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1. lucepTanjiiina po60oTa MpucBsYeHa NOCaiTKEeHHIO BOJHUX IUTPATHUX €JIEKTPOJIIT Ta €JIEeKTPOJIiTiB Ha ocHOBI HEP
peJtiHy 17151 €1eKTPOOCAIKEHHSI HiKeJIeBUX Ta HiKeJIb-BOJIb()PAMOBUX ITIOKPUTTIB, @ TAKOXK €JIEKTPOXiMiYHUX,
MEXaHIYHUX, IPOTUKOPO3iNHUX Ta KaTaNiTUYHUX BJIACTUBOCTEN MTOKPUTTIB, OTPUMAHUX i3 BiIIIOBIGHUX
esiekTposiTi. Ha ocHoBi [Y-cnekrpockoniynux ta IHIMP nocrnimkens nosefeHo GOpPMYBaHHS peJliHy IpU
IIPUTOTYBaHHI €JIEKTPOJITY HA OCHOBI HU3bKOTEMIIEPATYPHOI €BTEKTUYHOI CyMillli XOJIiH XJIOPUAY Ta KapoamMiny y
MOJISIPHOMY cliBBiiHOWEHH] 1:2 M. 3ailicHeHi NOPiBHAMBHI LOCIIKEHHS MPOLECIB €JIEKTPOOCAIP)KEHHS HIKEJIEBUX
Ta HiKeJIb-BOJIbPPAMOBUX IIOKPUTTIB i3 BOAHUX LIUTPATHUX €JIEKTPOJIITIB Ta €J1IeKTPOosIiTiB Ha ocHOBiI HEP - peiny.
BcraHOBIIEHO, 0 IPU MOJIIPHOMY CIIiBBiTHOILIIEHHI i0HIB HiKeJto 10 Boabdpamary 0,75 : 0,07 M y BomHOMY
LUTPAaTHOMY €JIEKTPOJIiTi TPU 36i/bIIE€HHI T'YCTMHU CTPYMY B iHTepBaili 0,5...5 A/1m2 BMiCT Bosibpamy y

HiKeJleBOMY ITIOKPUTTi 3MeHIIyeThCs Bif, 16,3 mac.% 1o 6,14 mac.%. 3 omHOro 60Ky CIiBOCaIpKeHHs BOJIbdpamy y



