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AHOTANIA

Mauizenic  A.O. EnektpoximiuHi (QYHKI[IOHAIbHI TOKPUTTS 3 MIKpO- 1
HaHopo3MipauMu Cu, Sn, Ni, Zn-BMICHUMH MIapamMH KE€POBaHOTO (a30BOro CKIaLy. —
Ksamiikamiitna HaykoBa mparisi Ha IpaBax PyKOIHUCY.

Huceprariiss Ha 3100yTTsI HAYKOBOTO CTYNEHs JOKTOpAa TEXHIYHMX HayK 3a
cnerianpHicTIO 05.17.03 — TexHiuHa enexTpoximia (16 — XimiuHa Ta GloiHXKEHEPIs ). —
HamionanpbHuii TeXHIYHUN YHIBEPCUTET «XapKIBCBKUU TMOJITEXHIYHUM 1HCTUTYTY,
Xapkis, 2020.

Ob'exm OocniddiceHb — ENEKTPOXIMIUHI TPOIECH YTBOPECHHS TOKPHUTTIB, IO
CKJIaJIalOThCS 3 MIKpo- 1 HaHopo3MmipHuX Cu, Sn, Ni, Zn-BMiCHUX IIapiB KEPOBAHOTO
(dazoBoro cKiamy.

Ilpeomem Oocniodcenv — KIHETUYHI 3aKOHOMIPHOCTI mpolieciB yrBopeHHs Cu, Sn,
Ni, Zn-BMICHUX IIIapiB MOKPUTTIB KEPOBAHOTO (DA30BOr0 CKIIAMy Y MOJLUIITaHIHUX
€JIEKTPOJIITaX Ta iX (Pi3UKO-MEeXaHIYH1, aHTUKOPO31iHI 1 KATaTITU4HI BIACTHBOCTI.

Jlucepraliifo TPHUCBAYCHO PO3POOILI TEOPETUYHUX MPUHIIUIIB ITiABUIICHHS
(GYHKIIOHATBHUX BJACTUBOCTEH MOBEPXHEBUX MaTepiaiiB LUISIXOM IOYEProBOTO
€JIEKTPOOCAXKEHHSI HaHO- 1 MiKpopo3MipHuX mapiB Cu, Sn, Ni, Zn-BMICHUMH CILJIaBIB.
OCHOBHHUM MNPUHITUIIOM € TPIOPUTETHE BUKOPUCTAHHS TMOJIUTITAHAHUX €JIEKTPOJIITIB 31
CTBOPEHHSIM YMOB JJISI OCAJKEHHS MapiB pi3HOTO 3amaHoro ¢azosoro ckiany (LIPDC)
3 METOI BIUIMBY Ha MIKpPO- 1 MakpO CTPYKTYpY OCaaiB 1 MOJIMIICHHs Oap’e€pHUX
AHTHKOPO31MHUX Ta MEXAHIYHUX BJIACTUBOCTEH MOKPHUTTIB 3aBISKU MEPIOJUYHINA 3MiHI
YMOB 3apOJIKOYTBOPEHHSI 3 OJEPKAHHIM JIPIOHOKPHUCTAIYHUX OCAiB Ta CTBOPEHHSIM
MDKIIIAPOBUX MEX, 30aradeHuX 1HTepMeTalliIaMH.

Ha miacTaBi Bu3HaueHHs KIHETUYHUX 3aKOHOMIPHOCTEH €NEKTPOJHUX MPOLIECIB Y
cucremax  M-P,O,"-Cit", M-P,0,"-Y*, M-NH;5-Gly” noBeaeHo  mepeBary
BUKOPUCTAHHS MOJUIITAHIHUX €JIEKTPOJITIB I €JIEKTPOOoCcaKeHHS MOKpUTTIB [ITPDOC
nepell MOHOJITAaHAHUMH 3aBISKH: MOKJIHMBOCTI OCAIKyBaTH TOHKI IIapu pi3HOTO
$azoBOr0 CKIaay 3 OJHOTO EJEKTPONIITY, MHUTTEBOMY MEXaHi3My HyKJIearii 3

