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Memooamu nonapu3ayuoOHHBIX U UMREOAHCHBIX U3MEPEHUIL UCC/1e006aHbl KUHEmUUecKue
3AKOHOMEPHOCHIU PeaKyuu 8bl0eAeHUA 6000p00a HA MOHOCURUYUOe Kobdanrvma 6 pacmeope KOH.
Hccnedyemptii 21ekmpod 61 uzzomoeéiien us monocunuyuoa xooansma COSi, nonyuennom u3
kpemnuus (99,99mac.% Si)u anekmponumuuecxozo xovansma (99,98mac.% Co) memooom Yo-
xpanvckozo. Pacmeop KOH npuzomosiien uz peakmuea Mapku <oc.4.» U 0euoHU306aHHOI 600bl,
(Milli-Q, 18,2 MOwm lchi). Pacmeoput deaspuposanu 6000podom (wucmoma 99,999%) poryuennvin
anekmpoaumuuecku. Temnepamypa pacmeopos 21 — 22 C. Hzmepenusn umneoanca npogoousucs
¢ ouanaszone wacmom om 10 kI'y 0o 0,015y (10 mouex na dexady) ¢ nomeHuuoOCMamuiecKom
pexicume nonsapuzayuu ¢ nomoupto ycmanoeku Solartron 1280 (Solartron Analytical)Amnau-
myoa nepemennozo cucnana 10 mB. Ilpu uzmepenusx u oopadomke uUMnEOAHCHBIX OAHHBIX UC-
noavzoeanu npozpammur CorrWare2, ZPlot2, ZView2 (Scribner Associatesclh Kamoonas no-
aspuzayuonnasn kpueas ons CoSi e 1M KOH umeem xopouio evipasricenHvlii maghenesckuii yua-
cmok ¢ yenom naxnona b = 0,113B. Taghenesckuit naknon na monocunuyuoe Kooanbma meHovuie,
yem na Co, m.e. pazHocmov NJIOMHOCMEN MOKA HA CUNUYUOE U KOOATIbIE YEeAUUUEAeMCA C PO-
cmom kamoonoit nonapusayuu. Illpu nocmoannom nomenyuane snekmpooa E nnomnocms moka
i na CoSisnauumensno oonvwe, uem na Co (npu E = -1,2 B géenuuuna i ona CoSi cocmasnsem
1,58mAlcm?, a ona Co i = 0,32uAlcm?). Cnexmpovr umnedanca COSionekmpooa ne mozym 6vims
00CMamo4yno MoOYHO ORUCAHBL RPOCMOIL IKEUBANIEHMHOIL CXEMOIL, COCIMOAUell U3 NAPALIETbHO
COCOUHEHHBIX CONPOMUBTEHUS NEPEHOCA 3aPA0aA U eMKOCHU 08011020 101, m.K. 2paguxu booe
cyuiecmeeHHo Hecummempuynsl. /{na mooenuposanus uyuaemvlx npouecco8 Ha 0CHogee IKcne-
PUMEHMATbHBIX CHEKMPO8 UMNEOAHCA UCHONb30GANU IKEUBATICHMHYI0 ITIEKMPUUECKYI0 CXEMY,
MOOEAUPYIOULYIo 08yXCMAOUIIHBLIL RPOUECC C A0COPOYUEll RPOMENHCYMOUHO20 éeujecmea B kaue-
cmee Kpumepus OUeHKU IKEUBATIEHMHBIX CXeM HA UX HPU2OOHOCHb Ol MOOETUPOBANHUA IKCHe-
PUMEHMATILHBIX CHEKMPO6 UMNEOAHCa UCNONb306au napamemp x° (Xu-Keaopam, 6vluuciaemcs
6 ZView2); skgusanenmnas cxema cuumanaco yoosiemeopumensuoii npu y> < 10°. IToxazano,
umo Kamoomnoe evioenenue 600opooa na COSi e wenounoii cpede npomexaem nHo MEXAHUIMY
Donvmepa — Ieitposckozo (npu nepasuvix KoIhguyuenmax nepenoca cmaouii), 20e CKOpPOCHIbO-
npeoenawoueli cmaoueii asnaemca peaxkyus I'eiipoeckozo. Ilonyuennsvie 3nauenus 3agucumocmeit
IIEMEHM 06 hapadeesckozo UMREOAHCA OM ROMEHWNUAIA 6 NOJIYN02apUhMutecKkux Koopounamax
ceuoemenbCmeyom o 8blNOIHeHUU uzomepmut aocopoyuu Jlenemiopa onsa Haoc.

