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KwuiBcbkuii HalllOHAIBHUN YHIBEPCUTET TEXHOJIOTIN Ta AU3aiHy

Mema. Ilopisuamu cK1a0 KOMNWJIEKCHUX —e1eKMPONimie MIOHEHHs, MeXHIUHI
Xapakxmepucmuku npoyecy HaAHeceHHs ma AKICMb YMEOPEeHUX NOKPUMMIB, Y3a2albHUmu ix
nepesacu ma Hedoniku. JJociioumu enius pizHux 0006a8oK Ha AKICMb YMEOPEHUX NOKPUMMIS.

Memoouxka. IlopisnanvHutl ananiz 0anux iimepamypu npo mexHoa02iuHi 0cooIusocmi
npoyecy 2anb8aHiuH020 MIOHEHHs 3 PO3UYUHIE eNeKmpoNimy pi3H020 CKIAdy, 38 S130K MIidiC
Xapakmepucmukamu ymeopeHo20 NOKpUmms ma yMo8amu o2o HaHeCeHHs.

Pezynomamu. Ceped npomuciosux eiekmpoiimis eleKmpoxiMiduno2o0 MiOHeHHsl YilbHe
Micye 3auiMalome JyJcHi KoMnaekcHi enekmponimu. Ix 2onosmumu nepesazamu € 6ucoxa
PO3Cil08aAIbHA  30aMHICMb,  YMBOPEHHs  OPIOHOKPUCMANIYHUX — 0CA0i8,  MOMNCIUBICb
be3nocepedHbo0  NpoBOOUMU  MIOHEHHs Cmanesux oOemasel, OMPUMAHHA O3ePKAIbHO-
ONUCKYYUUX MIOHUX NOKPUMMIE 3 MIHIMANbHUM HABOOOPOICYBAHHAM CMANe80i OCHOBU.
3acmocysanns pizHux 000a60K (HeOpeaHiUHUX CcOJell, OP2AHIYHUX OAUCKOYMBOPI6Aayis) €
NePCReKMUSHUM Ol ONMUMI3AYii MexXHON02IYH020 Npoyecy, 3HUNCEHHS memMnepamypu
HaHeCeHHs NOKpumms ma MOKCUYHOCMI 8i0X00i8 npoyecy 2aib8aHy8aHHs, NOKPAUSEHHS
AKOCMI NOKPUMMIE.

Haykosa noseu3na. 3a80iKu 3acmocy8anHi0 000A80K HeOP2aHIYHUX coJleli Pi3HO20
CKNa0y Ol YCYHEHHs Nacueayii anoois, Ni0BUWeHHs OONYCMUMOI 2YCMUHU KAMOOHO20 |
AHOOHO20 CIPYMY CNOCMEPIeAEmMbCsl NOKPAUJeHHSL MEXHOI02TUHUX YMO8 MIOHEHHS. ma sIKOCMI
NOKpUmMmIa.

Ilpakmuuna 3nauumicmey. 3acmocy8aHus JIYHCHUX KOMNIEKCHUX eNleKmpOoNimie 0ae
MOJCIUBICMb — 0e3n0CepeOHb0  NPOBOOUMU  MIOHeHHs cmalesux Oemanel. Beedenns
000amMKOBUX KOMHOHEHMI8 00 pO3YUHI8 eNleKMmpOoNimi8 3HAYHO NOKPAWYIOMb YMOBU
2aIb8AHYBAHHS MA XAPAKMEPUCMUKYU NOKPUINNIE.

Kniouosi cnosa: enexmpoximiune MiOHeHHs, KOMNJIEKCHI JIYJICHI eleKmponimu,
OUCKOYymeopioyi 0006asKu

CydJacHi KOHCTPYKTHBHI MaTepialii Ha0yBarOTh MOKPAIEHUX BIACTUBOCTEH 3aBISKU
HAHECCHHIO Ha iX IMOBEPXHIO 3aXUCHHUX Ta JICKOPATUBHUX MOKPHUTTIB. ['aJlbBaHIUYHE MTOKPUTTS
MIJUTIO 3a3BHYail HE 3aCTOCOBYETHCS SIK CAMOCTIMHE 3axWcHe abo aexopatuBHe. MimHe
MOKPHUTTS 3HAYHO 301IIBIIYE €JIeKTPOMPOBIIHICT METANIB, JO3BOJISAE 3HU3UTH METATOEMHICTh
BHPOGIB 3 JOPOTMX MeTaliB. 1Ioro BUKOPHCTOBYIOTh SIK JOHNOMIKHHIL ITap Ha BHPOGAX 3i
CTaJIi, MiJl XpoMOBe, HiKeneBe a0 1HII BUIM MOKPHUTTS, 10 3a0e31euye XOpoIle 34eIUIeHHS 1
MIJBUIIYE 3aXMCHY 3/IaTHICTb, JUIsl YHUKHEHHS YTBOPEHHS 1CKOp B Ha(TOTa30Bii Tamysi, A
MIOJTIMIICHHS] TTAWKW Y BUPOOHUIITBI IPYKOBAHUX TIJIaT, CTBOPEHHS €JIEKTPOIPOBITHUX IIaPiB,

