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1. Incepraniiina po60Ta IPUCBIYeHA JOCTIIKEHHIO BOOHUX LIUTPATHUX €JIEKTPOJIIT Ta eJIeKTPOoJIiTiB Ha ocHOBI HEP
peJliny /1J1s1 eJIeKTPOOCaI)KEHHSI HiKeJIeBUX Ta HiKeJb-BOJIb(PPAMOBUX IIOKPUTTIB, & TAKOX €JIEKTPOXiMIYHUX,
MEXaHIYHUX, IPOTUKOPO3iMHUX Ta KaTaJliTUYHUX BJIACTUBOCTEN ITOKPUTTIB, OTPUMAHMUX i3 BiATIOBIIHUX
esiekTposiTi. Ha ocHoBi [Y-cnexkrpockoniynux ta IHAMP nocrnimkens noseneHo (GOpPMYyBaHHS peJliHy pU
IIPUTOTYBaHHI €JIEKTPOJITy Ha OCHOBI HU3bKOTEMIIEpaTypHOI €BTEKTUYHOI CyMillli XOJIiH XJIOpUAY Ta Kapbaminy y
MOJISIDHOMY cHliBBifHOWEHH] 1:2 M. 37iiICHEeH] NOPIBHAJIBHI LOCIIKEHHS MIPOLECIB €JIEKTPOOCAIKEHHS HIKEJIEBUX

Ta HiKeJIb-BOJIbPPAMOBUX IIOKPUTTIB i3 BOOHUX LIUTPATHUX €JIEKTPOJIITIB TA €JIEKTPOJIiTiB Ha 0CHOBI HEP - peiny.