KuiroueBble cjioBa: peakiiys BbIICICHHS BOAOPOIa, CHIUIM KobaibTa COSi,CepHOKUCIBII AIIEKTPO-
JIUT, IMIIEIAaHC
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CATHODIC HYDROGEN EVOLUTION ON COBALT MONOSILICIDE IN POTASSIUM
HYDROXIDE SOLUTION
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The kinetics of hydrogen evolution reaction on cdbmonosilicide CoSi in potassium hy-
droxide solution was studied using methods of patation and impedance measurements. Elec-
trochemical impedance of CoSi was studied in 1 M@t 21-22 °C in the range of potentials of
hydrogen evolution. Solutions were prepared fromghipurity reagents and de-ionized water
(Milli-Q). The working solutions were de-aerated thihydrogen (purity 99.999 %). Cobalt silicide
was prepared from silicon (99.99 % purity) and dietytic cobalt (99.98 % purity) by Czochralski
method (pulling from the melt at speed of 0.4 mmihiElectrodes were cut using electric-spark
method. The working electrode surface was 0.4 —@6. Before measurements, the working elec-
trode surface was abraded with emery papers of 1806 2000, cleaned with ethanol and washed
in the working solution. Electrochemical measurentsnwere carried out in three-electrode elec-
trochemical cell with cathodic and anodic compartnte separated with a porous glass diaphragm.
PotentialsE were changed from low to high cathodic polarisat®and vice versa. Before recording
an impedance spectrum at each potential value, ghectrode was polarised under potentiostatic
conditions until constant value of current was relaed. The electrode potentials are given with
respect to the SHE. Impedance measurements wereeaaiout using FRA Solartron and potenti-
ostat Solartron 1280 (Solartron Analytical) in thgequency range from 10 kHz to 0.01 Hz (10
points per decade). The alternating signal amplitudvas 10 mV. The CorrWare2, ZPlot2 and
ZView?2 software (Scribner Associates, Inc.) wasdifer measuring and processing the impedance
data. In 1M KOH polarization curve for CoSi-electrode has Taf#ot with the slope b=0.113 V.
Earlier it was established that b fo€e.Si and CoSj at these conditions were 0.123 and 0.105 V,
respectively, while b for Co was equal to 0.144Tdfel slope for cobalt monosilicide is less than
Co, i.e. the difference between the current deresiton the silicide and cobalt increases with in-
creasing in cathodic polarization. At a constaneetrode potential E, the current density i for CoSi
is higher than for Co (at E = -1.2 V the value offor CoSi is equal to 1.58 mA/ciand for Co
i = 0.32 mA/cm). Nyquist diagrams consist of the combination afpacitive semicircle at high
frequencies and an inductive arc at low frequenciésipedance spectra of cobalt silicide can not
be accurately described by a simple equivalent wirconsisting of parallel-connected charge
transfer resistance and the double layer capacitantn order to describe the behavior of CoSi -
electrode in 1 M KOH solution in the range of inviigated potentials the equivalent circuit was
used which was obtained in several works as a maddivo-stage process with the adsorption of
intermediate substances, in particular for hydrogemolution reaction. In order to analyze the im-
pedance data we used the diagnostic criteria fodtggen evolution reaction mechanisms, based
on the dependence of equivalent circuit elementstba overvoltage and OH- ions concentration,
which were previously proposed. Determination oétkinetic parameters (rate constants and trans-
fer coefficients) of hydrogen evolution reactionefts on the basis of the impedance data has been
considered. Hydrogen evolution reaction on CoSiatede in alkaline solution is discussed using
the proposed criteria. It has been shown that hygem evolution reaction on CoSi in potassium
hydroxide solution proceeds through the Volmer-Heysky route with Heyrovsky reaction as the
rate-determining and with the Langmuir isotherm fdrydrogen adsorption.

