https://www.doi.org/10.47813/sfu.mnfrpm.2023.487-496

BHEAOPEHUE TEXHOJIOI U BUXPEBOI'O SJIEKTPOJIU3A
AN OBESMEXXUBAHUA CYJIbOATHDBIX PACTBOPOB

Bounxos P.C., Tumocgees K./I., Mlieonun B.II., Cy66omuna V.J1., Panocosa B.B.
AO «YpananekTpomenb», r. BepxHsas lNeiwma, Poccusa
R.voinkov(@elem.ru

Ymanenue Meny u3 CEpHOKMCIBIX pac-
TBOPOB MEJHOTO OTZENEHNA 1ieXa 10 IPOo-
M3BOJCTBY MEJHOTO KYIIOPOCa M HMKENIA
cepHokucnoro B AO «YpananekTpomenb»
IPONMCXOANUT Ha YYacTKe 00e3MexiBa-
HUA TIOCPENCTBOM  STIEKTPOSKCTPaKLVM
B cynbdaTHOM 3nekTponute. B mpormecce
3JIEKTPOIKCTPAKIMM Ha KaTOJ€ BOCCTAaHAB-
NMMBAETCA MeJb, a HAa aHOJIe IPOTEKAET pe-
aKIMA paspsAga aHMOHOB CEPHOV KMCTIOThI
M TUAPOKCUIbHBIX MOHOB C BBIJI€/IEHNEM
KICTIOpofia. BpigenmBumiicsas Kucmopop B
IIepBble MOMEHTBI Pa0OThI aHOMA OKMC/IA-
€T CBMHEL] U TIOKPBIBAET €T0 IMOBEPXHOCTD
OKMCHOJM  IIJIEHKOiI,  IPENATCTBYIOIIEN
JanbHeNuen Kopposun Mertaa. Kartmo-
HBI BOIOPOJja HAKaIUIMBAIOTCA B pacTBOpe
Y BMeCTe C BBICBOOOXKIAIOLIVIMUCS CYJIb-
¢ar-aHMOHaAMM 00pa3yI0T CEPHYIO KICIIO-
Ty. OTU MPOLECCHI BBIPAXKAIOTCA CyMMap-
Hot peaktyeit (1):

CuSO, + H,0 = Cu+ H,50,+1/20, (1)

O6e3mexxnBaHMe TPOBOMAT B B CTa-
OV C IIOCTENIeHHBIM CHIDKEHMEM COfiep-
YKaHMS Meiu 1o 1 T/AM> B 3/1eKTPONM3HbIX
BaHHAaxX ALIMYHOIO THUIIA, B KOTOpBIe 3a-
TPY>KAIOT KaTOfIbl M aHOJbI, C MEX3JIeKT-
ponHbIM paccrosHnueM 200 mm. B kagecTBe
IEPBBIX MCIONb3YIOT KAaTOHYI OCHOBY
(mucTBI MefHbIE) IIeXa INMEeKTPOIU3a MeIM,
BTOPBIX — CBUHIIOBO-OJIOBAHHO-KaJIbIlyie-
Bble aHOJbI.

Knaccnmuecknit cnoco6 obOe3MexnBa-
HIISI IMEET PSIJ| HETOCTATKOB:

o (Jopmuposanue JIeH/IPUTHOTO
ocajiKa Mpy HU3KUX KOHIIEHTpaIy-
AX MeaM, 9TO IPUBOFUT K KOPOT-
KUM 3aMbIKaHUAM U 06pa3sOBaHMIO
IIOPOIIIKA MEZY B 37IEKTPOTINATE, OCe-
[AIOIEro Ha JHO BaHH;

e HEBBICOKNE ITOKa3aTe/ly BBIXOfiA IO
TOKy (<70% Ha I cragyr; <55% Ha
II crapun);

e PUCK BbIfIefIeHUA AOBUTOTO Trasa
apcuHa Ha Il cragum BeencTBue
MaJjIbIX CKOPOCTEeNl LVPKYIALUN U
BBICOKOJ KOHIIEHTPALU} MbIIIbSIKA
(20-30 r/mM3®) mpu HM3KOM cofep-
>KaHUU MeJIN.

