ITo1Has uccienoBaTeILCKAA HyﬁJII/IKaIII/IH Temamuueckuti pazoen: VicciaenqoBaHHE HOBBIX TEXHOJOTHH.
Ymeepowcoénnasn nayunas cneyuanvnocmes BAK: 1.4.4. ®uszndeckas xumus; 2.6.9. TeXHOTOTHSA MEKTPOXUMIUCCKUX
MPOIIECCOB U 3aIIUTa OT KOPPO3UH

Jlononnumenvnasn nayunas cneyuanviocms BAK: 1.4.6. Dnekrpoxumus

Hoenmugpuxamop ccoiiku na oo6vexkm — ROI: jbc-01/26-87-7-12

Hughposoii uoenmuguxamop oowexma — DOI: 10.37952/ROI-jbc-01/26-87-7-12

YK 66.067.9; 54.058. Tlocrynuna B penakiuro 2 uros 2026 r.

Kunernueckue ¥ TeXHOJIOTHYeCKHE 3AKOHOMEPHOCTH
IEKTPOXUMHUYECKOr0 H3BJIeUeHusi HOHOB Kob0aabTa(ll) u3 3moaToB

© Bacun® EBrennii Hukonaeud, [1noxos* Cepreii BragnmupoBuy,
TpynoBa Upuna I'ennaabeBna, Ky3una Oubra BiaiaagumupoBHa,
Ky3neunoB Erop MakcumoBud, Kymunmun Makcum ButanbeBnu
Huoicezopoockuil eocyoapcmeennusiti mexuuueckuil ynugepcumem um. P.E. Anexceesa.

2. Huorcnuti Hogeopoo, 603155. Huswcezopoockas obracme. Poccus.
Ten.: +7 (831) 436-93-58. E-mail: eugeny.vasin-evg2017@yandex.ru

*Benyuuii HanpasieHue; TloanepKuBarOIIKi MEPEmicKy

Kniouesvie cnosa: nonHbIl 0OMEH, TIPSMOU 3JIEKTPOJIN3, HOHBI KOOAIBTA, SHEPTHsI AKTHBAIIHH,
,I[I/I(b(I)YSI/IOHHaH KHWHCTHKA, IINIOTHOCTH TOKA, TEMIICPATYypPad, OCTATOUHAA KOHLICHTPAaIUs,

BBIXO/[I ITO TOKY.

AHHOTANUA

XUMHUYECKOE HAHECEHHE KOOAJbTOBBIX MOKPBITUM M3 IIEJIOYHBIX PACTBOPOB MPHBOAUT K OOPa30BaHMIO
OonpmKMX 00BEMOB KHUIKUX OTXOOB B BUJE OTPAOOTaHHBIX JEKTPOJIIMTOB M IPOMBIBHBIX BOJ, COIEPMKALIMX
KoMILIeKcHbIe aHuOHBI kKobanbTa(ll). OOpaboTka cMecH 3THX OTXOMIOB CEPHOM KHCIOTOW, HAIlpaBICHHAS Ha
paspylieHre KOMIUIEKCOB C IIeTIbI0 MOTY4YEeHUS THAPATUPOBAHHBIX KATHOHOB METaNJIa, MO3BOJISIET B AalbHEH -
1IeM TPOBOJIUTH OYMCTKY XKHUIKOW (a3wl oT kodanbTa(ll) MeTo oM HOHHOTO OOMEHa Ha KaTHoHUTE. PereHe-
pauusi KaTHOHUTa PacTBOPOM CEPHOKHCIIOTO HATpHsl BEAET K 0Opa30BAHUIO 3J0ATOB, COACPKALINX CyNb(ar
kobanbTa (B nepecuere Ha Metamn) Ao 18.3 r/m u 45-50 r/a cynsdara Hatpust ¢ pH 3.0. Yka3anHbIe 3:110aThI
ABJISUTUCH OOBEKTOM HCCIIEOBAaHMUs B JaHHOM paboTe. M3 Takux pacTBOPOB MOXKHO 1OCTATOHYHO 3((HEKTHBHO
U3BJICKaTh METAJUIMUECKUI KOOAIbT METOAOM HPSMOTo 3JeKTposn3a. Llenbio qaHHO# paboThl IBHIIOCH yCTa-
HOBJICHHE KHHETUYECKUX M TEXHOJOTMYECKHX 3aKOHOMEPHOCTEMH, a TAK)Ke ONTHMAIBHOTO PEXKIMA dJIEKTPOXH-
MHYECKOT0 M3BJICUCHHUS KOOAIbTa U3 II0ATOB.

