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HNEPCIIEKTUBHI EJIEKTPOJIHI MATEPIAJIN
IS TAJIMBHUX EJIEMEHTIB

Y naw wac axmyanvnum € Hanpsam enekmpoximii — ooepicants 6a2amoKOMROHEHMHUX 0Ccadie Memooom
enekmpoocaoxcents. [Jo maxux ocadie gioHocsAmMsb He MiNbKU OIHAPHI, MepHaApHI Casu abo Cniasu, yOOCKo-
HaneHi aieanoamu, ane i KoMnosuyitini nokpumms. Hacamnepeo xomnosuyiini mamepianu € epexmuenumu
V UKOpUCTANHI 8 bazambox cghepax OIsLIbHOCII 36 'S3KY 13 WUPOKUM CNEKMPOM (DYHKYIOHATLHUX 61ACNUBOC-
metl: XiMiYHa CMIUKICMb, 8UCOKA MIYHICMb, eLeKMPOKAMATIMUYHA AKMUSHICIb, CIIUKICIb 00 3HOULYSAHHSL.
Takootc maxi nROKpUmMms MOHCYMob BUKOPUCOBYSAMUCA O NiOBUUEHH MeMNepamypHoi ma MexaHiuHoi
BUMPUBATIOCTT BIONOBIOATLHUX Oemanell MAwuH, sIKi npayioms 8 aepecUsHUX cepedosunyax, npu 6UpoOHuU-
Ymei enexmpudHUxX KOHMAaxkmie i 3axucmy demainetl 8i0 KOpo3ii.

Y pobomi nasedeni pesynomamu 00ciois nepCneKmusHUX eieKmpoOHUX MAmepianie 0 NAIUGHUX ene-
MeHmig Ha ocHo8i Komnoszuyitinozo nokpummsa Co-Mo-TiO,, came susuenns KamarimuuHoi aKMueHOCHI KOM-
RO3UYIlIHO20 0cady 05 peakyii GUOLIeHHs 600HIO 6 PI3HUX cepedosuujax. 1 anveaniuni ocaou Oynu ooeprcani
HAQ MIOHUX 3DA3KAX 3 YOOCKOHALEHO20 AMIAUHO-MPULOHAMHO20 eLeKMPONiny, MOOUPIKOBAHO2O NOPOUIKOM
oiokcudy mumana 3a piznux 2ycmun cmpymy 10-30 A/0m? npu nocmiiinomy nepemiutyéanmi ma memnepamypu
70° C. Ilpeocmasnenuil sapianm eupiuieHs npoosemu, nog sa3anoi i3 KOpo3iiuHoW HeCmiuKicmio OIHApHO20
cnaasy Co-Mo 6 kucnux cepedosuwax. Haseoeni pezyiomamu, 0mpumani Memooom noaapu3ayitiHux 3aexc-
HOCmeEU Yy MAaKux posdyuHax: 2IOpoKcud Hampilo, cyivbgam Hampilo, CIpuana KUCioma i3 KOHYEHmMpayieo
0,1 monv/n i 2iopokcud Hampiio i3 KoHyenmpayicio 1 Monwv/n.

Komnosuyitine nokpumms Co-Mo-TiO, gonodie 3HauHo010 KOPO3IUHOW CMIUKICMIO MAd KamaiimuyHow
AKMUBHICTNIO, WO POOUMb MAKULL 0CA0 NEPCHEKMUBHUM MAMePiaiom 05 3aCMOCY8AHHsL Y chepi NaiueHux
enemenmis. Komnosuyis Co-Mo-TiO, € documo epexmuenum Kamanizamopom 0as peaxyii 6UOiLeHHS OOHIO.

Knrouosi cnosa: rxomnosuyiine noxpumms, KoOaibm, MOAiOOeH, OIOKCUO MUMAHY, KAMATIMUYHA
AKMUEHICMb.