HiKeJIeBUI CIJIaB CYIIPOBOMKYETHCS AENOJSIPU3aLlielo KaTOAHOrO MPOLECy, 3 iHIOro 60Ky BifiOyBa€eTbCS
No/IPiGHEHHS KPUCTAJIYHOI CTPYKTYPH MOKPUTTS. Po3Mip KprcTanidvHOro 3epHa [ijisl eJIeKTPOOCaIPKeHNX HikeJleBUX
IIOKPUTTIB TOBIIMHOI 20 MKM Bapilo€eThCsl B MeXa 2...5 MKM, a [ HikeJlb-BOJb(PPaMOBOro CILJIaBy i3 BMiCTOM
BosIb(ppamy 14 mac.% y mexax 0,5...2 MKM. Y 1[i7IOMy BUXO[IY 32 CTPYMOM SIK HiKeJIIO, TaK i Hikesb BOJIb(PaMOBOTo
CIIJIaBy CTAHOBJIATh 6113bKO 95 % i BiANOBIZAIOTh TAKUM, IO [OCSTAIOTHCS IIPU KIIACUYHOMY IaJIbBaHIYHOMY
HIKEJIIOBaHHI 3 €JIEKTPOJIiTY YoTca. [Ipu enekTpoocaKeHHi HiKeJIeBUX [IOKPUTTIB 3 €JIEKTPOJITY Ha OCHOBI peJliHy
OTPMMAHO HaIiBOJIMCKYYi TOKPUTTS 3 BUXOJOM 32 CTPYMOM 6J113bKO 40 %, TOBIIMHOIO 70 5 MKM. V LIi7loMy 3
€JIEKTPOJITY Ha OCHOBI HU3bKOTEMIIEPATYPHOI €BTEKTUYHOI CyMillli €JIEKTPOOCAIPKYEThCS OiIbIll TPYOOKPUCTAIIIYHI
HiKeJIeBi 0caZii HiXX 3 BOJHOTO LIUTPATHOI'O eJIeKTPoJIiTy. Po3mip KprcTaniyHuX 3epeH 3pocTae Bif, 5 10 15 MKM I1pu
BiZ[TOBigHIl TOBIIMHI MOKPUTTS 20 MKM. LIMKJIiYHi BOJIbTaAMIIEPHI KPYBi, OTPUMAaHi B YUCTOMY PO3YMHHUKY Ha
[IJIATUHOBOMY €JIEKTPOJI, CBif4aTh IIPO MOJKJIMBICTb €JIEKTPOXIMIYHOTO BiJHOBJIEHHS Ha KaTOJi €BTEKTUYHOI CyMillli
B 00J1aCTi MOTEHLiaIiB €JIEKTPOOCAIPKEHHSI HikeJo. Lle y CBOIo 4epry Moxe 6yTu NPUUYMHOIO BiICyTHOCTI
CITiBOCAPKEHHS BOJIbdpaMy y CIIJIaB Ta Majloro BUXOMY 32 CTPYMOM €JIEKTPOOCaiKeHHs Hikeso. Ha ocHOBI
MOTEHIi0IMHAMIYHUX BOJIbTAMIIEPHUX BUMIPIOBaHb IIPU €JIEKTPOOCAIPKEHHI HiKeJIeBUX IOKPUTTIB, OBEIEHO, 1110
OCHOBHUM (PAaKTOPOM BILJIMBY Ha IIEPEHAIPYTY BUMIJIEHHS] METAJIy € TeMIIepaTypa. BusiByieHo, mo 36in1bmeHHs
MIBUAKOCTI CKaHYBaHHS IOTEHLiaJly HE IPU3BOAUTD 1O BUHUKHEHHS YiTKO BUPKEHUX MAaKCHMYyMiB TPAaHUYHOTO
CTPYMy IIpUTaMaHHUX KOHTPOJIIOIOUiN Audy3iiiHil cTanii, i Moxke 6yTH NIOB'sI3aHe SK i3 MAaCKyIOUMM BILJIMBOM
no6iYHOro NpolLecy BUATIEHHS BOJHIO, TaK i HACIIKOM NIePeBa’kaloyoro KOHTPOJIIO CTafii Aucouianii KOMIIJIEKCHUX
iOHIB Ha OCHOBI HiKeJI0. BU3HAaYeHO, 1110 BifICYTHICTL BUPA)KEHOTO MAKCUMYMY T'PAHUYHOI I'YCTUHU CTPYMY €
[IPUTAaMaHHUM SIK BOOHUM [IUTPATHUM, TaK i €JIEKTPOJIiTaM HIKEJIFOBAHHS HAa OCHOBI peJliHy. JI0CiI>)KeHO BIJIUB
