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PROCESSING OF COPPER ELECTROLYTE FOR ZINC-CONTAINING
PRODUCT
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Waste solutions from the electrolytic production of copper contain significant amounts of copper and nickel
sulfates, sulfuric acid, arsenic and other components of the copper electrolyte. The processing of such solutions is
considered in this work not only from the point of view of environmental protection, but also in terms of extracting
various valuable components from the electrolyte into commercial products. A thermodynamic analysis of the
interactions between barium and arsenic, as well as their compounds in the Ba(AsO,),-Ba;(AsO,),-H,O system
was carried out based on the E-pH diagram. The possibility of using barium compounds as a precipitant for
arsenic from copper electrorefining solutions has been demonstrated. The efficiency of removing arsenic (more
than 84%) from the electrolyte using barium oxide in the form of sparingly soluble barium arsenate has been
established. By adding calculated amounts of zinc oxide into the working solution, it is possible to form solutions
containing certain concentrations of Cu, Ni, and Zn. By further adding zinc oxide into the solution, its deep
dehydration was achieved. The resulting copper-nickel-zinc and nickel-zinc solutions are the raw material for
producing non-ferrous metal alloys using the electromembrane method.

Key words: copper electrolyte, E-pH diagram, arsenic, barium oxide, barium arsenate, depuration, zinc oxide,
copper, nickel, zinc, membrane electrolysis, alloys
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X.b. Omapos*, A. UBapaii, A.7K. XamuTt
K.KynaxanoB arsigarel Kazak TeXHONIOTHS jkoHE OM3HEC YHUBEPCUTETI,
Acrana, Kazakcran,

e-mail: homarov1963 @mail.ru

MBICTBIH /IEKTPOIUTTIK OHIIPICIHIH KAJIAbIK epiTIHAIEPiHIH KYPaMbIHIA, MBIC I1I€H HUKEb CYJIb(aTTapblHbIH,
KYKIPT KBIIIKBUIBIHBIH, MBILIBSIKTHIH XKOHE MBIC JIEKTPOIHTIHIH 6aCKa KOMIIOHEHTTepiHiH, MeJiiepi 6ap. MyHpaii
epiTinaiiepai enaey Oyl KYMbICTa KOPIIAFaH OPTaHbl KOPFay TYPFBICHIHAH FaHa eMec, COHbIMEH KaTap 3JIeKTpO-
JIUTTEH 9PTYPJIi KYHIbl KOMIIOHEHTTEP/Ii TayapiIbIK OHIMIe aly Ty PFBICHIHAH KapacTelpbliaasl. E-pH nuarpammacst
HeriziHge Oapuil MeH MbIIBAKTBIH, COHAAN-aK, onapabH Ba(AsO,),-Ba;(AsO,),-H,O xyiiecingeri KochubCTa-
PBIHBIH ©3apa 9peKeTTECYiHe TEPMOAMHAMUKAJIBIK, TAJIAY KYPri3iiti. MBICTHI 5ieKTpopaduHepey epiTiHaiiepi-
HEH MBIIIbSK YIIiH TYHIBIPFHIN peTiHae Oapuii KOCBUTHICTAPHIH KOMIaHy MYMKIHAIr KepceeTinmi. bapuil okcunin
KOJIJIAaHY apKbUTbI JIEKTPOIUTTEH MbIIIBSIKTHI (84 %-/1aH actam) a3 epuTiH Oapuii apceHaThl Ty piH/Ie MIbIFapy THiM-
Jitiri aHeIK TasTab!. JKyMBIC epiTiHiCiHE MBIPBIIT OKCHIIHIH eCenTeNTeH MeJIepiH eHri3y apkbuibl, Cu, Ni skoHe Zn
OeNriTi KOHIIEHTpaIUsIaphl Oap epiTiHaiIep Ty3yre 001aabl. MBIPBIII OKCUIIH €PiTiHIIre OlaH 9pi eHri3y apKbLIbI
OHBIH TEPEH MBICCHI3/IaHYbIHA KOJI KE€TKi31J11. AJIBIHFAaH MbIC-HUKEJIb-MbIPBIILI 3K9HE HUKEJIb-MBIPBILI €piTiHALIEp],
3NEKTPOMEMOPAHAITBIK, 9JIICTICH TYCTi MeTaliap KOPHITIIAIAPBIH ATy YIIiH, ITAKi3aT OOJIBIT TaObLIAIHI.

