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Complex processing of electrolyte is one of the priority tasks of copper producers. In this work, in order
to obtain high-quality copper products and nickel sulfate, the following methods were used: neutralization,
demineralization, extraction of impurities (As, Sb, Bi) with pseudo-brookite, additional oxidation of iron
to trivalent, neutralization of the solution with nickel carbonate with the release of insoluble compounds of
copper, iron and zinc and crystallization of nickel sulfate. The advantage of using basic copper sulfate as
a neutralizing agent is the prevention of contamination of the electrolyte with foreign components, as well
as its high chemical activity. The quantities required of basic copper sulfate for the implementation of the
technology are formed at subsequent stages of processing. High-quality copper sulfate is obtained. Basic
copper sulfate is also a raw material for obtaining copper oxide. The removal of such impurities as arsenic,
antimony and bismuth is carried out using pseudo-brookite as their extractant. To prevent the ingress of
divalent iron into the products, it was oxidized to trivalent by introducing calculated amounts of hydrogen
peroxide. The working solution was purified from iron, zinc and residual copper by introducing phosphoric
acid and nickel carbonate. Nickel sulfate was isolated from the solution by crystallization, its average yield
was 71.6%. Identification of intermediate and target products was carried out by IR spectroscopy and laser
atomic emission spectroscopy. The test results showed the efficiency of this method of processing copper
electrolyte, aimed at expanding the range of products based on copper and nickel.

Keywords: copper electrolyte, pseudobrookite, nickel sulfate, deep decontamination, copper sulfate,
neutralization, crystallization
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DIeKTPOJMTTI KEeIIeH 1l OHJIeY MbIC OHIIpYIIUIepIiH 0achiM MiHIETTepiHiH Oipi OOJbIT TadbLIa b By
JKYMBICTA JKOFaphl canayibl MbIC OHIMAEPI MEH HUKEJb CyJIb(aThH ally YIIIiH KeJieCl 9/1icTep KOJJaHbUIIbL:
OeliTapanTaH/IbIpy, MbICCBI3IAHIBIPY, Kocnanapasl (As, Sb, Bi) nceBaoOpyKUTIIEH IKCTpaKIUsiIay, TeMipIi
VI BaJIEHTTI TeMipre AeWiH TOTHIKTBIPY, TEMip, MBIPBIII KOHE MBICThl €PIMEUTIH KOCBUIBICTAP TYPIHIE
HIBIFapy YILIiH epiTiHAiHI HUKeNIb KapOOHAThIMEH OeWTaparnTaHAbIpy sKoHE HHKeJb CYIb(aThiH KpUCTal-
Ja”aelpy. belitapantanabIpyIibl peareHT peTiHjie HEeri3ri MbIC CysibgaTbiH NaiJaniaHyIblH apThIKIIbUIBIFbI
9JIEKTPOJIUTTIH Oerjie KOMIIOHEHTTePMEH JIACTAaHYBIH OOJIIBIPMay, COHBIMEH KaTap OHBIH JKOFaphl XUMHUSI-
JIBIK, OCJICEHITITT OOJIbIT TaObUIaAbl. TeXHOIOTUAHBI KY3ere achlpyFra OHBIH KaXeTTi MeJIIIepJiepi oHe-
YIiH KeJsleci Ke3eHAepiHae Kaiblnracaasl. ZKorapel canajibl MbIC KyIIOPOCBIH ©HAIPYJl KaMTaMachl3 eTe[l.
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KasTbY XABAPIIBICBI - VESTNIK KazUTB - BECTHUK KazVTb