YTBOPEHHSIM TOHKHX CYLUUIBHUX IUTIBOK TMpPH TOIIAPOBOMY OCAJKEHHI CILIaBiB,
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PO3IIMPEHHIO 00JacTi AOMYyCTUMHUX TYCTHH CTPyMYy PO3YMHEHHS METalllB Yy CKIIaJIl
KOMOIHOBAaHHMX aHOJIB B YMOBaX MEPIOJUYHOI 3MIHM TYCTHMHH CTPYMY B IIUPOKOMY
Jiara3oHi 3HaueHb. BuH3HaueHO, M0 CYMICHMM pO3ps] 10HIB YCIX METaliB, B
AOCTKYBAaHUX TMOJUIITAHIHUX €JEKTPOJITaX, CyNpOBOIKYETHCS KOHIECHTPALIHHUMU
YCKJIQJIHEHHSIMU 3 HAsBHICTIO aJCOPOIIMHMX SBUIL MPU HU3BKIM TYCTHHI CTPyMy
OCa/UKCHHSI TUTIBOK CIUIaBiB Ta BIUIMBY IPU OUIBII BHUCOKUX TYCTHHAX CTPYMY
KIHETUYHUX OOME)KEHb, K1 ITOB’s13aHl 3 XIMIYHOI CTaJI€r0 JHUcoliallii KOMIUIEKCIB, 110
nepesye po3psLy.

Ha 6a31 ananmizy MoAeNnbHUX MOJSPU3ALIMHUX 3aJ€KHOCTEH, OTPUMAHUX IPHU
HEeMHIMHIA 3MIHI MOTEHI[lally 3a eKCHEPUMEHTaJIbHO OTPUMAHUMH JITAHUMU
3alpOIOHOBAHO HOBY METOJMKY KUIBKICHOTO BH3HAYECHHS IMMapaMETpPiB KOHTAKTHOTO
oOMiHy B enekTpoiiTax. YiTka BiIMOBITHICTh ITUX 3QJIEKHOCTEH EKCIIEPUMEHTAIBHO
BU3HAYEHIN 3MiH1 MMOTEHIIIAly CyMapHOTo Mpoliecy 3 AuckpetHicTio 10 1 MB Ta 0,05 ¢ 3
ypaxyBaHHsAM ii HampsAMKy Ta 3MIiHU IIBHIKOCTI JO3BOJISIE TMiJBUIIMTH TOYHICTh
BHU3HAUEHHS MapaMeTpiB CYMPSHKEHUX MPOIIECIB.

OOrpyHTOBaHO aJrOPUTM KUIBKICHOTO BH3HAYEHHS €JIEMEHTHOTO 1 (pa3oBOro
CKJaay IUTIBOK cruiaBy Zn-Ni Ha OCHOBI 3alpONOHOBAHOTO MEXaHI3My aHOJHOTO
PO3YMHEHHSI TOHKUX IIapiB CIutaBy Zn-Ni B yMOBaxX CTPHIIIHT-BOJbTaMIEpOMeETpii. Y
porieci aHOMHOI OOpPOOKM TOHKHMX IHapiB cmiaBy Zn-Ni y Jy)KHOMY amiadHo-
TIIIIMHATHOMY PO34MHI BiIOYyBA€THCS MOCTIOBHE PO3UUHEHHS (a3u IUHKY, IIUHKY 3 O-
1 yp-ga3u crutaBy pi3HOiI CTPYKTYpH, IOTIM 30aradyeHoro HiKeJIeM 3alliIIKy Ta
MaTpPUYHOTO HiKem0. BUu3HaueHo 3B 430K BMICTY 1HTEpMETATIAIB 1 BUXITHOI CTPYKTYpPH
y-hbasu 31 CKiIazoM 30aradyeHOro HIKeJIeM 3aJMIIKy Ha €JNeKTPOJl, IO J03BOJISE
MIJBUIIUTH TOYHICTh KIUJIBKICHOTO BHM3HAuUCHHsS CKJaay ImapiB. [neHTudikoBaHo Ta
MIATBEP/HKEHO METOJOM PEHTTEHIBCbKOI  IU(PAKTOMETpli MIKM  MOCIIJOBHOTO
okuciieHHs (a3, sxi npucytHi B crmiaBax Cu-Zn, Cu-Sn 1 Zn-Ni, ocamkeHux 3
JOCHIDKYBAaHUX €JICKTPOJITIB MPU BOJBTAMIEPOMETPUYHOMY PO3UYMHEHHI IIJIIBOK
CIUTaBIB.

