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B nacmosawieii pabome uccneoo8ansvt npoueccvl INEKmpooCcaxrcoeHus NOKPuIM ULl HUKelb-
KoOanom u3 Xa0puoHo-OUIUYUHOBHIX IJIEKMPOIUMOos pasnuunozo cocmasa. Illokazano enuanue
COOMHOWEHUA KOMNOHEHMOG IIEKMPOIUMA HA XUMUYECKUI COCHAE U CIPYKMYPY ROKPbIMUil.
Beeoenue ¢ nexkmponum ouznuyuna, oopasyrowezo ¢ uonanu Ni* u Co®* ycmoiiuusvie Kom-
NJ1eKChl, RPEenAmMCmeyenm 6blnadeHUuI0 COOMEEeMCmMEYIu{UX 2uOPOKCUO08 u obecneuugaem ygenu-
uenue padoouezo unmepeana pH. Imo umeem eéaricnoe 3HaueHUe, NOCKOILKY HAPAOY C PA3PAOOM
HOHO8 MEMANI06 NPOUCXOOU MAKIICE PA3PAO UOHOB 6000P00a, U 8 RPUKAMOOHOM C10€ 3aMEMHO
pacmem KOHYEHMPayus 2uOPOKCUIbHBIX UOH06. Hccnedosanue KuHemuKy 31eKmpoxXumMuieckux
npoyeccoé MemoooM WUKIUYECKOU G0NbMAMNEPOMEMPUN C NIAMUHOEHIM IIEKMPOOOM NOKA-
3410, YMO NPpuU I1EKMPOOCANCOCHUU NOKPLIMUTL HUKETb-KOOAIbM CKOPOCHb UX 0CANCOCHUA pac-
mem ¢ yeenuyuenuem 00714 UOHOE KOOANbMA 6 PACMEope. INEKMPOOCAI’COCHUE U3 UCC1E0YEMbIX
INEKMPOAUMOE NPOMeEKaem ¢ 00AbUION KAMOOHOU NOAPU3AYUEll, CROCOOCEYIOUEll NOJIYYEHUIO
KauecmeeHHbIX MeaKoKpucmanauyeckux nokpotmui. Ilokpeimusa, ocasxicoaemovie Ha meoHyio no-
6EPXHOCMY, NOJIYUAIOMCA PAGHOMEDPHDIE, UMEIOUUE Xopouiee clenieHue ¢ 0cHogoul. Ilokpuimusn
ocaxcoanu ¢ nomouivio nadopamoprnozo ucmounuxa moxka MPS-3005L-3 Matrix. Ilpouecc oca-
aocoenua npoeoounu npu memnepamype 25 °C u 50 °C u kamoonoii nnomuocmu moxa 1 A/om>
Temnepamypy pacmeopoe noooepicueanu ¢ mounocmuio £0,5 °C. [Juxknuueckue eonrvmamnepo-
2Pammul Pecucmpupo6au ¢ UCnoab308anuem nomenyuocmama P-40X npu ckopocmu pazeepmiu
nomenyuana 5 mB/c. Inekmpooom cpasHenus cayyHcun HACblUeHHbLIL XA0PUOCePedpaAHbIIL INeK-
mpoo, écnomozamenvHvlm — naamunogviii. Konyenmpayuu cynvgpamos xooanvma(ll) u nu-
kena(ll) eapvuposanace om 0 00 0,16 mov/1 npu NOCMOAHHOU KOHYEHMPAUUU OULTUWUHA U XT10-
puoa kanusa 0,40 u 1,68 monwv/n, coomeemcmeenno. Cmpykmypy u cocmaeé nOKpbIHuil uzy4aiu ¢
HOMOWIBIO CKARUPYIOWE20 INeKmpPponnozo mukpockona Tescan Vega 3 SBH ¢ npucmagxoii ona
nemenmno2o ananuza. Cooepircanue Ko6a1bma 6 NOKPLIMUAX HUKEIb-KOOATbM, NOSIYYEHHBIX U3
ucciedyemulx I1eKmpoaumos, cocmasgasem om 31,1 oo 88,1 am.%. Illpu smom yeenuuenue mem-
nepamyput anekmpoauma c 25 0o 50 °C npakmuuecku ne 61usem Ha COCMAE 0CaANCOAEMO20 no-
Kpolmmus. Yeenuuenue co0epicanus 6 NOKPbIMuu K0Oaaibma COnPoGoIHCcOAenca CyuecmeeHHbIM
U3MEHEHUEM CIPYKYDbl ROKPbINIUA.
