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ABSTRACT

For the solvent extraction of copper from pregnant leach solutions, (PLS) a wide range of modern
extractants is currently offered on the market, and its choice is a very important issue in the
production of copper using the SX-EW (Solvent Extraction and Electrowinning) technology. The
purpose of this work was to determine the optimal copper extractant for processing productive
solutions of the Almaly deposit using the SX-EW. The studies were carried out with a productive
solution obtained by leaching copper ores from the Almaly deposit of composition, g/dm3: 1) Cu—
0.262, Fe—17.97, Si02-0.36. The results of copper extraction from model solutions showed that
the maximum extraction of copper (94%) is observed when using the extractant 5% Acorga 5640,
while the other extractants did not provide a high degree of extraction of 10% Lix984 - 93%; 10%
Acorga 5640 - 91%; 10% Acorga 5910 and 10% Acorga 5747 - 85% each. According to the results
of the retraction process, a high degree of copper extraction from the organic phase (90.2 and
more) was ensured when using extractants of 5% Acorga 5640, 10% Lix984, and 10% Acorga 5640,
the minimum - at 10% Acorga 5910 (88.2%). For the extraction of copper from the productive
solution of the Almaly deposit 5% Acorga 5640 was chosen as the optimal extractant.
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Introduction

numerous developments in the field of synthesis of
selective extractants for copper [[1], [2]].

In recent years, in the production of copper from
poor refractory oxidized and transit copper ores, dumps
and tailings of concentrating plants, the SX-EW
technology, which consists of the stages of leaching,
extraction and stripping, and electrowinning, has been
increasingly used. The share of copper produced using
SX-EW technology in the world has already reached 30%
of the total copper production, and this is due to

Currently, the development of the copper ore base
in the Republic is associated not only with the
commissioning of new rich deposits, but, first of all, with
the involvement in the processing of previously
unprocessed poor oxidized ores, dumps of substandard
ores, overburden mineralized rocks, enrichment
tailings, waste from metallurgical production etc. using
cost effective SX-EW technology. A typical example of
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refractory oxidized copper ores is the Almaly porphyry
copper deposit.

As the practice of operating plants using SX-EW
technology shows, productive solutions obtained by
leaching copper ores contain a number of elements,
compounds and suspended solids, some of which can
create problems during extraction [[3], [4]] and
electrolysis [[5], [6]]. The main constituents to be
constantly monitored are Cu2+, Fe3+ and/or pH [[7],
[8]]. The main undesirable impurities in the productive
solution are ions of iron, manganese [[9], [10]], silica
[10].

Currently, a number of extractants are offered
on the market that meets the highest technological
requirements [11], but in each specific case, they
must be selected on the basis of preliminary studies.
For the extraction recovery of copper at each
enterprise of a particular deposit, depending on the
composition of the productive solution [[12], [13],
[14]], it is first necessary to select the appropriate
extractant with high selectivity to copper [[15], [16],
[17]]. The purpose of this work was to study the
extraction properties of a number of reagents that
can be used for the efficient extraction of copper
from the productive solutions of the Almaly deposit
for the subsequent development of the SX-EW
technology.

Experimental part

Studies to determine the selectivity of reagents
were carried out with modified extractants of the
Acorga series (5747, 5910, 5640) and unmodified Lix
984N reagent. Lighting kerosene brand KO-30 was
used as a diluent. Productive solutions of copper
ores of the Almaly deposit were obtained by multi-
stage non-oxidizing sulfuric acid leaching.

In order to determine the selectivity of each type
of extractant, as well as a sample for comparing the
duration of phase separation, in addition to the
productive solution from the field, a model solution
was used. The specified concentration of copper in
the model solution was 1 g/l, total iron was 2.4 g/I
(Fe2+: Fe3+ = 1:1), the pH was adjusted to 1.7 with
sulfuric acid (according to pH = 1.7 in a productive
solution). To prepare a model solution, copper
sulfate CuSO4-5H,0 was used in terms of the
molecular fraction of copper (25%) - 4 g/| of copper
sulfate to achieve 1 g/l of Cu2+ ions. Iron salts were
dissolved in a similar way to achieve the specified
concentration of Fe**/Fe3*ions = 2.4 g/I. Sulfuric acid
and sodium hydroxide solutions were used to adjust
the pH of the solution. All reagents used to prepare

the model solutions were analytical grade. or
"h.ch.".!