BcranoBneHo 3aneKHOCTI XIMIYHOTO 1 (h)a30BOTO CKJIay IapiB CIUIaBIB BIJ

CKJIaay EJEKTPOJITIB 1 PEeXUMY ENEKTPOJi3y 3 BHUKOPUCTAHHSIM METOAY CTPHIIIHT-
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BosbTamriepoMeTpii. IlpoekTyBaHHS apXiTeKTypH TMOKPUTTIB 3 IIapaMd Pi3HOTO
¢$a30BOrO CKIIaqy BUKOHAHO Ha OCHOBI aHali3y 3MiHHU (Pa30BOro CKiaay IHIapiB CIUIABiB
N0 TOBUIWHI, BIUIMBY IMOYEProBOTO OCAJKEHHS IIapiB CIUIABIB HAa CKJIAJl MOKPUTTIB
HIP®C, Bu3zHaueHux BapiaHTIB (a3zoBoro ckiamy OimapiB. CkialoBl MIApU MICTSThH
taki ¢aszu: (Cu-Zn)g,, — nepeBaxkHo a-pazy, (Cu-Zn),,, — (KkpiM a-pa3u MIiCTATh f-, &- 1
y-bazu, Ta Zn); (Cu-Sn)g,; — KpiM a-pa3zu MICTATSH &- 1 N-(a3u, He MicTiTh Pa3y Sn, (Cu-
Sn)ox — KpIM a-(pa3u MicTaTh ¢pazy Sn i y-hasy, a e-¢paza BiACYTHS; (Zn-Ni)g,; MICTATD
dazy Zn, o- 1 y-pasu, (Zn-Ni),,, — A0JIaTKOBO MICTATh peHTreHoamop(pHy f-dha3y Ta
¢dazy Ni. Anamiz XRD mnokpurriB 3 mapamu pi3HOTO (ha30BOTO CKJIATy IOKa3aB
HASIBHICTh 3HAYHOI KITBKOCTI IHTEpPMETAIIAIB Y CKIIAJl MIOKPUTTIB 3 PO3MIpOM ObJiacTen
KOT€PEHTHOTO PO3CitoBaHHA i1 ocCHOBHUX (pa3 9-10 aM. Metogom SEM mnokaszaHo, 1110
PO3p00IIeH1 TOKPUTTS MAIOTh PIBHOMIPHY Ta APIOHOKPUCTANIYHY CTPYKTYpPY HOBEPXHI 3
IITFHOIO YIIAKOBKOIO 3€PEH Ta 3a BIJCYTHOCTI TOP.

BuzHnaueHo B3a€MO3B’S30K XapakTepy BIUIMBY CKJIAAy €JEKTPOJITY, PEKUMY
€JIEKTPOJIIZY Ta apXITeKTypu MOKPHUTTIB [(M;-M;)sa:/(M-M3)0x]n Ha TX MIKPOTBEPIICTD
Ta KOpO3iMiHy CTilkicTh. JlOBeAeHO, IO TOKAa3HUKH KOPO3IMHOI CTIMKOCTI 1
MIKpOTBEPJOCTI PO3POOJICHUX MOKPHUTTIB NEPEBUILYIOTh MOKA3HUKH OJHOIIAPOBUX
MOKPUTTIB 0OA30BUMHU CILJIABaMHU, SIK1 OCaKEH1 Y TUX Ke eJeKTpoiiTax. MiKpOTBEpIiCTh
EKCTpPEMaIbHO 3aJICKUTh BiJl apXITEKTypH MOKPHUTTIB. MakcumaiabHa MIKpOTBEP/ICTh
po3pobaeHnx NokpuTTiB ckiamae 397-428 HV nns [(Cu-Zn)gs,/( Cu-Zn)yonln, 476-511
HYV nns [(Cu-Sn)gay/(Cu-Sn)yonln, 1@ 700-864 HV nnst ([(Zn-Ni)gay/(Zn-Ni),o.]n Tipu
toBIMHI Oimapy 20-125 M. BcTaHoBneHO, MO KAaTOAHI MO BiAHOMIEHHIO 10 CTai
nokpurts IIP®C, sxi ckmamarothes 31 cmnaBiB Cu-Zn 1 Cu-Sn, 6e3mopucti npu
toBmuHI 0,63 MkM 1 2,3 MKM, BIZNIOBIIHO. B yMOBax TpuBaioi BUTPUMKH Y PO3UHuHI 3,5
% NaCl anomni mokputTs [(Zn-Ni)g.,/(Zn-Ni) ., ], 30epiratoTh 3aXrUCHI BIACTUBOCTI Ha
ctani y 1,5-2,6 pa3iB J0BIIIE€ B TOPIBHAHHI 3 OJHOIIAPOBUMHU OKPUTTIMHU.