MICIICBOTO 3aXUCTY CTAJICBUX JAeTanei npu neMenTarii [1, 2].
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Jlnsi rajpBaHIYHOTO MITHEHHS 3aCTOCOBYIOTH SIK KHCII, TaK 1 JYXHI €JICKTPOJITH.
Kucmi enextposiTe, 110 BUKOPUCTOBYIOTHCS B IIPOMHCIOBOCTI (cynb(arHi 1 propObopaTHi),
XapaKkTepu3yroThcsi BUCOKHM (95-100%) BUXOOOM 3a CTPYMOM, 3HAYHOK IIBUAKICTIO
OCa/PKEHHSI TMPH BUCOKIM TYCTHHI CTpPyMy, BOHHM CTiiKi, MpPOCTI 3a XIMIYHHM CKJIaJOM.
['0OTOBHUMHU CKJIQJIOBUMH € BIJMOBIAHI KHCJIOTH 1 COJIi, OCAaad Midi YTBOPIOIOTHCS IOCHTH
nibHI. Heomik Kucaux eNeKTpoiTiB — OTPUMAaHHS TMOKPHUTTIB 3 HU3bKOK PO3CIIOBAIBHOIO
3/IaTHICTIO, HEMOJIMBICTH O€3M0CepelHbOr0 MiJHEHHS CTalli, CIUIaBiB IIMHKY Ta IHIINX
METaJiB Yepe3 BUMAJaHHS KOHTAKTHOI Mijl Ta NMOTaHe 3YEIUICHHS Iapy Miji 3 METaJIeBUMHU
noBepxHsAMU. ToMy mpolec MIJHEHHS B KHCIUX EIEKTPOJiTax 3AIHCHIOIOTH MiCHs
MOMEPEAHbOT0 OCADKEHHS Imapy Mimi (3-4 MKM) 3 JIy)KHHX €JEKTpOJITIB abo micis
ocajpKeHHs HikeneBoro mapy (3-5 Mxwm) [2].

Y Iy)KHUX ENEeKTPOJiTaX MiIb 3HAXOJHUTHCA B CKIIAJI KOMILJICKCHUX 1OHIB, TOMY
CTYIiHb Jucouianii i akTUBHICTH 10HIB MiAl He3HauHa. [loTeHmian BuAUIEHHS MiAl 3
KOMIUIEKCHUX eJNeKTpouiTiB npubnuzno Ha 0,9-1,2 B HerartuBHimIUN, HIXK B Cylb(aTHUX
eleKTpoJiiTax. ToMy B pPO3YHMHAX JYKHUX EJEKTPOJITIB € MOXKIUBICTh O€3M0CcepeaHbO
MIPOBOJIUTHU TIPOIIECH MiTHEHHS [3].

Ilocmanoeka 3ae0anns

ITopiBHATH Cy4acHI IPOMUCIIOBI JIy>KHI €JIEKTPONITH, IO CKIaay SIKUX MiJlb BXOJHUTb Y
BUTJIAJII KOMIUJIEKCHUX 10HIB, 3'ICyBaTH BIUIMB KOMIIOHEHTIB €JEKTPOIITIB Ha MpOIeC
OCaJ[’KEHHsI Ta IKICTb YTBOPEHUX MOKPUTTIB.

