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ELECTROCHEMICAL LEACHING OF REFRACTORY SULFIDE ORE WITH AN
APPLICATION OF THE SULPHUR-GRAPHITE ELECTRODE

Abstract: The article presents results of the study on extraction of non-ferrous and precious metals from refractory sulphide ores using
sulphur- graphite material as a source for obtaining the leaching agent. To conduct experiments, sulphur- graphite electrode was made
containing 65 % sulphur. It is found that under the anodic polarization of sulphur- graphite electrode in a solution of sodium hydroxide,
sulphide ore is well-opened with selective gold recovery. Among the non-ferrous metals, the following are passing into the solution: copper,
manganese, chromium and zinc in minor amounts. The optimal process parameters: current density i - 180 A/m?, the concentration of
sodium hydroxide - 1.0 M - 2.0 M, stirring the solution at a speed of 480 rev/min. Under cathodic polarization of sulphur- graphite electrode,
gold, copper, manganese, chromium and zinc extracted well into the solution. Thus, the leaching in the presence of sulphur- graphite
electrode in a solution of sodium hydroxide allows to combine the preparation of the leaching agent and recovering of non-ferrous and
precious metals from ores in a single reactor volume. Moreover, the use of sulphur-graphite electrode allows gradual leaching in a single
reactor. In the first step of under anodic polarization of sulphur- graphite electrode, an extraction of gold in the solution occurs. After
replacing a solution, which is rich in gold, with the fresh sodium hydroxide solution, extraction of non-ferrous metals can be carried out
(copper, manganese, chromium and zinc) by cathodic polarization of sulphur- graphite electrode. Electro leaching is carried out with high

efficiency at relatively low temperatures, which saves energy and expensive reagents in the organization of technological processes.
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Introduction. Refractory ores amount up to
75-80 % of the mineral resource base of non-ferrous
metallurgy in Kazakhstan. Existing technologies do
not provide sufficiently efficient recovery of noble
and non-ferrous metals from these ores.

Analysis of the patent studies and scientific liter-
ature demonstrates that the problem solving oriented
research related to the individual types of raw mate-
rials and a special reagent regime of technological
processes dominate among others, while the most
relevant objective is the topic of the complex process-
ing of raw materials with differentiated extraction of
precious and non-ferrous metals.

Solving the problem of waste from gold ore min-
ing and enrichment production is constrained by lack
of research in the field of technologies for extracting
gold from low-grade raw materials. The issues in ob-
taining gold from the accumulated waste of mining
and ore processing at the final stage of development
of gold deposits form a separate major problem of
mining science and practice [1-3].

It is known that the most common used method of
cyanide leaching of gold is not environmental friendly,
moreover, it is ineffective to extract the gold from the
carbon and organic material, and it is sensitive to the
presence of copper, zinc, nickel, antimony and arsenic.

Modern alternative to cyanide leaching and thio-
sulfate is thiocarbamide leaching. It is well known
that thiosulfate tends to form complex compounds
with metals. For example, the process of thiosulfate
leaching of gold proceeds by the following reaction:

4Au+0,+88,0.> +4H' =4[Au(S,0,),|* + H,0

The resulting gold thiosulphate complex is
extremely durable (instability constant 4.0 - 103) [4].

Thiosulphates of alkali metal are safe and biode-
gradable, which allow their use in geotechnologies
underground and heap leaching; they are cheaper than
cyanides and more effective in the case of refractory
ores containing carbonaceous and copper [5 - 7].

In the research [8] a possibility of obtaining an elec-
trode for sulphur- graphite electrode for obtaining the
sulphur-containing compounds (thiosulfate, sulphate,
sulphides, polysulfides and hydrogen sulphide, sulphite)
in a solution of alkaline electrolytes. It is shown that
when the polarization of the cathode electrode, sulphur
sulphide, polysulfide or sulphide ions can occur and,
during anodic polarization - sulphite, thiosulfate- and
sulphate ions which promote the formation of complex
compounds with most metals present in refractory ores
and thereby facilitate the transition of the liquid phase.
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Thus, it was of interest to investigate the effect of
sulphur-containing, obtained during the dissolution of
the sulphur- graphite electrode, on the processes of
extraction of non-ferrous and noble metals from per-
sistent sulphide ores.

Experimental procedure. The degree of extraction
of metals in the solution as a function of the electrolyte
concentration and the composition of cakes obtained af-
ter leaching were determined by chemical analysis and
atomic absorption spectrometer “contrAA 300”.