The content of copper in the solution was
determined by iodometric titration, iron -
photocolorimetrically. The extraction of metals was
calculated from the balance of the distribution of
metals between the organic and aqueous phases. To
determine the dependence of copper extraction on
various parameters, 25 cm3 of a freshly prepared
solution of copper sulfate with a concentration of 4
g/dm3 were mixed for 5 minutes with 10%
extractants dissolved in kerosene [[18], [19], [20]].

Discussion of the results

Effect of phase separation time on copper
extraction one of the main stages of solvent
extraction is the separation or separation of phases
into an extract and refined [12]. Depending on the
composition of the extractant, the duration of
separation of the organic and aqueous phases may
be different. The larger it is, the more it can lead to
a decrease in the efficiency of the process. It is
recommended that for  hydrometallurgical
production of cathode copper using SX-EW
technology, the phase separation time should not
exceed 30 seconds. This test, under production
conditions, is carried out by taking a sample of a
mixture of organic matter and an aqueous phase
from the mixer chamber, followed by fixing the
moment of complete separation. The research
results are shown in Figures 1 and 2.

Studies on the extraction of copper were carried
out under the following conditions: the
concentration of extractants was 10%, the ratio of
the aqueous and organic phases O/W=1:1, the
duration of mixing of the organic and aqueous
phases was 5 minutes, the temperature was 20 °C,
pH was 1.7.

1b - model solution

1a - productive
solution

Figure 1 - Separation of organic and aqueous phases,
productive and model solutions in a separating funnel
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Figure 2 - Results of copper extraction with Acorga
5640 and Lix984N extractants

The studies carried out to determine the duration
of phase separation after extraction led to the
following results: the complete separation of the
aqueous and organic phases in productive solutions
(Fig. 1a) took a longer time (after more than 5-7
minutes), while the complete separation of phases
for model solution was reached in 20 seconds (Fig.
1b). In addition to a long phase separation, in the
productive solutions, the fuzziness of the interfacial
separation was also observed - in the upper layer of
the aqueous phase, there were noticeable traces of
the third phase, i.e. interfacial suspension "crud".

During the subsequent stripping of the organic
phase with a solution of sulfuric acid with a
concentration of 200 g/dm3 and regeneration of the
electrolyte by washing the organics with a 20%

solution of sulfuric acid, phase separation occurred
within the required duration of no more than 30
seconds. At the same time, the electrolyte obtained
by washing the organics after the extraction of the
productive solution differed markedly in color from
the electrolytes obtained by processing the model
solutions.

As you know, one of the main parameters
affecting the extraction performance is the
concentration of the extractant. Often, 10%
extractants in various diluents are used as organic
phases in production. Most 10% organic extractants
are able to accumulate more than 10 g/l of copper
and this leads to an increase in the viscosity of the
organic phase. Therefore, saturation of the organic
phase with copper is desirable not to produce more
than 5 g/I. As noted earlier, after stripping, washing,
a certain amount of metal will continue to be
constantly on the balance in the organic matter. The
results of solvent extraction experiments are shown
in table 1

Table 1 - Results of copper extraction with various
extractants

Extractant name
= = =
> b <
: ©
c © = = £
=) £ . 8 R
(=2 3 5 3 3
(@] (@] > i w
Acorga5910-10% | 255 | 45 0.1 88.2 75.0
Acorga5747-10% | 255 | 4.6 0.1 90.2 76.7
Acorga5640-10% | 273 | 5.0 0.1 91.6 83.3
Acorga 5640 - 5% 2.82 | 5.25 0.1 93.1 87.5
Lix984 - 10% 279 | 5.14 0.1 92.1 85.7

As the results of copper extraction from the
model solution show, the maximum extraction of
copper (94%) is observed when using the extractant
5% Acorga 5640, while the extractants 10% Acorga
5910 and 10% Acorga 5747 did not provide a high
degree of extraction - the extraction of copper does
not exceed 85% in both cases. 10% Acorga 5640 and
10% Lix984 showed relatively high copper recovery
of 91% and 93% respectively.