Pezynomamu oocnioxcens

Jlo nyXHHMX KOMIUIEKCHMX €JEKTpOJITIB HaleXaTh UiaHiAHI, mnipodocdaTHi Ta
eTwieHaiaMiHOBl (Tabn.). VY WiaHIGHUX €NeKTPOJiTaX MiJAb 3HAXOJUTHCS B  CKIAMIl
KOMIUIEKCHUX 10HIB, TOMY CTYMiHb JUCOLialii 1 aKTHBHICTb 10HIB Mial ayxe Maii. [Ipu
HEJOCTaTHIM KUIBKOCTI BIIBHOTO IlaHIAy BIJOYBA€ThCsl IacHBallisl aHOMIB 1 HA HUX
PO3PSIKAIOTHCS TIAPOKCUIBHI TPYIH 3 BUAUICHHAM KHUCHIO. BMICT BUIBHUX 1iaHi-10HIB Ma€
MPOTWICKHUHN BIUIMB HA KAaTOMHWN 1 aHOMHUU TMPOLECU: TOMl SIK JUIS KaTOJHOTO TPOIECY
MOTPiOHO MIHIMAJIBHUN BMICT IaHIAIB, IS aHOJHOTO — MakcuManbHUU. [lpu 301abIICHH]
BMICTY BUJIBHOTO IIiaHIAy B €JEKTPOJIITI CTYMIHB AUCOITIAIi KOMIUIEKCHUX 10HIB 3HUKYETHCS,
10 MPHU3BOJIUTH JO MiJBUIIEHHS KaToaHOoi monspusauii. [Ipm necraui BinmbHoro KCN Ha
aHoJax YTBOproeThesi 3eneHyBara rmiiBka CuCN. BinpHa TOBEpXHs aHOJA 3MEHIIYETHCS,
TyCTHHA CTPyMYy 3pOCTa€, 1 aHOJHE PO3YMHEHHsS BIiJOYBAa€TbCS 3 YTBOPEHHSM 10HIB

JBOXBAJCHTHOI Mifi, SIKI y BUTJIAI HEPO3YMHHOTO TIAPOKCHUIY OCIIaloTh Ha aHomi. [lpum
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I[bOMY aHOJW ITACHBYIOTBCS 1 CIIOCTEPIra€ThCsl IHTCHCHBHE BUIUICHHS KHCHIO. YacThHa
KHCHIO BUIUIAETHCS y BUINIAMI Ta3y, a 4aCTHMHA BUTPAYAEThCS HAa OKHUCHEHHS IiaHITy B
TUIliaH. 3MEHIICHHS BMICTY IIiaHIJIIB BiIOyBa€TbCS TaKOX Yepe3 B3aeEMOJiI0 ix 3

BYIJICKUCIIM T'a30M IOBITPS 3 YTBOPEHHSIM KapOoHartiB [3, 4].

Tabauys
CkJiaj KOMILUIEKCHUX eJIEKTPOJIITIB Mi/THEHHSI TA PeKUMU NPOBEIEHHS €JIEKTPOJIi3y
Cruaa eJIeKTpoJIiTy Pexxum 006poOxu
Tun Kimekicts, | Temmepatypa, I'ycruna
Kommnonent /e oC CTpyMmy,
A/m?
CuCN 40-60
D NaCN 5-10
Hianigauit NaOH 5-10 40-50 1-5
KNaCsH40s 4H,0 50-60
CuSQO4-5H20 75-100
K4P207 300-375
NH4OH 2-15
[Tipodocharuuit 25%p-p 50-75 0,5-5
H4P207
AMoHi#t 1-10
[{utpat 15-25
CuSO4-5H20 120-130
Etunenniamin (70%) | 90-125
. . (NH4)2S04
ETunenniaminoBuii Oprasiusuii 60 20-30 0,5-3
6mckoyTBoproBau | 1074-107
(MonB/1)

Bracniiok HemoCcTaTHROI PO3YMHHOCTI AHOJIB BMICT MiAl B €JIEKTPOJITI 3a3BUYAil
3MEHIIYETHCS, MO OOYMOBIIOE YTBOPEHHS MOpPHCTUX ocaiiB. [loCTIHHUM KOMITOHEHTOM
[iaHITHUX eJIEKTPOJIITIB € KapOoHaT. BiH HaKONMUUYyeThCS B pe3ysbTaTi OKUCHEHHS IliaHiy

KHCHEM IOBITPs1, 0COOJIMBO NMPH HArpiBaHHi:

2NaCN + 2H20 + 2NaOH + Oz = 2Na2CO3 + 2NH;3

[TpucyTHicTh KapOOHATIB B HEBEJIMKHUX KUIBKOCTSX IMiJBHIILYE €IEKTPOIPOBIIHICTD
enekTpodiTiB. OHAK MpHU iX HaKOMUYEeHHI moHan 70 T/ aHOAM TACHUBYIOTHCS, a MOKPUTTS
YTBOPIOIOTHCST MOpUCTUMH. KapOoHaTH MOXKHa BUAQIATH OCADKEHHSM 3a ydacTio Oapiit