Tyiiin ce3aep: Mbic anexTponnti, E-pH nquarpaMmacet, MbIIbsIK, 6apuii Okcuzi, 6apuil apceHaThl, MbICCHI31aH-
JBIPY, MBIPBIII OKCH/Ii, MBIC, HUKEJIb, MBIPBIII, MEMOpaHAJIbIK, EKTPOIN3, KOPBITIAJIAP

MEPEPABOKA MEJTHOTO SJIEKTPOJIATA HA IIMTHKCO AEP K AT
MPOJVKT
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OTpaboTaHHble PACTBOPHI NMEKTPOIUTUUECKOTO MOTYyYSHHsI MEIM CONEPKAT 3HAUMTEIIbHbIE KOJIUYECTBa CYJlb-
(haToB MenM M HUKEJIs, CEPHOM KHCIIOTHI, MBIIIbsSIKA U Ipyrue KOMIOHEHTHI MeJJHOTo anekTponura. [lepepaboTka
TaKWX PacTBOPOB PacCMAaTpUBACTCS B JIAHHOW padoTe He TOJBKO C TOYKM 3PEHUSI OXPaHbl OKPYXKAIOMEH CPejbl,
HO U B IUIaHE U3BJIEUCHUS U3 JEKTPOJIUTA PA3IUYHBIX [IEHHBIX KOMIIOHEHTOB B TOBAPHYIO MpoayKuio. [IpoBenex
TEPMOANHAMHYECKHI aHAIN3 B3aMMOIEICTBHI Oapysl M MbIIIbsIKA, 4 TAKXKE UX COelMHeHui B cucteMe Ba(AsO,),-
Ba;(AsO,),-H,O Ha ocHoBe muarpammsl E-pH. ITokazaHa BO3MOXHOCTh HMCHOJIB30BAHUS COSIUHEHUI Oapus B
KaueCTBE OCAJMTEIIsI MbILIbsIKA U3 PACTBOPOB 1eKTpopahHIUPOBAHMS M. YcTaHOBIeHa 3(h(PEeKTHBHOCTD BbI-
BOJa MbIbsika (Oosee 84%) U3 NMEKTPOIUTA OKCUAOM Oapus B (hopMe TPYJHOPACTBOPUMOTrO apceHaTa Oapus.
BBeeHreM pacyeTHBIX KOJIMYECTB OKCH/IA IIMHKA B pabOvMii pacTBOP BO3MOXHO (POPMHUPOBAHKE PACTBOPOB, CO-
Jepxaniux ornpeseneHasie koneHtparmu Cu, Ni, Zn. [lanbHeiIiM BBeIeHUEM B pACTBOP OKCHJIA IIMHKA JOCTHUT-
HYTO ero riybokoe obe3mexuBaHue. OOpa3yoIyecs MeIHO-HUKEIb-IIMHKOBbIE M HUKENIb-IMHKOBBIE PacTBOPHI

SABJIAIOTCA ChIPLEM IS TIOJTYUYEHHA CIJIaBOB LIBETHBIX METAJIJIOB 9HeKTpOMCM6paHHI)IM CIOCOOOM.

KuroueBble cioBa: MeqHBIN TEKTPOIUT, quarpamma E-pH, MbImbsk, okeua 6apusi, apceHaT 6apusi, ooe3me-
JKUBaHKE, OKCHJI IIMHKA, MeJlb, HUKeJIb, IINHK, MEMOPAHHBIN 3JIEKTPOIU3, CILJIABI.

Introduction. Processing of copper electrolytic
refining solutions includes operations such as
neutralization and separation of components. At the
separation stage, membrane processes can be used
with great efficiency. Developed by scientists of the
Chemical-Metallurgical Institute (Karaganda), the
electromembrane technology for processing copper
electrolyte to produce Cu-Ni, Cu-Ni-Zn, Ni-Zn alloys
[1] is characterized by high efficiency at electrolyte
acidities in the pH range of 0,9-2,0.