JlaHHBIX HENOCTATKOB JMIIeHa paspa-
O0OTaHHAA M 3allaTeHTOBaHHas KOMIIaHMeEN
«Emew Corporation» (r. Baukysep, Kana-
la) YHMKa/JbHasl TEXHOJIOTWS «BUXPEBOTO
37IeKTPONN3a» MM, IPU KOTOPOIl 3J1eK-
TPONIUT MPOKAYMBAETCA MEX/Y KaTOLOM U
AHOZIOM IO OIIpeJle/IeHHbIM JaBIeHUEM B
KOJIBLIEBOJI LIVUIMHAPUYECKON sideiike [1].
OmHMM M3 HECOMHEHHBIX IPEeMMYILIECTB
TAaKUX 3/1eKTPONU3EPOB ABIAETCSA IOBBI-
IIeHJe MAacCOIlepeHO0ca, T.K. BUXPEBOIl I10-
TOK 3HAUMTETbHO yIy4IlIaeT IEePEHOC MeIU
II0 OCU B KOJIbLI€BBIX 3/IEKTPOXMMUYECKNX
siyeiikax B cuy 0ojiee MeJIeHHOTO obOpa-
3oBaHuA anddysmonnoro cimos [2]. bna-
rofiapsd 3TOMY IIPOMCXOJUT YBeIMYEHNE
YOEIbHOV IPOM3BOAUTEIbHOCTY, IIOBbBI-
IIAeTCS CEIEKTUBHOCTD U M3BIEKAEMOCTH
JVIOHOB MeTaJl/Ia 3 PacTBOPOB C HU3KUMU
KOHILIEHTpalMAMY MeZ.
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Ilenplo faHHOM pabOTBl  ABIATACH
OLIEHKa BO3MOXXHOCTM IPMMEHEHMS TeX-
HOJIOTMY BUXPEBOTO 3/IEKTPOM3a 1A obe-
3MEXUBAaHMA PacTBOPOB IIPOM3BOJCTBA
MEJHOTO KyIOpOca C MCIO/Ib30BaHMEM TN -
JIOTHOJ YCTAaHOBKM.

OcHoOBHbIe 3apauu:

1. Omnpenenutb ONTUMANbHbIE pe-
JKVMHBIC napaMeprI BeOocHUA npouecca
(KOHHCHTpa]_U/IH Meay, IIOTHOCTh TOKa,
CKOpOCTb I_U/IPKY)IHLH/II/[) J19)o2% HO)Iy‘-ICHI/IH
KOMIIAaKTHOTO KaTOJJHOTO OCaJIKa;

2. IlpoBecTn mpenBapUTENbHYI0 3KO-
HOMMYECKYI0 OLICHKY I[elIeCO00Pa3HOCTI
BHEJIPEHNA TeXHOIOIMM B CYIeCTBYOIee
IIPOM3BOZICTBO MEJHOTO KYIIOPOCa.

3. OueHNUTb CPOK IKCIUTyaraumm (ms-
HOCOCTOJKOCTb) aHOJja TIPY HEeIIPepPBIBHOI
pabore.

B pamkax faHHOI paboThl 6BUIO IIPO-
BEJJ€HO HECKOJIBKO 9TAIIOB MCIIbITAaHUIA TN -
JIOTHO¥ YCTaHOBKY BUXPEBOTO 37IEKTPOIN-
3a, IpeJCTaBIeHHON Ha puc. 1.