XJIOpUAY 1 BUMOPOXKYBaHHAM (710 -5°C).
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Jns ycyHEeHHS macuBarlii aHOiB 3aCTOCOBYIOTh cerHeTOBY ciib KNaCsH4Os  4H20 1
kauiid pomanig KCNS, mo 103Bossie 301IbIATH poOOYY TYCTHHY CTPYMY 1 BUXIJ] 32 CTPYMOM,
ane mnorpeOye miaBumieHHs Ttemmeparypu. Cynbdiam, [mo BBOAITHCS B  EIEKTPOIIT,
BiZlirparOTh POJIb BiHOBHUKA, MOMEPEIKAI0UH HAKOITMYEHH s B BaHHi ioHiB Mixi Cu?* [3].

Jis 3amMiHM OTPYMHHMX IIaHITHUX EJEKTPOJITIB 3aCTOCOBYIOTH ImipodocdarHi Ta
eTWICHIIaMiHOBl  enekTpoiiTh. IlepeBaramu mipodocaTHUX EIEKTPOJITIB € BHCOKA
pO3citoBasIbHA 3/1aTHICTH, MOXIIUBICTD O€3MIOCEPEIHHO MPOBOIUTH MiTHEHHS CTATIEBUX JeTaNei
B po30aBiicHOMY TipodochaTHOMY EIEKTPOIITI Ta OTPUMYBATH MTOKPUTTS 3 JIPiOHO3EPHUCTOIO
CTPYKTYpoto. Jlisi MiABUINEHHS OOMYCTUMOI TYCTHHHM KaTOIHOTO 1 aHOAHOTO CTpyMy i
MOKpAIIEHHS SKOCTi ocaiiB 10 po3uuny enekrponity BBoAATh NHi4NO3z, NHsOH, Na;HPO4 ¢
12H,0, NH4NO3, cerneroBy cins. binckoyrBoprorounmu go6aBkamu € NapSeOs, muMoHHa a00
TPIOKCITIIyTapoBa KUCIOTH, 2-MEPKaNTOTia301 1 iHII pe4oBUHH [3, 4].

Karomuuii moreHmian migi B mipodochaTHUX eIeKTpOoJIiTax Mae OLIbIl HEraTUBHE
3HAUEHHS, HDXK B KUCIUX. Bemnrka kaTofHa mossipu3aliisi MOSCHIOETHCS MTACMBYBAHHSM MTOBEPXHi
KaToy BHACTIIOK ancopOmii ioniB P207* a6o yTBOpeHHS IITBOK 3 BaKKOPO3YMHHUX CIIOTYK
(Cu20s, CuzP207). 3 migBUIEHHSIM TeMIIEpaTypy BUIUIEHHS MijIi IPUCKOPIOEThes. Lle moB'sa3ano
SIK 31 30UTBIIEHHSAM (Y31l KOMIUIEKCHUX aHIOHIB 70 KaTo/a, TakK 1 3 MOJIETIIECHHSIM 1X pO3psITy.
[TpunyckatoTh, 110 BHUAUIEHHS MiAl Ha Karoil 3 mipooc(aTHUX PO3UMHIB BIJOYBAETHCS B

pe3yJILTaTi BiﬂHOBHeHHH ,Z[BOX3ap$I,Z[HI/IX KOMHHeKCiB:
CuP,07% + 2e -» Cu + P,0O7*.

Jlnst 3amo0iranHs macuBarlii aHOMIB MiABUINYIOTh KIJTBKICTh BIJIPHUX aHIOHIB P,07*,
3HaueHHs pH po3umHy, Temmeparypy Ta BBOASTH JENacHBAaTOpU, MPOBOASTH (PUIBTpaLiio
€JIEKTPONITY (U1 HAmiBOJUCKYYMX OCaJiB MepioJu4yHO abo Oe3nepepBHO, I OIMCKYYHX —
Oe3nepepBHO) [2].

