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Pedepar/anoTamis:

1. Incepraliiio IpUCBSIYEHO CTBOPEHHIO 3aCafi KEPOBAHOIO €JIEKTPOXIMIYHOTO CUHTE3y HOBUX (QYHKIIOHAJIIBHUAX
MarepiasiB Ha OCHOBI P€Hilo 3i cpi610M i KOO6ATILTOM /17151 €JIEKTPOKOHTAKTHOI TEXHIKU, €JIeKTPOKaTali3y Ta BOGHEBOI
eHepreTyky. [loeHaHHS peHilo 3i CPi6IOM BiIKPUBA€E MOXKJIMBICTb CTBOPEHHS €JIEKTPOKOHTAKTHUX [TOKPUTTIB, ¥
SIKMX BUCOKA €JIEKTPOIIPOBIIHICTb CPibjia JONOBHIOETHCS MiABUILEHOIO 3HOCO- Ta KOPO3iliHOIO CTIMKICTIO i
TEPMIiYHOIO CTa0IJIbHICTIO PEHil0. BUKOpUCTaHHS KOOAJBTY SIK METaJly-MeJiaTopa Ja€ 3MOTy CyTTEBO PO3LIMPUTU
Iliara3oH BMICTY peHilo IOpiBHSAHO 3 6iHapHOI0 cucTeMolo Ag-Re Ta chopmyBaTy HOBi PYHKLIOHAJIBHI BIaCTUBOCTI
- €JIeKTPOKATaJIiTUYHY aKTUBHICTb y peakuii BuzinenHs BogHio (PBB) Ta BigHoBneHHi COo. [l1s1 cuctemu Ag-Re
PO3p006JIEHO AilliaHOAPreHTaTHO-TIEPPEHATHUN €JIEKTPOJIIT Ha OCHOBI 60paTHO-(pocaTHO-KapOOHATHOTO
6ydepuoro pozunny (pH 7,0). BapitoBanns criBBinHomenHs [Agn]:[ReOnn] Biz 10:1 no 1:10 3a6e3nedye BMiCT peHilo Bif
0,15 no 13,5 mac.% npu Buxo[i 3a cTpyMoM 66-98%. [Tpouec nepebirae 3a 3mimaHoro 1udys3iliHO-KiHETUYHOTO



KOHTPOJIIO 3 eHeprieto akTuBauii 65 kI-Mosbn'. [TigBULEeHHS TYCTUHU CTPYMY Bin 3 10 15 MA-cMO? 3HMDKY€E BMICT
PEHII0 He3aJIe)KHO Bifi TeMIIepaTypy Ta IepeMilllyBaHHs. BCTaHOBIEHO TPOTUJIEXKHY [il0 €TaHOJIaMiHOBUX JOGABOK:
TpUeTaHOJIaMiH iHribye e1leKTpOogHUI IIPoLieC YHACINOK afcop6bLii Ha KaTo/i, MOHOETaHOJIaMiH — aKTUBYe HOTro Ta
3arnobirae nacusallii cpiGHOro aHoza Yepe3 yTBOpPeHHs NoJiirangHoro komiiekcy 3 Ag(I). POA nintsepaus
HAHOKPHUCTAJIIYHY CTPYKTYpPY (PO3Mip KpucTasirtiB 28,7-35,0 HM) i po3lMpeHHs napameTpa Irpatku Big 4,077 1o

4,096 A BHacnimok BOyZOBYBaHHS aToMiB Re; y 3paskax 3 13,5 mac.% Re BussyieHo pediaexkcu ReOn Ta ReoOn.
MikpoTBepaicTb oKpUTTiB Ag-13,5Re (116,1 + 19,8 kr-MM0?) 6iybIl HIX Y 1,5 pasa nepesullye TBEPIiCTb
€JIEKTPOJIITUYHOrO cpibna (74,6 + 9,7 Kr-MMDO?); 3a7IE€XKHICTb HiATIOPSAKOBYETHCS CHiBBigHOMEHHIO ['osna-Tlerya.
BusHaueHo «JianazoH QyHKIiOHANIBHOTO esieKTpoocamkeHHs» ([Agn]:[ReOon] = 10:1; j = 2,5-6 MA-cmn?, t = 19-33 °C), y
KoMy GopMyroTbcs NOKpUTTS 3 0,7-1,5 Mac.% Re 3i cTabinlbHUMY MEXaHIYHMMU Ta €JIEKTPUYHUMU
XapaKTEPUCTUKAMU y HIMPOKOMY TEMIIEPATYPHOMY iHTEpBaJli, AJ1s1 BAKOPUCTAHHSI SIK €JIeKTPOKOHTAKTHUX
marepiais. [lng cuctemu Co-Re Brepiie po3po6JieHo NoJilirangHui nipogocgaTHo-aMiauHuil €J1eKTPOJIIT, Mo
3a0e3ne4yuB BMICT penito 17,7-43,8 aT.% npu BUxo[ii 3a CTpyMoM 46-76%. OcalpkeHHs BiiOyBaeThCsl B 30Hi