BBEJI€HHS JIETYIOUOT0 KOMIIOHEHTA - BOJIb(ppamy, CKJIaly €J1IeKTPOJITY Ta IPUPOAY PO3YMHHUKA Ha (i3uKO-
MEXaHi4Hi BJIaCTUBOCTI raJIbBaHIYHUX IIOKPUTTIB HAa OCHOBI Hikeso. SEM-nociigkeHHs: Mop¢oJIorii IOKPUTTIB Ha
OCHOBI HiKeJIIo [T0Ka3aJiy, 0 3 BOTHUX eJIEKTPOJITIB 0CaIKyIOThCS O1IbII APIGHOKPUCTAIYHI IOKPUTTS HIXK 3
HEBOJHUX €JIeKTPOoJIiTiB Ha ocHOBiI HEP. [I71g mOKpUTTIB 3i cI1y1aBy Hikesb-BOJAbdpaM, 3 BMicTOM Bosbdpamy 14,6
Mac.%, eJIEKTPOOCAIPKEHMX 3 BOJHOIO LUTPATHOT'O €JIEKTPOJIITY Ta HiKeJIEBUX IIOKPUTTIB OCaIPKEHUX 3 €JIEKTPOJIITY
Ha ocHOBi HEP MikpoTBepzicTb 3pocTae y fgsa pasu, a MoayJb IOHra 3pocrae Ha 10...20 I'Tla y nopiBHsHHI 3
BiZJITOBIIHNMM XapaKT€PUCTUKAMMU [IJI TaJIbBaHIYHUX HiKEJIEBUX ITOKPUTTIB OCAII)KEHUX 3 €JIEKTPOJIiTy Yorca. Ha
OCHOBi METO/IiB IIOBTOPHOT'O 6araTopas3oBOro JpsIaHHs Ta 6€3[1epepBHOrO BIABJIIOBAHHS Ta CKAHyBaHHS
iHmenTopoMm bepkoBUYa BCTaHOBJIEHO, 10 HiKeJleBi Ta HiKeb-BOIb(OPAMOBi IOKPUTTS TAKOX BOJIOAIIOTh
MiJBUIIEHOIO 3HOCOCTIMKICTIO 3 OISy Ha HaIMEHIIi OCUMJIALIMHI 3HAaYEHHS CUJIM TEPTS Ta LIMPUHY KaHABOK
BJIaBJIIOBAHHSI iHJIeHTOPa. TakuM YMHOM BCTaHOBJIEHO, 1[0 HAaMEHIIIa HIBUKICTh KOPO3ii Ta Haiibinbia
MiKPOTBEPJICTb CIIOCTEPIraeThCs AJ1s1 HikeJEeBUX Ta HiKeJIb-BOIbOPaMOBUX TIOKPUTTIB OTPUMAHUX 3 BOAHOTO
LUTPATHOTO €JIEKTPOJIITY. BCTAaHOBJIEHO, 110 HiKeJIEBi IOKPUTTA OTPMMAaHi 3 eJ1eKTPoJIiTy Ha OCHOBI HEP €
KOPO3illHO HeCTabiJIbHUMU B XJIOPUIHOMY cepeloBUlli. Bucoki mBUAKOCTI KOPO3iHOTO pyIiHYBaHHS MOXYTb
IIOSICHIOBATUCh OCOOJIMBOCTSIMU KPUCTAJIYHOI CTPYKTYPH, HAsIBHICTIO TPIIIMH Ta IPOJYKTIB PO3KJIaAy €J€KTPOJITY
Ha ocHOBi HEP B nokpurtrti. [IpoBeeHi NOPiBHSIBbHI IPUCKOPEHI KOPO3iliHi BUTPOOYBAaHHS 3aXUCHUX BIIACTUBOCTEN
Ta KOPO3iMHOi CTIMKOCT] rasibBaHiyHMX HiKeJIeBUX IIOKPUTTIB B KaMepi OLTOBO-COJIbOBOro TymaHy. ChopMysiboBaHi
peKOMeHallii, [0 IIPU €JIEKTPOOCAIPKEHHI BUCOKO KOPO3iMHOCTIMKMX HIKEJI€BUX [IOKPUTTIB CJIiJ], YHUKATU BBEICHHS
B €JIEKTPOJIIT CYJIb(POPOr€HHUX NOOABOK, TAKUX SIK caxapyH. [IpoTe BioBifHI 6J1MCKy4i CYIb(POPOBMICHI IIOKPUTTS
MOXYTb OYTH BUKOPUCTAH] SIK MifjlIap 3 MeTOIO MiTIBUIIEHHS 3aXMCHUX BJIACTUBOCTEN HiKeJeBUX IIOKPUTTIB B
L[iJIOMY.