Key words: hydrogen evolution reaction, cobalt silicide Cabkaline solution, impedance
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BBEJIEHHE

UccnenoBanus peakiuul BBIJCICHUS BOJO-
poma (PBB) Ha cumuimmax MepexOTHBIX METAIOB
npezcTaBistor uaTepec [1-9] B cBsA3M ¢ BakHOM I
MPAKTHKU BO3MOXKHOCTBIO ITOJIyYEHUSI BOJOPOAA MPHU
MEHBIINX TMEPEHANPSDKEHUSIX 0 CPAaBHEHHIO C COOT-
BETCTBYIOIUMH YHCTBIMU METa/IaMu [2, 7].

Hexoropsie mccnemoBaHusl yKa3bIBalOT Ha
MIEPCIIEKTUBHOCTD CHITUITHMIOB KaK 3JIEKTPOIHBIX MaTe-
puanoB s snekTpokaranuza PBB B menounsix pac-
TBOpax [2]. ABTopsl paboTs! [2] moKasanu, 9To mepe-
HanpsvkeHue BolIeneHns Bojgopona npu 200 mA/cm?
Ha NiSi; B 15% NaOH + 17% NaGipu 95 °Cumeer
OJTHO U3 CaMbIX HM3KWX 3HaUeHu# cpenu ~60uccnemo-
BaHHBIX MAaTEPHAIOB. XOTs BBICOKUE 3HAUCHUS CKOPO-
ctu PBB Ha cunuimaax HuKesnsd B yKa3aHHOM 3JIEKTPO-
JIUTE, OYEBHUJIHO, OOYCIIOBJICHBI, TIPEXKJIC BCETO, BBICO-
KOU IJIOIIAJIbI0 TOBEPXHOCTH, CO3/aBAEMOM BhIILIETIA-
yuBanueM Siu3 NiSiu NiSiz, pesynbrarst [2] roBopsT
0 TePCMEKTUBHOCTH CHIIMIUIOB KaK 3JIEKTPOKaTaIU-
3aTopoB PBB. Yckopenue PBB B pe3ynbrate Bbiliena-
yuBanus Siuz NiSiz otmeueno Taxke B [10].

NmeroTca uccnenoBaHusl KHHETUKH U Me-
xaun3Ma PBB na xommosurax tuma Ni+Mo+Si,
Ni+W+Si, Ni+W+Mo0+Si B mieounsIx cpemgax MeTo-
JIOM DJICKTPOXUMHUUYECKON UMIEIaHCHOW CIIEKTPOCKO-
mun [11, 12]. Tlokazano [12], yto Ni+W+Mo+Si
uMeeT 0oJiee BBICOKYIO DIEKTPOXUMHUYECKYIO aKTHB-
HOCTH 110 OTHOIIEeHHIO K PBB 10 cpaBHEHUI0 ¢ MOKpEHI-
tassmu Ni+W, 9T0 ¢BSI3aHO € IPUCYTCTBHEM JOTIOHHU-
TENBHBIX KOMIIOHCHTOB KOMIIO3WIIMOHHOTO MAaTepH-
ayia, B TOM YHCJe KpeMHHUS.

Mexannsm PBB Ha cunmmmpax kobanbTa B
IISJIOYHBIX CpeJlaX IMOJHOCThI0 He M3y4eH. B pabote
[7] uccnemoBans! kuHeTHKA 1 Mexann3M PBB Ha aByx
CIIIMIIUAAX KOOaIhTa — CHJIMIIAJE C HU3KUM COJICpIKa-
areM kpemuns (C0Si) u cunuiiae ¢ BBICOKMM COIEp-
xanueM kpemHus (COSp) — B pacTBopax THAPOKCHIA
KaJIusl Pa3IYHON KOHIICHTPAIIMU C HCIIOJIb30BaHUEM
METOJIOB MOJISIPU3AIMOHHBIX U3MEPEHUI U UMIIETaHC-
HOW CHIEKTPOCKOTIHH.