BcTaHnoBneHO BIUIMB CKIIQAy €JIEKTPOJIITIB, MOTEHIIATY 1 Yacy OCaPKCHHS IIapiB
nokputTiB  [(M;-M,-(M3))/(M;-M;(OH),)], (1=1-3) Ha mNOKa3HUKM iX KaTadiTUYHOI
aKTUBHOCTI B TECTOBUX PEAKIISIX BUJIIJICHHS BOJHIO 1 OKMCHEHHSI OPTaHIYHUX PEYOBUH

Ta eKCIUTyaTarliiiHi XapakKTepucTUKku. Bu3HadueHo, 0 oepkaHi eIeKTPOAN BHUSIBISIOTH
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OUIbLIYy KOPO3IMHO CTIWKICTh Ta MAalOTh OUIBII BUCOKY KaTaJITUYHY AKTHUBHICTb, Y
MOPIBHSAHHI 3 €JeKTpoJaMy 3 TOKpUTTAM BimmoBimaumu cmiaBamu: [(Ni-Cu)/(M;-
M;(OH),],,, micns karogHoi o0podku, 1 [(Ni-Zn-Cu)/(M;-M;(OH),)],, micas XiMigHOT 1
€JIEKTPOXIMIYHOI 0OpOOKHM — B peakiiii BUAUICHHS BOJAHIO y Jy>KHOMY po3uuHi; [(Ni-
Cu)/(M;-M;(OH),-M;O0H)|,, micns 1mukiayBaHHS B 0OJacTi MOTEHIIATIB 3BOPOTHOTO
nepexoly TIAPOKCHUIY B OKCOTIIPOKCH]I, — B PEAKIIISIX OKUCJICHHS CIHUPTIB 1 TIIOKO3H;
nokputTA [(Sn-Sb)/(M-M,Oy)],, micis aerigpaTanii 1 aHOJHOTO OKMCJIEHHS, — B peaKiii
OKHCIIGHHs (eHoiy. 3a pe3ynbTaTaMd CKaHYIYOi eJIeKTPOHHOI MiKpOCKOIil
11eHTU()IKOBAHO 1€pApXIYHO PO3BHHEHY IOBEPXHIO EJIEKTPOMAIB, IO CKJIAJAETHCS 3
JEHAPUTIB, TOKPUTUX KOHTIIOMEPATaAMH TI00YISIPHOT (hOPMH.

Bceranosneno, mo mnokputts [(Ni-Zn-Cu)/(M;-M;(OH),)], 3 MeHIIMM BMIiCTOM
¢da3u uuHKy 1 y-¢hasu, micias oOpoOKU y PO3UMHY JIYTY, MAlOTh MEHIIUNA KOe(IlI€HT
PO3BHHEHHSI, ONHAK OLIbIIHIT CTpyM 0OMiHy peakuil Bumitenus Boamio (1,81 MA/cM’
npotr 1,28 MA/cM®), HIDKYMIT OMIYHMI OMip Ta GLIBII MEXaHIYHO MILHY iepapXiuHO
pPO3BUHEHY TMOBEpXHIO. BcraHoBneno, mo enektpoa 3 MokpUTTsIM [(Ni-Cu)/(M;-
M;(OH),-M;O0H)], 3 MIKpOpO3MIpHUMH IlIApaMH, y TOPIBHSHHI 3 EJEKTPOJIOM 3
MOKPUTTAM 3 HAHOPO3MIPDHUMH IIapaMH, Ma€ OUIbLIy TeTEepPOreHHY KOHCTaHTY
muakocti (0,53 ¢ mopiBasHO 3 0,36 ¢') i kpami ekcrutyaTariifHi BIacTHBOCTI, 3a
paxyHOK CTBOPEHHS MIIHOTO MiKpOKapKacy 31 CIUIaBy HpH HaHOCTPYKTYPOBAaHOI
MOoBepXHi. BusBIEHO ceHCOpHI BIAacTUBOCTI enektpoay 3 TOkpuTTsMm [(Ni-Cu)/(M;-
M;(OH),-M;00H)],: Haf4yTIUBICTh NPH KOHIEHTpALil TIFOKO3M A0 50 MKMOIB/IM’
13986 + 9 MkA (MMoas/am’)' cM™ , uyrTamBicTs B miamasomni Big 0,05 MMoms/aM’ 10
1,65 MMOJIB/IM® 2921 + 1 MkA (MMOJIL/I[M3)'1 CM'Z, 1o 6,3 MMOJIB/JIM" (mpu +0,6 B) —
1667 + 4 MxA (Mmons/om’) ! em™.

