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2. Improvement of electrochemical deposition of functional copper coatings on alloys of iron and aluminum

Pedepar:

1. O6’eKT HOCiI)KEHHS — eJIEKTPOXiMi4Hi ITPOLIECH, IO IIPOTIKAIOTh IPU (POPMYBaHHI MiIHUX IOKPUTTIB HA OCHOBAaX
i3 cTasi Ta CIyaBiB anoMiHio. MeTa focigpKeHHs — yIOCKOHAJIEHHS TEXHOJIOTIT €JIEKTPOXIMIYHOTO HAHECEHHS
MOKPUTTIB MiZI/I10 3 BUCOKOIO a[ire3i€l0, PiBHOMIpHUM PO3IOiJIOM M0 IOBEPXHi, 3MAaTHICTIO IO MasiHHS,
€JIEKTPOKATAIITUYHVMU BJIACTUBOCTSAMU Ha OCHOBH i3 BYIJIELIEBOI CTaJIi Ta CILIABiB alOMiHil0. MeTonu
IOCJIIPKEHHS — IIOTEHL[IOMETPUYHE TUTPYBAHHS, JIiHIMHA Ta JUKIIIYHA BOJIbTAMIIEPOMETPIisl, XpPOHOIIOTEHIiO- Ta
XPOHOAMIIEPOMETPIsl, €JIEKTPOXiMiUHA iMIIEJaHCHA CIIEKTPOCKOIIiS, OIITUYHA Ta CKaHYI04a €JIEKTPOHHA
MIKpOCKOIIisl, FpaBiMeTpisi, pEHTT€HOCTPYKTYpHUI (pa3oBuil aHani3. TeopeTUyHi i NpakTUYHI pe3yibTaTu —
ofepyKaHi pe3ybTaTy MiCTATh HOBI TEOPETUYHI [TOJIOXKEHHS, SKi MOKJIMBO BUKOPMCTOBYBATHU IIPU LOCIiIPKEHHI
BiZIHOBJIEHHSI MiJli HA OCHOBAX 3 Gi/IbII HETaTUBHUM 3HAUYEHHSM €JIEKTPOJIHOTO MoTeHLiasny. [IpakTuiHe 3HaYeHHS

POOOTH IOJIATa€ B yIOCKOHAJIEHH] €JIEKTPOXIMIYHOI0 HaHeCeHHS (PYHKLIOHAIbHUX MiHUX IIOKPUTTIB HA OCHOBU 3



BYTJIELIEBOI CTaJli Ta CIJIaBiB ayoMiHil0. PO3pobsieHa TexXHOJIOTis 3a6e3nevye CTBOPEHHS OCa/iiB 3 MilJHOIO afiresi€elo
Ta PiBHOMiIpHUM PO3MOJiNIOM, IKi MOKYTb BUKOPHUCTOBYBATHUCS SIK CAMOCTIMHO, TaK i B IKOCTI Mifmapy B
OaraToLapoBUX MTOKPUTTSIX, & TAKOX JO3BOJISIE MiABUIMTY €KOJIOTiUHY 6€3I1eKy Ha rajlbBaHiYHOMY BUPOOHUIITBI.
HoBusHa - cTBOpEHi HAYKOBI OCHOBU TEXHOJIOTIi OCa[PKEHHS Mifli 3 TApTPATHOTO €JIEKTPOJITY, 110 JO3BOJIUIIO
YIOOCKOHAJIUTY IIPOLIEC HAHECEHHS [IOKPUTTIB HA CTAJIbHY Ta aJIIOMiHi€BY OCHOBU. JI0BEEHO, IO [IPOLEC
BiZJHOBJIEHHSI Mili 3 TAPTPATHOI'O €JIEKTPOJITY € HE3BOPOTHUM, Ilepebdirae 3a 3MilllaHO KiHETHUKOIO Ta BKJIIOYAE
LIBUJIKY [TOII€peHIO XiMiuHy peakuito aucounianii kommaekcHoro iony [Cu(OH)2Tart]2-. BussneHo, mo aHogHa
nacuBallis Mifii MOKe BiiOyBaTHCh 32 paXyHOK YTBOPEHHS ii OKCUIHUX IJIiBOK, BU3HAYEHO YMOBU aKTUBHOTO
PO3YMHEHHS Mifii. BusHaueHo, 1o rpu 3HayeHHi pH, saxuil Bumuii 3a 8,5 nepeBaskHO iCHye KOMIIJIEKCHUH i10H
[Cu(OH)2Tart]2- 3 HU3bKUM 3HaUYEHHSIM KOHCTAaHTU HECTiMKOCTI, 110 JO3BOJIUJIO PO3POOUTH €JIeKTPOJIT A1
0CaJIKeHHS MiTTHUX TIOKPUTTIB HA OCHOBY 3 [IOTEHI}iaJIoM, Oi/IbLI €JIEKTPOHETaTUBHUM 32 Miflb. BCTaHOBJIEHO BILIUB
CTPYKTYPH Ta €JIEKTPUYHUX XaPAKTEPUCTUK OKCUIHUX IUIIBOK HA IIOBEPXHI aJIIOMiHIIO Ta MOTO CIIJIABiB HA
TEXHOJIOTi4Hi NapaMeTpy OCAIKEHHS Mifli. BUBU€HO KOPO3iliHy CTI!KiCTh aHOJOBaHUX 3Pa3KiB B €JIEKTPOJIITI
MiJJHEHHS, 1[0 [03BOJIAJIO ONTHMIi3yBaTH BUMOTH [0 IIiATOTOBKY OCHOBY I€pe], HAaHECEHHSIM MOKPUTTS. CTyIiHb
YVIPOBAIXEHHS — €(DEKTUBHICTb 3alIPONIOHOBAHOI TEXHOJIOTI] AOBEAEHA TO3UTMBHUMU JOCIiZHO-TIPOMHUCIJIOBIMU
Burnpodysanusamu y JTHBIT «O6’ennanns Komynap» (M. XapkiB). Pesynbratu gociikeHb BUKOPHUCTAHO B
HaBYaJIbHOMY Ipoleci Kadenpu TexHiuHoi enekTpoximii HTY «XIII». Chepa BUKOpUCTaHHS — Pe3yJbTaTh Po6OTU
MOXYTb OyTM BUKOPUCTaHi Ha MiANIpUEMCTBAX MAIMHOOYAiBHOI rajy3i Ipy OTPMMaHHI (PYHKLiOHAJIbHUX IIOKPUTD