Karop (mromapso 0,25 M2, fuamMeTpom
159 MM, BbIicoTOI 500 MM) OBII M3TOTOBJIEH
13 Hepkasewowen cramm mapku SUS316L
(pucyHok 2a). OH npepcTaBisan coboi gBe
IUIACTMHBI, KPOMKI KOTOPOIL C OFHOI CTO-
POHBI OBUIM COENVMHEHbI CBAPHBIM IIBOM,
a ¢ ipyroi 06pa3oBbIBAaIN HAXJIeCT OKOJIO
30 MM IpyU YCTaHOBKE B 3/IE€KTPOIUTIYE-
CKYIO A4eliKy. AHOJ IIpeACTaB/I coboit
CTep>XKeHb AMaMeTpoM 57 MM U3 TUTaHa
C  VpMAMEBO-TAHTANOBBIM  ITOKPBITHEM
Ti/IrO,xTa,O5 (pucynok 26). Paccrosune
OT KaTofia 10 aHOJA COCTABIIAIO 51 MM.

1l 9KCIIepMMEHTOB  UCIIO/Ib30Baln
IpoMbIIIEHHbIe pacTBopbl ¢ I m II cra-
mnit obesmexnBanusa. OOBEM PacTBOPOB
B ycTaHOBKe cocTaysn 100-110 gm3. Cko-
POCTb LMPKYIALMM TOAAEPKMBANIU Ha
yposHe 116 am3/MuH (97% 0T MakcUMaib-
Hoit). [locme okoHYaHuMA Ipolecca ycTa-
HOBKY IIPOMBIBA/IM ABYMsA mopuuamu (Io
100 nm?) KoHIeHcaTa.

Ha mepBoMm aTame ucnbITaHuit ObUN
OIIpe[ie/IeHbl ONTYMA/IbHbIE PeXXVMHbIE T1a-

PucyHok 1 — YcTaHOBKa BUXPEBOro 3N1eKTpom3a:

a — obwuin Bua (1 — pesepByap ANS 31eKTPOAUT],
V =100 gM3; 2 — an1eKTPOoIM3HAA A4enKa;

3 — wkad ynpaBneHus), 6 — HanpasseHMe MoToka
3/1eKTPONINTA B INEKTPONTU3HOMN SYeike
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PucyHok 2 — DnekTpofbl yCTaHOBKM BUXPEBOIrO 3/1eK-
Tponusa: a — katon,; 6 — aHop,



PucyHok 3 — Bup katogHOro ocagka ¢ yCTaHOBKM BUX-
pPEeBOro 3/1eKTponm3sa

paMeTpbl Ipoliecca i IONy4YeHUsT KOM-
IMAKTHOrO KaromHoro ocapka: 400 A/m?
— g I cragum, 200 A/m? — g 11 cragum
00e3MeXXMBaHUsA TIPU CHIDKEHUM Myl OT
VICXOITHBIX KOHIeHTpauuit fo 0,5-1 r/mm?.
BbUtn mony4eHsl OCafiki € Comep’KaHueM
menu oT 99,97% mo 99,99%, merko cHUMaro-
myecs ¢ Katopia (pucyHok 3). Beixon menn
10 TOKY COCTaBUII 96,4-98,7%. 3a CuéT BbI-
COKMX ITOKa3aTesieyl BBIXOfIa MeJlyl IO TOKY

(ot 1,6 go 1,9 pas Bblme, YeM A Cyle-
cTByromeli Texonoruu B AO «Ypananek-
TpOMeZb») IpM BHELPEHNN TEXHOJIOTWN
BIUXPEBOTO 37IEKTPO/NN3a B KYIOPOCHOM
1jeXe MOXKHO OXKIJIaTh CHUKEHMeE Y/Ie/IbHO-
rO pacxofa 97eKTPOIHepruM Ha 1 T Meu B
KaTogHOM ocanke Ha 10-20% (tabmmua 1).

B cBasu ¢ Hammumem ¢TOpa B PacTBO-
pax 06e3MeXMBaHNA, KOTOPBII 110 TAHHBIM
IIPOM3BOJUTENIA MOXKET B Pasbl COKPATUTD
CPOK 9KCIUTyaTalliJi AaHOJIA 10 HECKOJIbKMX
MecAleB Jaxke Npu copepskanum 1-5 mr/
IM3, OBUI HaYaT BTOPOIl 3TAIl MCCIENOBa-
HIIA, HAIIPABJIEHHbII HAa OLIEHKY CTOMKOCTH
aHOJla IIPM HENPEPHIBHOM BENEHMUM IIPO-
1jecca 9/lIeKTPO/IN3a.