ens manHOW pabOTHI — WCCIIEMIOBATH MEXa-
HU3M ¥ KuHeTHKY PBB Ha MoHocumuimne kobaibTa
(CoSi)B IM pactBope KOH.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. Z0V

METO/JIUKA DKCIIEPUMEHTA

HUccnenyemblid 31eKTpoa ObUT M3TOTOBJICH H3
MOHOCHIHIHAA KoOansTa COSI,ONy4eHHOTO U3 KpEM-
Hust KI13-1 (99,99mac.% Si) 1 25neKTpoIuTHYECKOTo
kobanpra K-0 (99,98mac.% Co) B neun «Penmer-8»
BBITSATHBAHUEM U3 paciuiaBa co CKopocThio 0,4MM/MHH.

Pabovas miomaas MOBEPXHOCTH 3JICKTPOIA
cocrapysna 0,5 cm? TToBepXHOCTB 21eKTpoaa o6pada-
THIBATM HA TOHKOW HITM(OBATBHON Oymare, OUYHIIATN
STUJIOBBIM CITUPTOM, IPOMBIBAIN PA0OYUM PACTBOPOM.

Pacteop KOH mnpuroroBneH w3 peakThBa
Mapkd «oc.4.» H jenoHuzoBanHo# Bomel, (Milli-Q,
18,2 MOwmldwm). PacTBops! feaspupoBain BOJOPOIOM
(urcrora 99,999%) 10TyUEHHBIM DIIEKTPOIUTHIECKH.
Temnepatypa pactBopoB 21-22°C.

H3mepeHust uMIeanca MpOBOAUINCH B JIHa-
nazone yactoT oT 10kI'r 1o 0,011t (10 Touek Ha fe-
Kajly) B MOTCHIIUOCTATHYECKOM PEIKUME TOJISIPU3AIIUH
¢ momorbeio ycranoBku Solartron 1280 (Solartron
Analytical). AmmuTyaa nepemerroro curaana 10 mB.
IMoTeHnMan 371eKTPoJa U3MEHSUTH Kak OT OoJiee HH3-
KHX KaTOJHBIX TOJIIPU3aNni K 0oJiee BBICOKHM, TaK H
oT OoJee BBICOKHX — K 0Oojiee HU3KUM. 3HaUEHUS I10-
TEHIIMAJIOB B CTAThe¢ OTHECECHBI K CTAHAAPTHOMY BOJIO-
POITHOMY DIIEKTPO/TY.

ITpu u3MepeHusx u 00paboTKE UMITCIAHCHBIX
JaHHBIX HUCITONB30BaH mporpammel CorrWare2, ZPlot2,
ZView?2 (Scribner Associates, Inc.).

PE3VJIbTATBHI 1 X OBCYXJEHUE

B pabore [7] ObuTH MONyYEeHBI KATOIHBIE TI0-
JISIPU3AIHOHHBIC KPUBBIC M CIICKTPBI UMIICIAHCA IS
crymmiaoB kobansta CoSim CoSp B 0,5-2M KOH.
[TokazaHo, YTO 3ICKTPOKATAIIUTUYCCKAS AKTUBHOCTh
000UX CWJIMIHUIOB B PEaKLUUH BBIACICHUS BOAOPOIA
BBIIIIE aKTHBHOCTH KoOanbTa. [IpoaHaM3upoBaHsbl 3a-
BHUCHUMOCTH 3JIEMEHTOB SKBUBAJIIEHTHOM CXEMBI OT T10-
TEHIIMANA DIIEKTPOJIA U CHIENIaH BBIBOJI, YTO aJICOPOIIHS
aTOMapHOTO BOAOPOa Ha IOBEPXHOCTH JJAHHBIX CHITH-
IIUI0B KOOATbTa OMMUCHIBAETCS N30TepMoii JIeHrMIopa,
a BBIJICJICHUE BOJIOPOJAA IMPOTEKACT IO MEXaHH3MY
donpmepa — [eiipoBckoro (mpu 01 % 02 mist CoSi u
01 =02 s COSh; A1 1 02 —k03(pPHUITHEHTHI TEpeHOCa
craguii @onpMepa U ['elipOBCKOTO COOTBETCTBEHHO).