Stripping results

After each extraction stage, the process of
copper stripping from the organic phase followed
with a sulfuric acid solution with a concentration of
200 g/dm?3 at a ratio of 0:B=1:2, the total number of
stripping stages was 3. The results of experiments on
copper stripping are shown in Table 2.
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Table 2 - Results of copper stripping from various organic
phases

Table 4 - Results of extraction of the components of the
productive solution of the Almaly deposit with 5%
extractant Acorga 5640.

As the results of the retraction process show, a
high degree of copper extraction from the organic
phase (90.2% or more) was ensured when using
extractants 5% Acorga 5640, 10% Lix984 and 10%
Acorga 5640, the minimum - with 10% Acorga 5910
(88.2%). To select the optimal extractant, we
calculated the residual concentration in various
organic phases (Table 3).

Table 3 - Residual concentration of copper in the
organic phase after extraction and stripping processes

Resi Acorga Acorga Acorga .

dual | 5910 | 5747 :;:(;g_alo% 5640 - ;6’:284 )
Cuin | 10% -10% 5%

org.

Phas 0.3 0.25 0.23 0.195 0.22
eg/l

The data in tables 1, 2, and 3 demonstrate the
highest efficiency when using 5% Acorga 5640
extractant - the final transfer of copper from the
productive solution to the electrolyte is 87.5%, and
at the extraction stage, the extraction of copper into
the organic phase is 94%, during stripping - 93.1. For
a productive solution with a copper concentration of
1 g/l, the concentration of Acorga 5640 extractant
equal to 5% is the best in comparison with 10%,
which is due to the transfer mechanism.

Large-scale laboratory studies Studies on the
extraction of copper from a productive solution of
the composition, g/dm3: Cu-2.62, Fe-17.97, SiO,-
0.36, were carried out using the extractant 5%
Acorga 5640 in kerosene. The composition of the
productive solution included the following
components, g/dm3: copper - 0.262; total iron -
17.97, colloidal insoluble silicates - 0.36. The total
volume of the solution supplied for extraction was
5000 ml. The ratio O:B=1:1 was set using flows, the
number of extraction stages was 3, the pH of the
solution was 1.7. The results of the extraction
experiments are shown in Table 4.

Extractant name Ceu in o, Ceu in o, Ecu, % Ec, %
g/l g/l during through Element Ceua+ in
re- PLS Cres
extracti . Raffinat E, % D B
solution
on /I e, g/l
Acorga 5910 - 10% 2.55 4.50 88.2 75.0 8
Acorga 5747 - 10% 2.55 4.60 90.2 76.7 Cu® 0.26 0.006 97.7 43.33
_ 0,
Acorga 5640 - 10% 2.73 5.00 91.6 83.3 Fe3+/2+ 17.97 15.7 12.6 114 Cu/Fe _
Acorga 5640 - 5% 2.82 5.25 93.1 87.5 ’ 37.86
Lix984 - 10% 2.79 5.14 92.1 85.7 Si0, 0.36 0.26 27.8 138 Cu/Sio;
’ -31.30

The results of extraction studies showed a rather
high transition of iron ions and silicate compounds
into the organic phase. Despite the high copper
extractability of 97.7%, 12.6% of iron and 27.8% of
silicate compounds passed into the organic phase
from the productive solution.

Comparison of distribution coefficients shows
that the extractant has a sufficiently high selectivity,
the distribution coefficient of copper ions is high and
is 43, compared with iron and silicon (1.14 and 1.38,
respectively). Separation factors f (Cu/Fe) = 38 and
B (Cu/SiO,) = 31.

At the stage of stripping from the organic phase,
64% of iron passed into the electrolyte, with an iron
concentration of 7.26%. At the same time, the
residual concentration of iron in the organic matter
was 4.09 g/|. The silicate compounds extracted from
the productive solution subsequently also passed
into the electrolyte (38%), the rest (62%) polluted
the organic phase, forming an interfacial suspension
- krad. The residual content of silicate compounds in
organic matter was 0.31 g/I.

In addition to the accumulation of crud, an
incomplete transition of copper into the electrolyte
was also observed at the stage of stripping. This may
be due to the fact that part of the copper, along with
silicate and iron compounds, entered the formed
thief [13], the prevention and removal of which will
be studied by us further.