Ta6nuua 1 — CpaBHeHME OCHOBHbIX Moka3sartesier o6e3mMmexMBaHUA PAacTBOPOB MO
CyLLLeCTBYIOLWEN TEXHONOMMU U TEXHOJTIOT MU BUXPEBOIO 3/1EKTPONMN3A

HanMeHoBaHMe nokasartens

Mo cyuwecTBytOWEN TEX-
HOMornMmM obesmMexmMBaHusA

[lo TexHONOrUM BUX-
peBoOro anekTponsa

| ctagua obesmMexmBaHuUs

KaTtogHas nnoTHoCTb Toka, A/M2 139 400
MponsBoaUTENbHOCTb MO Meaun, T/CyT. 0,975
Bbixon, Meou no Toky, % 60,0 98,7
YaenbHbIN pacxop, a5ekTpoaHeprum Ha 1T 3344 2967
Meau B KaTOOHOM ocaake, KBT/T
CopnepxaHue B kaTtooHOM ocapke, %:
- Megm 93,94 99,95
- MbilLbsAKA 0,212 0,016
- HUKens 3,750 0,010
Il ctagmna obeamMexmBaHuA
KaTtogHas nnoTHoCcTb Toka, A/M2 65 200
MpounssoanTeNbHOCTb MO Mean, T/cyT. 0,437
Bbixog no Toky megmn, % 51,0 96,4
YOenbHbI pacxop, 351eKTpoaHeprum Ha 11 2879 2210
Meau B KaTogHoM ocagke, KBT/T
CopepxaHue B KaTogHoOM ocapke, %:
- Meau 81,36 99,80
- MbllLbAKA 3,750 0,100
- HUKens 1,850 0,034

489



PucyHok 4 — N3o06paxeHne NOBEPXHOCTU aHOAA YCTAHOBKM BUXPEBOIrO 351eKTponunsa (x34):
a — He UCMoNIb30BaHHOMO B UCMbITAHUAX (HOBOIO); 6 — nocse 24 cyTok HEMPEPbIBHOM 3KCrlyataumm; B — nocse
51 cyTok HenpepbIBHOW aKcnyatauuy; r — nocne 147 cyTok HeNpepbIBHOM 3KCMyaTaLmm

B mpomecce o6e3mexuBaHNA KOHIIEH-
TpalusA Mefu B PacTBOpe, LUPKYIUPY-
IOIIEM B 3JIEKTPOIM3HON A4YeNKe, M3Me-
HAMach oT 4 mo 0,5 r/mM%, Temmeparypa
pacTBOpa HaXOAWIACh B IIpefieniax 54-57 °C.
CornacHO aHamm3a cofep)KaHMe B 9JIeK-
TPONMUTE  XJIOPUA-MOHOB  COCTAaBIIATIO
0,120-0,209 r/mm3?, ¢ropup-mMoHOB -
0,08-0,36 r/mm3, B3BellIEHHBIX BEIECTB —
<0,2 v/mMm3.

3o6pakeHne IIOBEpXHOCTU MCXOf-
HOTO aHOJQ, MOTy4YeHHOe Ha ONTIYECKOM
MUKpPOCKOIIe, IpPEACTaBIeHO Ha PUCYH-
ke 4a. IIpu obmem BpeMeHM HeIpepHIB-
HOJI 9KCIUTyaTallyl YCTAaHOBKM BMXPEBOTO
sneKkTpommsa 566 4 (23,6 CyTOK) M3MeHe-
HIA Beca aHOJja 11 KaToja He BBIABJIEHO; Ha
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aHOJe BM3YaJbHBIX C/I€OB KOPpPO3WM HE
OoOHAapy>XeHO, a €ro IOBePXHOCTb 06ya-
Jaja 3EepPHUCTON CTPYKTYpoil (pUCYHOK
46). Ilpu mccrmemoBaHMM IIOJIOTHA aHOMA
crycrst 1224 9 (51 cyTKM) ero MCHonb3o-
BaHJA OTMEYEHO Hajnm4ue B HeM «3apabo-
TOK» COJIEBBIX OT/IOXKEHUI (PUCYHOK 4B).
Yepes 3528 u (147 cyTOK) 9KCIUTyaTalyum
3HAYMTEIPHOTO HaMN4MA IIOCTETHNUX He
BBIABJICHO, OfIHAKO B HEKOTOPOIl CTEIEeHNU
YBEINYMIACh «3€PHUCTOCTb» IIOBEPXHOCTH
aHoya (PUCYHOK 4r).