Studies of the dissolution of sulphide ore were carried
out in a specially designed three-electrode cell, including
a working electrode- sulphur- graphite, a reference elec-
trode-silver chloride and auxiliary electrode-graphite.

Optimal parameters of the leaching process were
preliminarily determined: the current density is
180 A/m? the speed of mixing the solution is
480 rpm, the phase ratio S:L is 1:10.

The degree of extraction of metals from ore de-
pending on the different concentration of sodium hy-
droxide - 0.1 M, 0.5 M, 1.0 M and 2.0 M when using a
sulphur-graphite electrode as an anode and a cathode
was studied.

Experimental part and discussion of results. In
the study of electro leaching of nonferrous and no-
ble metals using a sulphur- graphite electrode, the
sulphide ore was used, the content of which was, %:
Au (g/t) -1.12; Ag (g/t) — 33.61; Pb — 2.08; Fe — 5.1;
Cu—-0.2; Zn - 034; S _ - 15.05 S .. — 14.45;
Ca-1.08,C_—6.9;C-4.7;Si0,-30.22;A1,0,—1.4;
BaSO, —27.8; Sb—0.007; Mn — 0.08.

In the first series of experiments, the sulphur-
graphite electrode was used as the anode, and the
cathode was a graphite electrode. Leaching was car-
ried out at various concentrations of sodium hydrox-
ide: 0.1 M, 0.5M, 1.0 M and 2.0 M.

Figure 1 presents data on gold recovery depending
on the different electrolyte concentrations.
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Figure 1 — Extraction of gold from persistent sulphide ore
as a function of the electrolyte concentration
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As can be seen from Figure 1, the highest degree
of gold recovery into the solution occurs at a concen-
tration of 2.0 M. It is shown that during 8 hours of
leaching with an increase in the concentration of so-
dium hydroxide in the solution from 0.1 to 2.0 M gold
recovery rises from 32 to 74 %.

It has been established that gold is recovered well
into the solution, and the extraction degree of copper,
manganese, chromium, zincdoesnotexceed 1.5-2.0 %.
Thus, it has been established that in the anodic polar-
ization of the sulphur-graphite electrode, sulphide ore
is well opened with selective gold recovery.

The results of the study of the dissolution of metals
from ore using asulphur—graphite electrode asacathode
are shown in Figures 2 — 6. The degree of extraction
of metals from ore (at a current density of 180 A/m?,
a solution agitation speed of 480 rpm, a phase ratio
of 1: 10) depending on the electrolyte concentration.
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Figure 2 — Extraction of gold from persistent sulphide ore as a
function of the electrolyte concentration

Figure 2 shows that an increase in the concentration
of electrolyte leads to an increase in the degree of gold
recovery. The maximum gold recovery is 53 %, which
is 1.4 times lower than the gold extraction rate under
similar conditions for the anodic polarization of the
sulfur-graphite electrode.
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Figure 3 — The degree of recovering copper from persistent
sulphide ores depending on the electrolyte concentration
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The degree of copper recovery reaches within
8 hours of leaching 34 % at a sodium hydroxide
concentration of 0.1 M and 52 % with a sodium
hydroxide concentration of 2.0 M (Figure 3).
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Figure 4 — Extraction of manganese from persistent sulphide ore
as a function of the electrolyte concentration

For manganese (Figure 4), the extraction rate for
8 hours of leaching at different concentrations of
electrolyte is, respectively: 0.1 M — 15.2 %, 0.5 M —
22.1 %, 1.0 M —-253 %, 2.0 M — 28 %.
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Figure 5 — Extraction of chromium from persistent sulphide ore as
a function of the electrolyte concentration

With an increase in the electrolyte concentration
from 0.1 to 2.0 M, the degree of chromium recovery
rises — from 11.4 % to 17.2 % (Figure 5).

It should be noted from figure 6 that the maximum
degree of zinc dissolution during the leaching process
reaches up to 15 % within 8§ hours.

It can be noted that in general, extraction of
non-ferrous metals is lower than gold. Most likely,
this is due to the fact that these metals are less prone
to complex formation than gold.

As follows from the data of [8], the reduction of
sulphur to polysulfide—, hydrosulphide—, sulphide—

ions takes place on the cathode. All these anions can,
to a greater or lesser extent, form complex compounds
with noble and non-ferrous metals of variable valence.
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Figure 6 — Extraction of zinc from persistent sulphide ore as a
function of the electrolyte concentration

Thus, the results of a study of electrochemical
leaching using a sulphur— graphite electrode showed
that this method is a fast and efficient way of extracting
many valuable metals from persistent sulphide ores.
The use of a sulphur— graphite electrode allows for a
stepwise leaching in a single reactor. At the first stage,
during the anodic polarization of the sulphur—graphite
electrode, gold is extracted into the solution. After
replacing the solution enriched with gold with a fresh
solution of sodium hydroxide, it is possible to extract
non-ferrous metals (copper, manganese, chromium
and zinc) by cathodic polarization of the sulphur—
graphite electrode. Electro leaching is carried out with
high efficiency at relatively low temperatures, which
saves energy and expensive reagents when organizing
technological processes.

