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BnaropogHbIMM MeTannaMu LwTeHoBble pacnnasbl. [poBedeHbl nabopaTopHble OMbiTbl MO U3YYEHWIO BMAUSHWA TemnepaTtypbl Ha
npouecc obxura KonmekTopHbIX Ans 30510Ta U ApYrMx MeTansoB LWTeiHoB B MHTepBarne Temnepatyp 600-900 °C. Mpu aToM pesynbrartsl
NpoBefeHHbIX nccnefoBaHwii OyayT NCNonb3oBaHb! B pa3paboTke M CO3haHUM HOBbIX METOLO0B M3BMeYeHNs 30510Ta U APYrx MeTannos
N3 KOMNEKTOPHbIX CyNbMUAHBIX LWTENHOB. YKa3aHHble LUTeVHbI NONyYaloTcs Npu nnaBKe YNOPHbIX U ABOWHOWM YNOPHOCTM K BCKPbLITUIO
KOPEHHbIX py4 1 KOHLEHTPAaTOB 30110Ta, METOAOM COKpaTUTENbHON NupomMeTannyprudeckon cenekuum (CIC-npouecc).

KnroueBble cnoBa: LWTelH, WNak, 30110TO, COKpaTUTENbHasa nupomMeTtannyprudeckas cenekuums, CrC—-npouecc.
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EXTRACTION of COPPER and PRECIOUS METALS from DEPLETED
COPPER DUMPS of SAYAK DEPOSIT

Abstract: An opportunity of complex recycling of dumps of copper-bearing materials with perspective of additional extraction of precious
metals from them was studied in this work. During experiments on leaching the copper from the dumps of Sayak field, by agitation and
percolation methods, the opportunity of subsequent additional extraction of gold and silver was studied. It was established that preliminary
acid leaching of the basic metallurgical product - copper increases the weight portion of gold up to the level of 0.5-0.6 g/t. Further that
allows refer the depleted copper dumps to off-balance gold-bearing raw materials and after neutralization of acid medium to conduct
cyanide leaching of precious metals. Long-term treatment of dumps with sulfuric acid in the course of copper extraction promotes also
removal of iron compounds, which also as copper, inhibits extraction of gold during cyanidation. In the course of copper leaching during
90 days, from the uncrushed dumps, the index of copper extraction was 78.6 %. Experiments on leaching the precious metals from
decoppered dumps showed the following extraction results, %: gold — 44.5, silver — 60.3. At preliminary crushing the dump material to
grain size grade of —1.0 mm, these results was, %: gold — 66.7, silver — 67.2. Taking into account the global tendency of involving off-
balance ores with decreasing content of gold to the process of gold extraction, the decoppered dumps of Sayak field in the longer term
perspective, may also be considered as a raw material for extraction of precious metals.

Keywords: off-balance ores, copper dumps, copper leaching, precious metals, cyanidation, recovery, gold, silver, extraction.

Introduction: Modern tendency of reducing
the quality of gold-bearing ores is associated with
increasing the fraction of ores with low gold content,
as well as inclusion to retreatment of depleted gold-
bearing rock, accumulated dumps, low-grade and
unpayable ores. If in the 1960s, a ton of extracted front
metal ore contained up to 10-20 g, and sometimes
up 100 g of gold, today, at average the content does
not exceed 1,5-2 g/ton. By now, a great amount of
unpayable ores with gold content of 0,4-0,7 g/t has
been accumulated at ore stockpiles of many fields.
For the purposes of re-extraction of these ores using
method of dump leaching, studies on column and
agitation leaching are conducted in laboratories.

Formation of metal production from ores,
concentrates or other types of metal-bearing
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rocks -is quite a difficult task, It is significantly
complicated for copper and nickel ores, which are as
a rule comparatively low-grade and comprehensive
poly-metallic rock. In retreatment of such rock
by hydrometallurgical methods, it is necessary to
ensure complex precipitation of all other valuable
components to independent commodity products at
high degree of their extraction, along with formation
of the basic metal. Finally, metallurgical production
should provide full application of all components of
the processed raw material without any exclusion and
creation of waste-free (dump-free) technologies.

The basic mass of copper ores consists of the
compounds of copper, iron and gangue materials,
thus the final aim of hydrometallurgical retreatment
of these ores amounts to formation of the product
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due to complete removal of the gangue material, iron,
and sulfur (to the extent of treatment of sulfide raw
material).