Coycts 4728 4 (197 cyTOK) HenpepbIB-
HOJI 9KCIUTyaTaly aHOfa ISMEHEH NI B T1a-
paMeTpax pabOTbl YCTAHOBKM BUXPEBOTO
97IEKTPONN3a Y M3MEHEeHMsI KauecTBa OCaji-
Ka 3aduKcupoBaHo He 6bu10. IIpomomxe-



Tabnuua 2 — CpaBHeHMe 3aTpaT Ha peasiM3auuio passiMdyHbiX BapUaHTOB
MoepHU3aumm yyactka o6esMmexmpaHus
HanmeHoBaHWe 3aTpaTt En. nsm. BapuaHT1 BapuaHTt 2 BapuaHTt 3 BapuaHTt 4
KanuTtanbHble 3aTpaThl, MJTH.
6e3 HIC oy6. 641,0 669,0 599,6 610,5
CebecTonmocTb
npousBoAcTBa
(6e3 amopTM3aLMN): py6./T 9788 9934 10139 10 230
- MeHOro Kyrnopoc 45 810 47 829 50 856 50 856

- HUKESTb CEPHOKMCIIbIN

HI€ VICIIBITAHUI B paMKaX BTOPOIO 3Tala
IJITAHMPYeTCA B Te4eHue 1 roga HempepblB-
HOJ 3KCIUTyaTally aHOJa.

ITpenBapurenbHas 9KOHOMMYECKAs
OlLleHKa I1e71eCO00pasHOCTY  BHEJpeHUs
TEXHOJIOTMI BMXPEBOTO 3JIEKTpPO/IM3a i
o0e3MeXuBaHUA CYIb(MATHBIX PacTBOPOB
(BapuaHT 1) B CpaBHEHMM C a/JIbTepHATUB-
HBIMJ BapMaHTaMM MOJI€PHU3ALNY y4aCT-
Ka o0e3MexMBaHusA (BapuaHT 2 — OpraHu-
3anyA y4acTKa 3aTOTOBKM OCHOB; BapMaHT
3 - 3aMeHa Me[IHbIX OCHOB Ha aHOJIHbIE
OCTaTKU 1eXa 3/IEKTPO/IN3a Me[i; BapMaHT
4 — 3aMeHa Me[HbIX OCHOB Ha TUTaHOBbIE
MaTpUIIbl), TTOATBEPAMIA PEHTAOETbHOCTD
IIPOEKTA.

CormacHO pacyeTHbIM [JaHHBIM, IIPEfi-
CTaBJIeHHBIM B Tabmuie 2, KaluTajabHbIE
3aTpaThl Ha Pealn3alMI0 BCEX pacCMaTpy-
BAaeMbIX BapMAHTOB CONOCTaBUMBL Ilpn
BHEJIDEHUM TEXHOJIOTUM BUXPEBOTO 3JIEK-
TPO/M3a OXKUMIAETCS COKpaleHne cebecTo-
VIMOCTY IIPOM3BOJCTBA NPOAYKIMY B KyTIO-
POCHOM 1LiexXe, B NEPBYIO O4Yepefib, 3a CYET
COKpallleHN: 3aTpaT Ha 3/IEKTPOSHEPIUIO.

KimouyeBple moxasarenu a¢@ekTuBHO-

CTU BHEJPEHUs BUXPEBOTO 3JIEKTPOIN3a:
4lCTas NPUBEAEHHAsA CTOMMOCTb NPV =

1105 mH. py6.; BHYTpPeHHss HOpMa JO-
xopHocTy IRR = 52,4%; cpok okynaemocTu
- 5,9 ner.