I'PAaHUYHUX CTPYMIB Ta iHTEHCUBHOTO BUJIiJIEHHS BOJHIO 32 3MiIIaHOTO AU(Y3iliHO-KIHETUYHOIO KOHTPOJIIO 3
[IONEPEIHBOIO XiMiYHOIO cTagieto aucouianii kommiekcey [Co(NHoo(PoOn)]?o; MakcuManbHU BMICT Re gocsraeTscs npu j
=10 MA-cMD?, 1o BiANOBinae nepmomy rpaHuyHoMy 11ato. POA nokasas popmMmyBaHHS TBEpIUX PO3UMHIB PEHIIO B
'Y~ (o-Co) ta I'lIK- (0-Co) mopudikanisix Kod6anbTy 3 pO3MipOM KPUCTAaJITiB 6-8 HM; IapaMeTpu I'PaTKU 3pOCTAIOTh
3i 36inbIeHHSIM BMicTy Re (rRe = 0,137 HM, rCo = 0,125 HM). HaliBullly esleKTpoKaTaliTU4Hy akTUBHICTb y PBB B 1M
KOH Bussinse cinas Co-30,4 at.% Re: jo = 1,0-100% A-cmn?. 1711 1pOro X CKJIaAy BCTAHOBJIIEHO MAKCHMMAJIbHY 31aTHICTD
Io abcopb6buii BopHIO (6,1 aT.%), 0 BiAnosigae crexiomerpii inTepmertaniny ReCon tuny ABo. Kopessiiio Mix
€JIEKTPOKaTaJIiTUYHOIO aKTUBHICTIO y PBB Ta BOJIHEBOIO €MHICTIO BCTAHOBJIEHO BIEPILE [JIs1 €JIEKTPOJIITUIHUX
ciasiB Co-Re. CuHTe3 TepHapHUX NOKPUTTiB Ag-Co-Re peanizoBaHo 3a IBOMa CTpaTeriaMu: MOAU(pIiKyBaHHSIM Ag-
Co nipodocdaTHO-amiayHOTO eeKTPoJIiTy JofgaBaHHIM KReOn Ta monudikyBaHHSIM pO3pOO6JIEHOTO [JIsl OCAI>KEHHS
Co-Re nutpartHoro enektposity gonasaHHsaM K[Ag(CN)o]. OTpuMaHo OKPUTTS B AianasoHi ckianis 15,7-94,6 at.%
Ag, 3,2-35,8 at.% Co, 0,2-48,5 ar.% Re. 3a nanumu POA nanokpucraniyna ['1IK-Ag ¢a3sa (a = 4,077 A) [IOEOHYETHCS 3
TBepAUM po3unHOM Co-Re B I'llIY- Ta ['TIK-Moaudikauisx 3 poamipom KpucTaiiTis go 7 Hm. [lepenanpyra PBB B 1 M
KOH cranosuts 130-150 MB npu j = 10 MA-cmD?, a jo OKpeMHUX CKJIaJIiB IIepeBullye 3Ha4eHHs 115 6iHapHoro Co-Re 6e3
(opMyBaHHS HANIPY>KEHMX HABOJHEHUX [TIOKPUTTIB. MeTomoM JiHiliHOi BosbTamnepomeTpii B 3 M KoCOn
IiATBEPKEHO aKTUBHICTh IIOKPUTTIB Y BiHOBIeHHI COn 3 yTBOpeHHIM cuHTe3-rasy (CO + Hn); HallBUIIKM CTPyM
BigHOBJIEHHS 3aiKCOBAHO [ MOKPUTTS 3 54,8 aT.% Ag, a BapioBaHHs criBBigHOmeHHs Ag /(Co-Re) nae 3mory
KepyBaTH CKJ1aZoM IpoayKTiB. KoposiitHa crifikicTe y 1 M KOH 3pocTae 3i 36i7bII€HHSIM YaCTKU CpibJia: I'yCTUHA
KOpO3itHOro CTpyMy 3HMXKyeThes 3 9,3-1000 1o 4,4-1000 A-cMmo?. BapiloBaHHS BMICTY PEHIIO B CILJIaBi A€ 3MOTY
LiiJlecrIpsIMOBaHO 3MiHIOBaTH (YHKLiOHA/IIbHE TIPU3Ha4Y€HHs MOKPUTTIB: 0,7-1,5 Mac.% Re B Ag-Re -
€JIEKTPOKOHTAKTHI MaTepiau 3i cTabiIbHUMU XapaKTepPUCTHMKaMU Y MIXPOKOMY TeMIIepaTypHOMY iHTepBaJli; 1o 13,5
Mac.% Re — marepianu 3 nifBUILEHO MIKPOTBEPAICTIO IIPU 30epeskeHil esekTponposigHocTi; 30 aT.% Re y
KOOaIbTOBIl MaTpuLli — eseKTpokaTanizaTopu PBB 3i 3maTHicTio 10 abcop6iiii BogHIo; TepHapHi crtaBu Ag-Co-Re -