Conclusions

For the processing of productive solutions
obtained by leaching of refractory oxidized ores of
the Almaly deposit, the SX-EW technology is the
most suitable.

Effective extractants of copper from sulfate
solutions are the modified extractant Acorga 5640
and unmodified Lix984, from the productive solution
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of the Almaly deposit composition, g/l: Cu 2, 62; Fe
17.97; Si02 0.36 - 5% Acorga 5640 extractant.

The best selectivity for Cu2+/(Fe3+/Fe2+) ions is
shown by estragents of the Lix984 and Acorga 5640
series (5 and 10%). The use of the extractant - 5%
Acorga 5640 allows up to 93.1% to extract copper
into the organic phase and avoid the accumulation
ofironinit. As a result of 3-stage extraction and

stripping of copper from the productive solution
with 5% Acorga 5640 extractant, a
concentrated electrolyte was obtained with a
copper content of 9.12 g/I.

To prevent and remove the formation of the
third phase - steal, it is recommended to add various
modifiers, flocculants and additives, the effects of
which will be studied in the future.

more
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ANManbl KEHOPHbIHAAFbI MbICTbIH, CYMbIK, 3KCTPAKLMUACDHI YLWiH TMIMAi
3KCTpareHTTi aHbIKTay 60MblHLIA 3epTTeynep

‘YenywraHoBa T.A., EcupkereHos M.U., :Mambipbaesa K.K., :Mepkubaes E.C., ZHuUKonockmA.

1Cam6aes YHusepcumemi, Aamamel, KazakcmaH
2 Mépdok YHusepcumemi, [lepm, Aecmpanus

TYWIHAEME
MbIcTbl Walimanay epiTiHAinepiHeH 6enin any ywiH Kasipri yakbiTTa HapblKTa 3amaHayu
JKCTPAreHTTEPAiH, KEeH CNeKTPi YCbIHbINFAaH KaHe OHbl TaHaay MbICTbl SX-EW (Solvent Extraxtion
and Electrowinning, CyMbIKTbIK 3KCTPaKUMA >KOHE 3/N1EKTPO/U3) TEXHONOTUACBIMEH XKYMbIC
JKacalTblH ©HAIPY OpbIHAAPbIHAA ©Te MaHpbI3abl macene 6onbin Tabbliagpl. byn 3epTreyain,
MakcaTbl AManbl KEHOPHbIHbIH, BHIMA] epPITIHAINEPIH CYMbIKTbIK IKCTPAKLMUA TEXHONOTUACBIMEH
OHAEY YLWIH OHTalNbl MbIC 3KCTPAreHTiH aHbIKTay 60/bin Tabbinabl. OHIMA} epiTiHAi peTiHae
ANManbl MbIC KeHAEpPiH KOHLEHTPaUMACbI 25 /N KyKIipT KbllWKbibl epPiTIHAICIMEH TOTbIKTbIPYCbI3
Makana Kengj: 27 cayip 2022 Wwaiimanay HaTUKeCiHAE anblHFaH Kypambl Kenecigei epiTinai ansiHabl, r/am3: 1) Cu— 0,262, Fe—
CapanTtamagaH eTTi: 03 mayceim 2022
Kabbinpanabl: 15 winde 2022

17,97, Si02 — 0,36. Mogaenbai epiTiHAigeH mbicTbl 6enin any HaTukenepi Kenecigei 6onabl:
MbICTbl 6enin any aspekeci 5% Acorga 5640 3KCTpareHTiH NailganaHfaH Kesge MaKcMmanabl
6onatbiHbl (94%), an 6acka IKCTPareHTTep IKCTPAKUMAHBIH, YKOFapbl APEeXKeciH KamMTamacbi3
eTnenTiHiH KepceTTi: 10% Lix984 - 93%; 10% Acorga 5640 - 91%; 10% Acorga 5910 xaHe 10%
Acorga 5747 - apkaicbicbiHAa 85%. PeakcTpaKkumsa npoueciHib, HaTuxXenepi 6ombliHwa 5% Acorga
5640, 10% Lix984 >kaHe 10% Acorga 5640 aKcTpareHTTepiH NalifanaHfaH Kesge opraHuKasnbiK,
basagaH mbicTbl Benin anyablH Kofapbl gapexeci (90,2 aHe ofaH Aa Ken) KamTamachi3 eTingj,
an 10% Acorga 5910 »afpaiibiHga 6yn KepceTkiw muHuMangbl (88,2%) 6ongpl.  Anmansi
KEHOPHbIHbIH, OHIMAj epiTIHAICIHEH MbICTbl 3KCTPaKUMAMeH Benin any ywiH TMiMai sKcTpareHT
peTiHae 5% Acorga 5640 TaHaanapl.