BbiBoAabl

1. TexHomorusa BUXPEBOTO 3NEKTPOIN-
3a MOXKeT OBITb JCIIO/Ib30BaHA KaK 9KOJIO-
rudecku Ooree Ge3omacHas ajnbTepHATUBA
K/IACCMYECKOMY CIIOCO0Y 06e3MeXMBaHMA
B IIPOM3BOJACTBE MEJHOTO KYIIOPOCa 1 HM-
Kena cepHokucnoro AO «YpananekTpo-
MeOb».

2. B xope mpoBeEHHBIX MCIIBITAaHUI
OIIpeie/IeHbl ONTVMa/bHbIE PEXUMBI Be-
IeHNA TIPOoLiecca BUXPEBOTrO 37eKTPOImn3a
npy 06e3MeXMBaHUY PAaCTBOPOB C UCXOJI-
HOJI KOHIIeHTpanuen meau fo 0,5-1 r/gm> B
IIPOM3BOJCTBE MEIHOIO KYIIOpOcCa C IOMy-
YyeHreM KOMIIaKTHOTI'O KaTOJHOT'O OcajKa C
copepxanuem Menn 99,80-99,95 % npu BbI-
XOfie MeM 110 TOKY 96,4-98,7%.

3. BHenpeHre TeXHOIOTMU BUXPEBOTO
97IEKTPONN3a B OT/eNeHNM Obe3MexuBa-
HUSI SIBISIETCSI PEHTA0eNbHBIM COITIACHO
IpeIBAPUTENbHBIM TEXHUKO-3KOHOMIYe-
CKMM pacyeTaM B CIydae HOATBEP)KIEeHNS
CTOMKOCTM aHOJIa B Te€YeHMeE JIUTETHHOIO
nepuoza (He MeHee 1 roja).

Cnucok nutepartypbl

1 «BuxpesoitanekTponus. Kak ato pabotaeTt?»: [nekTpoHHbI pecypc]. URL: https://dprom.online/unsolution/

vihrevoj-elektroliz/. (data o6patwerus: 31.05.2023).

2 Emew Smart System: [DnekTpoHHbIin pecypc]. URL: https://emew.com/ru/emew-system/. (JaTta o6pauie-

Hus: 31.05.2023).
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IMPLEMENTING OF CYCLONE ELECTROLYSIS TECHNOLOGY
FOR COPPER RECOVERY FROM SULFATE SOLUTIONS

Voinkov R.S., Timofeev K.L., Ivonin V.P., Subbotina 1.L., Ryaposova V.V.
JSC «Uralelektromed», Verkhnyaya Pyshma, Russia
R.voinkov(@elem.ru

Copper removal from sulfuric acid
solutions formed at copper sulfate
and nickel sulfate production of JSC
“Uralelektromed” takes place in the
decoppering department by means of
electroextraction in sulfate electrolyte. In
the course of electroextraction, copper is
reduced at the cathode, and the reaction
of discharge of sulfuric acid and hydroxyl
anions discharge takes place at the anode
with simultaneous release of oxygen. The
latter oxidizes lead at the very beginning
of anode operation and covers its surface
with an oxide film, preventing further metal
corrosion. Hydrogen cations accumulate in
the solution and, together with the released
sulfate anions, form sulfuric acid. These
processes can be represented as the overall
reaction (1):

CuSO, +H,0=Cu+H,S0,+1/20, (1)
Decoppering is carried out in two stages
with a gradual reduction of copper content
to 1 g/dm?® in box-type electrolysis cells,
in which cathodes and anodes are placed
(with the electrode spacing of 200 mm).
The cathodes are copper starting sheets
from the copper electrolysis shop, and the
anodes are lead-tin-calcium anodes.