In the course of treatment of gold-bearing rocks
by cyanidation, the loss of sodium cyanide is mainly
associated with  detrimental impurities, usually
existing in the ore in kind of different minerals. One
of the factors, reducing extraction of gold is the
existence of iron and copper bearing minerals, binding
the alkaline cyanide and transferring it to complex
cyanic compounds of non-ferrous metals (Cu, Zn, Ni,
Co) and iron compounds.

Experimental Part and Results Discussion. To
perform research work, preparation of samples of
oxidized Sayak field copper dumps, represented by
three types of samples: Moldybay, Sayak oxidized,
and Tastau. After averaging and quartering, the
selected samples underwent chemical (to determine
the content of total and oxidized copper and precious
metals), x-ray diffraction and x-ray fluorescence
analyses.

During studying the material composition, a
chemical analysis of samples of oxidized Sayak
field copper dumps was performed, the results of the
analysis are given in Table 1.

Table 1 — Results of detailed chemical analysis of the sample of
Sayak field copper dumps

Table 2 — Phase composition of the original sample Moldybay of

Sayak field
Name Formula S-Q, %

Quartz, syn SiO, 20
Andradite, aluminian |Ca,Al,,Fe, ,.Si,O,, 13.5
Wollastonite CaSio, 11.6
Cronstedite-6 Fe,FeSiO,(OH), 9.6
g)(;jdric:;(:rite, ferroan, giiﬁ%ﬂ16ife)(Al3'8“Be“) 96
Donbassite-2Mla Al, ,,(Si,AlO,(OH), 8.5
ﬁ:ggféga'da”' (Na,Ca)Al(Si,Al),0, 6.6
Calcite Ca(CQ,) 5.6
Dolomite CaMg(CQO,), 3.3
Microcline (KgsNa)AISI,O, 2.8
Magnetite syn Fe,O, 2.6
Muscovite-2M1 z((0~932'6:|2§f|:-3228i3-068010) 24
Iron Oxide Fe,.,,0, 2.1
Clinochlore Mg, Fe, ,Al, Si, Al O, (OH), 1.7

Table 3 - The X- ray fluorescence analysis of the original sample

Sample from dump Cu, % Au, g/ton | Ag, g/ton
Total | Oxidized
Moldybay 0,24 0,045 0,14 5,48
Sayak oxidized 1,02 0,51 0,16 7,32
Tastau 1,37 0,033 0,69 1,12

In order to study the opportunity of gold extraction
from depleted copper-bearing dumps, the object of
the research was selected the sample of Moldabay
site, the most complicated by composition, of Sayak
field, with the content of total copper - 0,24 %, in
the oxidized form - 0,045 %. The content of precious
metals was: Au—0,14 g/ton, Ag— 5,48 g/ton. Studying
the phase and elementary composition of the sample
was conducted using methods of x-ray diffraction and
x-ray fluorescence analyses. The results are given in
tables 2-3. The X- ray fluorescence semi-quantitative
analysis was performed on the wavelength dispersive
X-ray fluorescence spectrometer Axios 1 kW
of “PANalytical” Company (the Netherlands).
Processing of derived data was performed within
Super Q software using the software package
Omnian 37 (by FP model). According to results of
the analysis, the quality semi-quantitative elementary
composition of sample was determined.

Name of elements Content in the
samples, %
0} 53.542
Na 1.755
Mg 0.761
Al 5.062
Si 20.044
P 0.053
S 0.413
Cl 0.026
K 1.001
Ca 9.432
Ti 0.135
Mn 0.194
Fe 7.329
Cu 0.239
Zn 0.007
Rb 0.003
Sr 0.030
Zr 0.006
Mo 0.006
Pb 0.012

The data of x-ray diffraction and x-ray fluorescence
analyses showed in the sample the existence of
significant amount of iron-bearing minerals. Thus,
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the x-ray diffraction analysis established, that the
most part of iron was represented by comprehensive
complexes and approximately 4,7 % are represented
in kind of oxides: magnetite Fe,O,- 2,6 %, iron oxide
Fe,,.,0,- 2,1 %. The x-ray fluorescence analysis
showed the total content of iron of approximately
7,3 %. In addition, existence of a large amount
of calcium 9,4 was established in the sample. The
content of silicon amounted to approximately 20 %,
aluminum — 5 %, the x-ray diffraction analysis also
detected the content of calcite (Ca(CO,)) na yposne
-5,6 % and dolomite (CaMg(CO,),) — 3,3 %, which
allows also refer Sayak field to carbonate-argillaceous
rocks, enriched by silicon earth. This type is typical
for such large fields as Gold Strike and Gold Quarry in
the USA, Nezhdaninskoe, Natalkinskoe, Sovetskoe,
Olimpiadninskoe and Sukhoy Log (Russia). Gold-
sulfide  pyrite-(pyrrhotine)  arsenic-pyrite  ore
association with fine-dispersed gold is prevalent in
them. The amount of sulfides and carbon in these ores
do not usually exceed 3-5 %