Po3pobneno  TeXHOJIOTIYHI ~ MapaMeTpu  EJIEeKTPOXIMIYHUX  MPOLECIB
pecypco3oepiratouoro ¢GopMyBaHHS MIKPO- 1 HAHOCTPYKTYPOBAaHUX 3aXUCHUX
HOKPHTTIE [(Cu-Zn)s0/(Cu-Zsoudns [(Cu-Sn)ses/(Cu-Sn)soudn i [(Z0-Ni)ou/(Z0-Ni)soulhs
Ta HEIJIATHHOBUX KATAIITHYHO AaKTUBHUX enekTpogHux warepianiB [(Ni-Cu)/(M;-
Mi(OH)2Jn, [(Ni-Zn-Cu)/(Mi-M;(OH)»)]n,  [(Ni-Cu)/(Mi-M;(OH),-M;OOH)], 1 [(Sn-

Sb)/(M;-M,Oy)],; momaTkoBoro mapy cmiaBy Zn-Ni y eNeKTpoiizepax 3 HH3BKO
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KOHIEHTPOBAaHUMH E€JCKTPOIITAMH MAJI 3aXHCTy LHWHKOBOTO TOKPHUTTS BiJl KOPO3ii.
BpaxoBano cywmimieHHss (GYyHKIA €JIEKTPOOCAIHKEHHS JOJATKOBUX IIApIB CIUIABIB,
aHOJHO1 OOPOOKH Ta €JIEKTPOCKCTPAKIlii METajiB, 10 T03BOJISIE EKOHOMUTH BUPOOHHUYI
IUIONI, METald, BOJAY 1 €JeKTpOoeHeprio. Bucoki MexaHi4HI 1 aHTHKOPO3iiHI
BIacTUBOCTI mOKpUTTIB 3 IIP®C miaTBepaxkeHi akTamMyd BHUIPOOYBaHb Ha
XapkiBcbkoMy — mamumHoOyniBHoMy — 3aBoai  «@EJl», HBII  «Exomomimepy,
XapkiBcbkomy aepokmy0i iM. B.C. I'puzogy6oBoi ToBapucTtBa cnpusiHHS 00OpOHI
VYkpainu. TexHOJOriuyHI MpPOLECH eIEeKTPOOCAIKEHHS 3aXHCHMX 1 KaTaJiTUYHO
aKTUBHUX TOKPUTTIB BHUNPOOYBaHI Ha JAOCHIIHUX NapTiAX 1 PEKOMEHAOBaHI [0
BripoBaxeHHs JJHBII «O6’eqnanns Komynapy 1 11 3aBon imeni B. O. Manuiesa.
KiroyoBi cioBa: IMHK, HIKENb, OJOBO, MiJib, TIIPOKCUIU, CTajb, MOKPHUTTH,

KOpPO3iifHa CTIHKICTh, KaTadITUYHA AKTUBHICTh, MIKPOTBEPAICTb.
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Maizelis A.A. Electrochemical functional coatings with micro- and nanosized Cu,
Sn, Ni, Zn-containing layers of controlled phase composition. — Manuscript.

Thesis for the Doctor’s of Science degree in Technical Sciences by speciality
05.17.03 — Technical Electrochemistry (16 — Chemical and Bioengineering). — National
Technical University “Kharkiv Politechnical Institute”, 2020.

The object of study is electrochemical processes of formation of coatings
consisting of micro- and nanosized Cu, Sn, Ni, Zn-containing layers of controlled phase
composition.

The subject of the study is the kinetic regularities of the processes of formation of
Cu, Sn, Ni, Zn-containing layers of coatings of controlled phase composition in
polyligand electrolytes and their physical-mechanical, anticorrosive and -catalytic
properties.

