity in total oxidation of ethylene. On the contrary, a temperature in-
crease up to 800°C led to a sharp decrease of catalytic activity of the Co foil in this interval of oxidation degree.

Keywords: cobalt, cobalt oxides, morphology of metal surface, ethylene oxidation
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