During the process of studying the Moldybay sample,
two experimental directions were worked out:

1) results of simultaneously conducted study on
extraction of copper from dumps with grain size of up
to 250 mm of Moldybay sample of Sayak field using
percolation method were analyzed;

2) 3 wvariations of agitation leaching, with
preliminary crushed material, were performed.

During percolation leaching of non-crushed dumps,
after introduction of the process of extraction and
further spraying by bypass solutions 78,6 % of copper
was extracted within the period of 90 days. Moreover,
significant amount of iron 13,5 13,5 g/dm?, calcium—
0,6 g/dm’, manganese — 0,46 g/dm’, aluminum —
1,8 g/dm® were observed in the productive solution.
As for precious metals, an insignificant content of
silver amounted to 14 mg/dm* was detected, which
was only 0,6 % of extraction from the original, no
gold was detected. Results are provided in Table 4.

Table 4 - Analysis of solution for the content of precious and other
extracted metals under acid spraying

Content
Ag, Al, ) Mn, Fe, Ca,
Au, mg/! mg/| g/l Ti, g/ gll g/l g/l
not 0,14 | 1,85 | 00021 | 046 | 135 | 06
detected

Results of the analysis showed, that in the
process of leaching with sulfur acid, there is no gold
extraction in the solution, silver is extracted in small
amounts 0,3-0,6 %. The original content of gold in
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Moldybay dumps amounts to 0,14 g/ton, silver —
5,48 g/ton. Upon completion of leaching the copper
by sulfur acid, the mass fracture of gold and silver in
the depleted ore increases (Table No.5). In addition, in
the process of sulfur acid treatment, there is reduction
in the content of iron compounds, which like copper,
inhibits the process of cyanidation in gold leaching.

Table. 5 — Change in the content of precious metals in dumps
after sulfuric-acid leaching of copper

The content after sulfuric-acid

Original content, g/ton leaching of copper, gfton

Au Ag Au Ag
0,14 5,48 0,57 6,3
Taking into account the derived results,

experiments on agitation leaching of gold and silver
from the depleted Moldybay dump of Sayak field
were performed.

An ore charge 0of 400 g weight, preliminary crushed
to grain size of 1,0 mm, with original content of
copper - 0,24 %, gold — 0,14 g/ton, silver — 5,48 g/ton
was taken for the purposes of study. At the first stage,
leaching was performed using sulfur acid with the
concentration of 20 g/dm’, the solid to liquid ratio =
1:4, within 8 hours. Results are provided in table.6.

Table 6 — The content of elements in the productive solution in
agitation leaching.

The content of elements, g/dm?

Cu Ca Fe®* Fe?*

0,54 0,77 0,29 1,48

The volume of productive solution amounted
to 1,3 1, which under concentration of Cu — 0,54 g/1
provides the index of copper extraction of 73,13 %.
The yield of precious metals to the solution was not
observed, their mass fraction in cake increased up
to: Au — 0,6 g/ton, Ag — 6,4 g/ton. The cake mass
after leaching amounted to 392 g. Two charges of
100 g were taken from the remaining part of cake
for experiments with cyanidation. After measuring
the pH index, neutralization of acid medium in cake
was performed. In addition, a charge of 100 g of the
original sample was selected without preliminary
leaching by sulfur acid, also crushed up to grain size
of 1 mm. the experimentation on agitation leaching
was performed in three variations:

1) Cyanidation of the original sample without
preliminary leaching using sulfur acid,
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2) Cyanidation of the sample after copper leaching
using sulfur acid.

Leaching was conducted within 12 hours using
cyanide solution with concentration of 1 g/dm?®, with
solid to liquid ratio = 1:4. In addition to agitation
leaching, an experiment on dump cyanidation was
also performed. The remained sample of non-crushed
dump after neutralization of acid medium and
attaining the pH of 10,5-11,0, underwent the spraying
with solution of sodium cyanide with concentration of
1 g/dm?, within 50 days. Cakes and the dump derived
from the agitation leaching after cyanidation were
analyzed for the content of gold and silver. Results of
analyses were provided in table 7.