6ipyHKLIIOHABHI €/1eKTPOKATAIITHYHI CUCTEMHU 111 OLHOYACHOTO BUiJIEHHS BOLHIO Ta BifHOBJIeHHs COD.

2. This dissertation is devoted to developing the scientific foundations of controlled electrochemical synthesis of
nanostructured coatings in the Ag-Re, Co-Re, and Ag-Co-Re systems with predetermined functional properties
for applications in electrical contact engineering, electrocatalysis, and hydrogen energy. Combining rhenium with
silver enables fabrication of electrical contact coatings in which the high electrical conductivity of silver is
complemented by enhanced wear and corrosion resistance and thermal stability provided by rhenium. The use of
cobalt as a mediator metal broadens the accessible rhenium content range compared to the binary Ag-Re system
and gives rise to new functional properties — electrocatalytic activity in the hydrogen evolution reaction (HER) and
COnm electroreduction. For the Ag-Re system, a dicyanoargentate-perrhenate electrolyte based on a
borate-phosphate-carbonate buffer (pH 7.0) was developed. Varying the [Agn]:[ReOoc] ratio from 10:1 to 1:10 yields
rhenium contents of 0.15-13.5 wt.% at current efficiencies of 66-98%. The process proceeds under mixed
diffusion-kinetic control with an activation energy of 65 kJ-moln!. Opposite effects of ethanolamine additives were



established: triethanolamine inhibits the electrode process via cathode adsorption, whereas monoethanolamine
activates it and suppresses silver anode passivation through polyligand complex formation with Ag(I). XRD

confirmed a nanocrystalline structure (crystallite size 28.7-35.0 nm) and lattice expansion from 4.077 to 4.096 A

due to Re incorporation; reflections of ReOn and RenOn were detected at 13.5 wt.% Re. Microhardness of Ag-13.5Re
(116.1 + 19.8 kg-mmn?) exceeds that of electrodeposited silver (74.6 + 9.7 kg'-mmuo?) by over 1.5 times following the
Hall-Petch relationship. A &quot;functional electrodeposition window&quot; ([Ago]:[ReOonn] = 10:1; j = 2.5-6 mA-cmnp?, t
=19-33 °C) was defined, within which coatings with 0.7-1.5 wt.% Re suitable for electrical contact applications are
obtained. For the Co-Re system, a polyligand pyrophosphate-ammonia electrolyte was developed for the first

time, yielding rhenium contents of 17.7-43.8 at.% at current efficiencies of 46-76%. Deposition occurs under mixed
diffusion-kinetic control preceded by dissociation of [Co(NHD)o(PoOm)]20; maximum rhenium content is achieved at j =
10 mA-cmo?. XRD revealed Re solid solutions in both hcp (o-Co) and fcc (o-Co) cobalt modifications with crystallite
sizes of 6-8 nm. The Co-30.4 at.% Re alloy demonstrates the highest HER activity in 1 M KOH (jo = 1.0-100® A-cmn?) and
maximum hydrogen absorption capacity (6.1 at.%), consistent with ABo-type ReCon intermetallic stoichiometry. The
correlation between HER activity and hydrogen storage capacity is established for the first time for