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The processes of electrodeposition of nickel-cobalt coatings from chloride-diglycine elec-
trolytes of various compositions have been studied. The effect of the alloy components' ratio on
chemical composition and structure of the coatings has been demonstrated. The introduction into
the electrolyte of diglycine capable of forming stable complexes with Ni>* and Co?* ions makes it
possible to prevent the formation of the corresponding hydroxides and increase the working pH
range. This is very important, because the discharge of hydrogen ions occurs along with the metal
ion discharge during the electroplating, and the concentration of hydroxyl ions notice ably in-
creases in the near-cathodic layer. A study of the kinetics of the electrochemical processes by cyclic
voltammetry with a platinum electrode shows, that during electrodeposition of the nickel-cobalt
coatings, their deposition rate increases when the proportion of cobalt ions in solution increases.
Electroplating from the electrolytes investigated occurs with high cathodic polarization favoring
the formation of qualitative finely crystalline coatings of the plated alloys. The coatings plated on
copper surface are uniform and characterized by high adhesion to the base metal. The coatings
were deposited with an MPS-3005L-3 Matrix laboratory current source. The deposition process
was performed at a temperature of 25-50 °C and a cathode current density of 1 A/dm?®. The temper-
ature of the solutions was maintained with accuracy of 0.5 °C. Cyclic voltammograms were rec-
orded with a P-40X potentiostat at 50 C at a potential sweep rate of 5 mV/s. An saturated silver —
silver chloride electrode served as a reference electrode, and a platinum electrode was an auxiliary
electrode. Concentrations of cobalt(11) and nickel(l1) sulfates were varied from 0 to 0.16 mole/l at
fixed concentration values of 0.40 and 1.68 mole/l for diglycine and potassium chloride, respec-
tively. The surface morphology and compositions of the coatings were studied on a Tescan Vega 3
SBH scanning electron microscope with an elemental analysis accessory. The cobalt content in
nickel-cobalt coatings obtained from the investigated electrolytes is from 31.1 to 88.1 at.%. An in-
crease in the electrolyte temperature from 25 to 50 °C does not affect the composition of the coat-
ings deposited. A significant change in the structure of nickl-cobalt coatings occurs when they are
significantly alloyed with cobalt.

Keywords: coating electrodeposition, complex electrolytes, diglycine, nickel-cobalt coatings, cyclic cur-

rent-voltage curves

BBEJJEHUE

[Iporieccrl 3MeKTPOOCakKACHUS HUKENS U KO-
OanbTa BeCbMa YYBCTBHUTEJIBHBI JaXXe K HEOOJIBIINM
WU3MEHEHUSIM KHCIOTHOCTH, ITOCKOJIBKY HapsaIy C pas-
pPSAOM HMOHOB METaJUla TPOWCXOIUT TakXKe pa3psil
HOHOB BOJIOPOJa, M IIPU 3TOM B KaTOJHOM CJIO€ 3a-
METHO pacTeT KOHLEHTpalus I'MIPOKCUIbHBIX NOHOB
BIUIOTH /IO BBITIAZICHUS COOTBETCTBYIOIIHNX THIPOKCHIOB.
Huskas pactBopumocts runpokcunoB kobampta(ll) u
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nukessi(Il) cymecTBeHHO orpaHu4YMBaeT 00JNACTH JI0-
IIyCTUMBIX 3HaueHUl pH ayIeKTpooCaxIeHus U BbI-
HY’KJaeT UCIIONB30BaTh KUCIbIE 3eKTposuTHl (pH < 4),
o0Jazaronirie HU3KUM BBIXOJIOM IO TOKY M CBSI3aHHBIM
C OTUM TUTTHHTOoOOpa3zoBaHWeM. UTOOBI Mpemyripe-
IUTH Pe3KHe KoJeOaHUsl KOHIEHTPAMh MOHOB BOJIO-
pola, B HHKENEBbIE M KOOAJIbTOBBIE 3JIEKTPOJIHTHI
OOBIYHO BBOJIAT COCTUHEHUS, 00pasyromue OydepHbie
cUCTeMBl (auerar HaTpus, OOpHYIO KUCIOTY W T.IL.).
[lepcneKTHBHBIM CIIOCOOOM yBeNUYEHHsI Paboyero
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uHTepBana pH MOXET CIyXUTb BBEAECHUE B JJIEKTPO-
JMT coeMHennit, obpasyrommx ¢ nonamu Co?" m Ni?*
yCTONYMBBIE KOMIUIEKCHI [ 1-8], KOTOpBIE MPENATCTBYIOT
BBINAJCHUIO COOTBETCTBYIOLIMX T'HMIPOKCHIOB. Hc-
[0JIb30BAHUE B COCTABE DJICKTPOJIUTA KOMIIEKCHBIX
COCIMHEHMI CIOCOOCTBYET TAaKXKe MOyYeHHIO0 Oonee
MEJIKO3EPHUCTOM CTPYKTYPBI MOKPHITUH M 3HAYUTENb-
HOMY YBEJIHUYEHUIO UX TBEpAoCTH [9].

Panee Hamu Obl1a TOKa3aHa BO3MOXKHOCTB T10-
Jy4eHUs KAUeCTBEHHBIX HUKEIb-KOOAIbTOBBIX IIOKPHI-
THH U3 OKCAJaTHO-aMMOHHUHBIX ¥ CyJTb(haMaTHO-XJI0-
punabx anektponuTtoB [10-12]. Ienbro HacTosei
paboThl sIBIsIETCA HCCIEA0BAHUE MPOLIECCOB OCAXKIE-
HUsl TaJbBAaHUYECKUX CIUIABOB HUKENb-KOOANIbT U3
pactBopoB murmnwHA (Taummr-raunnaa, HL, HoN-
CH2-CO-NH-CH,-COOH).

VYkazaHHOE COeJIMHEHHNE XapaKTePU3yeTCsl BbI-
COKOM CKJIOHHOCTBIO K 00pa30BaHHIO Pa3sHOOOPa3HBIX
rOMO- M TeTEepPOJUTAHIHBIX KoMmiuiekcoB [13-20]. B
YaCTHOCTH, JJISl ITUTIHMIMHA YCTaHOBJIEHO 00pa3oBa-
HHE OOJIBIIOTO KOJIMYECTBA OJHOPOAHBIX I10 JIUTAHIY
komruiekcoB koOampTa(ll) m mHukemsa(Il) pasnoii cre-
xuomerpun: CoHL?*, CoL*, CoH-iL, CoHL,*, CoL,,
CoH-1L,, CoH.L,*, CoLs, CoHLs*, NiHL?,
NiL*, NiH-L, NiH,L", NiLz, NiH-L;", NiHL;*",
NiLs", NiH-sLs*". Kpome Toro, Hcronbs30BaHue JUIu-
[[HA TTO3BOJISIET UCKIIIOUUTh U3 PELEHTYPhl TPAIUIIH-
OHHO HCIIONIb3yeMble OydepHbIe T00aBKH, TOCKOIBKY
pacTBOpbl aMHUHOKapOOHOBBIX KHCIOT CaMH IO cebe
001aar0T BBICOKOH Oy(depHOil eMKOCTBIO.