Table 7 — Results of cyanidation of Moldybay sample of Sayak field

Content | Content Ext
Leaching | Size | original, |in cake, g/ t_xra;—
Sample method  |class,| gjton ton lon, 7o
mm Au | Ag |Au | Ag | Au | Ag
Original Ag'tas'g/'?'CN 1,0 |0,14|548|0.28/ 2,58 | - |52,92
After acid |Agitation,H,SO,,
leaching | — neutral. - | -1,0 | 0,6 |6,4|0,2| 2,1 |66,7| 67,2
of copper CN 1g/l
Dump Percolation,
after acid| H,S0,, = | 550 |0,57| 6,3[0,35( 2,28 [44,5] 60,3
leaching |neutral. — CN
of copper 1g/l

According to results of analyses, it was determined
that preliminary leaching of non-ferrous metals using
sulfur acid with subsequent neutralization allows
further extraction through cyanidation. Thus, in
cyanidation of the original sample, increase in mass
fraction of gold from 0,14 to 0,28 g/ton was observed
in cake. This is the evidence that no extraction of gold
take place, but cyanide addition is spent for formation
of cyanic complexes of iron and copper. However,
silver is extracted of up to 52,92 %. Preliminary
extraction of copper and the concurrent transformation
to sulfur acidic solution of iron compounds allows
extracting gold of up to -66,7 %, silver — 67,2 %.
Spraying of the depleted copper dump with cyanide
provides indexes of extraction lower than in agitation
leaching, in terms of gold it amounts to — 44,5 %, in
terms of silver — 60,3 %.

Conclusion: Low production costs of dump
leaching allow excluding performance of tank
leaching at a factory, which include preliminary
crushing, transportation and other preparation
processes. Leaching in heaps under insignificant
capital and operational costs allows processing large
masses of unpayable raw materials, and deriving
significant amount of copper. In subsequent extraction

of precious metals from already decoppered dump,
using the method of dump leaching, preparation
processes, associated with dump transportation,
heap formation, installation of spraying and drainage
system. The unpayable raw materials with the content
of gold within 0,5-0,7 g/ton is referred today as an
unprofitable in terms of gold mining. However,
considering the tendency of increasing the share of
ores with increasingly low content of gold, as well as
the fact that in case with Sayak field an opportunity
of further cyanidation of dumps, avoiding the stage
of ore preparation - leaching of precious metals
under dump technology may be considered as further
perspective for the group of these fields.
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TYWIHOEME

Byn XyMmbicTa yiiHAI TypiHAEri MbiCKypamAbl LUMKI3aTTbl KELUEHA eHAeY XaHe COHbIMeH bipre KocbiMLUa acblnl MeTangapabl any
MYMKiHAiKTEpi 3epTTenreH. Casik KEHOPHbIHbIH YWiHAINEPIHEH MbICTbI epiTiHAiney GombiHWa >XyprisinreH Taxipubenep 6apbicbiHAa
arvTaumsnblk XeHe NepKoNsauManbIK S4ICTep apkbifbl apbl Kapawn anTblH MEeH KyMIiCTi KocbiMwia any MyMKiHAikTepi 3eptTtengi. Herisri
METannyprusinblk eHiM — MbICTbl anfblH ana KbllKbINAbIK epiTiHainereHae, anTbliHHbIH Maccanblk yneci 0,5-0,6 r/T geHrenre aeniH
apTaTbiHbl aHbikTanabl. byn eHgenin GiTkeH MbIC yWiHAINEPIH eCenTeH LWbifapbliFaH anTbiHKypamAbl LUMKI3aTKa XaTKbl3yFa MYMKIHAIK
Gepeai xaHe onapaarbl KbILKbINAbIK OpTaHbl beriTapantaraHHaH KeliH acbin MeTangapabl LMaHuATI epiTiHAiney apkbinbl anyra 6onagpi.
MeicTbl any ypaiciHae yniHaginepai y3ak yakbiT KyKipT KbILLKbINTbIMEH 6HAEreHAe TEMIP KOChINbICTapbl CbIPTKA LblFapbinabl, an TeMip MbIC
CUSIKTbI LMaHfaraHfa anTtbiHHbIH 6eniHyiH kubiHaaTaabl. MeicTbl 90 Taynik 6olbl epiTiHAINereHae ycatbinmaraH yriHaigeri MbICTbiH 6eniHy
KepceTkilwi 78,6 % kypagbl. Mbiccbi3gaHabIpbinFaH yriHAINEpAeH acbln MeTanaapabl epiTiHainey GovbiHWa Taxipubenep anTbiHHbIK
GeniHy kepceTkiwi — 44,5 %, kymicTiH — 60,3 % kepceTTi, an yniHAiHI angpiH ana — 1,0 MM ipinikke geniH ycatkaHga 6yn kepceTkiwTtep
anTblH 6onbiHWwa — 66,7 %, Kymic 6ovbiHWa — 67,2 % kypapabl. Ecenke anbiHbaraH Kengepai anTbiH any ypaiciHe TapTyaarbl anemaik
YPAICTi 8He keHaepaeri anTbIHHbIH MerLWepi KYHHEH KyHre asaibin 6apa xaTkaHbliH eckepin, Casik KeHOPHbIHbIH MbICCbI3AaHAbIpbINFaH
yviHainepi 6bonalwakTa acein MeTangapabl anaTbiH LKKI3aT peTiHAe KapacTblpbinybl MYMKIH.