IocTtanoBka mnpodaemu. OnepxaHHA OcCaiB
HEOOXITHOTO CKIIaay, CTPYKTypH 1 BiATOBITHUX
BJIACTUBOCTEH BiJirpae 3Ha4Hy pOJib AJISl Cy4acHO]
TEXHIKH Ta TeXHONOTrii. PO3BUTOK HOBUX HampsiMiB
3aCTOCYBaHHS MOKPUTTIB HA OCHOBI TYTOIIABKUX
METajiB MOB’S3aHHUH 13 THM, IO EJIEKTPOJITUUHE
OCaJPKCHHST 0araTOKOMIIOHEHTHUX OCaJiB JI03BO-
JII€ OTPUMATH a0COJIFOTHO HOBI MOJIITIIICH]I BIACTH-
BocTi Ju1st MarepianiB [ 1-4]. ['anpBaHIYHI TOKPUTTS
Co-Mo [4-9] i komno3umiitHi Co-Mo-TiO, € nep-
CIEKTUBHUMH MaTtepiajaMu AJii BUKOPUCTAHHS B
Oaratbox cgepax NPOMHUCIOBOCTI. BoHM MaroTh
O17pII BHCOKI aHTHUKOPO3ifHI BIACTHUBOCTI, TBEp-
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JiCTh, 3HOCO- 1 )KapOCTIHKICTh, BOJIOMIIOTH MAarHIT-
HOIO TIPOHUKHICTIO, KAaTaJTITHYHOI aKTHUBHICTIO,
HaJIIPOBIIHICTIO, mMaiikoro, mpyxHicTio [10-16].
Jlns 3HAYHOTO 3HWIKEHHS PIBHS 3aJIMIIKOBHUX
HanpyxeHub qoaatTh Ti0,. 3axucHi MIiBKH, YTBO-
peni 3 ymicrom TiO, MaloTh TEXHOJNOTIYHI Map-
Kepu (TepMOCTIHWKICTh, CYHITBbHICTh, OJHOPIAHICTD
10 TOBIIWHI 1 CKJamy, aAre3is) i eKcIuryaTariiHi,
HeOoOXimHI 1 3abe3rnedeHHs (QYHKI[IOHATBHUX
crienu(iYHUX BIACTHBOCTEH OJIEp)KaHUX OCaIiB.
Takox 3aBISKHM BMICTY JIOKCHUJY THTaHa 3POCTa€
KOpO3iifHa CTIHKICTh y KOMIIO3UIIIHHOTO MOKPUTTSI
Co-Mo-TiO,[17].



XimiuHi TexHosorii

3acTocyBaHHs TYrOIUIABKAX METaJliB CIPSIMOBaHE
Ha MakCHMaJbHO ¢()eKTHBHE BUKOPUCTAHHS IX MpH-
poAHMX BiacTHBOCTEH. Brcoka Kopo3iliHa CTIHKICTh
1 KatajmiTHaHa akTHBHICTH Komrosuiii Co-Mo-TiO,
pOOIATH Taki 0caad KOPUCHUMHU HABITh VIS 3aCTOCY-
BaHHS y c(hepi MaTuBHUX EIEMEHTIB. aJKe TIOKPUTTS
Co-Mo-TiO, € nocuth pe3ybTaTUBHUM KaTalli3aTo-
paM, KUl MPHCKOPIOE ENEeKTPOXIMIYHI peakiii, 1o
3a0e31euyoTh e(DeKTUBHE BUIICHHS BOIHIO.

Metonuka excnepumenTty. Jlis ocamKeHHS
KOMITO3HUMiHHNX TOKpHUTTIB Co-Mo-TiO, Bukoprc-
TOBYBAQJIM 3Pa3KH, BUTOTOBIJICHI 3 MiJli, TUIOIIA SIKHUX
cknamae 2 cM? Enekrpomu mijmaBand MOIEpeaHii
00poO1ii, TeXHOJOTIYHMI Tpolec SKOoi mependavae
MOCTIIIOBHE TIPOBEACHHS PsIly Ollepaliiii: MexaHiqyHa
OYHUCTKA Bi/I TEXHOJIOTIYHUX 3a0pyAHEHD 1 TPOAYKTIB
KOpo3ii 3a JOMOMOTOI0 HaXAAYHOTO IIarepy; Ipo-
MHUBKa B MPOTOYHIN 1 AMCTHIIBOBAHIN BOJI; CyIIKa.
TpaBneHHsI IPOBOAMIN B PO3YHMHI a30THOI Ta CyJib-
(aTHOT KMCIIOT 13 MOJAJIBIINM TPOMHUBAHHSIM 3Pa3KiB.

