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Extraction of copper from pregnant leaching
solutions of lead dusts by liquid extraction
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Abstract. This paper presents the results of studies of intermediate processing for liquid extraction and re-
extraction of copper from sulfate solutions obtained during agitation sulfuric acid leaching of lead dusts, which are
technogenic wastes of the Zhezkazgan copper smelter and contain valuable components: more than 38 % lead,
2.4 % iron, 3 % zinc, 3.5% copper, 0.7 % arsenic, etc. The utilization of them can provide additional commercial
products and improve the ecological environment of the area where they are located. The article also presents the
results of the material balance of the processes of liquid extraction and copper re-extraction.
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Introduction can contribute to the improvement of the
environment of the territories of their burial and the
receipt of additional expensive products [1].

At present, a large amount of lead dust has When developing extraction technology for
accumulated on the territory qf the Zhezkazgan complex processing of lead dust, the following
copper  smelting plant, which  pollutes the  gcesses are carried out: agitational leaching of
environment and at the same time is a source of .4 qust with an oxidizer - H,SO.. extraction of

valuable components such as a lead, copper,  cohher from a product solution with an extractant
cadmium, zinc and others. Utilization of this waste grade - "ACORGA M5640", re-extraction with
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sulfuric acid electrolyte, and then, in order to obtain
pure commercial copper, the copper electrolyte is
subjected to electrolysis, and the raffinate obtained
after copper extraction is sent to obtain the
remaining valuable components using traditional
technology [2-5].

The use of a selective extractant allows only
copper ions to be isolated from the solution. When
analyzing the literature data, it was found that
chelate extractants (ACORGA M5640) are most
selective for liquid extraction of copper from
sulfuric acid solutions [6,7].

The objective of this study is to determine the
possibility of obtaining copper in the electrolyte
from copper solutions of agitational leaching of lead
dust and adapting the process to the conditions of
copper extraction existing at the Production
Association “Zhezkazgantsvetmet”.

Composition of the solution after the
leaching of lead dust

The initial product for carrying out the
processes of extraction and stripping is a solution
obtained after agitational leaching of lead dust with
an average content of the components shown in
Table 1.

Table 1 - Quantitative composition of the copper-
containing solution of agitational acid leaching of lead
dust

Component name Fetotal Cu Zn AStotal

Substance, g/dm® | 2,6 15 16 12

Reagents for copper extraction and stripping
include: extractant - ACORGA M5640, density p =
0.95-0.97 g / dm?®, flash point ~ 62 °C; diluent -
kerosene (purified sulfonated or lighting), p =
0.811-0.815 g / dm?, viscosity 0.780-0.784 N-s/m?
(20-21 °C), flash point> 40 °C; sulfuric acid
(reagent grade, p = 1.83-1.84 g / dmq); cationized
water (cation exchanger CU-1).

Methodology for the extraction and
stripping process

For the extraction, a clarified extractant,
ACORGA M5640, was preliminarily prepared by
diluting it with kerosene (purified sulfided or
clarified) in a ratio of 1: 4. The kerosene was
preliminarily purified 2 times with concentrated
sulfuric acid in a ratio of 3: 1, then washed with
cationized water in a ratio of 1: 1.

To carry out the experiments of extraction and
stripping, it was necessary to carry out the

maximum loading of the selected extractants with
copper.

Extraction of copper. For copper extraction
from solutions after leaching of lead dusts, the
optimal copper content in the solution should be no
more than 9 g / I. With such a content, the end-to-
end extraction of copper will be at least 95% with
the production of cathode copper grade MOOK.
Therefore, the original copper solution was diluted
with technical water 1: 1. With such a copper
content, to obtain these parameters, the extraction
should be carried out in two stages.

For this, 0.5 dm® of organic extractant
ACORGA M5640 (20%, diluent-kerosene) with a
ratio of aqueous and organic phases during
extraction 1: 1 was placed in a separating funnel,
then 0.5 dm® of a copper-containing solution was
added, after which the phases were subjected to
active stirring in within 3 minutes. Further, the
aqueous phase (A) separated from the organic phase
(O) was sent to copper extraction (stage 2) with a
fresh portion of the finished extractant with a
volume of 0.5 dm® After the 2nd stage of
extraction, a sample was taken from the raffinate
(aqueous phase), which was sent for chemical
analysis to determine the content of copper, total
iron, zinc, total arsenic and residual acidity.

ACORGA M5640 is a mixture of Cy aldoximes
modified with ether: 5-nonyl salicylaldoxime. A key
molecule in the production of copper by liquid
extraction is aldoxime - 5-nonylsalicylaldoxime or
5-dodecylsalicylaldoxime [2], the structure of which
is shown below in Figure 1.

ColH o vonne CpH 35

C —CH;
|
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Figure 1 - General structure of aldoximes

When copper is extracted from stock solutions,
molecules of the ACORGA extractant form chelate
compounds with the copper cation inside (Figure 2).

The extractant selectively binds copper cations
into a complex, without reacting to the presence of
other metal cations. In this case, a reaction occurs
between the copper cation and the ACORGA
hydroxyoximes [8,9].