MiJIJIf0, @ TaKOK y BULIMX HAaBUaJIbHUX 3aKJIafax MpH MiAroToBLi (axiBliB 3 TEXHIYHOI €JIEeKTPOXiMil.

2. The electrochemical processes occurring during the formation of copper coatings on the bases of steel and
aluminum alloys are the object of the study. The purpose of the study is to improve the technology of copper
electrochemical coatings having high adhesion, uniform distribution on the surface, soldering ability, electro-
catalytic properties on the basis of carbon steel and aluminum alloys. Research methods that have been used are
the next: potentiometric titration, linear and cyclic voltammetry, chronopotentiation and chronoamperometry,
electrochemical impedance spectroscopy, optical and scanning electron microscopy, gravimetry, X-ray diffraction
phase analysis. The results obtained include new theoretical assumptions that can be used in the study of copper
deposition on bases with more negative values of the electrode potential. The practical value of the work is to
improve the electrochemical application of functional copper coatings on the basis of carbon steel and aluminum
alloys. The technology that has been developed provides the deposition of coatings with a strong adhesion and a
uniform distribution on a basic metal. They can be used both independently and as a sublayer in multilayer
coatings, and also allows to increase environmental safety in galvanic production. Novelty is in the scientific basis
of the technology of copper depositing from tartrate electrolyte which were created. It became possible to
improve the coating process of steel and aluminum alloys. It has been proved that the process of copper reduction
from tartrate electrolyte is irreversible, runs through mixed kinetics and includes a rapid preliminary chemical
dissociation reaction of the complex ion [Cu(OH)2Tart]2-. It was found that the anode passivation of copper may
be due to the formation of its oxide films, conditions for active copper dissolution are determined. It has been
determined that with the pH value above 8.5 there is predominantly a complex ion [Cu(OH)2Tart]2- with a low
instability constant, which made it possible to develop an electrolyte for depositing copper coatings on the basis
having an electrode potential, more electronegative than copper. The influence of the structure and electrical
characteristics of oxide films on the surface of aluminum and its alloys on the technological parameters of copper
deposition has been revealed. The corrosion resistance of anodized aluminium alloys samples immersed in working
electrolyte has been studied, which made it possible to optimize the requirements for the substrate preparation
prior to deposition of the coating. Practical implementation also has been provided. The effectiveness of
technology proposed has been proven by pilot-industrial tests passed at State Scientific Production Enterprise
"Kommunar Corporation” (Kharkiv). The results of the study has been implemented in the educational process of
the Department of Technical Electrochemistry of the NTU "KhPI". The scope of application. The results of work
can be used in machine-building industry when obtaining functional copper coatings, as well as in higher
education institutions for the training of students in technical electrochemistry.
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