BcTraHOBIIE€HO, 10 TPU MOJISIPHOMY CHiBBifHOLIEHH] iOHIB Hikesto 10 Bosbdpamarty 0,75 : 0,07 M y BogHOMY
LMTPATHOMY eJIEKTPOJIiTi Ipu 36i/blIeHH] I'yCTHHU CTPYMy B iHTepBaii 0,5...5 A/1M2 BMicT Bosibdpamy y
HiKeJleBOMY ITIOKPUTTi 3MeHIIyeThCs Bif, 16,3 Mac.% 1o 6,14 mac.%. 3 omHOro 60Ky CIiBOCAIKEHHS BOJIbpamMy y
HiKeJIeBUH CIJIaB CYIIPOBOPKYETHCS AEMOJISIPU3ALli€l0 KaTOQHOTO MPOLEeCy, 3 iHIMOro 60Ky Bif0yBaeThCs
NOJpi6HEHHS] KPUCTAIIYHOI CTPYKTYPU MOKPUTTS. PO3MIp KpHCTaIiYHOrO 3€pHa [J1s1 €JIeKTPOOCAIKEHUX HiKeTeBUX
IIOKPUTTIB TOBIIMHOIO 20 MKM BapiloeThCsl B MeXa 2...5 MKM, a [1J1s HikeJlb-BOJIb(PaMOBOro CIJIaBy i3 BMiCTOM
Bosbdpamy 14 mac.% y mexax 0,5...2 MKM. ¥V LIiJIOMy BUXO/IM 32 CTPYMOM SIK HiKeJIIo, TaK i HikeJib BOJIb()PaMOBOTO
CIIJIaBy CTAaHOBJIATh 61M3bKO 95 % i BiANOBIiZAIOTh TAKUM, IO IOCSTAIOTHCS IIPU KIIACUYHOMY raJIbBaHIYHOMY
HIKEJIIOBaHHI 3 eJ1eKTPOJIiTy YoTca. [Ipu enexTpoocamykeHHi HiKeJIeBUX IIOKPUTTIB 3 €JIEKTPOJITY Ha OCHOBI peJliHy
OTPUMAaHO HaMiBOJIUCKYYi TOKPUTTS 3 BUXOZOM 32 CTPyMOM 0s113bKO 40 %, TOBIIMHOIO 10 5 MKM. Y LIiJIoMy 3
€JIEKTPOJITY Ha OCHOBI HU3bKOTEMIIEPATYPHOI €BTEKTUYHOI CyMillli €JIeKTPOOCAIPKY€EThCS OiIbIll TPYyOOKPUCTAIIIYHI
HiKeJIeBi 0caiu HiXX 3 BOJHOTO UTPATHOTO €JIEKTPOJIITY. PO3Mip KpUCTasiuHMX 3€peH 3poCTae Bif 5 10 15 MKM npu
BiZTOBigHIl TOBIMHI NOKPUTTS 20 MKM. LIMKJIiYHi BOJIbTaMII€pHI KPYBi, OTPUMAaHI B YACTOMY PO3YMHHUKY Ha
[IJIATUHOBOMY €JIEKTPO/I, CBif4aTh IIPO MOKJIMBICTb €JIEKTPOXiMIYHOTO BiTHOBJIEHHS Ha KaTOJi €BTEKTUYHOI CyMillli
B 00JIaCTi NOTEHLialiB €JIEKTPOOCAIKEHHS HiKeJIo. Lle y CBOIo 4epry Mosxe 6yTy MPUYUHOIO BiCYTHOCTI
CITiBOCAIpKEeHHS BOJIbdpaMy y CILJIaB Ta MajIoro BUXOAY 32 CTPYMOM €JIEKTPOOcaiKeHHs Hikeso. Ha ocHOBI
MOTEHLiOJNHAMIYHUX BOJIbTAMIIEPHUX BUMIPIOBaHb [PV €JIEKTPOOCAII’)KEHHI HiKEJIEBUX [IOKPUTTIB, OBELIEHO, L0
OCHOBHUM (PaKTOPOM BIIJIMBY Ha IIEPEHAIIPYTY BUMIJIEHHS] METAJIy € TeMIIepaTypa. BusiBieHo, o 36in1blueHHs
IIBAJKOCTI CKAaHYBAaHHS [IOTEHIiaJly He IPU3BOJIUTD 1O BUHNKHEHHS 4iTKO BUPQKEHUX MAaKCUMYMiB TPAHUYHOTO
CTpPYMy IIpUTaMaHHUX KOHTPOJIIOIOUiN 1udysiliHil cTanii, i Moxke O0yTH NIOB'sI3aHe SIK i3 MAaCKYIOYMM BILJIMBOM
1106iYHOro NpoLleCy BUAiNIEHHS BOJHIO, TaK i HAC/IIKOM NIepeBa’kaloyoro KOHTPOJIIO CTafii Aucoujianii KOMIJIEKCHUX
iOHIB Ha OCHOBI HiKeJI0. BU3Ha4YeHO, 1110 BilCYTHICTh BUPAKEHOTO MAKCUMYMY TPAHUYHOI IYCTUHU CTPYMY €
IIPUTAaMaHHUM SIK BOOHUM [IUTPAaTHUM, TaK i €JIEKTPOJIiTaM HiKEJIIOBAaHHS Ha OCHOBI peJliHy. Jl0CiI>)KeHO BIJIUB
BBEJI€HHS JIETYI0OUOr0 KOMIIOHEHTA - BoJIb(ppamy, CKJIaly €J1IeKTPOJITY Ta IPUPOAY PO3YMHHUKA Ha (i3uKO-
MEXaHi4Hi BJIaCTUBOCTIi raJIbBaHiYHUX IIOKPUTTIB HAa OCHOBI Hikesto. SEM-nociigkeHHs: Mop¢oJIorii TOKPUTTIB Ha
OCHOBI HiKeJII0 I0Ka3aJy, 0 3 BOGHUX €JIEKTPOJIiTiB OCAIKYIOThCS Oi/bII IPiOHOKPUCTAIUHI TIOKPUTTS HiX 3
HEBOJHUX €JIeKTPOoJIiTiB Ha ocHOBI HEP. [I51g moKpuUTTIB 3i cI1y1aBy Hikesb-BoJabdpam, 3 BMicTOM Bosbdpamy 14,6
Mac.%, eJIEKTPOOCAIPKEHUX 3 BOJHOIO LIUTPATHOTO €JIEKTPOJIITY Ta HiKEJIEBUX IIOKPUTTIB OCAIPKEHUX 3 €JIEKTPOJIITY
Ha ocHOBi HEP MikpoTBepzicTb 3pocTae y asa pasu, a Moaysb IOHra 3pocrae Ha 10...20 I'Tla y nopiBHsHHI 3
BiZJTOBiTHNMM XapaKTE€PUCTUKAMMU 714 FaJIbBaHIYHUX HiKEJIEBUX ITOKPUTTIB OCAI)KEHUX 3 €JIEKTPOJIiTy Yorca. Ha
OCHOBi METO/IiB IIOBTOPHOT'O 6araTopa3oBOro JpsillaHHs Ta 6e3[1epepBHOrO BIABJIIOBAHHS Ta CKAHyBaHHS
ingentopom bepkoBrya BCTaHOBJIEHO, 1110 HiKEJIEBi Ta HiKeJ1b-BOJIbPPaMOBi IOKPUTTS TAKOXK BOJIOIIIOTh