Copper re-extraction. After the extraction, the
obtained extract was subjected to back-extraction in
separating funnels with a capacity of 1 dm?. In this
case, manual stirring was used for 2 minutes. A
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Figure 2 - Chemical equation of the process of copper extraction with ACORGA extractant

Table 2 - Reagents and process parameters

Process names Reagents

Technological parameters

Copper extraction
kerosene (80%)

Extractant: ACORGA M5640 (20%),

O: A ratio = 1: 1, mixing time 3 min, room
temperature 20-25°C

Re-extraction of
copper

acid H,SOg4, conc .: 240 g/ |

O: Aratio = 1: 1, duration 6-8 min, temperature
20-25°C

Organic washing

Washing liquid: cationized water 0,994
dm®+ 0,06 dm® H,SO;4 (p=1,83 g/dm?®)

O: A ratio = 1:10, mixing time 2-3 minutes

Table 3 - Results of studies of extraction and re-extraction of copper (copper concentration in the initial solution Cu = 7.5 g/l)

Technological parameters of extraction Cu content in Extraction | Cu content Extraction of | Cu content

processes ref. solution, of Cuinto | in extract, Cu into re- in extract,
g/dmd extract, % | g/dm® extract, % g/dmd

Extraction: O: A=1:1, Tmixing = 3Min.,

Tsed. = 15 min. 7,5 96,8 7,26

Re-extraction: H,SO4 (conc. 240 g / 1),

O: A =11 T mixing = 2 MiN., Tsed. = 12 98,0 7,1148

min.

solution of sulfuric acid with a concentration of 240
g / dm?® at a ratio of "O: A = 1: 1" was used as a
stripping agent. Then the suspension was defended
on a vertical stand. Reextraction was carried out in
one stage. The time for complete separation of the
spent extract and re-extract was 12-15 minutes.
After separate draining of the extract and the
productive solution (re-extract-electrolyte), they
were analyzed for copper content. The spent extract
was sent for regeneration, and the copper solution
was sent for further processing in order to extract
copper from it by one of the methods of copper
extraction, which includes electrolysis.

Results and discussion

The test results showed a high selectivity of the
"ACORGA M5640" extractant in the presence of
relatively high concentrations of other elements in
solutions, such as arsenic, zinc and iron. The
extraction of copper from solutions after two stages
of extraction amounted to 97%, with an insignificant
transfer of other elements to the electrolyte. The

content of copper in the rich electrolyte after
stripping was 45-65 g/ I.

Table 2 shows the technological conditions for
the extraction and stripping of copper. Table 3
shows the results of extraction, washing and re-
extraction of copper from a productive agitational
leaching solution.

The results of the conducted studies of the
extraction method for separating copper from the
solution showed the enrichment of the re-extract
copper by 15-25 times when using the extractant
ACORGA M5640. The bulk of the impurities of
elements remains in the raffinate (Zn, Fe, Cd, etc.),
for the extraction of which cementation and
carbonization methods are used.

As can be seen from Table 4, the best re-
extraction results were obtained using sulfuric acid
with a concentration of 240 g / dm?. In this case, the
extraction of copper in the re-extract reaches 98.03
%. A further increase in the concentration of sulfuric
acid 300 g / dm?® does not give a significant effect.
As a result of the research carried out, a
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Table 4 - Results of balance tests of extraction and re-extraction of copper

Name and content of components, g; g / dm®
Processes Refined products, volume (mass), extraction (%), Cu Fe Zn As
content (g), (g / dm?) 52,5 9,1 56 42
7,5 1,3 8 6
Extraction, Extract: 0,485 Extraction 96,8 5,4 4.7 6,8
Vsolution = 7 dm?, | dm® Content g 50,82 0,4914 2,632 2,856
O:A=11 g/dmd 7,26 0,0702 0,376 0,408
Vog=05dm® | Raffinate: 6,95 Extraction 2,2 93 94 90
dm3 Content g 1,155 8,463 52,64 37,8
g/dmd 0,165 1,209 7,52 5,4
Re-extraction, Reextract Extraction 98 98,2 99 95
0:A=1:1 (electrolyte): 0,8 | Content g 49,8036 0,4825 2,6057 2,7132
V electrolyte = 0.8 | dm? g/dmd 7,1148 0,0689 0,3422 0,3876
dm? Extractant, Extraction 1,2 0,8 0,5 2
0,465 dm? Content g 0,60984 0,0039 0,0132 0,0571
g/dmd 0,08712 0,0005 0,0019 0,0082
Discrepancy, % 1 1,6 1,3 3,2
Losses g 0,525 0,1456 0,728 1,344
solution enriched with copper (copper electrolyte) Conclusions

with a copper content of 62.25 g / dm?® was obtained.

Balance tests of copper extraction from a
solution of agitational acid leaching of lead dust.
Balance tests were carried out according to the
method described above, the test results are shown
in Table 4.