.60.N 10 11
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CKOpOCTh OTpEIENAIONIeH cCTaaue, BEpOSTHO, SBJIS-
ercs peaxuus ['eiipoBckoro.

Ha puc. 1 npuBenena kaTomHas MOJSpH3aId-
onnasi kpuBast a1 CoSi B IM KOH, umeromas xo-
POIIO BBIPAKEHHBIN TaeNeBCKUI YUACTOK C YIJIOM
naknona b = 0,113B. Panee [7] ycranosieno, uro by
it Co2Si 1 COSh B MaHHBIX YCIOBHSAX COCTABIISET
0,123u 0,105B coorBeTcTBEHHO, Torna Kak by mist Co
paBen 0,144 B. TadeneBcKuii HaAKIIOH HA MOHOCHJIH-
muae kobaiabTa MeHbIie, yeM Ha Co, T.e. Pa3HOCTH
TUTOTHOCTEH TOKA HA CUJIMITUIC U KOOATLTE YBEIUIH-
BAeTCS C POCTOM KaTOJAHOW TONSIPH3AIINH.

1,241 -E, B (u.B.3.)
1,22+
1,20+
1,18
1,16
1,14+
1,12+
1’10 1 1 1 1 1 Il
-3,6 -3,4 -3,2 -3,0 -2,8 -2,6 -2,4
Ig i (i, Alem?)
Puc. 1.Karoanas nonsipusanuonnas kpusas COSisnekrposa B
1M KOH
Fig. 1. Cathodic polarization curve for CoSi-elecgad M
KOH

IIpu mocTossHHOM TOTeHIMane 3ekTpoaa E
IUIOTHOCTH TOKA | Ha COSi3HAYUTENBbHO OOMBIIE, YEM
Ha Co (mpu E = -1,2B Benuunna i mis CoSi cocTa-
nser 1,58mA/em?, a mis Co | = 0,32mA/cm?).

Cnextpbl umnenanca CoSianektpona B pac-
tBope 1 M KOH npencraBmisiror coueraHue eMKOCTHON
MIOTYOKPY>KHOCTH TPH BBICOKUX YaCTOTaX M MHIYKTHB-
HOI Tyry py HU3KUX yactoTtax (puc. 2).Hapuc. 2 Z u
Z" — neliCTBUTENBHAS K MHUMAs COCTABIISIONINE MITS-
nanca, ¢ — dasoBsrit yron umnenanca, f —yactora me-
peMenHoro toka. Ha rpaguke 3apucumocts @, Igf BBI-
COKOYACTOTHOM MOJTYOKPYKHOCTH COOTBETCTBYET CHUM-
METPUYHBINA MakCUMyM. TIpH CMEIICHUY TTOTCHIMATA B
KaTOJTHYIO 00JIaCTh UMITCAAHC CUCTEMbI YMEHBIIIAETCS.

Bun rpadukos HaiikBucTa Ha puc. 2a yKasbl-
BaeT HA CTAJANIHBIN XapaKTep PEaKIMy BBIICICHUS BO-
nopoaa. Hanmuuve WHIYKTHBHOW Iyr¥ Ha CHEKTpax
nmnenanca CoSianekTpoaa CBUAETEIECTBYET O TOM,
YTO peakiysl MPOTeKaeT MO MapUIPYTy Pa3psi1 — dJeK-
TPOXUMHUECKAS ACCOPOIHs, TaK KaK MHAYKTHBHOCTD
HE MOXKET IMOSBUTHCS B CIIydae MapipyTa pa3psia — pe-
KOMOUHAIHA.