Heri3ri MbIc cysbdarsl 1a MbIC OKCHIH aly YIIiH MIMKi3aT OOJbII TaObU1aabl. MBIIIbSK, CypbMa KoHE
BUCMYT CHSIKTBI KOCTIAJIAP/IBI JKOK0 YIIiH SKCTPAreHT peTiH/e NMCeBIOOPYKUTT KOJAAHbUIIB. EKi BaleHTTI
TeMipJIiH eHimMepre eHyiHe koJ1 OepMey YIIIiH OHbI CyTeri aCKbIH TOTHIFBIHBIH €CEMNTiK MOJIIIEPiH eHTi3y
ApKbLIbl VI BAJICHTTI TeMipre JIeriH TOTHIKThIPJBIK. A yMbIC €pITIHIICIH TEMip/IEH, MBIPBILLITAH K9HE MbIC
KaJIABIKTaphIHAH Ta3apTyra (pocop KBIIIKbUIBI MEH HUKEIb KApOOHATBIH €HTi3y apKbUIbl KOJ KEeTKI31IIi.
Hukenb cysbdatsl epiTiHAIeH KpUCTAIIaHy apKblibl O6JiHIN ajbIH/bl, OHBIH OpTalla MIbIFbIMbL 71,6%
Kypa/jbl. ApasibIK kKoHE MaKcaTThl eHimaepai anbikTay MK -criekTpockonus skoHe Ja3epiiik aTOM/IBIK, SMHUC-
CHSUTBIK, CIEKTPOCKOTHSI KOMeTiMeH Xy3ere achipbuUibl. ChIHAK, HOTHIKENIEPl MBIC IT€H HUKEeJb Heri3iHjeri
OHIMJIEP/IiH ACCOPTUMEHTIH KEHENTYyre OarbITTaJIFaH MBIC JICKTPOJIUTIH OHJICYiH OYJ1 9[IiCIHIH THIMALIIriH
KOpCeTTI.

Tyiiin ce3aep: MbIC SJEKTPOIUTI, ICEBAOOPYKUT, HUKENb CYIb(AThI, MbIC 3JEKTPOJIUTIH TEPEH MBbIC-
CBI3IaH[IBIPY, MBIC KYHIOPOCHI, OeliTapanTay, KpUCTauIay.
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KowmrekcHast mepepaboTKa 3JICKTPOJIMTA OJJHA U3 IPUOPUTETHBIX 3a/1a4 IMPOU3BOANTENICH Meau. B naH-
HOW paboTe C eJbIo MOJyYeHHs] KaYeCTBEHHOW MEIHOW MPOAYKIMU ¥ CYJib(haTa HUKENS UCTIONb30BaHbI
METO/1 HeWTpaau3aiuu, 00e3MexXnBaHue, SKCTpakIms mpumeceit (As, Sb, Bi) nceBnoOpykuTom, 100KKCIIE-
HUe XkeJje3a 0 TPeXBaJIeHTHOTo, HeUTpaau3aiys pacTBopa KapOOHATOM HUKEJIS C Bbl/IeJIEHUeM HEPacTBO-
PUMBIX COEMHEHUN MEJH, Kejie3a U IIMHKA U KpUcTajuii3aiuu cyjbgara Hukess. [IpeumyinecTBoM uc-
T0JIb30BaHHUsI OCHOBHOTO CyJib(haTa MeIM B KAUECTBE HEUTPATU3YIOIIETO peareHTa sSBJseTCs HeIOMyIleHue
3arpsI3HEHUS SJIEKTPOJIUTA TIOCTOPOHHUMU KOMITOHEHTAMMU, a TAK)KE €r0 BhICOKasi XUMUYECKasi aKTUBHOCTD.
HeoOxoaumble ero konmdecTBa AJisl peav3allii TEXHOJIOTMH 00pa3yloTcs Ha MOCIeYIONUX CTaqusIX 1e-
pepadotku. ObecnieunBaeTcs MoJydeHHe KauyeCTBEHHOIO MEIHOro Kyrnopoca. OCHOBHOM cynb(haTr meau
SIBJISIETCS] TAKXKE ChIPhEM JIJIsI TIOTyYEeHUsI OKCHIa Me. BBIBOJ TaKUX MpUMecei, KaK MBIIIbSK, CypbMa 1
BUCMYT OCYIIECTBJIEH ITPUMEHEHHEM IICEBIOOPYKUTA B Ka4eCTBEe MX IKCTpareHTa. s mpemynpexacHus
MOMNAa/IaHUs IByXBJIEHTHOTO eJie3a B MPOIYKThI, €r0 OKUCJISUIN JI0 TPEXBAJIEHTHOIO BBEJCHUEM pacCyeT-
HBIX KOJIMYECTB Mepokcuaa Bopopoga. OuucTka pabouero pactBopa OT Keje3a, IMHKA U OCTaATOYHOTO
coJiepKaHMs MeJIU IOCTUraiach BBeJeHneM (ochopHON KUCIOTH U KapOoHaTta Hukens. Cynbgar HUKest
BBIZIEJIEH U3 pacTBOPA METOJIOM KPUCTAUTM3ALMH, €r0 CpeJHUI BbIX0A cocTaBuil 71,6%. Unentudukarms
MIPOMEKYTOUYHBIX U 1I€JIeBOT0 MPOAYKTOB IpoBeaeHa Mmerogamu MK-crieKTpocKkorniu 1 Ja3epHoi aTOMHO-
9MUCCUOHHOW CHEKTPOCKONMH. Pe3ysibTaThl HCIIBITAHUE TIOKa3ai 3(PEKTUBHOCTD JIAHHOTO CIIOco0a Iie-
pepaboOTKU MEIHOTO SJIEKTPOJIUTA, HATIPABIEHHON Ha paclIMpeHre acCCOPTUMEHTa MPOIYKIIMM HA OCHOBE
MeIU U HUKEJIS.