SKCITEPUMEHTAJIBHAS YACTb

PacTBOpBI BNIEKTPOIUTOB IS BIEKTPOOCANKIE-
HUSI TIOKPBITHH CIUIABaMH HUKEJIb-KOOAIbT TOTOBUIN
U3 PEaKTHBOB MapKH «4.]1.a.». IConb30Bay JeHOHN3H-
POBaHHYIO Bo1y (3nekTponpoBoxHocTh 0,056 MkCwm/cm),
NOJY4YEHHYIO C MOMOIIBIO JIEMOHH3aTOpa MeMOpaH-
Horo JIMD-2b OIITUMA. TToKphITHS OCaXTAJIH C TI0-
MOIIBIO JIAOOPAaTOPHOro McTouHKKa Toka MPS-3005L-
3 Matrix na menHble 00pa3isl pazmMepom 1x2 cm. [pu
3TOM HCIIOJIb30BaHbl K0OaIbTOBBIE aHOAbI. I[Ipomecc
OCAKAECHHA NMPOBOAMIM Tpu Temmepatype 25, 50 °C u
KaToJHON TuoTHOocTH Toka 1 A/am? Temmepatypy
pactBopoB mojepkuBanu ¢ ToaHocThi0 £0,5 °C. Co-
CTaBbI UCTIOJB3YEMBIX JUIsl IOTY4YEHUS TTOKPBITUI HU-
KeJIb-KOOANbT 3JIEKTPOJIUTOB NMPUBEACHBI B TAOIUIIC.
KauecTBO MOKpPHITHI ONpeAessud 10 BHELIHEMY BUAY
¥ CIIETUICHHIO C OCHOBHBIM MeTajuioM coriacao ['OCT
9.301-86 u I'OCT 9.302-88 coorBercTBeHHO. CTpyK-
TYPY M COCTaB NOKPBITHH H3Yy4aIH C TOMOIIbIO CKaHH-
PYIOIIETo 3JIEKTPOHHOT0 MUKpockona Tescan Vega 3
SBH ¢ mpucTtaBko# 1 37eMeHTHOTO aHanm3a. [{uk-
JIMYECKUE BOJIBTAMIIEPOTPAMMBI PETUCTPUPOBAIH C
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HCTONb30BaHeM noreHnuocrara P-40X mpu ckopoct
pa3BepTKHU MOTeHIMAMa 5 MB/c. DekTpoioM cpaBHEHUS
CITY>KHJI HACBIIIICHHBIN XJIOPUICEPEOPSIHBIN 3IIEKTPOJT
OBJI-1M1, BcroMmorareiabHbIM — IIATHHOBBINA. KoH-
nentparust CoSO4-7H20 m NiSO4-7H20 BappupoBa-
nmack ot 0 g0 0,16 mone/n, C4HsN20g — 0,40 moms/i,
KCI - 1,68 mounb/1.

Tabnuua
CocraBbl 3JIEKTPOJHUTOB IJIA 3JICKTPOOCAKIACHUSA 110~
KPBITHI HUKEJIb-K00AJbT
Table. Compositions of electrolytes for electrodeposition
of nickel-cobalt coatings

OIEeKTPOJIHT: Nel | Ne2 | Ne3 | Neq | Ne5
KomnoHneHT Konuenrparws, MoJib/J
Cyneat xkobamsta | 0,03 | 0,05 | 0,08 | 0,11 | 0,13
Cynbdat Hukens 0,13 | 0,10 | 0,08 | 0,05 | 0,03
Jlurauiua 0,40 | 0,40 | 0,40 | 0,40 | 0,40
Xyopun Kamus 168|168 | 1,68 | 1,68 | 1,68
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Puc. 1. lluknuyeckue BoJIbTaMIepHbIE KPUBBIE, TOJIyYE€HHBIE B
K0OanmbTOBHIX (KpuBbIe 1 1 1°) 11 HUKeNeBBIX (2 1 2”) AIEKTPOIIH-
tax npu 25 °C (1 u2) u 50 °C (1’ u 2°); C(M?*)=0,16 mouns/1;
C(C4HsN20s)=0,40 moun/i; C(KCI)=1,68 mosb/in
Fig. 1. Cyclic voltammograms obtained in cobalt (curves of 1 and
1’) and nickel (2 and 2°) electrolytes investigated at 25 °C (1 and
2) and 50 °C (1’ and 2°); C(M?*)=0.16 mole/I;
C(C4HsN20s)=0.40 mole/l; C(KCI)= 1.68 mole/l