12

2 1E=-1.12B
-Z', OmcM 2E=-1.14B
60 | 3E=-1.16B
4E=-1.18B
5E=-1.20B
6 E=-1.22B
1
40t
2
20 +
3-6
O 1 1 1 1 1 Il
D 20 40 60 80 100 120
Z', OM'CM2
a
25r
g 1Z] (1Z],0M-cM?)
20r 1
2
3
15+ 4
5
1,0+ 6
0,5¢
0,0
-1 0 1 2 3 4 5
g f (f, T'm)
-100 40
.80 |
1
2
anl 3
60 1
5
-40 - 6
20}
0 L L L J
0 1 2 3 4 5
Ig f (f, Tw)
0

Puc. 2.'paduku Haiiksucra (a) u Boxe (6) mist CoSianexrpona

B 1 M KOH B o6nactu norenmmainos ot -1,1210 -1,22B (u.8.3.)

Fig. 2. Nyquist (a) and Bodé)(plots for CoSi-electrode in 1 M
KOH in the range of potentials from 1.12 up to 1\2¢SHE)

Crextpnl ummnenanca COSisekTpona He MO-
T'YT OBITH JJOCTATOYHO TOYHO OMHCAHBI IPOCTOH DKBU-
BAJICHTHOM CXEMOM, COCTOAIIEN W3 MapalijieIbHO CO-
€MHEHHBIX COMPOTHUBIIEHUS MTEPEHOCa 3apsiia U EMKO-
CTH JBOWHOTO ciosi (MO0 3ieMeHTa MOCTOSHHON
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¢aser CPE), T.k. rpaduku boje CyliecTBEHHO HECHM-
MeTpuuHsl (puc. 20).

JUisi MOAEIMpPOBaHUs U3y4aeMbIX IIPOLIECCOB
Ha OCHOBE 3KCIICPUMEHTAJIbHBIX CIEKTPOB UMIIEJaHCa
UCIIOJIB30BAJIM  DKBUBAJICHTHYIO  AJIEKTPHUYECKYIO
cxemy (puc. 3),koTopas ObUIa MOJIy4eHa B psizie paboT
B Ka4eCTBE MOJEJIU JABYXCTaIUHHOro Ipolecca ¢ aj-
copOuueil TpOMEXYTOUHOTO BEIIECTBA, B YaCTHOCTU
PBB [13, 14].B stoii cxeme: Rs —conpoTuBienue pac-
TBOpa, R1 — conpoTuBieHue nepeHoca 3apsaa, Comnpo-
TuBIIeHNE R> M HHIYKTUBHOCTE L1 oTpakaroT amcop0o-
U0 POMEXYTOYHOTO COEIMHEHUS Mpolecca BbIIe-
JIeHHs1 BOAOPO/Ia Ha MOBEPXHOCTH AJekTpona, C1 —em-
KOCTh JIBOMHOTO 3JIEKTpUUYecKoro cios. B cxeme Ha
puc. 30 BMECTO IBOMHOCIONHON €MKOCTH HCIIOJNIB3Y-
eTcs dneMeHT noctossHHoH ¢assl CPE1, koTopslit TOU-
HEe OIMCHIBAET IPOLIECC 3aPSDKEHUS IBOMHOIO 3JIEK-
TPUYECKOTO CJIOS HA HEOAHOPOJHON IIOBEPXHOCTHU
TBepaoro auektpona. Mmmnenanc CPE pasen [16]
Zcre=QY(jW) P, rne Q u p —napamerps1 CPE.

R. R R
—NN VA Ve
L
Cy
{ |
a
R: Rl R:
—N W
L
CPE;
>
0

Puc. 3. DkBuBasieHTHbIE 3seKTpHYecKkre cxeMbl 1t CoSis 1 M
KOH B 06acTy MOTEHIMAIIOB BBIICICHUSI BOJOPO/a (ITOSICHEHHST
B TEKCTE)
Fig. 3. Equivalent circuits for CoSi in 1 M KOH ftre range of
potentials of hydrogen evolutiongmments in the text)

[Ipu ucnonp30BaHUM KOMIUIEKCHOTO HEJIMHEN-
HOTO METOJIa HAMMEHBIIUX KBAJIPaTOB ObUIA HAMIICHBI
BEJIUYMHEI JIIEMEHTOB 3KBHUBAJICHTHON CXEMBI Ha PHC.
30, KOTOpBIE IAIOT TEOPETUIECKHE CTIEKTPHI UMITE/IAHCA,
HanboJjee OJIM3KUE K IKCIIEPUMEHTATLHBIM CIIEKTPaM.

