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Extraction of copper from the waste of the Karagayly concentrator
under the action of an electric hydro-pulse discharge
depending on the pH of the medium in the cell

In the work, the waste of the Karagayly concentrator was processed at the experimental hydro pulse discharge
(HPD) laboratory set-up in order to transfer the copper contained in them (0.11-0.14 %) into the solution and
then partially precipitate it in the process of pulsed electrolysis. Pulp from waste (waste + water 1:1) was
poured into the cell, then an acidic medium was adjusted to the value pH = 1.0-3.0 using a mixture of rea-
gents. Under the action of electro-hydro pulse the process of pulsed electrolysis occurs simultaneously. Then
the lid was tightly closed and a hydro-pulse discharge (HPD) was performed for 5-20 minutes. Under the ac-
tion of the discharge, all the metals contained in the pulp went into solution and simultaneously precipitated,
except for copper ions, which remained in the solution and partially deposited on the cathode. As a result, af-
ter processing the pulp with HPD, 20 solutions with a precipitate were obtained. All solutions and precipitates
were studied on a copper content by an atomic absorption spectrometer. The optimal conditions for the ex-
traction of copper into solution, namely, the duration of discharge HPD for 20 minutes at pH = 1 and presence
of silicate and phosphate ions, were established. All interfering ions of other metals remain in the sediment,
since copper is to the right of other metals in the galvanic series.
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Integrated use of mineral resources and the development of technologies for their complete processing,
providing access to high quality products, taking into account the demand of external and internal markets is
one of the most important areas of the mining and metallurgical complex of Kazakhstan [1]. To date, the
state of the mining industry in Kazakhstan is characterized by the lack of significant capital investments in
the industry, the lag in the development of the mineral resource base, the deterioration of geological and min-
ing conditions for the development of deposits. The increase in production and processing volumes will be
possible only through the development of new fields and the involvement of imbalance ores, dumps and
waste after enrichment in the complex processing.

Worldwide, the process of mining and processing of metal ores is associated with the formation of a
large amount of waste of various aggregative states. Currently, they contain billions of tons of ore processed.
Further accumulation of waste from the mining complex is fraught with serious environmental degradation
in the Republic of Kazakhstan. In this regard, the question of creating new environmentally friendly technol-
ogies for mining focused on their maximum usage [2].

The main advantage of non-ferrous metallurgy of Kazakhstan is the presence of its own mineral re-
source base. Kazakhstani ores containing non-ferrous metals are complex and have a complex structural and
mineralogical composition. They include a wide range of rare and trace elements. At the same time, the
structure, physical, chemical and other characteristics of Kazakhstani ores during mining, enrichment and
metallurgical processing require an individual technology for each field. Existing technologies in Kazakhstan
in the production of non-ferrous and rare metals do not fully meet the modern requirements of ecology, eco-
nomics and integrated using of mineral raw materials. At present, the possibility of recycling the valuable
components of metallurgical wastes is negligible, and the extraction of these components into such wastes is
incomplete [3].

In Kazakhstan, the State Program of Industrial and Innovative Development of the Republic of Kazakh-
stan for 2015 — 2019 has been implementing, in order to ensure the sustainable development of the country.
The program highlights the main problems of the metallurgical industry, namely:

— depletion of the resource base;

— low complexity of the raw materials used;

— a high degree of depreciation of fixed production assets;
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— high degree of environmental pollution;

— technological lag;

—lack of integrated complexes with a full production cycle from mining to production with a high de-

gree of product readiness;

— low capacity and distribution of the internal market;

— high energy, labor and material consumption of products.

In order to solve these problems, the state policy in the development of the mining and metallurgical
complex of the country provides for:

— the organization of production of final products of high processing on the basis of base metals by

small and medium-sized enterprises;

— stimulation of reducing the share of exports of ores and concentrates to ensure the integrated pro-

cessing of mineral raw materials.

The promising areas of technological development of non-ferrous metallurgy are the production of pure
metals (aluminum, copper, gold, and titanium) and products from them (wire rod, wire, rolled products, pro-
files and alloys, as well as jewelry) [4].

One of these technologies is the use of electro-hydraulic effect (EHE) to extract non-ferrous metals
from mining waste, by passing energy-consuming enrichment technologies. In the series of electro-physical
technologies, including laser, ultrasonic, plasma, electronic, electroerosion, electro-hydraulic technologies
occupy a separate niche. Electrohydraulic (EH) technologies are based on the use of EH-effect (effect of
Yutkin) [5].

EH-effect is a set of phenomena observed in a high-voltage pulsed discharge in a liquid (usually in wa-
ter). There are only a few studies of electrolyte solutions [6].

High-voltage pulsed discharge in a liquid is accompanied by light and electromagnetic radiation, the
formation of shock, ultrasonic and sound waves of a wide frequency range, pulse pressure (with an ampli-
tude reaching tens of thousands of atmospheres under certain conditions), powerful hydrostream with
cavitations [7, 8].