T
-2000

OBCYXJEHUE PE3VJIbTATOB

Huxnmryaeckre BOJIbTaMIIEPOTpaMMbl CHUMAIIH
Ha TUTATHHOBOM OJIIEKTPOJE, MPH 3TOM ITOTEHIIHAT
3NEKTPO/ia CMEelIalii BHayajle B 00IacTh OTpUIATeNb-
HbBIX 3HaueHui. Kak BuaHO Ha puc. 1, mpu 3mekTpooca-
XKACHUN WHIUBUAYAIBHBIX METaJUIOB pa3psj HMOHOB
KOOaJlbTa MPOUCXOIUT C MEHBIICH MOJIIPU3AIUEH 110
cpaBHEHHIO ¢ WoHamHu HHUKeNISA. COOTBETCTBEHHO 3a
BpeMsl KaTOJHOTO IOJIYIIMKIIA OCAXIAeTCs OOJbliee
KOJMYECTBO KOOATbTA, UTO MOATBEPKAACTCS OOJIbIICH
IJIOMIAIbI0 COOTBETCTBYIOIIETO aHOMHOTO MHKa (TI0-
BHIUMOMY, 3TO CBS3aHO C MEHBIIIECH MPOYHOCTHIO JIWT-
JINIITHOBBIX KOMILIEKCOB KOOAJIbTa 10 CPaBHEHHIO C
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KOMITJIEKCaMu HUKells). [Ipu 3IeKTpoocakIeHUH T10-
KPBITUH HHKEIh-KOOAThT CKOPOCTh MX OCAXKICHUS
pacTeT ¢ yBeITMYEHHEM JOJIM MOHOB KobOajibTa B pac-
TBOpE (puc. 2).
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Puc. 2. ]_II/IKJ'II/I“IGCKI/IG BOJIBTaMIICPHBIC KPUBBIC, ITOJIYYCHHBIC B

HCCIIeAYyEeMbIX MEKTpoauTax mpu 25 °C U COOTHOIICHUH KOHIICH-
tpauuii C(Co?*):C(Ni%*) = 1:4 (1), 1:2 (2), 1:1 (3), 2:1 (4), 4:1 (5);
Co — k06anbToBkI snekTponuT 6e3 noHoB Ni2*; Ni — HukenesbIit

sekTposut 6e3 nonos Co?*; C(Co%*)+C(Ni**)=0,16 mMons/x;

C(C4HsN20s)=0,40 moun/m; C(KCI)=1,68 Mo/

Fig. 2. Cyclic voltammograms obtained in electrolytes investi-
gated at 25 °C and C(Co?"):C(Ni?*) concentrations ratio of 1:4
(1), 1:2 (2), 1:1 (3), 2:1 (4), 4:1 (5) ; Co — cobat electrolyte with-
out Ni%* ions; Ni — nickel electrolyte without Co?* ions;
C(Co?*)+C(Ni?*)=0.16 mole/l; C(C4HsN20g)=0.40 mole/l;
C(KCI)=1.68 mole/l

ONEeKTpOOCaXKIEHUE U3 UCCIEAYEMBIX IEKTPO-
JIUTOB TIPOTEKAET C OOJIBIION KaTOMHON MOJISPH3AINEH,
CHOCOOCTBYIOIIEH MOTY4YEHHIO KAUeCTBEHHBIX MEJIKO-
KpUCTAJUIMUECKUX NOKphITUH. IlokphITHS, Ocaxknae-
Mble Ha MEIHbIE IUIACTUHBI, MOJIY4alOTCS pPaBHOMEp-
HbIE, UMEIOINE XOpOIlIee CLeIuIeHne ¢ 0cHOBOM. Co-
JepKaHue KoOalbTa B MOKPBITHH HUKENb-KOOAIbT 3a-
KOHOMEPHO YBEJIIMYUBAETCS C POCTOM COLEPKAHHS ETO
noHOB B pactBope (puc. 3). IIpu sTtoMm yBenuuenue

it VEGA3 TESCAN|

Performance In nanospace

Ne 1

TeMITepaTypsl daekTponuTa ¢ 25 go 50 °C mpakrmde-
CKH HE BIHSET HA COCTAB OCAKAAEMOT0 TTOKPBITHSL.