The thesis is devoted to the development of theoretical principles of increasing
the functional properties of surface materials by alternating electrodeposition of nano-
and micro-sized layers of Cu, Sn, Ni, Zn-containing alloys. The main principle is the
priority of use of polyligand electrolytes with the creation of conditions for the
deposition of layers of different phase composition (LDPC) in order to influence the
micro- and macro structure of deposits and improve the barrier anticorrosive and
mechanical properties of coatings by periodically changing nucleation conditions and
creation of intermetallics-enriched interlayer boundaries.

Based on the determination of kinetic regularities of electrode processes in the
M-P,0,"-Cit”", M-P,0,"-Y*, M-NH;-Gly systems, the advantage of using polyligand
electrolytes for LDPC coatings has been proved compared to mololigand electrolytes
due to possibility of depositing thin layers of different phase composition from one
electrolyte, the instantaneous mechanism of nucleation with the formation of thin
continuous films by layer-by-layer deposition of alloys, expanding the range of
allowable current densities of dissolution of metals in the combined anodes in terms of

periodic changes in current density in a wide range of values. It is determined that the
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compatible discharge of ions of all metals in the studied polyligand electrolytes is
accompanied by concentration limitations with the presence of adsorption phenomena
at low current density of alloy film deposition and influence of kinetic limitations
associated with the chemical stage of complex dissociation are observed at high current
density.

Based on the analysis of model polarization dependences obtained by nonlinear
potential change according to experimentally obtained data, a new method of
quantitative determination of contact exchange parameters in electrolytes is proposed.
The clear correspondence of these dependences to the experimentally determined
change in the potential of the total process with a discreteness of up to 1 mV and 0.05 s,
taking into account its direction and rate change, allows to increase the accuracy of
determining the parameters of coupled processes.

The algorithm for quantitative determination of the elemental and phase
composition of Zn-Ni alloy films on the basis of the proposed mechanism of anodic
dissolution of thin layers of Zn-Ni alloy under conditions of stripping voltammetry is
substantiated. In the process of anodic treatment of thin layers of Zn-Ni alloy in alkaline
ammonia-glycinate solution, sequential dissolution of zinc phase, zinc from J- and y-
phase of alloy of different structure, accompanied by nickel-enriched residue and matrix
nickel dissolution. The relationship between the content of intermetallic compounds and
the initial structure of the y-phase with the composition of the nickel-enriched residue
on the electrode is determined, which allows increase the accuracy of quantitative
determination of the composition of the layers. The sequential oxidation peaks of the
phases present in Cu-Zn, Cu-Sn and Zn-Ni alloys deposited from the investigated
electrolytes during voltammetric dissolution of the alloy films were identified and
confirmed by XRD.

The dependences of the chemical and phase composition of the alloy layers on
the electrolyte composition and the electrolysis regime using the method of stripping
voltammetry are established. The design of the architecture of coatings with layers of
different phase composition was performed on the basis of analysis of changes in the

phase composition of alloy layers in thickness, the effect of alternating deposition of
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alloy layers on the coating composition of LDPC, certain variants of phase composition
of belayer. The constituent layers consist of the following phases: (Cu-Zn)y,s. - mainly
a-phase, (Cu-Zn),q — (a, f-, &- and y-phases, and Zn); (Cu-Sn),.se — in addition to a-
phase contain ¢- and 7-phases, do not contain Sn-phase, (Cu-Sn),qq - in addition to a-
phase contain Sn-phase and #-phase, and e-phase is absent; (Zn-Ni),.s. contain the Zn
phase, 0- and y-phases, (Zn-Ni),q - additionally contain X-ray amorphous f-phase and
Ni-phase. Analysis of XRD coatings with layers of different phase composition showed
the presence of a significant amount of intermetallics in the composition of coatings
with the size of the regions of coherent scattering for the main phases 9-10 nm. The
SEM method shows that the developed coatings have a uniform and fine-crystalline
surface structure with dense packing of grains and in the absence of pores.

The relationship between the nature of the influence of the electrolyte
composition, electrolysis regime and architecture of coatings [(M;-M;)pase/(M1-M3)agd]n
and their microhardness and corrosion resistance is determined. It is proved that the
parameters of corrosion resistance and microhardness of the developed coatings exceed
the parameters of single-layer coatings by base alloys, which are deposited in the same
electrolytes. The microhardness is extremely dependents on the coating architecture.
The maximum microhardness of the developed coatings is 397-428 HV for [(Cu-Zn)pase
/(Cu-Zn)aqaln, 476-511 HV for [(Cu-Sn)pase/(Cu-Sn),aqln, and 700-864 HV for [(Zn-
Ni)pase/(Zn-Ni),qq]n at a bilayer thickness of 20-125 nm. It was found that the cathodic
vs. steel LDPC coating, consisting of Cu-Zn and Cu-Sn alloys are non-porous at a
thickness of 0.63 um and 2.3 um, respectively. In conditions of prolonged exposure in a
solution of 3.5% NaCl coatings [(Zn-Ni)ps/(Zn-Ni).qq], retain cathodic protection of
steel 1.5-2.6 times longer compared to single-layer coatings.