TyniH ce3nep: yWiHAIHI epiTiHAINey, eCenTeH LWbIFapblnfaH KeHAep, MbIC YRIHAINEPi, MbICTbI ePITiHAINEY, ackin MeTanaapabl epitiHginey
PE3IOME

B paHHon pabote mccnegoBaHa BO3MOXHOCTb KOMIMIIEKCHOW MepepaboTkn MeabcogepKallero Cbipbs, NpeacTaenstolero cobon
oTBarnbl, ¥ NEPCNeKTMBbI JOU3BIIEYEHUsI U3 HUX BnaropofdHbIX MeTansoB. B xone npoBeaeHVs 3KCNEPUMEHTOB MO BbiLLENaYMBaHNIO MEAM
13 0TBanoB MecTopoxaeHusa Cask, arMTauMoHHbIM 1 MEPKONSALMOHHBIM METOAAMM, N3yYeHa BO3MOXHOCTb MOCINEAYIOLLEro AON3BEYeHNS
3omnoTta u cepebpa. bbino yctaHoBneHo, YTo NpegBapuTeribHOE KUCNOTHOE BhilLenayvBaHWe OCHOBHOMO METanypruyeckoro npogykra
— Meau, NoBbILLIAET MaccoBylo Aot 3omoTa, Ao yposHsa 0,5-0,6 r/1. 3To nNo3sBonseT BMOCNeACTBUM OTHECTV oTpaboTaHHble MeaHble
oTBanbl kK 3abanaHcoBoMy 30r0TOCOAEPKALLEMY ChIPbiO 1 NMOCHEe HeWTpanusaumMmu KUCIoN cpedbl BECTU LUMaHWOHOE BbillenadnsaHue
6naropogHbix MeTannos. [nutenbHas obpaboTka OTBanoB CEpPHOM KWUCMOTOM B MPOLECCe W3BMEYEHWS Meau, CnocobCTBYET Takke
yOaneHuio coeanHeHui xeneaa, KOTopoe B CBOK ovepeb Takke Kak U Meflb 3aTpyAHSET U3BMeYeHNe 30510Ta Npu UuaHnposaHum. B xone
BbllLlenaymBaHne meam B TedeHme 90 cyT. U3 HegpobneHoro oTeana nokasarernb U3BreYeHns Mean coctaBun 78,6 %. SKCneprMeHTbl Mo
BblLLEena4ymMBaHunio 6naropogHbIx MeTannoB U3 06e3MeXeHHbIX OTBaNoB Mokasanu uasneveHue, %: 3onoto — 44,5; cepebpo — 60,3. Mpu
npeaBapuTENbHOM U3MENbYEHMM OTBana 4o knacca kpynHoctv —1,0 MM 3Tu nokasatenu coctaBunu, %: 3onoTo — 66,7; cepebpo — 67,2.
Y4yuTbiBasi MMpPOBYIO TEHAEHLMIO BOBNEYEHMS B NpoLiecc 30noTofobblun 3abanaHcoBbix pya ¢ Bce 6onee 1 6onee HU3KMMU nokaszaTensamu
cogepxaHusa 3omnota, obeamexeHHble oTBanbl MectopoxaeHns Cask B AanbHeWLen NepcrnekTyBe MOryT Takke paccmMaTpuBaTtbCs Kak
cbipbe Ans nonyyeHus GnaropogHbIX MeTanmos.

KnioueBble crnoBa: BbillenaynBaHme OTBanos, 3abanaHcoBble pyabl, MegHble OTBanbl, GrnaropofHble MeTannbl, Meapb, 3050To,
cepebpo, LuMaHnpoBaHue.
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