B xauecTBe nprMepa Ha puc. 4 pUBEACHBI dJIEK-
TPOHHO-MUKPOCKONIMYECKHE CHUMKH TTOBEPXHOCTH TIO-
KPBITHI HUKEITb-KOOAIhT, IOTYYSHHBIX U3 dJIEKTPOIIH-
ToB Ne 1 u Ne 5. BuniHo, 4To yBenuueHue conepkaHus
B MOKPBITHH KOOAJIbTa COMPOBOXKIAETCS CYLIECTBEH-
HBIM U3MEHEHUEM CTPYKTYPHI MOKPHITH. [lokpbITHs ¢
BBICOKMM COJCP)KaHUEM HHKENs HMMEIOT OKPYIIYIO
(hopMy KpPHCTAJUIMTOB, & B IOKPBITHSX C BBICOKHM CO-
IepkaHueM KoOaimbTa KPHUCTAUIATHI TIPHOOPETAroT
BEITSHYTYIO (hopmy. Pa3mep 3epeH kpuctamioB obora-
LICHHBIX HUKEIEeM MOKPBITHH HaXOIUTCA B Mpeaenax
0,5-1 MKM, a MMOKPBITUH C BBICOKHUM COAEPKaHUEM KO-
6anbrta 0,1-0,25 MM ¢ miuHOM okosto 0,5 MxMm. Benen-
CTBUE BBICOKMX BHYTPCHHUX HAIPSDKCHUN B MOKPHI-
TUSIX C BBICOKHM COJEpXKaHHWEM KoOaibTa Halmoja-
€TCsl TOSIBJIICHNE TPEIIHH, TTePEMEINAIOIIIXCS TI0 Tpa-
HUIIAM 3€peH KPUCTAJUIOB MOKPHITHSL.
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cofepxaHve kobanbTa B cnnase, aT.%

0,0 0,2 04 06 08 1,0
C(Co™) / ( C(Co™) + CINI*))

Puc. 3. 3aBucumocts copepxanus Kobansta B mokpeituu Ni-Co
ot konuenTtparuu uonos Ni?* u Co?* B sanexrponure npu 25 °C
(1)u50°C(2)

Fig. 3. Dependence of cobalt content in Ni-Co coating on concen-
tration of Ni?* and Co?* ions in electrolytes at 25 °C (1) and 50 °C (2)

SEM HV: 10.0 KV WD: 8.

View flod: 41,6 ym oetsE |
SENM MAG: 8.67 ki | Date(midly): 03125025 |

Ne 5

Performance In nanospace

Puc. 4. DIeKTPOHHO-MHUKPOCKOMNYECKHE CHUMKH MOBepXHOCTH Ni-CO MOKpBITHIA, MONy4eHHBIX U3 3IeKTponuToB Nel i Ne5
npu t=50 °C u j=1 A/nm?
Fig. 4. SEM images of Ni-Co coatings deposited from electrolyte No.1 and No.5 at t=50 °C and j=1 A/dm?
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Paboma evinoanena 6 pamxax I'ocyoapcmeen-

Ho2o 3a0anus Ha evinoanenue HUP (Tema No FZZ\W-
2023-0010). Uccaeoosarue npogedeHo ¢ UCHOIb306A-
Huem pecypcog Llenmpa KOIeKmusHo20 ROIb308aHUS
Hayunvim 06opyoosanuem UT'XTY.

AGmOpbl zasensiom 00 omcymcmeuu KOH-

@ruxma unmepecos, mpedyuie2o pacKkpvlmus 6 OaH-
HOU cmambe.
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