The traditional method of decoppering
has a number of disadvantages, such as:

o formation of dendritic deposits at
low copper concentrations, which
leads to short circuits and to the
obtaining of copper powder in
electrolyte precipitating to the
electrolysis cell bottom;

492

o low indicators of current yield (max.
70% at the 1°t stage and max. 55% at
the 24 stage);

o risk of toxic arsenic hydride
release at the 2nd stage due to low
circulation speed and high arsenic
concentration (from 20 to 30 g/dm?)
at low copper content.

A unique advanced process of cyclone
electrowinning of copper developed
and patented by EMEW Corporation
(Vancouver, Canada) is free from such
disadvantages. During this process, the
electrolyte is pumped between the cathode
and the anode under a certain pressure
in an annular cylindrical cell [1]. One of
the undoubted advantages of such cells is
the increase of mass transfer as the swirl
flow significantly improves the copper
axial transfer in annular electrochemical
cells due to slower formation of diffusion
layer [2]. This results in increased specific
throughput, higher selectivity and higher
metal ion extractability from solutions with
lower concentrations.

The aim of this work was to evaluate
the applicability of cyclone electrowinning
process for removal of copper from copper
sulfate production solutions using a pilot
plant.

Main objectives:

1. To determine the optimum
operating parameters of the process to
produce compact cathode sludge (copper
concentration, current density, circulation

speed);



2. To perform a preliminary feasibility
study of the process implementation in
existing copper sulfate production;

3. To estimate the lifetime (durability) of
the anode in continuous operation.

Several stages of tests were carried out
in the pilot cyclone electrowinning unit,
which is shown in Figure 1.

The cathode (area — 0.25 m?, diameter
- 159 mm, height - 500 mm) was made
of stainless steel SUS316L (Figure 2a). It
consisted of two plates, the edges of which
were joined by a weld on the one side, and
on the other side they formed an overlap of
~30 mm when installed into the electrolytic
cell. The anode was a 57-mm-diameter rod
made of titanium with an iridium-tantalum
coating Ti/IrO,xTa,O5 (Figure 2b). The
distance between the cathode and the anode
was 51 mm.

Industrial solutions from the 1% and 274
stages of decoppering were used for the tests.
The volume of solution in the electrolyte
tank was 100-110 dm? The circulation

rate was maintained at about 116 dm3/min
(97% of the maximum). At the end of the
process, the unit was flushed with two 100
dm? portions of condensate.

At the first stage of testing, the optimum
operating parameters of the process for
obtaining a compact cathode deposit were
determined at 400 A/m? and 200 A/m?
for the It and 2"d stages of decoppering
respectively with a decrease in copper
content to 0.5-1 g/dm?. Precipitates with
copper content from 99.97% to 99.99%,
which are easily separated from the cathode,
were obtained (Figure 3). The current
yield of copper during electrolysis was
96.4-98.7%. Due to the high values of this
indicator (1.6-1.9 times higher than that
of JSC «Uralelektromed» existing process),
after implementation of the cyclone
electrowinning process in the copper sulfate
plant, specific power consumption per 1 ton
of copper in the cathode precipitate can be
expected to decrease by 10-20% (Table 1).

Figure 1 — Cyclone electrowinning unit:

a — general view (1 — electrolyte tank, V = 100 dm3;
2 — electrolytic cell; 3 — control

b — direction of electrolyte flow in the electrolytic cell

Figure 2 — Electrodes of the cyclone electrowinning
unit: a — cathode; b — anode
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cyclone

Figure 3 - Cathode
electrowinning unit

sludge at the

Due to the presence of fluorine in the
solutions of the decoppering department,
which, according to the manufacturer, can
reduce the lifetime of an anode to several
months, even at a content of 1-5 mg/dm?,
the second stage of the tests was initiated
to assess durability of an anode in the
continuous conduct of electrolytic process.

During the process of copper removal,

the concentration of the latter in the
solution circulating in the electrolysis
cell changed from 4 to 0.5 g/dm?, the
temperature of the solution was in the range
of 54-57 °C. According to the analysis,
the concentration of chloride ions in the
electrolyte ranged from 0.120 to 0.209 g/
dm?, while the concentration of fluoride
ions varied from 0.08 to 0.36 g/dm3. The
content of suspended material (TSC) did
not exceed 0.2 g/dm?>.