The influence of electrolyte composition, potential and time of sublayers
deposition of [(M;-M,-(M3))/(M;-M;(OH),)], (i = 1-3) coatings on the parameters of
their catalytic activity in test hydrogen evolution reactions and oxidation of organic
substances and performance characteristics are established. It was determined that the
obtained electrodes show greater corrosion resistance and have a higher catalytic

activity, compared with electrodes coated with the corresponding alloys: [(Ni-Cu)/(M;-
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M;(OH),], after cathodic treatment, and [(Ni-Zn-Cu)/(M;-M;(OH),)],, after chemical
and electrochemical treatment — in hydrogen evolution reaction in alkaline solution;
[(Ni-Cu)/(M;-M;(OH),-MiOOH)], after cycling in the region of potentials for the
reversible transition of hydroxide to oxohydroxide — in the oxidation reactions of
alcohols and glucose, coating [(Sn-Sb)/(M-MOy)],, after dehydration and anodic
oxidation — in the reaction of phenol oxidation. According to the results of scanning
electron microscopy, the hierarchically developed surface of the electrodes, consisting
of dendrites covered with conglomerates of globular shape was identified.

It was found that the [(Ni-Zn-Cu)/(Mi-Mi(OH),)], coating with a lower content
of zinc phase and y-phase, after treatment in an alkali solution, have a lower
development coefficient, but a higher exchange current density in hydrogen evolution
reaction (1.81 mA/cm® vs. 1.28 mA/cm’®), lower ohmic resistance and more
mechanically strong hierarchically developed surface. It was found that the electrode
coated by [Ni (Cu)/(M;-M;(OH),-M;O0H)], with micro-dimensional layers, in
comparison with the electrode coated with nanoscale layers, has a higher heterogeneous
rate constant (0.53 s compared with 0.36 s™) and the best operational properties, due to
creation of a strong microframe of alloy with nanostructured surface. Sensory properties
of the electrode coated with [(Ni-Cu)/(M;-M;(OH),-M;O0H)], are detected:
hypersensitivity at a glucose concentration up to 50 zmol/dm’ 13986+9 yA(mmol/dm’)
'em™, sensitivity in the range from 0.05 mmol/dm’ to 1.65 mmol/dm’ 2921+1 pA
(mmol/dm’®)'em™, up to 6,3 mmol/dm’ (at +0.6 V) — 1667+4 uA (mmol/dm’)" cm™.

Technological parameters of electrochemical processes of resource-saving
formation of micro- and nanostructured protective coatings of [(Cu-Zn)pase/(Cu-Zn)aq4]ns
[(Cu-Sn)pase/(Cu-Sn)agaln and [(Zn-Ni)pase/(Zn-Ni)aga]n, and non-platinum catalytically
active electrode materials [(Ni-Cu)/[M;-M;(OH),],, [(Ni-Zn-Cu)/(M;-M;(OH),)],, [(Ni-
Cu)/(M;-M;(OH),)M;00H)], and [(Sn-Sb)/(M;-M,O,)],; additional layer of Zn-Ni alloy
in electrolyzers with low concentrated electrolytes to protect the zinc coating from
corrosion. The combination of functions of electrodeposition of additional layers of
alloys, anode processing and electroextraction of metals is taken into account, which

allows saving production areas, metals, water and electricity. High mechanical and
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anticorrosive properties of coatings with LDPC were confirmed by LSC "FED", SPE
"Ecopolymer", Kharkiv Aero Club named by V.S. Grizodubova APO OPD Ukraine.
Technological processes of electrodeposition of protective and catalytic coatings were
tested and recommended for the implementation at SSCPE "Kommunar Corporation"
and SE "Malyshev Plant".

Keywords: zinc, nickel, tin, copper, hydroxides, steel, coatings, corrosion

resistance, catalytic activity, microhardness.
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