However, copper-nickel solutions supplied for
processing require preliminary preparation for
membrane electrolysis. This is due to the content
of sulfuric acid (50-110 kg/m3) and arsenic (7,0-
10,0 kg/m?) in the electrolyte. Therefore, this work
describes the possibility of purifying a copper
electrolyte from arsenic with barium compounds and its
further neutralization with zinc oxide to obtain copper-,
nickel-, and zinc-containing solutions.

In works [2-4], the physicochemical patterns of the
behavior of arsenic and barium in redox and exchange
reactions in an aqueous environment were studied.
The data obtained are of theoretical and practical
interest both for the targeted synthesis of compounds
and for physicochemical modeling of the processes of
removing arsenic from the production cycle of non-
ferrous metals.

Materials and methods. The method using E and

pH as characteristic variables allows one to construct
stability diagrams of minerals when describing

reactions involving solids and dissolved components
[5, 6]. With its help, the thermodynamically probable
behavior of chemical elements and their compounds,
including minerals in contact with aqueous solutions,
is assessed, the potential and pH limits within which a
given element compound must be stable are established,
and the chemical nature of oxidation products is
revealed. To construct the E-pH diagrams of the
Ba(AsO,),-Ba;(AsO,),-H,O system, thermodynamic
data were used [7, 8].

Experiments on the deposition of arsenic from a
copper electrolyte were carried out in a thermostated
cell with a capacity of 150 cm?®, equipped with
a mechanical stirrer. A sample of barium oxide,
taken in the required quantity, was added into a
copper electrolyte solution at a given temperature.
The experimental temperature was maintained with an
accuracy of +2°C. The deposition process was carried
out with continuous stirring. After a given time, the
solid phase was separated by filtration, and the residual
arsenic content in the filtrate was determined.

Studies on the precipitation of arsenic by barium
oxide were carried out taking into account the following
factors: Ba:As (x;) (1,45:1; 2,9:1; 4,35:1; 5,8:1);
temperature, °C (x,) (25, 40, 55, 70); concentration
of sulfuric acid, g/l (x3) (80, 100, 120, 140); duration,
min. (x4) (15, 30, 45, 60) and the dosage ratio of the
precipitant (xs) (1, 2, 3, 4).

Neutralization and deep dehydration of the working
solution were carried out in a thermostated cell with a
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capacity of 150 cm?, equipped with a mechanical stirrer
at 70°C for 1 hour by adding calculated amounts of zinc
oxide.

Results and discussion. Based on the E-pH diagram
(Figure 1), a thermodynamic analysis of the interactions
of barium and arsenic, as well as their compounds in the
Ba(AsO,),-Ba;(AsO,),-H,O system, was carried out.
In accordance with Figure 1 and Table 1, the stability
area of water in the diagram is limited by lines 1 and 2.
The diagram also shows the stability fields of arsenic,
barium and their compounds. Metal barium, arsine,
Ba2* jon, barium arsenite (Ba(AsO,),) are stable in the
reducing region, and Ba?* ion and Ba(AsO,), occupy
a wide range of existence and are also stable in the
aqueous and oxidizing regions.

The transition of metal barium to Ba>* ion occurs at
a potential equal to -2,87V (line 3) and is consistent
with reference data (-2,91V) [9]. In the region of the
existence of hydrogen, along line 15, arsine interacts
with the Ba?* ion to form barium arsenite Ba(AsO,),,
which at higher potential values along line 11 is
oxidized to arsenate Ba;(AsO,),. It should be noted
that barium arsenite is stable in both acidic and alkaline

media, while the formation of barium arsenate begins
at pH=8 and it is stable only in alkaline media.

At positive potential values, barium arsenate
decomposes into arsenic acid derivatives: HAsO,>
(line 8), AsO,* (line 9) and barium peroxide - BaO,.

In the oxidation region, barium arsenite decomposes
into Ba®* ion, arsenic acid H;AsO, (line 14) and its
ionic forms H,AsO, (line 13), HAsO,?" (line 12).

Thus, among arsenic compounds, arsenic acid and
its derivatives are stable in the oxidative region. The
transition of H;AsO, to H,AsO,  occurs at pH=2,2;
H,AsO,” in HAsO,* at pH=7,0; HAsO,” to AsO,>" at
pH=11,54. Of the barium compounds, BaO, and Ba**
ion are stable in this region.