The image of the surface of the original
anode obtained with an optical microscope
is shown in Figure 4a. With a total time
of continuous operation of the cyclone
electrolysis unit of 566 hours (23.6 days),
no change in the weight of the anode and

Table 1 — Key copper removal indicators of the cyclone electrowinning process

compared to the existing process

Indicator name

Existing copper Cyclone electrowinning

removal process process
st stage of copper removal
Cathode current density, A/m?2 139 400
Copper throughput, t/day 0.975
Current yield of copper, % 60.0 98.7
Specific power consumption per 1ton of 3344 2967
copper in cathode sludge, kW/t
Content in cathode sludge, %:
- copper 93.94 99.95
- arsenic 0.212 0.016
- nickel 3.750 0.010
2nd stage of copper removal
Cathode current density, A/m? 65 200
Copper throughput, t/day 0.437
Current yield of copper, % 51.0 96.4
Specific power consumption per 1ton of 2879 2210
copper in cathode sludge, kW/t
Content in cathode sludge, %:
- copper 81.36 99.80
- arsenic 3.750 0.100
- nickel 1.850 0.034
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Figure 4 — Image of the anode surface of the cyclone electrolysis unit (x34):
a — not tested (new); b — after 24 days of continuous operation; ¢ — after 51 day of continuous operation;
d — after 147 days of continuous operation

cathode was detected. In addition, no
visual traces of corrosion were found on
the anode, and its surface had a granular
structure (Figure 4b). When examining the
anode sheet after 1,224 hours (51 days) of
its use, the presence of salt deposits in it
was noted (Figure 4c). Through 3,528 hours
(147 days) of operation, no significant
presence of the latter was revealed, however,
the «granularity» of the anode surface
increased to some extent (Figure 4d).

No changes in the operating parameters
of the cyclone electrolysis unit or in the
quality of copper deposit were recorded after
4,728 h (197 days) of continuous operation
of the anode. Further studies within the

framework of the second stage of testing
will be carried out until the continuous
operation of the anode reaches 1 year.
Preliminary feasibility
of implementation of the cyclone
electrowinning  technology in  JSC
«Uralelektromed»  (option No.l1) in
comparison with alternative options
of modernization of the decoppering
department (option No.2 - organization
of copper starting sheets preparation area;
option No.3 - replacement of starting
sheets with anode residues from the
copper electrolysis shop; option No.4 -
replacement of starting sheets with titanium
matrixes) confirmed the cost-effectiveness

study
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Table 2 — Comparison of costs for the implementation of various options of the

decoppering department modernization

Costs Unit Option No.1 Option Option Option
No.2 No.3 No.4
Capital costs, million
excluding VAT rubles 641.0 669.0 5996 610.5
Production costs (excluding

-iipre:rlitﬁg){e rubles/t 9,788 9,934 10,139 10,230
PP 45,810 47,829 50,856 50,856

- nickel sulfate

of the project.According to calculations, Conclusions:

presented in Table 2, the capital costs of
all the options under consideration are
relatively similar. However, it is expected
that the implementation of the cyclone
electrolysis technology will reduce the
cost of production in the copper sulfate
shop, mainly due to a reduction of specific
electricity costs.

Key performance indicators of cyclone
electrolysis implementation: net present
value NPV = 1,105 million rubles; internal
rate of return IRR = 52.4%; payback period
- 5.9 years.

1. The cyclone electrolysis technology
is an environmentally safer alternative to
the traditional method of copper removal
in the course of copper and nickel sulfate
production at JSC «Uralelektromed».

2. Optimal modes of conducting
cyclone electrolysis during the processing
of solutions with initial concentrations
of copper up to 0.5-1 g/dm? allowing to
obtain a compact cathode deposit with a
copper content of 99.80-99.95% and with a
current yield of copper of 96.4-98.7% were
determined.

3. According to preliminary feasibility
study, the technology implementation in the
decoppering department is cost-effective
in case the anode remains stable for a long
period (not less than 12 months).
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