In our work, the waste of the Karagayly concentrator was processed at an experimental hydro pulse dis-
charge (HPD) laboratory set-up in order to transfer the copper contained in them (0.11-0.144 %) into the
solution and then was partially precipitated in the process of pulsed electrolysis. The presence of other metals
in the waste is as follows: Zn — 0.12 %, Ni — 0.08 %, Fe — 0.04 %, the rest is less than 0.01 %. Metals
standing to the left in the galvanic series are stronger reducing agents than metals to the right. They displace
the latter from solutions of salts. For example, the interaction of Zn + Cu*" — Zn*" + Cu is possible only in
the forward direction. Zinc displaces copper from an aqueous solution of its salt. At the same time, if a com-
pound with which zinc forms an insoluble precipitate is present in the solution, for example OH, CO5>,
Si05s>, PO, ions, then zinc ions precipitate, and copper ions or metallic copper remain in solution. These
processes and the effects of HPD allow copper ions to be transferred into solution and partially precipitate
pure copper on the cathode.

Experimental

Test Specifications:

— capacitance of the storage capacitor C = 0.4 puF;

— switch operating voltage ~30 kV;

— energy storage of about 200 J;

— geometry of the anode of conical shape to the top of the cone covered with an insulator with a base

diameter of 10 mm;
— the cathode was a cylindrical cell with a diameter of 120 mm and a height of 100 mm with a tip in the
center of the bottom with a base diameter of 10 mm and a height of 12 mm;

—pH 1.0-3.0.

Pulp from waste (waste + water 1:1) was poured into the cell, then an acidic medium pH = 1.0-3.0 was
adjusted using a mixture of reagents (reagents are selected for each type individually); in this case, under the
action of an electro-hydro pulse, at the same time there is a process of pulsed electrolysis. Then the lid was
tightly closed and a hydro-pulse discharge (HPD) was performed for 5-20 minutes. Under the action of the
discharge, all the metals contained in the pulp went into solution and were simultaneously precipitated, ex-
cept copper ions, which remained in solution and partially deposited on the cathode. As a result, after pro-
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cessing the pulp with HPD, 20 solutions with a precipitate were obtained, which were filtered through a pa-
per filter (red ribbon).

All solutions and precipitates were studied on a copper content by an atomic absorption spectrometer.
The data are given in the Table.

Table

The output of copper from the pulp into the solution, depending on the pH of the medium
and the duration of discharge HPD, % (P = 0.95)

Time, minutes

No. pH 5 10 15 20
Sediment Solution Sediment Solution | Sediment | Solution | Sediment | Solution
3.0 80.1+£3.8 18+1.3 78.9+£3.5 21423 71.3£5.3 22+1.4 72.24+2.7 26+2.3
2.0 75.44+4.1 23+1.5 70.1£2.9 28+1.9 68.7+4.2 31+1.6 69.0+4.3 32433
1.0 62.2+2.2 37+2.4 49.6+3.6 49+2.6 48.4+£2.6 5342.9 42.3£2.6 61+4.6
0.5 65.5+1.8 334+2.6 45.8+1.4 41+1.5 56.8+£2.5 42+3 .4 53.6+3.2 46+3.6

W=

Note. The discrepancy between the percentage of copper in solution and sediment is due to the partial deposition of pure metal
on the cathode.

Conclusions

A discharge of more than 20 minutes is not profitable, both in terms of energy consumption and as well
as increasing the output of copper. Further lowering the pH below 0.5 does not increase the yield of copper
in the solution. The optimal conditions for the extraction of copper into solution are the duration of discharge
HPD for 20 minutes at pH = 1, in the presence of silicate and phosphate ions. All interfering ions of other
metals remain in the sediment, since copper is to the right of other metals in the galvanic series, and the rea-
gents in the pulp contribute to their conversion into insoluble sediments. The mechanism of action of HPD in
an acidic medium formed by a mixture of reagents is not completely clear and requires further research.
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¥ambIKTarsl opTa pH Toye i 3/1eKTp ruIpouMIYyJIbCTiK Pa3psij HOTHKECIH/Ie
Kaparaiinbl keH 0aiibITy (padpukachl KATABIKTAPBIHAH MBICTBI ]Iy