Habopom He3aBHCHMBIX 3JIEKTPOXUMHUYECKHX METOIOB (IIOTEHIIMOCTATHYECKOIo, MOTEHIHO-INHAMU-
YECKOI0, XpOHOIOTEeHIMOMETPHUYECKOT0, BPAIIAIOLIETOCs AUCKOBOTO 3JIEKTPOJa U TeMIIepaTypHO-KHHETHYEC-
KOT0) TIOKa3aHO, YTO B 00JIACTU KaTOAHBIX IJIOTHOCTEH TOKA, MO3BOJISIOLIMX IOJIyYaTh KOMIIAKTHBIE MEIKO-
KpHCTAUIMYECKHE TIOKPBITHA KOOANbTa, SIEKTPOBOCCTAHOBICHHE MOHOB MeTajlla KOHTPOJIUPYETCS OJTHOBpE-
MeHHO U PY3HOHHON cTanueil u nepeHocoM 3apsiaa. [loaToMy TEXHOIOTHYECKUE HCCIeJOBAHMS POBOIMIN
NpY TepeMeNInBaHUH PAaCTBOPOB, & OCHOBHBIMHU BIIUSIIOIIMMHE (PaKTOPaMH OBUTH KaTOJHAs IMJIOTHOCTH TOKA U
temneparypa. D(Pp(eKTUBHOCTb 3IEKTPOIN3a OLEHUBAJIM [0 BHEIIHEMY BUAY MOKPBITHSA, BBIXOAY MO TOKY
MeTajla, CTENIeHH M3BJICUEHHs MOHOB KOoOanbTa W 3aTpaTaM 3JIEKTPOIHEepruu. B xoxae skcnepuMeHTalbHON
ONTUMU3ALMK TIPEIJIOKEHO MPOBOIUTE JEKTPOJIN3 NpHU MoTHOCTH Toka 0.2 A/nm?, Temneparype 60 °C u
MaKCHUMaJIbHO BO3MOXHOM TiepeMeruBannu. [lomydaercst MaToOBOE TIIOTHOYIIAKOBAHHOE TIOKPBITHE, BBIXOJI T10
TOKy 99-46%, cTeneHb M3BIEUEHHsI OKOJIO 95%, yIeIbHBIN pacXo]l ANIEKTPOIHEPTUH He TpeBbiiiaet 8.4 KBT-u/kr
MeTajuIa.
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Abstract

Chemical deposition of cobalt coatings from alkaline solutions results in the formation of large volumes of liquid
waste in the form of spent electrolytes and rinse waters containing cobalt(Il) complex anions. Treatment of this waste
mixture with sulfuric acid, aimed at breaking down the complexes to produce hydrated metal cations, allows for
subsequent purification of the liquid phase from cobalt(ll) by ion exchange on a cation exchanger. Regeneration of
the cation exchanger with a sodium sulfate solution results in the formation of eluates containing up to 18.3 g/L of
cobalt sulfate (as metal) and 45-50 g/L of sodium sulfate with a pH of 3.0. These eluates were the subject of this
study. Metallic cobalt can be efficiently extracted from such solutions by direct electrolysis. The aim of this study
was to establish kinetic and process characteristics, as well as an optimal mode for the electrochemical extraction of
cobalt from eluates.

A combination of independent electrochemical methods (potentiostatic, potentiodynamic, chronopo-
tentiometric, rotating disk electrode, and temperature-kinetic) demonstrated that, in the range of cathodic current
densities that allow the production of compact, fine-crystalline cobalt coatings, the electroreduction of metal ions is
controlled simultaneously by the diffusion stage and charge transfer. Therefore, process studies were conducted with
solutions stirred, with the main influencing factors being cathodic current density and temperature. Electrolysis
efficiency was assessed based on the coating appearance, metal current efficiency, cobalt ion extraction rate, and
energy consumption. During experimental optimization, it was proposed to conduct electrolysis at a current density
of 0.2 A/dm?, a temperature of 60 °C, and maximum possible stirring. The result is a matte, densely packed coating,
current efficiency of 99-46%, extraction rate of about 95%, and specific energy consumption of no more than 8.4
kW-h/kg of metal.
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