[lin wac mpoBeJCHHS JOCHIKEHb BHKOPHUCTO-
BYBQJIH CJIEKTPOXIMIUHY KOMIpKy. [ BapitoBaHHS
IHTEHCHBHOCTI TepeMilllyBaHHS pPO3YHMHIB 1 3a0e3-
MEYEHHS iX CTajol TeMIepaTypy BHUKOPHCTOBYBAIN
MarHiTHy Mimanky Mapku MM-5 i mkepeso nocrii-
Horo ctpymy b5-44 [18]. 3pa3ku micist TpaBlIeHHS
3aBilllyBaJIM JIO €JIEKTPOXIMIYHOT KOMIPKH 3 aMiaqHoO-
TPUJIIOHATHUM eJIeKTporiToM [19] Ta aHOmOM — TUITA-

THHOBOIO CiTKO10. TemmepaTypa eJIeKTpomiTy miaTpu-
MyBajacs B Mexax 70° C, ocamKeHHsI IPOBOIUIINCE
npy NocTtiiiHoMy TiepemimryBaHHi. [Tokpurtst oxep-
KyBaJIM TIpH rycTuHi ctpymy 10; 20; 30 A/mm? i pH 5.
st migrpumanas pH momaBamm H,SO, Ta NaOH.
[licist 3aBepLICHHS OCAIPKEHHS KAaTOOM NPOMMBAJIH
JUCTHIIHOBAHOIO BOJOIO Ta CYLIMJIM HA MOBITPI.
EnexrpokaramiTHuHi BIaCTHBOCTI ENEKTPOJHHX
MarepiaiiB OIHIOBATH 32 JOIMOMOTOI0 MOJsIpU3a-
MIHHAX 3aJIKHOCTEH BUIUICHHS BOJHIO, OTPUMAaHUX
y pozuraax 1M NaOH, 0,1 M NaOH, 0,I1M H,SO, i
0,1 M Na,SO,. IlIBuaKicTh po3ropTKH MOTEHITIATY —
3 mB/c. [Ing npoBeneHHs! eKCIEPUMEHTIB BUKOPHC-
TOBYBaJIM TPHOXEIEKTPOAHY KOMIPKY 3 XJIOPCPiOHIM
CJICKTPOJIOM Y TOMY K PO34MHI. B sKOCTI JOmoMix-
HOTO €JIEKTPOJIa BUKOPUCTOBYBAIHU IIATHHOBHH JIPIT.
Bukiax ocHOBHOro marepiajry AoC/igKeHHS.
3 MeTol TOpPIBHSHHS KaTaiTUYHOI aKTHUBHOCTI
onepxkaHoro ocanxy Co-Mo-TiO, 3 pi3HOIO TycTH-
HOIO CTpyMy OyaM Ofep)KaHi KaToAHI MOJspu3a-
LIHHI 3aJICKHOCTI BUIICHHSI BOJHIO Y po3durHax 1M
NaOH, 0,1M NaOH, 0,1M H,SO, ta 0,1M Na,SO,.
Ha pucynky 1 HaBemeHHI omepkaHi TOTEHITIO-
JMUHAMIYHI KaTO/HI MOJIAPU3AIliiiHI 3aJIeKHOCTI TyC-
THHM CTPYMY BiJ MEpEeHAINpyTy y peakuii BUIiICHHS
BOJIHIO B PI3HUX CEPEOBUINAX HA KOMIIO3HIIIIHHOMY
ocaji Co-Mo-Ti0O, i3 pi3HO I'YCTHHOIO CTPyMY Oca-
JOKEHHS.
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Puc. 1. 3anexHicTh T'yCTHHH CTPyMY Bi/l IepeHANpPYry BUIiIEeHHS BOTHIO
Ha ocaji Co-Mo-TiO,: a) 0,1M NaOH; 6) 1M NaOH; B) 0,1M H,SO,; r) 0,1M Na,SO,
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[IpoBenena oImiHKa KaTaliTHYHOI aKTHBHOCTI
MOKPUTTIB y BOAHEBIH peakiii BUIIICHHS BOTHIO 32
3HAYEHHsIM TepeHanpyru npu j = 1 A/am? YV myx-
HOMY pO34unHi KoMmmo3uiiitHe mokputtsa Co-Mo-TiO,
ocamkene npu 20 A/nm? Mae HalfiMeHIIe 3HAYECHHS
nepenanpyru 0,274 B, mo Bka3dye Ha HalBUILy
KaTaJiTUYHY aKTUBHICTh. 3MEHIIIEHHS KOHIIEHTpaIlii
po3unrny NaOH 3 1 g0 0,1 Moib/1 IpU3BOIUTE J0
301IbIIEHHS NIEpeHanpyTH. Y Cylnb(paTHUX PO3UNHAX
KaTaJiTHYHAa aKTUBHICTH OJEPIKAHOTO OCajay IHIIa,
Hik y 0,1 Ta 1 Moaw/n pozannax NaOH. ¥V po3unni
H,SO, 3HaueHHs mnepeHanpyru MarwTh MOKa3HUKHU
nopsinky 0,114-0,144 B, mo cBiIYUTH PO BHCOKY
KaTaJliTUYHY aKTHBHICTh KOMITO3ULii. Y po34uHi
Na,SO, nepeHanpyra BUCOKa, TOOTO KarajiTHYHA
AaKTUBHICTh TOKPUTTS TipIIa, HIX JIJIS TMOMEpeaHix
pPO3YHHIB.