i BUILEHOIO 3HOCOCTIMKICTIO 3 OIJIsIAy HA HAMMEHIII OCUMJISILIVHI 3HAYEHHS] CUJIM TEPTS Ta MIUPHHY KAHABOK
BJIaBJIIOBAHHSI iHJIeHTOPa. TakM YMHOM BCTaHOBJIEHO, 1[0 HAaWMEHIIIa IIBUKICTh KOPO3ii Ta HaiibinbIIa
MIKpOTBEPJiCTb CIIOCTEPIraeThCs AJ1s1 HIKEJIEBUX Ta HiKeJIb-BOJIb(PPAMOBUX IIOKPUTTIB OTPUMAaHUX 3 BOJHOTO
LUTPATHOTO €JIEKTPOJIITY. BCTAaHOBJIEHO, 110 HiKeJIEBi IOKPUTTA OTPMMAaHi 3 eJ1eKTpoJIiTy Ha OCHOBI HEP €
KOPO3iHO HeCTabiJIbHUMMU B XJIOPUIHOMY CepefoBUlli. BuCOKi mBUAKOCTI KOPO3iHOTO PyIHYBaHHS MOXYTb
IIOSICHIOBATUCh OCOOJIMBOCTSIMU KPUCTAIYHOI CTPYKTYPH, HAsIBHICTIO TPIlIMH Ta IPOJYKTIB PO3KJIaAy €J1eKTPOJITY
Ha ocHoBi HEP B noxkputrTi. [IpoBeieHi NOPiBHSIBbHI IPUCKOPEH] KOPO3iliHi BUTPOOYBAaHHS 3aXUCHUX BIACTUBOCTEN
Ta KOPO3iliHOi CTIMKOCTIi rajibBaHiYHUX HiKeJIEeBUX IOKPUTTIB B KaMepi OLITOBO-COJIbOBOrO TyMaHy. C(hopMyIbOBaHi
peKOMeHallil, 0 TP €JIEKTPOOCAIPKEHHI BUCOKO KOPO3iHOCTIMKMX HIKEJI€BUX [TIOKPUTTIB CJIiJ], YHUKATU BBEICHHS
B €JIEKTPOJIIT CYJIb(POPOreHHUX N0OABOK, TaKUX SIK caxapyH. [IpoTe BifnoBifHi 6J1MCKydi CysIb(OPOBMICHI IIOKPUTTS
MOXYTb OyTM BUKOPUCTAHi K MiJIap 3 METOIO MiJIBUILIEHHS 3aXMCHUX BJIACTMBOCTEN HiKeJI€BUX IIOKPUTTIB B
L[iTIOMY.

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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InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

Peuensentu

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. JlJockyToBa TetsHa BonogumupisHa

2. Tetiana V. Loskutova

KBasigikamis: n.1.1., npodecop, 05.16.01
InenTudirkarop ORCHID ID: 0000-0002-1894-8321
HoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMM iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npociekT bepecTeiichKuii, oyx. 37, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHIBepCUTETCHKUIL

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Tlorpe6oBa InHa CepriiBHa

2. Inna S. Pogrebova

KBasigikamis: 1.1, npodpecop, 05.17.14
InenTudikarop ORCHID ID: 0000-0003-4247-3968
JoparkoBa indpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs



CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3ak1104YHi BiZOMOCTI
BaacHe IlpizBume Im's ITo-6aTbKOBI Mupontiok Onekciii Bononumuposuy

TOJIOBH paju

Biacue IpizBume Im's [10-6aTbKOBI Mwuponiok Onexciii Bononumuposiy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBigaibHUH 32 MiZTOTOBKY 3abasnyes AHpiit CeprifioBuy

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZINOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHarosiiBHA

OisSIIBHOCTI