KuroueBble ciioBa: MeIHBIN 3JI€KTPOJIHT, TICEBIOOPYKUT, CyJIb(daT HUKEs, IITyOoKoe 0Oe3MeKuBaHue,
MEJHBIN KYNOpOC, HEUTpaIu3alusl, KpUcTaju3arus

Introduction. Processed technological solutions arsenic and other components of copper electrolyte.
of electrolytic refining of copper contain significant To avoid the concentration of impurities in the
amounts of copper and nickel sulfates, sulfuric acid, electrolyte, part of the working solution is removed
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from the process for processing. The process of
processing copper electrolyte is aimed at creating
conditions for the selective release of harmful and
undesirable impurities and ensuring the effective
separation of valuable components for their further
use in the technological cycle of copper production
and obtaining marketable products. Analysis of
existing developments [1-11] indicates a number of
significant shortcomings in the known technological
developments for the removal of arsenic from
copper electrolyte and further processing of the
solution, such as contamination of the electrolyte
with foreign components, loss of copper in the
form of copper-arsenate cakes, etc., due to which
some of the proposed technologies have not been
implemented.

To eliminate copper losses and obtain nickel
sulfate, we have developed a new method for
processing copper electrolyte [12]. The electrolyte
processing process consists of four main stages,
followed by vacuum filtration and crystallization of
the final product:

- neutralization and deep de-copperization of
copper electrolyte;

- extraction of arsenic, antimony and bismuth into
the solid phase with pseudobrookite;

- additional oxidation of ferrous iron to ferric;

- deep neutralization of the working solution
of carbon nickel with the release of insoluble
compounds, iron and zinc, and crystallization of
nickel sulfate.

According to the technological scheme, the
process of processing copper electrolyte with
obtaining nickel sulfate as a target product consists
of four main stages:

This stage is carried out under the conditions
accurately determined by the authors [12, 13]. The
copper electrolyte is preliminarily diluted with water

H,0, + Fe*" + H, — Fe’" + 2H,0

4. Deep neutralization of the working solution
with nickel carbonate with the release of insoluble
compounds of copper, iron and zinc, and

by two times. The latter neutralization is carried
out by introducing a copper (II) oxide weighed
portion in a molar ratio of CuO : Cu = 3:1 with
constant stirring for four hours at a temperature
of 98°C. The basic copper sulphate formed after
separation is used to neutralize the electrolyte
following portions. This operation is carried out at
a temperature of 85°C with constant stirring for
15 minutes until the pH 1.3-1.5 reached. The basic
copper sulfate is taken in a molar ratio to sulfuric
acid of 2:1. Electrolyte samples are taken throughout
the experiment and the solution pH is determined
until the required value is reached.