B xadecTBe KpUTEpHS OIEHKN SKBHBAJICHTHBIX
CXEM Ha MX TPUTOTHOCTD JUIS MOJICIIMPOBAHHUS DKCIIC-
PUMEHTANILHBIX CIEKTPOB HMMIIEAHCA HCIOIb30BAIN
napametp x° (XuM-KBajapart, BbMUCIsETC B ZView?2);
SKBHUBAJICHTHASI CXEMa CUUTANIACh yIOBJICTBOPUTEIIb-
Hoii npu x> < 10° (Ipu MCIOIB30BaHUH BECOBBIX KO-
3¢ QUIMEHTOB, PACCYUTAHHBIX MO SKCIICPHUMEHTAIb-
HBIM 3HAYCHHUSM MOJYJIS UMIICaHCa).

OO0 yImOBJICTBOPUTEIHLHOM OIMCAHUU OIIBIT-
HBIX JIaHHBIX TIPUBEJICHHOM Ha puC. 30 IKBUBAJIICHTHOU
CXEMOH CBHUJETEILCTBYET 3HAUYCHHME CTATHCTHKH )2,

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. Z0V

koTopoe coctasisieT (2-4)- 104, a Takke JaHHBIE, IIPU-
BeJICHHbIE Ha puc. 4.

-Z', Om-cem?

30+

AR Om-cm>
1,6
14
12
1,0
0,8
0,6
0.4
0,2
0,0
-0,2
-0,4 : : : : : !

801 4o

0 \ \ \ )

-1 0 1 2 3 4 5
lg f(f, T'u)
Puc. 4. JkcriepuMEHTaIbHBINA (TOYKH) U PacCYETHBIH (JIMHKSL)
criekrpbl umrnenanca CoSianekrpona 8 1 M KOHmpu E = -1,18B
Fig. 4. Experimental (points) and simulated (limepedance
spectra for CoSi=electrode in 1 M KOH at E=-1.18 V

Pe3ynbTaThl 06pabOTKH CIICKTPOB UMITEAAHCA
s CoSianextpoma B 1M KOH B xaToaHoit ob6nacTu
MOTCHIMAJIOB MTPUBE/ICHBI B TAOIHIIE.

.60.N 10 13
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Panee, B pabore [15], Hamu ObUIM TIpemIO-
JKEHBI THATHOCTHYCCKHUE KPUTECPUH MEXAHU3MOB pPeak-
M BeIZeneHns Bomopoma (PBB), mpumeHuMbBle B
paMKax METOo/a BJIEKTPOXUMUYECKOW HMMIEeIaHCHON
CIIEKTPOCKOINHH. DTH KPUTEPUH MPEACTABISIOT COOO0M
IPOU3BOJIHbBIE OT BEJIHUYHMH 3JIEMEHTOB (hapageeBCKOTo
HUMIIEJAaHCA B SKBUBAJICHTHON AJIEKTPUUECKOU CXeMe
0 TIOTEHIMATY JJIEKTpo/a (MK MEePEeHAIPSKEHHIO) 1
KOHIICHTPAIIMM MOHOB BOJOpoJa (B KHCIBIX PacTBO-
pax) UK THIPOKCHI-HOHOB (B IIEJIOYHBIX PACTBOPAX).

Tabauua

3HaueHNns: MapaMeTPOB IKBUBAJIEHTHOIi cxeMblI (puc.3, 0)
s CoSiaaexrpona 8 1M KOH

Table.The values of the equivalent circuit parameters
(Fig. 3,0) for CoSiin 1 M KOH

Jlorapudmudeckne 3aBHCHMOCTH TpeX Iapa-
MeTpoB, xapaktepusywomux PBB, oT norennuana
3JIEKTPOIa IPUBEACHBI Ha pUC. 5.