Kanaeikrapasiy (kangsik + cy 1:1) kocnacsl yAnIbIKKa KyHbUIIbI, COJaH KeiiH peareHTTep KOCHachl apKbUIbI
KpiKpL1 opta pH = 1,0-3,0 skeTki3iini; (peareHTTep op Kar[aiifa jKeke TaHIam ajablHaabl), Oyl jkaraaiina
ANEKTPXUMUSIIBIK HMITYJIBCTIH SCEPIHEH UMITYJIBCTIK AJIEKTPOIU3 mpoiieci 6ip mesrinne xypeni. Coman keifin
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KAaKIaK THIFbI3 xKa0bUIbI, 5—20 MUH 00WBI THAPOMMITYJIBCTIK pa3ps Kyprizinai. Paspsg Oepy kesinge kocma
KYpaMbIHIaFbl MBICTaH Oacka OapJblK MeTrajmap epiTiHaire erteni »oHe Oip mesriume TyHambl. Epitinmine
KaJIFaH MeTanJap jkapThUIail karoara TyHaael. Hartmkecinge kocmansl [MIP-mMeH enzpeyaeH keilin TyHOAch!
6ap 20 epitinai ansiasl. bapibik epitinaiiep MeH TyHOamaparsl MBICTBIH KYPaMbl aTOMJIBIK-a0COPOIHSIIBIK,
CIIEKTPOMETpIMEH 3epTTeli. MBICTHI epTiHIre MBIFapy Ke3iHAeT] eH XKaKCh MapTTap CHINKAT XKaHe docdar
nouapsHbIH KatsicybiMeH pH = 1, TP pa3psaebH y3akTersl 20 MuH 6oapl. bapisik kexepri sxkacaymst
METal HWOHAAphl TYHOana Kananel, ce0e0di XMMHSUIBIK J3JIEMEHTTep KepHey Ti3iMiHIe MbIC 0Oacka
MeTalAapAblH OH JKarblHAa opHanackaH. Keiukeul oprara I'MP-miH ocep eTy MeXaHU3Mi TOJBIFBIMEH
aHBIKTAJIMaFaH JKoHE opi Kapail 3epTTey/li KaKeT eTe/i.

Kinm ce30ep: kanapIkTap, MbIc, THAPOUMITYJIBCTIK pa3ps, pH opTta, yambik, Kocna, epiTinai, TyHOa.

AM. Ilynos, E.C. Mycradun, Jl. XaBnuuex,
X.b. Omapos, A.C. bopceiabaes, JI.A. KaiikeHoB

N3Bieyenue meau u3 orxoaoB Kaparasimuckoii oooratureibHOM (padpuku
NPH e CTBUHU 3JIEKTPUYECKOT0 THPOUMITYJIbCHOTO pa3psaa
B 3aBucumoctu ot pH cpeasbl B siueiike

B cratbe npoBeneHa obpabdoTka orxonoB Kaparaiinuackoil oboratutensHol GpadprUKu HA ONBITHOH abopa-
TOPHOH yCTaHOBKE TuapoummyibcHoro paspsaa (I'MP) c¢ menpio mepeBoza, comepskaiieiics B HUX MeIu
(0,11-0,14 %) B pacTBOp M 3aTeM YaCTHYHOE OCAKACHHE €€ B IIPOIECCE HMITYJIbCHOTO 3JIEKTPOJIH3a.
B stueiixy 3anmmuBanace Imyibla U3 0TX0J0B (OTXO#EI+BoAa 1:1), nanee ¢ IIOMOIIBIO CMECH PEareHTOB (hOPMHU-
poBayacs kucias cpena pH = 1,0-3,0 (peareHTsI mogOUparoTCst U KQKAOTO BUA MHANBUAYAIBHO), B 3TOM
cllydae IpH JeHCTBUM JIEKTPOTUAPOUMILYIbCA OAHOBPEMEHHO IIPOUCXOIUT MIPOLECC UMITYJIBCHOTO JIEKTPO-
nu3a. 3aTeM IUIOTHO 3aKphIBATACh KPBIINIKA, U MPOHM3BOAMICA THUIPOUMITYIbCHBIM paspsa B TeueHue 5—20
muH. [Ipn geiicTBuM paspsiga Bce cojeprkaliiecs B MyJblie METaUIbl TIEPEXOIHIN B PACTBOP U OJHOBPEMEH-
HO OCaXJIaJINCh, KpOME HOHOB MEJH, KOTOPhIE OCTABAINCh B PACTBOPE M YACTUYHO OCAXIATNCh Ha KaToze. B
pesynbrarte nocie obpabotku mynsnsl [P 6pun mosyyenst 20 pacTBopoB ¢ ocankoM. Bce pacTBopsl u
0CaJIK! UCCIEZ0BaIN Ha aTOMHO-a0COPOIIMOHHOM CIIEKTPOMETpE Ha cozepkanne Menu. OnTuMalbHEIe YCIIo-
BUS U3BJICYCHUS MEIH B PACTBOP — MPOAOIDKUTENLHOCT paspaga [P 20 mun npu pH = 1, B npucyrcreun
cuukaT " (ocdar noHOB. Bee Memmaroniie HOHBI IpyrHX METAUIOB OCTAIOTCS B OCAJIKE, TaK Kak B PsIy Ha-
TIPSDKEHUN XUMHYECKUX JIEMEHTOB MeJIb CTOUT IIpaBee JPYrHX METaJLIOB.

Knioueswie cnoea: oTxonbl, Melb, TUAPOUMITYIIbCHBIH pazpsan, pH cpensl, sueiika, mysbna, pacTBOp, OCAIOK.
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