The resulting copper-nickel mother liquors are
re-diluted with water 2 times and subjected to deep
de-curing with copper (II) oxide (CuO:Cu = 3:1) at
98°C for four hours with constant stirring.

2. The arsenic, antimony and bismuth extraction
into the solid phase with the help of pseudobrukite
is carried out in accordance with the method
developed by us earlier [14].

The process is carried out in a thermostated cell
at a temperature of 60°C with a given sulfuric acid
concentration at constant stirring for one hour. A
pseudobrukite weighed portion is taken equal to the
ratio of the precipitant to arsenic 1:1 and served
in two portions (the precipitant (DRP) dosage ratio
is equal to 2). The hot solutions are then filtered
out. The precipitate is separated from the resulting
solution.

3. Additional oxidation of ferrous iron to ferric
iron is carried out according to the conditions strictly
specified by the authors [15]: a 50% solution of
hydrogen peroxide is used as an oxidizing reagent,
which is introduced into solutions at a temperature
of 55°C, the oxidation process takes 1 hour with
constant stirring. The amount of hydrogen peroxide
required to oxidize all Fe>* ions to Fe* is calculated
from the reaction equation:

(D

crystallization of nickel sulfate.

Before deep neutralization of the electrolyte with
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nickel carbonate, it is necessary to transfer iron, zinc orthophosphoric acid in a predetermined
and the residual content of copper in solutions into amount is injectedinto the working solutions.
a solid phase. Orthophosphoric acid in a stoichiometric ratio is

For this purpose, an 87% solution of injected to bind impurities into sparingly soluble
phosphates according to the reaction equation:

3Me®" + 3NiCO, + 2H,PO, — Me4(PO,), | +3Ni*" + 3C0O, 1 +3H,0 )

whereas — Me2*- ions Cu?*and Zn2*.

With the participation of the Fe** ion, the reaction proceeds according to the following equation:

9Fe®" 4 3NiCO, 4 2H,PO, — 2FePO, | +3Ni*" + 3CO, 1 +3H,0 3)

copper electrorefining

[
uszed electrolyte

¥ ¥
copper o o )
oxide preliminary stage of neutralization till
————h . F
ph=1,3-1,5
i LJ
. basic copper sulfate
precipitate
precipitation As,5b,Bi by
: pseudobrockite ’ _.-"-‘.
i AN
' ! /N
| i W
Az, b, Bi : L i/ A
contained ) o o ) ¥ L1
precipitation hydrogen peroxide oxidation of Fe
to Fe COPPEr copper
oxids sulfate [’
¥
for burial stage of deep nevtralization with nickal

carbonats to ph=3-6

vacsum filtration
¥ ¥
rystallizatior For reprocessing
r.

Fig. 1 - Technological scheme of the integrated processing of copper electrolyte to obtain nickel sulfate

Then the solutions are heated to 85°C with from the reaction equation and heated further to
stirring. Water is added in an amount calculated 90°C. A nickel carbonate predetermined amount is
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added to the heated solutions in portions.

The solutions are constantly stirred and
maintained at a temperature of 90°C for one and a
half hours. When adding each portion, it is necessary
to take a sample and measure the solutions pH.
Measurements of pH are carried out until the value
of 5.5-5.9 is set. With each pH measurement, the
samples are cooled to a temperature of 23-25°C.
Then the solutions are maintained at a temperature
of 90°C. The authors of [15] found required
conditions under which precipitates of iron, copper
and zinc insoluble salts are formed, namely pH =
5.5-5.9.

At the process end, the solutions are subjected to
vacuum filtration in a hot state. Unreacted nickel
carbonate as well as copper, iron and zinc salts
insoluble precipitates remain on the filter. The
solutions pH is brought to values of ~ 1.99-2.02
with the help of adding the calculated amounts
of concentrated sulfuric acid. The authors of [15]
established that this pH limit is the conditions
under which the nickel sulfate crystallization occurs.
Further, the investigated solutions are cooled to a
temperature of 20-23°C and left to stay aside for the

nickel sulfate crystallization.

The purpose of this work is to test a new
technology of processing of copper electrolyte with
the removal of copper in the form of products
assalts and hydroxides in large-scale laboratory
conditions, and obtain a new product - nickel
sulfate in accordance with the technological scheme
developed by us (Figure 1).

Materials and methods. The object of
large-scale laboratory tests is the technological
copper-containing  sulfuric  solution of the
corporation "KAZAKHMYS SMELTING”
(Republic of Kazakhstan, city of Balkhash). The
quantitative content of the main components of the
process solution (Cu, Ni, H,SO,, As, Sb, Bi, Fe, Zn)
was determined on a SPEKS SSP-705-4 scanning
spectrophotometer, as well as on a laser atomic
emission spectrometer SPEKS LAES MATRIX
CONTINUUM (Closed Joint Stock «Company
Spectroscopic Systems» Russian Federation, 2016)
, the results of which are presented in Table 1.

Large-scale laboratory tests were carried out with
a volume of the working solution equal to 500 ml.

Table 1 - Electrolytecomposition

Component | Cu Ni

H2S04

As Sb | Bi Fe | Zn

g/l 51.20 | 16.98 | 95.88

14.04 | 8.63 | 5.78 | 9.42 | 9.17

Table 2 - Results of the copper electrolyte neutralization process

(Cuz(OH),S04:H,S0,) = 2:1; t = 85°C; 1 = 15 min)

pH of working solution )
- - H,SO,(g/1) | Cu(g/l) | Ni(g/l) | As(g/l)
Before experiment | After experiment
0.08 1.31 2.79 31.0 16.70 | 14.03

Results and discussion. Based on known
methods for processing copper electrolyte [12,14],
500 ml of water was added to a copper electrolyte
with a volume of 500 ml, and treated with 96 g of
copper (II) oxide in a molar ratio CuO:Cu = 3:1.
The reaction mass was heated in a thermostated cell

to 98°C with constant stirring for four hours. The
solution volume was decreased by 2 times at the end
of the neutralizing process. The solution was filtered
in a hot state, resulting in a precipitate of basic dark
green copper sulfate weighing 406.59 g on the filter.
Further, basic copper sulfate obtained in an amount
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of 348.3 g was used for subsequent neutralization of
copper electrolyte with a volume of 500 ml for each
experiment.

The neutralization of free sulfuric acid was
carried out for 15 min in a thermostated cell
at a temperature of 85°C. The solution pH was
monitored during the experiment until its values
reached 1.31. Hot solutions were subjected to
vacuum filtration, and then cooled to a temperature
of 20°C. Copper sulfate weighing ~ 43.8 g was
obtained in each experiment. The solutions were
analyzed for the residual content of sulfuric acid,
copper, nickel, and arsenic. The average values of
the investigation results are shown in Table 2.

The obtained copper-nickel mother liquors were
re-diluted with water 2 times and subjected to
de-curing with copper (II) oxide. Width of the
confidence interval according to the Cochran
criterion for copper content A= 0.180 = 2A.

The resulting basic copper sulfate weighing 24.99
g was used to neutralize the next portion of the
electrolyte. The main copper sulfate is also a raw
material for the production of copper oxide, copper
sulfate. The resulting solutions, after neutralization
and de-curing of the electrolyte, were analyzed for
the residual content of sulfuric acid, copper, nickel,
and arsenic. The average values of the analysis
results are shown in Table 3.

Table 3 - Copper electrolyte dressing from copper results

(CuO:Cu= 3:1; t = 98°C; T = 4 hour)

pH of working solution Cu(g/)
Before After H,SO4(g/D) | Before After Ni(g/D) | As(g/)
experiment | experiment experiment | experiment
1.31 2.37 0.21 31.0 0.79 16.5 14.01

Copper-bearing sediments were identified by IR
spectroscopic analysis (Figure 2). According to
reference data [15], intense absorption bands at
1106-1366 cm™! and 451-621 cm! are related to
the sulfate ion. Also, a band in the region of
3140 - 3433 cm’' is characteristic of stretching
vibrations of OH-groups, and absorption bands at

80
75 _ TTIAETLET 1535065, 75.58
70 —
1 ETLTSTIOL
1 532.25,70
65 _ 492 24 57 53
60 —
55 _ 1114 58,37 2
T T —
500 1000 1500 2000

1340-1627 cm’! associated with the presence of
water molecules in a highly hydrated sediment.
Based on the data of the IR spectra of the precipitate
and the results of photometric analysis for copper, it
was established that the resulting precipitate is the
main copper sulfate Cu;(OH),SO,.

ZEENOE TTOR

IATEAS MG
IAS1 38354

1 ] —
2500 3000 3500

Fig. 2 - IR spectrogram of a copper-bearing precipitate
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Additionally, the analysis for the content of
impurities in the resulting sediment was carried
out on a laser atomic emission spectrometer SPEX
LAES MATRIX CONTINUUM (Figure 3). As
can be seen from the spectrogram, intense green
peaks are observed, which correspond to copper

LS EEEBEEE U guaRE g

ions. The presence of such impurities as iron, zinc,
arsenic, antimony, bismuth in the composition of
the precipitate is not observed on the spectrogram.
Thus, the resulting basic copper sulfate does not
contain foreign impurities of other metals and is a
chemically pure compound.

13552 zo0Ez DOETE pd s 055 e 4 210z

TILIE  giagn  zime: D781 ElSER il zzmar zms

Fig. 3 — Laser spectrogram of copper-bearing sediment

The deposition of arsenic, antimony and
bismuth with pseudobrookite was carried out in a
thermostated cell at a temperature of 60°C, with
a given concentration of sulfuric acid with constant
stirring for one hour. We used the resulting solutions
with a volume of 182 ml each. A weighed portion of
pseudobrookite was taken equal to the ratio of the
precipitant to arsenic 1:1 in the amount of 14.01 g
and fed in two portions (DRP= 2). Then the solution
was filtered while hot, the resulting filtrates with a
volume of 165 ml were analyzed for the residual
arsenic content, antimony and bismuth in them.
The results of analyzes for the residual content
of antimony, bismuth arsenic, shown in Table 4,
showed that their content in solutions is reduced to
trace amounts, i.e., the resulting solutions are almost
completely purified from them.

For the oxidation of Fe?* ions to Fe3*, 3.1 ml
of hydrogen peroxide was introduced into solutions
with a volume of 158 ml of each experiment.
Then the solutions were stirred for one hour in
a thermostated cell at a temperature of 50-55°C.
At the end of the experiments, the solutions were

cooled and analyzes were carried out for the total
iron content and for Fe*, the results of all analyzes
of the experiments were averaged (g/l): C(Fe,) =
6,035; C(Fe**) = 6,030. Under these conditions,
complete oxidation of Fe?**toFe**ions is achieved.

In order to purify working solutions from ions of
copper, iron, zinc (C(Zn?**) = 6.7 g/l; C(Fe**) = 6.03
g/l; C(Cu?*) =0.79 g/1) a solution of phosphoric acid
in the amount of 13.8 mlwere added in them.