In the reducing region, the following are stable:
AsH;, Ba?* ion and barium metal.

It should be emphasized that arsenite and barium
arsenate occupy a wide range of existence: barium
arsenite is stable in the reducing, aqueous and oxidizing
regions, and barium arsenate in the aqueous and
oxidizing regions. The data obtained became the basis
for the use of barium compounds as a precipitant for
arsenic from copper electrorefining solutions.
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Figure 1 - E-pH diagram of the Ba(AsO,),-Ba;(AsO,),-H,0 system
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At the first stage, studies of the processes of arsenic
deposition from a copper electrolyte were carried
out using mathematical experimental design, using a
five-factor design at four levels. The results of the
experiments are presented in Table 2.

The data obtained made it possible to develop a
method [10] for the selective purification of copper
electrolyte from arsenic with barium compounds,
which are added into the initial electrolyte at a mass
ratio of barium to arsenic equal to 1,45:1 and deposition
is carried out at a temperature of 70°C for 1 hour. The
method makes it possible to reduce the duration of the
deposition process and remove arsenic in the form of
easily filtered and poorly soluble compounds that meet
environmental safety requirements during storage or
disposal.

After separation of the arsenic-containing sediment,
the working solution has the following average
composition (g/l): Cu - 4,4; Ni - 24.6; Zn - 20,36;
H,SO, - 72,8; As - 0,15. From such a solution, using
known methods, it is possible to obtain various Cu-
Ni-Zn alloys, which in metallurgy are called nickel
silver. In their composition, metals vary within the
following limits: Cu - 20-82%; Ni - 5-35%; Zn - 13-
45%. The technological scheme for producing Cu-Ni-
Zn is presented in Figure 2.

Then the working solution enters the processing
stage. By addding calculated amounts of zinc oxide
into the electrolyte, it is possible to form solutions
containing certain concentrations of Cu, Ni, Zn (Table
3).

Table 1 - Reaction equations and calculated equations of interphase transitions of barium and arsenic
compounds for the Ba(AsO,),-Ba;(AsO,),-H,0 system

Ne | Chemical reaction equation

Electrode reaction equation

I | 20,0, = Oy, T 4H, + 4e E=1,23—0,050pH; with P, = Lamm.

2| Hy, = 2H;, + 2 E = —0,050/21g P, —0,050pH; with Py, = 1
arMm.

3 Ba< )= Bafg + 2 E = —2,84+0,02951g[Ba’"]

4 | Ba% +2H,0y, = BaOy, + 4H, + 2 E = 2,35 —0,02951g[Ba®*] — 0, 118pH

5 | H3AsOy H2A304 + H(+) Ig[H,AsO ]/ 1g|H;AsO,| = 2,2—pH; pH =
2.2

6 | HyAsOy, HASO )+ H(+> 1g[H AsO77]/1g[HyAsO,] = 7,0 — pH;pH =

7,0

7 | HAsOZ, = AsO5, + H;,

e[ AsO7 [/ Ig[HAOT | =
pH; pH=11,54

11,54 —

8 | Bag(As0,)y, + 6H,0; = 3BaO, + | E=2,46—0,01971g[AsO | —0,118pH
2AsO )t 12H(l> + 6e

9 Ba3(AsO4) + 6H,04 = 3BaO, + | E=2,24—10,01971g[HAsOF | —0,098pH
2HASO + 10H T Ge

10 2HAsO +3Bafj Bag(AsOy)y) +2H), | 31g[Ba®'] - 21g[HAsOf] = -—11,15 —

2pH; pH=2§,1

11 [ 3Ba(AsO,)y () + 12H,0 ;) = Bag(AsO,)y, + | E =1,93+0,01961g[AsO | — 0, 118pH
44503, +24H(l> +12e

12 Ba(ASOQ) oF4H,0) = Balj +2HAsO%  + | E = 1,65 + 0,02951g[HAsO3 | +
6H+l + 4e 0,01471g[Ba?*] — 0, 0885pH

2H3As0, ) + 2hy),) + e

13 | Ba(AsOy)y,) + 4H,Oy = Bay, + | E = 1,45 + 0,02951g[HAsO;] +
2H,AsO; + 4H( [ T de 0,01471g[Ba*"] + 0,059pH
14 Ba(ASOQ) « + 4H,0p = Bag +|E = 1,38 + 0,02951g[H;As0,] +