Conclusions. The results of the extraction of non-
ferrous and precious metals using a sulphur-graphite
electrode show that during the anodic polarization of
the sulphur—graphite electrode, the resistant sulfide
ore is well opened with selective gold recovery
(73 %). Of the non-ferrous metals, copper, manganese,
chromium and zinc are transferred to the solution in
small quantities (1.5 - 2.0 %).

With the cathode polarization of the sulphur-
graphite electrode, gold recovery in the solution is
53 %, copper — 34 %, manganese — 28 %, chromium
—17.2 % and zinc — 15 %.

Thus, electro-leaching in the presence of a
sulphur-graphite electrode as an anode can be used,
if necessary, to limit the yield of non-ferrous metals.

Based on the results obtained, leaching in the
presence of a sulphur—graphite electrode in a sodium
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hydroxide solution makes it possible to combine the 7 Medkov M.A., Krysenko G.F., Jepov D.G., Judakov A.A.
production of leaching reagents and the extraction of ~Férerabotka  tehnogennogo — zolotosoderzhashhego  syrya

i d nobl Is fi in th | (Processing of technogenic gold ores). Vestnik DVO RAN = Bulletin
non-ferrous and noble metals from ores in the Vol- g, £oof Branch of RAS. 2010. 5. 75-79. (in Russ.)

ume of one reactor. At the same time, it allows to save 8 Pat. 17771 RK. Sposob izgotovleniya sero-grafitovogo

energy and expensive reagents when organizing ehlektroda (A method for manufacturing a sulphur-graphite

technological processes electrode). Baeshov A.B., Mamyrbekova A., Omarova AK.,

) Baeshova S.A., Kapsalyamov B.A. Opubl. 09.03.2004, 9. (in Russ.)
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TYAIHOEME

Makanaga wanmanay areHTi peTiHAe KyKipT-rpaduT matepuanbiH nanpanaHa oTbipbin, eHAenyi KublH CynbMUATi KeHAepaeH
TyCTi xoHe Oaranbl meTangap Genin any MakcaTblHOA XXYPrisinreH 3epTTey HaTwKenepi yCbiHbInadbl. byn ywiH KypambiHabl 65 %
KYKIpT 6ap kykipT-rpacdouT anekTpoapbl xacangbl. Hatpuin rugpokevai epitiHaiciHae KykipT-rpadouT anekTpoablH aHOATLIK Nonspusaums
HoTmxXeciHae cynbduAaTi KeHaepaeH anTblH TaHA4amarnbl Typde alwbinyblHa bikAan eTeTiHAiri aHblikTangbl. An, TyCTi MeTangap Mbic,
MapraHeL, XpoMm, MbIpbIll eneyci3 mernwepae epitiHgire eteai. OHTaNNbl TEXHONOMMAMbLIK NapaMeTprepi aHblkTanabl: TOK Thifbl3AbIfbl
i - 180 A/m2, HaTpuin rmapokenai kKoHueHTpauumschl - 1,0 M - 2.0 M, apanacTblipy *)bingamabirbl 480 anH./MuH. KykipT-rpacduT anekTpoabiH
KaTOATbIK MoNnsipusauusinay kesiHae epitiHgire anTbiH, MbIC, MapraHeL,, XpOM >aHe MbIpbILL akcbl eTedi. Ocbinaniia, HaTpun rmapoKcuai
epiTiHAICiHAE KYKIpT-rpauT aneKkTpod KaTbICbiHAA LWanmarnay peareHTTep aryfa XoHe KeHHeH TYCTi XoHe acbln MeTanfapabl epityai
Gip peakTopaa Xy3ere acbipyra MyMKiHAiK 6epeai. CoHbIMeH kaTtap, nanaanaHy KykipT-rpacuT anektpoabl 6ip peaktopaa metannaapabl
caTbinan Lwanmanayra MyMmkiHaik 6epepfi. AnfbIMeH, KyKipT-rpadvT SnekTpoAblH aHOATLIK Monsipu3auusiaa anTblHHbIH, epyi Xypegi.
AnTbIHMeH GaibITbinFaH epiTiHAIHI )xaHa HaTpuUiA rMApoKCuai epiTiHAICIMEH aybICTbIpFAHHaH KeliH, KyKipT-rpaduT SNeKTPOoAbIH KaToATbIK
nonspusauusina OoTblpbiN TYCTi MeTangapabl (MbIC, MapraHew, XpOM, MbIpbill) epiTiHAire eTkidyre 6onafbl. OnekTpollanmanay
TEXHOMOIMANbIK MpouecTepai TOMeH Temnepatypafa »ofapbl TWIMAINIKNEH >Xy3ere acbipblNaTbiHAbIKTAH, 3HEPrus xaHe KbpimbaTt
peareHTTep YHeMAeyre MyMKiHAIK 6epefi.