Cromparouuch Ha pe3ylbTaTH, OTPUMaHi aBTO-
pamMu y momnepeaHix poOoTax, y SKHUX HOCTIIKY-
Bajacsl KaraJiTHYHa aKTHBHICTH NOKpHUTTI Co-Mo
B Takux camo pozunHax 0,1M NaOH; 1M NaOH;
0,1M H,SO,; 0,1M Na,SO,. MoxxHa cTBepKyBaTH,
o 1t po3unHiB NaOH 1ouisibHO BUKOPUCTOBYBATH
komnosuuiitae mokputtst Co-Mo-TiO,, Tomy mo ix
KaTaJiTUYHa aKTUBHICTb BHILA, HIX y criaBy Co-Mo,
PO CBiUUTH 3HAUYEHHS NIEPEHAaIPyTH.

BucHoBKkH. AHai3 OTPEMaHKX JTAHKUX JIA€ 3MOTY OLTi-
HHTH KaTaTITHYHY aKTUBHOCTI KOMITO3ULIITHOTO TIOKPHUTTSI
Co-Mo-TiO, y pozurnax 0,1M NaOH; 1M NaOH; 0,1M
H,SO,; 0,1M Na,SO,. Komrosutist Mae OUTbIT BUCOKY
KaTaJIiTHYHYy aKTUBHICTb, HiK cr1aB Co-Mo /ist po34nHiB
NaOH. Jlns pozunnie H,SO, onepxannii ocag Co-Mo-
TiO, Mae HaliMeHIIle 3HaYEHHS TIePEHAIPYTH, BHACIIIOK
YOro MOKHA PEKOMEH/TyBaTH KOMITO3ULIIIHE TTOKPUTTS SIK
Marepia Jyis aJIMBHUX SJICMCHTIB.
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Shtefan V.V., Bulhakova A.S., Poimanov A.D., Leshchenko S.A.
PROSPECTIVE ELECTRICAL MATERIALS FOR FUEL ELEMENTS

Nowadays, the direction of electrochemistry — receiving multicomponent precipitates by electrodeposition
method has an actual character. Such sediments include not only binary, ternary alloys or alloys enhanced with
ligands, but also composite coatings. First of all, composite materials are effective in many fields of activity
due to their wide range of functional properties. Such as chemical resistance, high strength, electrocatalytic
activity, wear resistance. Such coatings can also be used to increase the temperature and mechanical endurance
of critical machine parts operating in harsh environments and in the manufacture of electrical contacts and
protection of parts against corrosion.

This paper presents the results of experiments of promising electrode materials for fuel cells based on
the composite Co-Mo-TiO, coating. Namely, the study of the catalytic activity of the composite precipitate
for the reaction of hydrogen evolution in different media. Electroplating sediments were obtained on copper
samples from an improved ammonia-trilonate electrolyte modified with titanium dioxide powder at different
current densities of 10-30 A/dm? with constant stirring and a temperature of 70°C. A solution to the problem
of corrosion instability of the Co-Mo binary alloy in acidic environments is presented. The results obtained by
the method of polarization dependencies in the following solutions are presented: sodium hydroxide, sodium
sulfate, sulfuric acid with a concentration of 0,1 mol/l and sodium hydroxide with a concentration of 1 mol/l.

The Co-Mo-TiO, composite coating has considerable corrosion resistance and catalytic activity, which in
turn makes this sediment a promising material for use in the fuel cell field. The Co-Mo-TiO? composition is a
fairly effective catalyst for the hydrogen evolution reaction.

Key words: composite coating, cobalt, molybdenum, titanium dioxide, catalytic activity.
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