2. The dissertation is devoted to the study of aqueous citrate electrolytes and electrolytes based on a deep eutectic
solvent (DES) reline for the electrodeposition of nickel and nickel-tungsten coatings, as well as the
electrochemical, mechanical, anticorrosion, and catalytic properties of coatings obtained from the respective
electrolytes. Based on IR spectroscopic and 1H NMR studies, the formation of reline during the preparation of the
electrolyte based on a low-temperature eutectic mixture of choline chloride and urea in a molar ratio of 1:2 M has
been proven. Comparative studies of the electrodeposition processes of nickel and nickel-tungsten coatings from
aqueous citrate electrolytes and electrolytes based on a deep eutectic solvent (reline) were carried out. It was



established that at a molar ratio of nickel ions to tungstate of 0,75 : 0,07 M in the aqueous citrate electrolyte, with
an increase in current density in the range of 0,5...5 A/dm?, the tungsten content in the nickel coating decreases
from 16,3 wt.% to 6,14 wt.%. On the one hand, the co-deposition of tungsten into the nickel alloy is accompanied
by depolarization of the cathodic process; on the other hand, it leads to the refinement of the crystalline structure
of the coating. The grain size for electrodeposited nickel coatings with a thickness of 20 um varies within 2...5 ym,
and for nickel-tungsten alloy with a tungsten content of 14 wt.% - within 0.5...2 pm. In general, the current
efficiencies for both nickel and nickel-tungsten alloy are about 95%, which corresponds to those achieved in a
Watts nickel plating bath. During electrodeposition of nickel coatings from the DES-based electrolyte, semi-bright
coatings with a current efficiency of about 40% and a thickness up to 5 um were obtained. In general,
electrodeposition from the low-temperature eutectic mixture-based electrolyte produces coarser-grained nickel
deposits than from the aqueous citrate electrolyte. The grain size increases from 5 to 15 um at a coating thickness
of 20 pm. Cyclic voltammetry curves obtained in the pure DES on a platinum electrode indicate the possibility of
electrochemical reduction of the eutectic mixture at the cathode in the potential region of nickel
electrodeposition. This, in turn, may be the reason for the absence of tungsten co-deposition into the alloy and the
low current efficiency of nickel electrodeposition. Potentiodynamic voltammetry measurements during nickel
electrodeposition have shown that the main factor influencing the metal deposition overpotential is temperature.
It was found that increasing the potential scan rate does not lead to the appearance of well-defined limiting
current maxima typical for a diffusion-controlled stage, which may be associated both with the masking effect of
the side hydrogen evolution process and with the predominant control of the dissociation stage of nickel-based
complex ions. It was determined that the absence of a pronounced limiting current density maximum is
characteristic of both aqueous citrate and reline-based nickel plating electrolytes. The influence of the
introduction of an alloying component (tungsten), electrolyte composition, and solvent nature on the physical and
mechanical properties of nickel-based coatings was studied. SEM investigation of the morphology of nickel-based
coatings showed that finer-grained coatings are deposited from aqueous electrolytes than from non-aqueous
electrolytes based on DES. For nickel-tungsten alloy coatings with a tungsten content of 14,6 wt.%
electrodeposited from aqueous citrate electrolyte, as well as for nickel coatings deposited from a deep eutectic
solvent DES-based electrolyte, the microhardness increases twofold, and the Young’s modulus increases by 10-20
GPa compared to the corresponding characteristics of electroplated nickel coatings deposited from Watts
electrolyte. Based on repeated scratch tests and continuous indentation and scanning with a Berkovich indenter, it
was established that both nickel and nickel-tungsten coatings also exhibit enhanced wear resistance, as indicated
by the lowest oscillatory values of friction force and the narrowest indentation groove widths. Thus, it was found
that the lowest corrosion rate and the highest microhardness are observed for nickel and nickel-tungsten coatings
obtained from aqueous citrate electrolyte.
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2. Tetiana V. Loskutova

KBasigikanis: g.1.1., mpodecop, 05.16.01
InenTudgikarop ORCID ID: 0000-0002-1894-8321
JoparkoBa indpopmamuist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOHM: HauioHnanbHuii TexHi4HMIA yHiBepcuTeT YKpainu "Kuischkuit

NOJIiTeXHIYHMM iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma By1acHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tlorpe6oBa InHa CepriiBHa

2. Inna S. Pogrebova

KBasidikanis: 1.1.1., npodecop, 05.17.14
InenTudgikarop ORCID ID: 0000-0003-4247-3968
JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COO0HM: HaujoHnanbHuii TexHiuHMiA yHiBepcuTeT YKpainu "Kuischkuit

NOJIiTeXHiYHMIA iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue Ipizsume Im's I1o-6aTbKOBI Muportok Onekciit Bononumuposuy
rOJIOBH pagu

BaacHe IlpizBuie Im's [10-6aTbKOBI Muporiok Onekciit Bononumuposuy
rOJIOBYIOYOTO Ha 3aCiflaHHi

BigmoBizasibHU 32 MiATOTOBKY 3abanyes Anppiit CepriiioBid

00JIiIKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