0,0147Ig[Ba2*] + 0, 0295p H
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U]

14H},

15 Ba2+ + 2A8H3(g) + 4H20(1) = Ba<A802)2(s)

[ E=—0,27—0,00491g[Ba®"] — 0, 069pH

Table 2 - Partial dependences of the degree of arsenic precipitation by barium oxide in solutions on the studied

factors
Function I;actor le;els 3 T Average value
1 2 3 4 5 6
exp. 84,16 | 85,27 | 84,49 | 83,97 | 84,47
@ (D) | AS 8437 | 84,70 | 84,63 | 83.87 | 8441
0 (x2) | As exp. 79,36 | 84,61 | 84,04 | 89,88 | 84,47
teohr. | 79,74 | 82,89 | 86,04 | 89,19 | 84,46
@ (3) | As exp. 88,53 | 80,91 | 85,95 | 82,48 | 84,47
teohr. | 86,72 | 85,07 | 83,87 | 82,67 | 84,47
@ (xd) | As exp. 82,31 | 85,19 | 84,49 | 85,88 | 84,47
teohr. | 82,76 | 84,26 | 85,15 | 85,79 | 84,49
@ (x5) | As exp. 84,03 | 78,73 | 86,12 | 89,00 | 84,47
teohr. | 83,40 | 80,46 | 82,86 | 90,60 | 84,33
To obtain a Ni-, Zn-containing solution, the displaced with an increase in zinc concentration.

possibility of deep depuration of the electrolyte was
investigated by adding calculated amounts of zinc oxide
into the solution at 70°C and a time of 1 hour. Figure
3 shows the dependence of the degree of defoliation
on the Cu:Zn ratio. In the process of neutralizing
sulfuric acid with zinc-containing waste, copper is

Copper precipitates in the form of basic copper
sulfates Cu(OH),*CuSO,. The possibility of deep
decontamination of copper electrolyte using zinc oxide
and obtaining a solution containing mainly Ni and Zn
has been established.

Spent copper electrolyte

BaO, ZnO

—

y
Arsenic precipitation
and neutralization

v
Arsenic withdrawal

v

v

Preparation of Cu-Ni-Zn
alloy (membrane
electrolysis)

Neutralization and

dehydration

Copper

product

Nickel salts, obtaining-Ni-Zn alloy
(membrane electrolysis)

Figure 2 - Technological diagram for the production of Cu-Ni-Zn and Ni-Zn alloys during the processing of
copper electrolyte
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Table 3 - Composition of the electrolyte after treating it with the calculated amount of zinc oxide

No The initial composition of the | Amount of | Electrolyte composition, after treatment, g/l

"~ | electrolyte, g/1 zinc oxide
Cu | Ni H2S04 | As Cu Ni H2S04 | As Zn

1 1,8 | 46,5 | 24,7 70,5 | 0,15 22,8
2 36 | 244 24 40,1 | 0,09 37
31517 | 248 104,7 35 4,4 0,7 | 23,6 20,4 | 0,05 50,1
4 5,6 | 0,01 | 23,3 | - 0,01 55,2
5 6,8 | 0,006 | 18,3 | - 0,01 55,7

Decontamination must be carried out to a copper
concentration of 0,1 g/l, since when lower copper
concentrations are reached, significant amounts of

resulting solution containing nickel and zinc can be
processed using the electromembrane method to isolate
the Ni-Zn alloy (Figure 2).

nickel and zinc are carried into the sediment. The

mol/l |

0.8 1

0,6

0,4

0,2

Cu:zn'
Figure 3 - Dependence of metal deposition on the Cu:Zn ratio

(1-copper, 2-nickel, 3-zinc)

Conclusions. Thus, after cleaning the copper
electrolyte from arsenic with barium oxide, the
possibility of using zinc oxide to neutralize it, or
deep decontamination, has been established. The most
optimal conditions for the formation of copper-nickel-

zinc and nickel-zinc solutions have been selected.
A technological scheme has been proposed for the
production of non-ferrous metal alloys of different
compositions from these solutions by membrane
electrolysis.
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