3aCTOCOBYIOTBCSI TaKOX €JCKTPOJITH MIJHEHHS Ha OCHOBI eTUJICHIIaMiHY.
MiHiManbHa KUTBKICTh A€PEKTIB B CTPYKTYP1 HOKPUTTIB CIIOCTEPITra€ThCsl MPU TUX 3HAYEHHAX
pH i Ik, 1e eTeKTpooCcaKEHHs Mijli BiIOyBaeThcs B pe3yibTaTi pospany ioniB CuEn?*,. ITpu
30inpmeHHi pH enexTposiTy moTeHIiaq KaToja 3MIIlyeThcsl B OIK HETaTWBHUX 3HAYCHb,
0COONMBO TPM HU3BKMX 3HAUECHHAX T'YCTHHH CTpyMy (BimOyBaeThcsi pospsnm ioniB Cu??).
3nauenHs pH koperyrots gonmaBanHsM NaOH. TloteHmian po3uWHEHHS aHOAY B

STUJICH/IIaMiHOBOMY €JIEKTPOJITI Ma€ TpaHUYHE 3HAYEHHS NpU 30UIBIICHHI KOHILIEHTpAIil
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KOMIUIEKCOyTBOpioBaua. [Ipomec MigHEHHS MoOXKe 3[iHCHIOBAaTHCA Oe€3MocepeHbo 10
MOBEpPXHI CTasli, NP HU3bKUX 3HAYEHHSAX T'YCTHHH CTPYMY KaTOIHa MOJSpHU3AIis JOCATaE
BEJIMKUX 3HAYeHb. PO3CilOBalIbHI XapaKTEPUCTUKH BUIIE, HIXK y CyIb(aTHUX EICKTPOIITAaX,
ayie HWXK4i, HiX y Iia"igaux. [Ipy enexTposizi yTBOPIOIOTHCS SIKICHI O€3MOPUCTI rajbBaHiuHI
ocaau 3 ApiIOHOKPUCTATIYHOI CTPYKTYPOIO, I3EPKaIbHOI0 MMOBEPXHEIO, TAPHOIO ajaresiecto, 6e3
3aCTOCYBaHHS IPOMIKHOIO miamapy [2, 4].

Bucnoexu

Jis  ranbBaHIYHOTO MiJHEHHS IIMPOKO BHKOPHUCTOBYIOTHCS KOMIUIEKCHI JTyXHI
eNIEKTPOJITH. IX TOJOBHHMM IepeBaraMH € BHCOKAa PO3CilOBallbHA 3]aTHICTb, yTBOPEHHS
JIPIOHOKPHUCTAIIYHUX OCaiB, MOXIHUBICTh O€3MOCepeHbO MPOBOJAWTH MIiIHCHHS CTaJE€BUX
JeTajeil, OTpPUMaHHS [3EPKAIBbHO-OJIMCKYYMX MIJHHX TOKPHTTIB 3  MiHIMaJbHUM
HABOJIOPOXKYBAaHHSIM CTaJIEBOI OCHOBH. 3aCTOCYBAHHS Pi3HHUX JOJATKOBUX PEUOBHH B CKIAJl
cyMimni (HEOpraHiYHUX COJIeH, OpPraHiuHUX OJUCKOYTBOPIOBAdiB) € MEPCIEKTHBHUM JUIS
ONTHUMI3allil TEXHOJOTIYHOTO IMPOLECy, 3HUKEHHS TeMIepaTypud HaHECEHHS IMOKPHUTTS Ta

TOKCUYHOCTI BIJIXO/1B rajlbBaHyBaHHS, IOKPALEHHS SIKOCT1 TOKPUTTSL.
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Cpasnumensvnas xapakmepucmuKka KOMRIEKCHbIX IJIeKMPOTUMOE MEOHEeHUA

Apemuyk B. M., Kucnosa O. B.

Kuesckuii nayuonanvHwlll yHugepcumem mexHono2ull u Ou3atiHa

Ilens. Cpasnums cocmas KOMNIEKCHBIX 31EKMPOIUMO8 MeOHeHUsl, MEeXHUYeCKue
Xapakmepucmuxku npoyecca HAHeCeHus U  KAyecmeo NOKpulmuil, 0000wums  ux
npeumyuwecmea u neoocmamxu. Hccnedosamo enusHue pasiudnbix 000A60K HA KAYECHEO
NOLYYEHHBIX NOKPLIMUIL

Memoouka. CpasnumenbHblil AHAIU3 OAHHBIX JTUMEPAMYPLL O MEXHONOSUECKUX
0COOEHHOCMAX Npoyecca 2alb8AHUYECKO20 MeOHEeHUs U3 pacmeopo8 INeKmpOIUmos
PA3IUYHO20 COCMABA, CB53b MeNCOY XAPAKMEPUCTIUKAMU NOKPLIMUSL U YCIOBUAMU €20
HaHeCeHUs.