electrodeposited Co-Re alloys. Ternary Ag—Co-Re coatings were synthesized via two strategies: modification of

the Ag-Co pyrophosphate-ammonia electrolyte with KReOn, and modification of the Co-Re citrate electrolyte with
K[Ag(CN)a], covering compositions of 15.7-94.6 at.% Ag, 3.2-35.8 at.% Co, 0.2-48.5 at.% Re. XRD data show
coexistence of a nanocrystalline fcc-Ag phase (a = 4.077 A) with a Co-Re solid solution with crystallite sizes up to 7
nm. HER overpotential in 1 M KOH is 130-150 mV at j = 10 mA-cmn?, with exchange current densities of selected
compositions exceeding those of binary Co-Re without hydrogenation-induced stress. Linear sweep voltammetry

in 3 M KoCOn confirmed COn reduction activity yielding synthesis gas (CO + Hn); the highest reduction current was
recorded at 54.8 at.% Ag, and the Ag/(Co-Re) ratio controls product composition. Corrosion current density in 1 M
KOH decreases from 9.3-10oo to 4.4-10o0 A-cmp? with increasing silver content. Varying the rhenium content enables
deliberate tuning of coating functionality: 0.7-1.5 wt.% Re in Ag-Re — electrical contact materials stable over a

wide temperature range; up to 13.5 wt.% Re — enhanced microhardness with preserved conductivity; ~30 at.% Re

in cobalt matrix — HER electrocatalysts with hydrogen absorption capability; ternary Ag—-Co-Re alloys —

bifunctional systems for simultaneous hydrogen evolution and COn reduction to synthesis gas of controlled

composition.
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JoparkoBa iHdpopmamist:

IloBHE HaliMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBEpCUTET "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180



Micue3Haxoa>KeHHS: Bys1. Kupnuyosa, Xapkis, XapkiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Manerin IOpiit AHnpilioBUY

2. Yurii A. Malietin

KBasidikanis: 1. x. u., wien-kop. HAH Vkpainu, 02.00.04
InenTudikarop ORCID ID: 0000-0001-5540-8490

JoparkoBa iHpopmauist: ;https:/ /orcid.org/0000-0001-5540-8490

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [lepkaBHa opraHisallis [HCTUTYT copoLji Ta Ipo6eM

enpoekosorii HanioHanbHoi akageMii HayK YKpainu

Kopg 3a €IPIIOY: 05398131

Micue3HaxoaKeHHS: ByJI. ['enepasna HaymoBa, Kuis, 03164, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Iipcekuit FOpint Kyzbmuy

2. Yurii K. Pirskyy

KBasigikanis: n.x.u., c.H.c, 02.00.05

I,ILeHTI/I(l)iKaTOp ORCID ID: 0000-0002-9431-4136

JoparkoBa iHdopmanist: Scopus Author ID 15841863400; Web of Science Researcher ID: GBF-1826-2022

TloBHe HaliMEeHYBaHHS IOPHAHYHOI 0COOH: [HCTUTYT 3arasbHOI Ta HEOpraHivHoi Ximii im. B. I.

BepHancekoro HauioHanbpHOI akagemii Hayk YKpainu

Kog, 3a €IPITIOY: 05417383

Micuesnaxo,szeﬂml: npocnekTt akagemika INannanina, Kuis, 03142, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HauionasnbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ®omantok Cepriit CtaHiciaBOBAY

2. Sergii S. Fomanyuk



KBasmigikanis: . x. 1., 02.00.05
InenTudikarop ORCID ID: 0000-0001-9844-8855
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHAHYHOI 0COOH: [HCTUTYT 3arasbHOI Ta HEOpraHivHoi Ximil im. B. I.

Bepnagcbkoro HanjoHanbHOi akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05417383

Micue3HaxoKeHHS: npocnekTt akagemika INannanina, Kuis, 03142, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiiHHSA: HaujoHasbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZoMOCTi

Biacue IpizBume Im's [10-6aThKOBI Omesbuyk AHaToTil OnaHacoBUY
TOJIOBH paju

BnacHe IlpizBume Im's I10-6aTbKOBI Omenbuyk AHaTotilt OraHacoBu
rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHUI 3a MiATOTOBKY Hapis [Baxa
00JIiIKOBHX JOKYMEHTIB

Peectparop IOpueHko TetsiHa AHaToOsiiBHA

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisiIBHOCTI




