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PROCESSING OF INDUSTRIAL PRODUCTS WHEN DISPOSING OF COPPER
ELECTRO-REFINING SOLUTIONS

Abstract: at enterprises that process secondary copper raw materials, it is customary to extract copper
from the spent electrolyte by electroextraction. After electroextraction, the solution is neutralized with lime
milk to obtain a gypsum nickel-containing cake or evaporated with the release of a cake containing metal
sulfates (Cu, Ni, Zn, Fe), which is sold as a commercial product. The search for effective technological
solutions for the selective isolation of secondary non-ferrous metals during the regeneration and complete
utilization of copper electro fining solutions is relevant. The paper presents studies of the processing of spent
copper electrolyte from the processing of non-ferrous metal scrap at a copper smelter in Kazakhstan. For the
processing of the spent electrolyte, a stage-by-stage neutralization was performed using zinc sublimates and
potash. As a result of the first stage of neutralization with zinc sublimations to pH 4.7, a precipitate with a
content of PbO 44.69 %; SnO, 16,36 %.was obtained. After processing the sediment with an alkaline solution,
carbonization and melting at a temperature of 900°C, metallic lead and tin-containing slag with a content of
SnO; of 16.36 % were obtained. As a result of the second stage of neutralization with potash to pH 7.1, a
precipitate was obtained-with a CuO content of 76.45 %.After the third stage of neutralization with potash to
pH 9.5, a precipitate with a content of NiO 27.63 % and ZnO 55.75 % was obtained. After treatment of the
precipitate with a solution containing 100 g/ dm® KOH, a zinc-containing solution with a ZnO content of 225.0
g/dm® and a precipitate were obtained, after calcination of which nickel oxide with a NiO content of 89.14 %
was obtained.

Key words: copper electrolyte, zinc-containing product, potash, copper-containing precipitate, metallic
lead, slag.

Introduction. During the processing of non- copper sulphate and extraction of residual copper
ferrous scrap metals at the electro fining copper from the evaporated solution by electroextraction
recovery stage unwanted impurities such as nickel, [2,6]. After extraction of copper from solution,
zinc and other impurities accumulate in the spent nickel is extracted in the form of sulphuric acid salt
electrolyte and affect the quality of the copper by evaporation, crystallization and subsequent
cathode. Part of the electrolyte from the saleable refining. The method does not allow to separate
baths is periodically removed from the electrolysis non-ferrous metals present in the solution
cycle and reprocessed. The productivity of the plant selectively enough.
depends on the processing of the solutions; The method of processing of spent electrolyte
therefore, the development of an efficient is also used according to which copper is first
technology is relevant. extracted by  electro  extraction.  After

When refined copper is produced from electroextraction solution is neutralized with lime
mineral raw materials the spent electrolyte is treated milk to obtain gypsum nickel-containing cake or
by regeneration. For purification of the electrolyte evaporated to obtain cake containing sulphate
from impurities extraction, sorption, membrane and metals (Cu, Ni, Zn, Fe), which is sold as a
combined sorption and electrochemical methods commercial product [2,6,7,8]. The method also does
have been proposed [1-5]. not allow to obtain a selective extraction of non-

At the majority of the enterprises processing ferrous metals.
scrap of non-ferrous metals the two-stage scheme of In order to develop an efficient technology
processing of spent electrolyte is applied, including for processing spent copper electrolyte, research
evaporation and crystallization with obtaining was performed on solution utilization and selective
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extraction of non-ferrous metal concentrates by a
stage-by-stage neutralization method using a zinc-
containing intermediate product.

Zinc-containing intermediate product - zinc
sublimations formed during processing of
nonferrous metal scrap in the process of copper
refining and captured during waste gases
purification in bag filters. These distillates cannot be
used to produce zinc white metal due to the presence
oflead and tin and are normally mixed with sulphur-
containing flux, granulated and subjected to
distillation of lead and tin in a rotary kiln [9,10,11].

Research objective. Development of
technology for the disposal of spent copper
electrolyte from non-ferrous scrap processing by
means of stage-by-stage neutralization using zinc
sublimations and producing selective concentrates
of non-ferrous metals.

Research methods and techniques. X-ray
fluorescence, chemical and X-ray phase analyses
were used in the research. X-ray fluorescence
analysis was performed on a Venus 200
spectrometer with wave dispersion (PAN alyical
B.V., Holland).

Chemical analysis of samples was performed
on optical emission spectrometer with inductively
coupled plasma Optima 2000 DV (USA, Perkin
Elmer).

Semi-quantitative X-ray phase analysis was
performed on diffractometer D8 Advance
(BRUKER) using Cu-Ka radiation at accelerating
voltage 36 kV, current 25 mA.

Microphotographs were made on a low-
vacuum scanning electron microscope with thermal
emission cathode (LaB6) JSM-6610LV of “JEOL”
company.

Research results. Spent copper electrolyte
and zinc sublimations from the copper smelting
plant “Casting” PLC in Kazakhstan were used for
the research.

Chemical composition of spent copper
electrolyte, wt. g/dm’: Cu 67.14; Ni 36.41; Fe
11.43; Zn 10.96; SO4 125.9; N 4.1; As; 0.03; Bi
0.002; Na 2.6; Pb 0.014; Sb 0.05; Si 0.047; Sn 0.0.

Chemical composition of zinc sublimations
wt.%: F 0.97, AO3 0.15, P,Os 0.82, SO; 4.0, Cl
11.64, KO 0.93, CaO 0.36, Fe,030.29, NiO 0.05,
CuO 7.86, ZnO 39.46, Br0.19, MoOs 0.1, CdO
0.23, SnO, 7.16, WOs3 0.36, PbO 19.4, Bi>O3 0.04,
op 0.04.

The electron microscopic analysis of the zinc
substrates is shown in Figure 1.
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Figure 1 - Microphotograph of zinc
sublimations x 500

According to the X-ray phase analysis shown
in Figure 2, the composition of the zinc
sublimations is as follows, wt.%: matlockite
(PbCIF) - 43.1; copper sulphate
(Cus(S04)2(0OH)s'5H0) - 20.0; copper chlorate
(Cu(ClOg4)2 - 10.3; zinc stonate (Zn; (SnOy)) - 9.8;
moolooite (C,CuO4xH>O0) - 4.4; lead hydrate
acetate (C4HsPb,Os-H,O) - 3.8; zinc oxalate
(C204Zn) - 3.2; phedotovite (KoCus+20(SO4)3- 2.8
and zinc chloride (ZnCl,) - 2.6.

Figure 2 - X-ray appearance of zinc sublimations
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A stage neutralization of spent copper
electrolyte using zinc sublimations was performed
to utilize industrial products of non-ferrous scrap
processing and selective extraction of non-ferrous
metals.

The first stage of neutralization of electrolyte
was performed by zinc sublimations to pH 4.7 at
L:S=5:1, temperature 20°C, stirring time 3 hours. As
a result of neutralization we obtained black leadtin
precipitate the composition of which is given in
table 1.

The second and third stages of neutralization
were performed with potash. The choice of potash
instead of cheaper reagent Na,COs was determined
by the possibility of obtaining after solution
purification and evaporation a marketable, highly-
liquid product - potassium sulphate K,SOs, instead
of Na;SOs..

After the second stage of electrolyte
neutralization to pH 7.1 a copper-containing
precipitate with low impurity content was obtained
which can be returned to the copper electrofining
solution.

Table 1 - Chemical composition of neutralization

precipitation
Contents, %
Name pH
4.7 7.1 9.5
F 0.44 0.26 0.3
Na,O 0.71 - -
MgO - - 0.11
ALOs 1.56 0.34 1.3
Si0; 4.08 0.24 0.54
P,0s 0.41 0.01 0.009
SO3 11.12 5.56 3.42
Cl 0.72 4.7 0.19
KO 0.19 - 0.05
CaO 0.85 0.03 0.38
Fe,O3 5.48 0.31 0.14
NiO 0.15 1.1 27.63
CuO 2.97 76.45 0.68
ZnO 4.79 2.8 55.75
Br 0.09 0.01 -
MoO; 0.23 - -
CdO 0.08 0.01 -
SnO; 16.36 - -
WO; 0.29 - -
PbO 44.69 0.06 -
Bi>O3 0.09 - -
11T 4.7 5.12 8.131
Total 100 100 100

The precipitate of the first neutralization
stage was processed with spent electrolyte solution

at a ratio L:S=10:1. As a result, a filtrate with pH
2.2 and a lead-tin-containing product were obtained,
wt. %: NayO 0.16; Al,03 0.34; Si0, 1.83; P05 0.17;
SOz 20.53; C1 0.51; K20 0.29; CaO 0.23; Fe,0O3
0.95; NiO 0.05; CuO 1.33; ZnO 0.57; As203 0.07;
Br 0.07; MoOs 0.1; CdO 0.1; SnO; 9.5; WO; 0.18;
PbO 62.24; BiO3 0.11; pp. 0.67.

For processing of lead-tin-containing product
the method of processing of production wastes was
used [12]. The method is suitable for processing of
production wastes containing compounds of lead,
tin, antimony, copper, iron, zinc, bismuth, arsenic,
silver, calcium, sodium, potassium.

In accordance with [12] the carbonization of
obtained lead-tin product was performed in a
solution containing 135 g/dm’ K»COs, at L:S=4:1
and temperature 20°C. After filtration a composition
precipitate, wt. %: Al,O3 0.42; Si0, 2.29; P,05 0.21;
SO; 2.9; C1 0.1; K20 0.29; CaO 0.23; Fe,03 0.95;
NiO 0.06; CuO 1.66; ZnO 0.71; As,03 0.1; Br 0.01;
MoO; 0.12; SnO; 11.8; WOs 0.22; PbO 77.8; BiO3
0.13.

The phase composition of the carbonation
precipitate is represented, wt.%: cerussite (PbCO3)
91.4; ferrous tin oxide ((SnooFeo1)02) — 3.0;
cassiterite (Sn0,)-2.8; ferrosilite(Fe3Sipg3) —1.5 and
zinc oxide (ZnO) —1.3 (Figure 3).

Figure 3 - X-ray appearance of the precipitate
after carbonation

Carbonation precipitate in a mixture of 10 %
charcoal and 5 % K>COj; was smelted at 900°C for
30 minutes. Metallic lead and tin-bearing slag were
obtained with composition, wt. %: PbO 3.36; SnO,
47.84; Al,O; 1.08; Si0,9,2; P,Os 1.96; SO; 0.54;
K>0 15.1; Ca02,7; Fe;034,8; NiO 0.64; CuO 5.5;
Zn0 0.3; As;030.6; W0O33.0; o.p. 3.38.

The third stage of the neutralization of the
spent electrolyte to pH 9.5 resulted in a nickel-zinc-
containing precipitate (Table 1). The precipitate was
processed with a solution containing 100 g/dm’
KOH at temperature 90 °C, time 30 minutes and
L:S=3:1. The alkaline zinc-containing solution with
ZnO content of 225,0 g/dm® and nickel-containing
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precipitate with composition, wt. %: NiO 76.2;
MgO 3.2; Al,03 0.32; Si0, 0.35; SO3 0.31; CaO 1.4;
Fe;03 0.11; CuO 0.2; ZnO 0.5; 0.p. 17,41.

After calcination of the precipitate at 350°C
for 30 minutes the precipitate of nickel oxide was
obtained, wt. %: MgO 5.44; Al,O3 0.54; Si0, 0.59;

Sulphuric acid solution—l

SO; 0.53; CaO 2.38; Fe,03 0.19; NiO 89.14; CuO
0.34; ZnO 0.85.

As a result of the conducted research the
technological scheme of processing of the spent
electrolyte of copper with use for neutralization of
zinc sublimations was developed (figure 4).

Zn substrates

Neutralisation (pH 4,5)

v

Precipitation Filtrate K>COs
Leaching Neutralisation (pH 6,3)
Sulphuric acid Cake Precipitation Filtrate
solution K>CO3
K2,CO3 {
; v __KoOH ] Leaching Neutralisation (pH 9,7)

Carbonisation

¢ ¢ Solution

product Pb,Sn

Smelting

Pb Slag Sn

Filtrate

Loy

Release Zn

Y (0] .
Cake Precipitation li Filtrate
Leachin Evaporation#—
Calcination g
Cu l l Crystallisation
Solution Cake
v Calcination K>SOy
NiO

Figure 4 - Process flow diagram for processing spent copper electrolyte from
non-ferrous metal scrap production

Conclusions. The physical and chemical
research of content of the spent copper electrolyte
and zinc-containing industrial product of the
nonferrous metals scrap processing at the copper
smelting plant “Casting” PLC in Kazakhstan was
conducted.

As a result of the stage-by-stage
neutralization of the used copper electrolyte with
zinc sublimations and potash the following was
obtained: copper-containing precipitate that can be
returned into copper electro fining solution, nickel
oxide, alkaline zinc-containing solution, metallic
lead and tin-containing slag.

The technological scheme of utilization of
industrial products of non-ferrous scrap processing
- spent electrolyte and zinc slag - was developed.
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EPITIHALIEPAI KOJETE JKAPATY KE3IHJE OHEPKOCII OHIMIEPIH
KAWTA OHJIEY MBICTBI DJEKTPJIIK TABAPTY

AHHOTAUMSA: C€KIHIII MBIC INUKI3aTBIH KalTa ©HICY KOCIMOPHIHAAPBIHIA Al aTaHbUTFaH
ANIEKTPOJINTTEH MBICTHI NEKTPOIKCTPAKIHUS 9IICIMEH ally 9[eTKe aifHaiFaH. DJIEKTPOIKCTPaKIHUIAJaH KelHiH
epiTiHAl KypaMbIH/Aa THIIC Oap HUKeNb Oap KeK (CY3iHal) ajly YILUiH 9K CYTiMeH OefTapanTaHabIpblIaisl HEMece
KypaMmbIHIa MeTaut cyiabdatel 6ap (Cu, Ni, Zn, Fe) 6ap kek OemiHim, OyJIaHaIbI, O TAyapJIbIK OHIM pETiHIe
carbuiabl. MBICTHI IIEKTPIIIK Ta3apTy €piTiHAIEpiH KallblHa KENTIpY jKOHE TOJBIK JKOI0 Ke3iHe KaliTanama
TYCTi METaIap bl CEIEKTHBTI 0Oy IiH THIM/II TEXHOJIOTHSIBIK IIEHIIM/IEPiH 13/1ey 63€KTi OOJIBIN TaOblIa b,
Kympicta KazakcTaHHBIH MbIC OaNKbITY 3aybITBIHAA TYCTI METall CHIHBIKTApBIH KalTa eHIeyleH
MMalJaTaHBUIFAaH MBIC AJICKTPOJIHUTIH KaiTa eHAeydl 3epTrey KenrtipinreH. llaiimamaHburraH 37€KTPOIUTTI
OHJICY YIIIH MBIPBIII BO3TOHAphl MEH KaJTUi KOMETiMEeH Ke3eH-Ke3eHMeH OelTapantanablpy xyprizinai. PH
4,7 neiiin MBIpBILI alilayMeH OeiiTapanTanablpyAbIH OipiHIIi caThIchl HOTHXKECiHAE KypambiHaa PbO 44,69 %;
Sn0, 16,36% 6onaTeiH TyH6a anelHAel. TyHOGaHE cinTini epiTingiMen emmerennen, 90°C Temmepatypana
KapOOHHM3aIMsIIaFaHHAH KoHEe OalKbITKaHHAH Keifin KypambiHaa SnO» 16,36% 6ap MeTtann KopracklH MEH
KaJaiipl Oap nutak aneiaabl. Kanwmii 7,1-re Aeiiin OeiiTapanTaHabIpy/IbIH EKiHIII Ke3eHiHiH HoTmwkeciHae CuO
76,45% GonateiH TYHOA anpiHAbL. Kammit 9,5-ke nefiin OefiTapanTaHIsIpy/IbIH YIIIHII caThIChIHAH Keitin N1O
27,63% >xxone ZnO 55,75% Gomatea TyHOa aneraAbl. Tyabansr 100 T/ aM° KoH Oap epiTiHAIMEH OHICTCHHECH
Keitin Kypambiaza ZnO 2250 r/am’ sxoHe TyHOa 6ap KypaMbIHAA MBIPHIII Gap epiTiHAi ambIHIbI, OHBI
KbI3ABIpFaHHaH kKeiin kypamberaaa NiO 89,14% 6ap HUKETh OKCHII alTbIHIEL.

Tyiin ce3aep: MbIC SIEKTPOJINTI, KypaMbIHIa MBIPBIII Oap ©HiM, Kalliii, KypaMbIHAa MBIC Oap TyHOa,
METaJll KOPFACHIH, IIJIaK.
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HNEPEPABOTKA INPOMIIPOAYKTOB ITPU YTUJIN3ALIUU PACTBOPOB
SJIEKTPOPA®ONHHUPOBAHUA ME/IU

AHHOTALUSA: Ha TPEANPUATHIX MO HepepaboTKe BTOPUYHOTO MEIHOIO CHIPhSl U3 OTPabOTaHHOTO
AJIEKTPOIIUTA MEIb MPUHATO W3BIEKATh METOAOM JIIEKTPOIKCTpakuu. [lociae 31eKTpoIKCTpaKIui pacTBOP
HeﬁTpaﬂH?,ymT HU3BECTKOBBIM MOJIOKOM C IMOJTYYECHUEM I'MIICOBOT'0 HUKEIJIBCOACPIKAIIETO KE€KAa UJIN YIIapUBarOT
C BBIJICTICHHEM KeKa coeprkaiero cynbdatsl metamios (Cu, Ni, Zn, Fe), koTopblii peann3yercs Kak TOBapHBIH
npoaykT. I[Touck 3¢ pekTHBHBIX TEXHOIOTHUECKUX PEIICHUH CEJIEKTUBHOTO BBIJCICHNSI BTOPHYHBIX [IBETHBIX
METAJJIOB TIPH pEereHepanuyd W TIOJMHON YTWIM3AallUd PAaCTBOPOB JJIEKTPOpPa(QpUHUPOBAHWUS MEAU HOCHUT
aKTyalbHBIH XapakTep. B paboTe npuBeaeHbl HCClleI0BaHUS TEPepadOTKH OTPabOTaHHOTO AIIEKTPOIUTA MEAH
OT TmepepabOTKM JOMa IBETHBIX METAJUIOB Ha MeAeIUaBWiIbHOM 3aBoze Kasaxcrana. s mepepaGoTku
0TpabOTaHHOTO JJEKTPOIINTa TPOBEJICHa CTaNiHAS HEUTPaIM3alis C WCIONB30BAaHWEM IMHKOBBIX BO3TOHOB W
notaiia. B pe3ynbrare nepBoil cTaaun HEUTpanu3auy IMHKOBBIMU Bo3roHamMu J10 pH 4,7 mosydeH ocagok ¢
coneprxkanrem PbO 44,69 %; SnO;, 16,36 %. [Tocie 00paboTku ocajKa IIeJTOYHBIM PACTBOPOM, KapOOHU3AIIUU
u 1aBku npu temmeparype 900°C monmydeH METAUTUYECKUI CBUHENI W OJOBOCOMACPIKAIIMHA IIIAK C
conepxkanreM SnO; 16,36 %.B pesymnprare BTOpoii craanu HeWTpamu3anuu nortamom ao pH 7,1 momyden
ocaok ¢ copepxkanueM CuO 76,45 %. Ilocie TpeTseil ctanuu HelTpanu3auu noramom 1o pH 9,5 noxy4wnnu
ocanok ¢ conepxanueM NiO 27,63 % u ZnO 55,75 %. [locne oOpaboTku ocanka pacTBOPOM, COAEPIKALIUM
100 /oM’ KOH, nomyuunu muHKCconepkauuili pactBop ¢ cogepxanueM ZnO 225,0 r/aMu 0cagoK, Iocie
MIPOKAJIKKA KOTOPOTO TOIYUIIN OKCHJ HUKeIs ¢ copeprkanneM NiO 89,14 %.
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KirodeBsble cJI0Ba: 3JIEKTPOIUT MEIH, IIMHKCOEPKAIINHN ITPOYKT, IIOTAIIl, MEAbCOAECPKAIIUI 0Ca 0K,
METAJINYECKUM CBUHELL, IIIJIaK.
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