Pesynomamut.  Cpedu  npoMblULIEHHBIX — 2IEKMPOIUMOE  INEKMPOXUMUYECKO2O0
MEOHEHUs. ONpeOeleHHOe MeCmo 3aHUMAIOM WeN0YHble KOMNIEeKCHble dNeKmpoaumsl. Hx
2NABHLIMU — NPEeUMYWeCmEamu  SAGISIOMC  8bICOKAS  pacceusaowas  CnoCoOOHOCMDb,
obpazoeanue  MEIKOKPUCALIUYECKUX — 0CAOKO8,  8O3MONCHOCMb  HEeNnocpeoCmeeHHO
npo6oOUMb MeOHEHUe CMAIbHLIX 0emaliell, NOIyYeHue 3ePKAIbHO-0eCmauux NOKPLImull ¢
MUHUMATIHBIM HABOOOPONCUBAHUEM CMATbHOU OCHOBbL. [Ipumenenue pa3iuuHvix 000a8OK
(HeopeaHuuecKkux conell, opeaHuyeckux O1eckoobpazosameneii) A615emcs NnepCeneKmueHbLM
011 ONMUMU3AYUU MEXHOLOSUUECKO20 NpOoYeccd, CHUNCEHUs MeMnepamypvl HAHeceHus
ROKPbIMUSL U MOKCUYHOCMU OMX0008, YIVHULeHUs. KAYeCmed NOKPbIMUIL.

Hayunasa noeuszna. bnacooaps npumenenuio 000a80K HeopeaHuueckux coJell
PAa3IUYH020 cocmasa Ol YCMPAHeHUs: NACCUBaAyuu aHoo08, NOsblueHUus O0ONnyCmuUMOll
NIOMHOCMU KAMOOHO20 U AHOOHO20 MOKA HAOII00Aemcs YayuuieHue mexHON0UYeCKUx
VCN08ULL MEOHEHUsI U Ka4eCmea NOY4eHHbIX NOKPbIMUIL.

Ilpakmuueckas 3nauumocme. Ilpumenenue wenouHblx KOMIIEKCHbIX 1EeKMPOIUNO8
oaem B03MOMCHOCMb HENOCPEOCMBEHHO OCYWEeCmEIsamb MeOHeHUe CMAlbHbIX Oemaiel.
Bseoenue 0ononnumenbHbix KOMNOHEHMO8 K PACMEOPAM JeKMPOIUMO8 3HAYUMENbHO
VAYUMAIOM YCI08US 2ANbEAHUYECKO20 NPOYecca U XapaKmepucmuKu HOKPbLmul.

Knwuesvie cnosa: snekmpoxumuieckoe MeOHeHUe, KOMNIEKCHble WeN0YHble
NeKmMpoaumsl, O1UCKO0Opasyrowue 000asKu

Comparative characteristics of complex copper plating electrolytes

Yaremchuk V. M., Kyslova O. V.

Kiev National University of Technology and Design

Purpose. Compare the composition of complex copper plating electrolytes, the
technical characteristics of the deposition process and the quality of the coatings, summarize
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their advantages and disadvantages. To study the effect of various additives on the quality of
the resulting coatings.

Methodology. Comparative analysis of literature data on technological features of the
process of galvanic copper plating from electrolyte solutions with various compositions, the
relationship between the characteristics of the coating and the its application conditions.

Findings. Among industrial electrolytes of electrochemical copper plating a certain
place is occupied by alkaline complex electrolytes. Their main advantages are high scattering
ability, the formation of fine crystalline precipitates, the ability to directly conduct copper
plating of steel parts, obtaining mirror-shiny coatings with minimal hydrogenation of the steel
base. The use of various additives (inorganic salts, organic brighteners) is promising for
optimizing the process, lowering the coating temperature and toxicity of waste, improving the
coatings quality.

Originality. Thanks to the use of additives of inorganic salts of various compositions
to eliminate anodes passivation, increase the permissible density of the cathode and anode
current, an improvement in the technological conditions of copper plating and the quality of
the resulting coatings is observed.

Practical value. The alkaline complex electrolytes use makes it possible to directly
carry out the copper plating of steel parts. The introduction of additional components to
electrolyte solutions significantly improves the conditions of the galvanic process and the
characteristics of the coatings.
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