TyniHAai ce3nep: aNekTpOXUMUANBIK Waimanay, 6aranbl xaHe TYCTi MeTanngap, aNekTpoa, epy Aspexeci

PE3IOME

B ctaTbe npeacTaBneHbl pe3ynsraThl UCCNEA0BaHUSA N3BNEYEHUS LIBETHbLIX U BnaropoAHbIX METanoB 13 YNopHbIX CyNbMUAHbIX pya,
C ncnonb3oBaHNeM ceporpaduToBOro Matepuana B kadyecTBe MCTOYHMKA MOMyYeHUs Bbllenavnsatollero areHta. [ns atoro 6bin
M3roTOBMNEH CeporpaunToBbIN ANEKTPOA C coaepaHnem 65 % cepbl. YCTaHOBNEHO, YTO Npu aHOAHOW Nonspusauumn ceporpadpuToBoro
3MeKkTpoAa B pacTBOpe rmapokcuaa HaTpus cynbuaHas pyaa XopoLlo BCKPLIBAETCS C CENEKTUBHBIM U3BrevYeHnemM 3onota. M3 LBeTHbIX
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METaINoB B pacTBOp NEPexXoaaT Meab, MapraHel, XpOM U LMHK B HE3HAYUTENbHbIX KONMMYECTBaX. YCTaHOBIEHbI ONTMMaribHbIe NapameTpbl
npouecca: NIoTHOCTb Toka i — 180 A/M?, KOHUEeHTpaumsa rugpokeuaa Hatpus - 1.0 M - 2.0 M, nepemelunBaHne pacTBopa CO CKOPOCTLHO
480 06/muH. Mpu kaTogHON Nonapu3aLmm ceporpacMTOBOrO 3M1EKTPOAA B PACTBOP XOPOLLIO M3BIEKAOTCS 30510TO, Medb, MapraHeLl, XpoM
N UMHK. Takum obpasom, BbllenayvBaHue B NpUCYTCTBUM CeporpacpuToBOro anekTpofa B pacTBOpe rMApPOKCMAA HaTpusi No3BonsieT
COBMECTUTb MOMyYeHMe BblLLENAYMBAIOLLMX PEareHTOB U U3BMEYEHNe LUBETHbIX U BrnaropogHbix MeTansioB U3 pya B o6bemMe 0gHOro
peakTtopa. [Mpuyem, ucnonb3oBaHUe ceporpacUToOBOrO 3reKkTpoda MO3BOMSET OCYLLECTBMATL MO3TANHOE BbillLenayvBaHWe B OOHOM
peakTope. Ha nepBom aTane npu aHOAHOW nonspusauumn ceparpadmToBOrO dMekTpoaa NPOUCXOoaWT UM3BIeYeHue B pacTBop 305ioTa.
[Mocne 3ameHbl pacTBopa, 06OralleHHOro 305/10TOM CBEXMM pacTBOPOM FMAPOKCMAA HATpUs MOXHO NMPOBOAUTL U3BMEYEHWE LIBETHbLIX
MeTannoB (Mefb, MapraHel, XpoM W LMHK) MyTeM KaToAHOW Mnonspusauum ceporpacutoBoro anekTpoaa. OneKTpoBbillenayvMBaHve
OCYLLECTBMSETCA C BbICOKOW 3(DEKTUBHOCTBLIO MPY CPABHUTENMBHO HU3KMX Temnepatypax, 4YTO MO3BOMSET 3KOHOMUTb 3HEPruo K
[OpOrocTosiLme peareHTbl NPy OpraHM3aLum TEXHOMNOMMYECKMX NMPOLECCOB.

KnioueBble cnogBa: 3NEeKTPOXMMmn4yeckoe BhlilllenavnBaHue, 6naropoqu|e 1 UBETHblE MeTarnbl, 3NIeKTpoad, CTeneHb n3Brne4vyeHus
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