Ecmn Ry, R 1 L1 cymmecTBeHHO N3MEHSIOTCS C
MOTEHITUAJIOM 3JICKTPO/Ia, TO MOXKHO CJIEJIaTh BBIBOJ,
YTO aJCOPOIMS aTOMAapHOTO BOJOPOJa OIMHUCHIBACTCS
ypaBHeHHEM H30TepMBI JIeHnrmropa [15].

Kax BumHO U3 puc. 5, conporuBnenns Ry Rz
YMEHBIIIAIOTCS MPY CHIDKEHUH E, HaKIIOH 3aBUCUMO-
cru IgRy, E (8,17BY) 611130k K HaKJIOHY 3aBUCHMOCTH
IgR2, E (7,57BY). UnaykTtuBHOCTS L1 yMeHbIIAETCS U
HaKJI0H s 3aBucumoctu IgL, E cocrasnser 14,9B.

JUTEPATVYPA
Shamsul Hug A.K.M., Rosenberg A.JElectrochemical b

havior of nickel compounds. I. The hydrogen evolutieac-

tion on NiSi, NiAs, NiSb, NiS, NiTeand their constituent
ementsJ. Electrochem. Soc. 1964. V. 111. N 3P. 270-278.
Tilak B.V., Ramamurthy A.C., Conway B.E. High perfor

Uchebn. Zaved. Khim. Khim. Tekhnol. Z0OY. 60. N 10

lg X
| 1 Q\\
1l 2
3 \A\\A\A\A
ot
1t
-2 L L L L L L )
1,10 1,12 1,14 1,16 1,18 1,20 1,22 1,24
-E,B (u.B.3.)

Puc. 5.3aBucumoctu napamerpos, xapakrepusytomux PBB mis

E,B R, R, Ly, Q- 10, P CoSianextpoga 8 1 M KOH, ot notennuana snexktpona. X:
Om-cm? | Om-em? | Tr-em? |®-em?.c0) 1-R,2-R,3-L

-1,12 | 100,50 6,733 1,157 63,517 0,b53Fig. 5. Dependencies of some characteristic paemsef hydro-

114 59 93 4.385 0.551 50064 09058 9en evolution reaction fo_r CoSi-electrode in 1 M KORithe

1,16 | 39,50| 2,935 0,276 52,645 0,969 electrode potentiak: 1 -R. 2-R. 3-L

-1,18 27,40 2,312 0,179 46,593 0,983

120 | 20.60] 1.760] 0,081 45586  0.085 [MapamnensHocts IgR1, E- u IgR., E-3aBucu-

122 | 1475 1.065 0.033 42397 0.094MOCTEH HE XapakTepHa s Mexanusma Donbmepa —

Tadenst 1 MOXKET CITY>KHTh IIPU3HAKOM Toro, uro PBB
Ha MOHOCWIWIIMAE KOoOallbTa MPOTEKAeT IO MeXa-
HI3My Donbmepa — [eiipoBckoro (mpu HEpaBHBIX KO-
s¢pdunmenTax mepenoca craauii) [15]. TTomyduennsie
3HAYEHHs] 3aBHCUMOCTEH 3JIEMEHTOB (hapa/ieeBCKOTO
nMmrnenanca ot E B momynorapuMHUYECKUX KOOPAUHA-
Tax CBUACTEIHCTBYIOT O BBHITIOJTHCHUU H30TEPMBI ajI-
cop6rtuu Jlearmropa 1t Hape.

Takum 00pa3oM, SKCIIEPUMEHTAIBHEIC 3HaYe-
uus O0lgX/OE 6GnuskM K TEOpETHYECKMM 3HAYEHMSIM
HaKJIOHOB it Mexanu3ma Ponbmepa — ['elipoBckoro,
rae peakius ['efipoBCKOro — CKOPOCTh-OIIPEACIIAIONIast
cTaus, K03 (QUIMEHTHI IIEPeHOCa HEe PaBHBL, 01 < 0.
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