Then the solutions were heated with stirring to
85°C, added H,O in an amount of 25.5 ml, and
the solutions were heated to 90°C. Nickel carbonate
weighing 12.62 g was added to the heated solution in
portions. The solutions were constantly stirred and
kept at a temperature of 90°C for 1.5 hours. With
the addition of each portion of nickel carbonate, a
sample was taken and the pH of the solutions was
measured. Nickel carbonate was added until a pH of
about 5.98 was reached.

Insoluble precipitates and unreacted nickel
carbonate were separated by vacuum filtration. 0.1
ml of concentrated sulfuric acid was added to the
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filtrate, after the addition of which the pH of the
solutions reached a value of ~ 2.39.

At the end of the process, the solution was
subjected to vacuum filtration while hot. Insoluble
sediments weighing 2.19 g remained on the filter.
Then the test solution was cooled to a temperature

of 20-23°C. Crystals of nickel sulfate began to grow
in the solution on the seventh day. The crystals were
separated from the working solution by filtration,
washed with distilled water, dried, and weighed. As
a result, we got 66.35 g heptahydrate nickel sulfate,
on average in each experiment.

Table 4 — The results of the precipitation of arsenic, antimony and bismuth by pseudobrookite(t = 60 °C; ¢
=1 hour; DRP=2)

No ) Concentration after experiment, (g/1) | Degree of precipitation, %
Experiment Fe2TiOx:As As Sb Bi As | Sb Bi
1 0.5:1 0.070 | 0.0023 0.0011 99.15 | 99.85 99.88
2 0.8:1 0.032 | 0.0016 0.0005 99.67 | 99.89 99.90
3 1:1 Traces | Traces Traces 99.99 | 99.99 99.99
4 1.2:1 Traces | Traces Traces 99.99 | 99.99 99.99
5 1.5:1 Traces | Traces Traces 99.99 | 99.99 99.99
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Fig. 4 - IR spectra of crystals of the obtained nickel sulfate

Calculated the average yield of the target product of nickel sulfate. The theoretical mass of the target
product according to calculations from the reaction equations:

NiCO; — NiO 4 CO, 1

NiO + H,SO, — NiSO, + H,0

“4)

(&)

(6)
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was 92.59 g. The average yield of the target
product of nickel sulfate was 71.66% of the
theoretically possible.

Analysis of the obtained IR spectra of nickel
sulfate crystals (Figure 4) confirmed the absence
of copper, iron and zinc impurities in nickel
sulfate crystals. In the figure, one can see intense
bands at 1106-1366 cm’! and 451-621 cm’!,
which corresponds to the absorption bands of
sulfate ions; in addition, bands are observed in the
region of 1340-1670 cm’!, characteristic of the
presence of crystallized water in a highly hydrated
sediment. It is also possible to observe low-intensity
absorption bands in the region of 3440-3470 cm’!
characteristic of stretching vibrations of OH-groups,
and an insignificant absorption band at 2830-2850
cm'related to the carbonate ion [15]. That is, the
obtained crystals were confirmed to be nickel sulfate
(NiSO,+7H,0).

The nickel sulfate obtained as a result of
large-scale laboratory tests, as noted earlier, does
not contain metal impurities, and can be used
as a raw material for obtaining nickel sulfate of
reagent grade, special grade, which in turn confirms
the technological significance of the tests carried
out and the effectiveness of the technological
scheme of the new technology for processing copper
electrolyte (Figure 1).

Conclusion. The large-scale laboratory tests have
shown the efficiency of the new technology of
processing copper electrolyte and the possibility,
along with obtaining marketable copper products:
basic copper sulfate, copper oxide, copper sulfate,
to expand the range of products of vitriol processing
based on nickel - nickel sulfate. The results of
large-scale laboratory tests can serve as initial data
for planning and conducting subsequent production
tests of a new technology of processing copper
electrolyte.
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