The results of balance tests showed the end-to-
end recovery of copper from the clarified agitational
leaching solution to a copper-containing re-extract is
94.86%. A significant part of zinc (94%), iron
(93%), arsenic (90%) remains in the raffinate of the
copper extraction process. To purify the raffinate
from iron and zinc, the following processes are
carried out: hydrolytic purification from iron and
carbonization to obtain a rich zinc cake. The best re-
extraction results were obtained using sulfuric acid
with a concentration of 240 g / dm?.

As a result of the study, it was possible to
establish the optimal parameters and efficiency of
the "ACORGA M5640" extractant for copper
extraction. Balance tests showed 94.86% copper
throughput. In the process of extraction and re-
extraction, a significant part of the impurity
components in the solution after leaching of lead
dust - zinc, iron and arsenic (over 93%) remains in
the raffinate.
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KopfacblH To3aHgapbIH aruTauuanbIK epiTiHginey npoueciHae anbiHFaH epiTiHAinepaeH
CYMbIK 3KCTpaKUusa afgiciMeH MbIC any

AnTtanb6aeB B.T., XabueB A.T., BanrenxeHoB O.C., BynenH6aeB M.X., Typan M.[.

Tyitinaeme. JXymbicTa cynbharTsl epiTiHAUIEpAEH MBICTBI CYHMBIKTBIKTBIK OSKCTPAKIUSI JKOHE PEdKCTpaKIusiay
OoibIHIIA 3epTTey HaTIKenepi kentipiireH. KypambiHna koprachiHHBIH 38 % - nmaH actamsl, TeMipaiH 2,4% - I,
MBIPBIUTHIH 3 % - b, MBICTBIH 3,5 % - b1, 0,7 % MBIIBIK XKoHE Tarbl Oackanap Oap Oyn epitiHaiiep XKe3kaszraH MbIC
OaJNKpITYy 3ayBITBIHBIH TEXHOTEHNIK KaJBIKTApbl OOJBII TaObLIaAbl XoHE KypaMblHIa Oaraybl KOMIOHEHTTEpi 0Oap
KOPFachIH IaHJAPBIH KYKIPT KBIMIKBUIBIMEH arMTalMsUIBIK ePITIHALIeY Ke3iHae alblHabl. KoprachlH maHaapbiH Kojere
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Kapary apKblibl KOCBIMILIA TayapJiblK ©HIM aJIbIHAJ(bl )KOHE 3aybITTHIH OpHAJACKaH ayJaHbIHBIH 3KOJIOTHSJIBIK OpPTaChl
xakcapaapl. CoHIal-ak, Maxajajga MbICThl CYHBIKTBIKTBIK OKCTPAKLHUS JKOHE PEIKCTPaKUMsUIAy IPOLECTEPiHiy
MaTepUalAbIK OalaHCBIHBIH HOTHXKENIEPl KeNTipiireH.

Ty#inai ces3aep: MeTa1 Kocanapsl, S3KCTPaKIys, PeIKCTPAKLUA, KOPFachIH 1IaHbl, Acorga M5640.

N3BnevyeHne meau n3 pacTBOpPOB arMTaLMOHHOIO BbllenayMBaHMA CBUHLOBbIX
nNbiyien MeTOAOM XXMAKOCTHOM 3KCTpaKUumn

AntanbaeB B.T., XabueB A.T., BanrenxxeHoB O.C., ByneH6aeB M.X., Typan M.[.

AnHoranusi. B naHHOI pabore mnpencTaBieHBl pPe3yNbTaThl HCCIEAOBAaHUN IPOMEXKYTOYHOTO Iepenesa 1o
KHUJKOCTHOW SKCTPAKIMU M PEIKCTPAKIMK MEIH U3 CyIb(aTHBIX pacTBOPOB. JlaHHBIE pacTBOPHI OBUIM MOJTYyYEHBI IPU
aruTallMOHHOM CEPHOKHCIIOTHOM BBIIIEJIIQYMBAHUY CBUHIIOBBIX NBUICH, KOTOPHIE SIBISIOTCS TEXHOT'€HHBIMU OTXOJaMHU
JKe3kazraHckoro MeIeIIaBIIIBHOTO 3aBO/a M COAEPIKAT IICHHBIE KOMIIOHEHTHI: Oosee 38 % cBuHIa, 2,4 % xenesa, 3 %
muHKa, 3,5 % wemwm, 0,7 MbImbska, W JAp. YTHIU3AIUs CBUHIOBBIX NBUIEH MOXET OOCCIICYHTh MOIYICHHE
JIOTIOJTHUTEIBHOW TOBAapHOM NPOAYKLUHMU U O3JOPOBHUTH 3KOJOTHMYECKYIO Cpely paiioHa UX pacmnojoxeHus. Taxke B
CTaThE TPEICTABICHBI PE3YJIbTAThl MaTEPHAIFHOTO OanaHCca INPOIECCOB XUIAKOCTHOW SKCTPAKIHU W PEIKCTPAKLIUH
MeJu.

KiroueBble cj10Ba: MPHMECH METAIUIOB, SKCTPAKINS, PEIKCTPAKIIHS, CBUHIIOBAS IMbUTh, Acorga M5640.
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