TyiiiH ce30ep: mbic, SX-EW TexHonoruscol, Acorga 5640, 3KCTpaKUuA, CENEKTUBTINIK
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Mccnep,OBaHMa no onpegeneHnio onNnTUMaJibHOro aKCTpareHTa gnn
)KMAKOCTHOVI IKCTPAKUMUN mean mectopoxkaeHuma Anmanbl
‘YenywTaHoBa T.A., EcupkereHos M.WN., :Mambipbaesa K.K., :MepKubaes E.C., ZHukonocku A.

1Satbayev University, Aamamel, KazaxcmaH
2 YHusepcumem Mépdok, Mepm, Aecmpanus

AHHOTAUMUA

[NA 9KCTpaKuMM MeAM M3 paAcTBOPOB BbIWENAYMBAHUA B HACTOALLEE BPems Ha pPbiHKe
npeanaraetcA 60/bLUON aCCOPTUMEHT COBPEMEHHbIX IKCTPAreHToB 1 ero Bbi6op ABAAETCA BeCbMa
BaXKHOM npobnemoit B mpousBoacTtee meam no TexHonormm SX-EW (Solvent Extraxtion and
Electrowinning; ¥uaKocTHaa aKcTpakuma u dnektponus). Lienbio HacToswel paboTbl ABMAOCH
onpefiesieHne ONTUMA/bHOTO 3KCTPareHTa Meau Ans nepepaboTKU NPOoAYKTUBHBIX PAcTBOPOB
MecTopoxKAeHua  Anmanbl.  WccnepoBaHWs  NPOBOAWMAWCH — MPOAYKTUBHBIM — PAcTBOPOM,

Moctynuna: 29 anpens 2022 MOJIYYEHHbIN BbllEeNaYMBAHMEM MeAHbIX PYL MecToposKaeHUa Anmanbl coctasa, r/gm3: 1) Cu —

PeueHsuposaHue: 03 utoHs 2022 0,262, Fe —17,97, Si02 — 0,36. Pe3ynbTaTbl 3KCTPAKLUMM MEAM U3 MOAE/IbHbIX PACTBOPOB NOKasanu,

MpuHAaTa B NnevaTtb: 15 utona 2022

YTO MaKCMManbHoe U3BnedYeHne meam (94%) HabaoaaeTca NPU UCNOb30BaHMK SKCTpareHTa 5%
Acorga 5640, Toraa Kak ocTanbHble 3KCTPareHTbl He 06ecneyniv BbICOKYIO CTeneHb SKCTPaKLMK:
10% Lix984 - 93%; 10% Acorga 5640 - 91%;10% Acorga 5910 n 10% Acorga 5747 — no 85%. lNo
pes3ynbTaTam NpoLEecca PeKCTPaKLLMM BbICOKAsA CTENEHb U3BNEYEHUA MEAU U3 OpraHUYeCcKoi Gpasbl
obecneunBanacb Npu UCNONb30BaHUM 3KCTpareHToB 5% Acorga 5640, 10% Lix984 n 10% Acorga
5640, mmHumanbHoe — npu 10%Acorga 5910. [lnA aKcTpaKuMm meam U3 NPoAYyKTUBHOIO pacTBopa
MeCcTopoXKaeHMA AnNManbl B KayecTBe ONTMMAIbHOO 3KCTpareHTa 6bin BbibpaH 5 % Acorga 5640,
noKasaBLMWIA yyline nokasaTenu.

Kntouesble cnosa: meap, TexHonorna SX-EW, Acorga 5640, sKCTpaKuua, CeNeKTUBHOCTb
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