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RESEARCH OF GOLD EXTRACTION TECHNOLOGY
FROM TECHNOGENIC RAW MATERIAL

Abstract. The results of the leaching of the tailings from the heap leaching section with the aim of extracting
gold associated with sulfides are presented. A representative sample of the tailings of the heap leaching section was
selected and its chemical, phase, and mineralogical composition were studied. It was established that the test sample
contains 1.2 g/t Au. According to a rational analysis, by sorption cyanidation at a fineness of 95% class minus 0.071
mm, 76.09% of gold is extracted from a sample of heap leaching tailings, which is mainly (71.74%) represented by
intergrowths with ore and rock-forming components. The mass fraction of free (amalgamable noble metal is
insignificant (4.35%). The main reason for the persistence to sorption cyanidation is the close association of gold
with sulfide minerals. In the optimal mode of cyanidation of oxidation residues, 71.7 % of gold is recovered in 24
hours.

Keywords: gold, heap leaching tailings, phase composition, cyanide.

Introduction

Currently, the state of world mineral resources is characterized by a decrease in the quality of
minerals. Due to the depletion of placer gold and silver deposits and the involvement of raw materials with
a low content of valuable components and a complex composition, new, more modern and highly efficient
technologies for their extraction are required. The intensification technologies currently used make it
possible to obtain un-extracted gold from technogenic raw materials. Technogenic wastes are
environmentally hazardous, they cause significant harm to the environment, polluting water bodies, soil
and air, as dust storms increase the content of toxic elements in the air to a level exceeding the maximum
permissible concentrations.

In article [1], dissolution of noble metals by solvents of various types was considered. It should be
noted that one of the promising technologies for processing technogenic raw materials is chemical
leaching with preliminary oxidation, nitric acid opening, and bacterial leaching [2-4].

Abroad, in particular, South Aftica, the tails of gold deposits are involved in recycling, and in Russia
example are the tailings of the processing plants of Baleizoloto LLC [5-7].

At present, most gold processing plants process ores in which sulfide minerals are present. Gold in
such ores is partially associated with sulfides, and partially is in a free state. In most cases, ores of this
type are classified as refractory [8-25].

Technological mineralogy methods allow us to identify useful and harmful minerals and their
associations in ores, determine the features of their real composition and structure, the nature of
relationships between themselves and with rock-forming phases, control, explain and predict the
properties of ores in technological processes.

The raw materials for the re-extraction of gold are heap leach tailings, sorption tailings, flotation ore
tailings and substandard raw material reserves. In this regard, the aim of the present research was to
develop new methods for additional extraction of gold from the tailings of the heap leaching site.
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Experimental methods and results

The object of research was the tailings from the heap leaching section of a gold extraction plant
(Kazakhstan). The chemical composition of the studied tailings sample is represented by the following
main components, %: 1,385F¢; 0.132 Siai; 0.005 Zn; 0.006 Cu; 1.4 g/t Au. A sample of the tailings of
the heap leaching area is a finely ground material with a particle size of 90% of the class minus 0.071 mm.

The tail cyanidation products — solution and cake — were subjected to atomic adsorption and assay
assays, respectively.

Electron microscopic studies of the main sulfide mineral, arsenopyrite, extracted from the initial tail
sample, were performed on a JEOL JXA-8230 scanning electron microscope (Japan) equipped with an
energy dispersive analyzer. As can be seen in Figure 1, pyrite, in addition to the main structural elements -
iron and sulfur, also contains gold and trace elements of copperand zinc.
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Figure 1 - The microstructure of the initial sample of the tailings (a) and energy dispersive analysis of pyrite (b)
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It was established that silver, gold, and silicon are present in the microstructure of the sample. A large
part is dominated by non-metallic minerals (quartz more than 30%). According to the electron - probe
analysis, we see a particle of gold with a silver content, which develops in sulfides. The shape is gold-
plate, irregular, isometric.

X-ray phase analysis showed that the main sulfide mineral in the sample is pyrite (5.8%). In addition,
the tail contains a mineral, phyllosilicate of magnesium and aluminum with hydroxyl 7.3% clinochlorine.
The mineral composition of the test sample is represented by the following non-metallic components, %:
20.3 albite; 3.2 muscovite; 38.9 quartz; 4.6 calcite. Mineralogical analysis showed that gold is mainly
present in finely divided form in quartz and sulfide. The particle size of free finely divided gold is 2.5-3.9
um, in intergrowths it is 1.2-4.0 um, and gold grains of irregular isometric shape.

From the results of a rational (phase) analysis of gold in the tails, finely ground to a fineness of 95%
class —0.071 mm (table 1), it follows that 76.09% is extracted by sorption cyanidation. Of these, 71.74%
fall to intergrowths with ore and rock-forming components, and 4.35% fall to free (amalgamable) metal.

Table 1 - The results of a rational analysis for gold samples of the tailings of the site of heap leaching

The forms of gold and the nature of their association with ore and rock-forming Gold allocation
components
g/t %

Free gold (extractable by amalgamation) 0,040 4,35
[n the form of intergrowths with ore and rock-forming components (extracted by sorption 0,660 71,74
cyanidation)

[Total in possible for cyanidation form 0,700 76,09
[Extractable by cyanidation after treatment with alkali (associated with amorphous silica, 0,050 5,62

coated with surface membrane)

[Extractable by cyanidation after treatment with hydrochloric acid (associated with iron 0,018 1,94
hydroxides, chlorites, carbonates, iron sulfates, sphalerite, etc.)

[Extractable by cyanidation after treatment with nitric acid (associated with sulfides: 0,120 13,02
pyrite, arsenopyrite, chalcopyrite, etc.)

Finely interspersed in rock-forming minerals 0,031 333
[Total (on balance): 0,920 100,00

The mass fraction of refractory (not extractable by cyanidation) gold is 23.91%. It is mainly
associated with sulfides (13.02%), partially - it is coated with surface membranes (5.62%). To a lesser
degree, tenacity is affected by the relationship of gold with a complex of minerals soluble in hydrochloric
acid — hydroxides, chlorites, and iron carbonates (1.94%).

Determination of the sorption activity of the solid phase was carried out according to the method of
JSC Irgiredmet [8]. For this, two parallel cyanidation experiments were carried out on the ground ore
sample: in the sorption mode in the presence of activated carbon with a concentration of 10 vol. % and
without loading of activated carbon in the following conditions: ratio Liquid: Solid= 2: 1; NaCN
concentration - 2.0 g /1; CaO loading - 3 kg / t; cyanidation duration - 24 hours

The relative sorption activity (A, %) was calculated by the formula:

A=

< R-CAu ) 100 %

Bsource — Bcake >
where R — ratio L:S; Cay — the concentration of gold in solution (in the experiment without a sorbent),
mg/l; Bsource and Peae — accordingly, the gold content in the initial product and cyanide cake in the
experiment with the sorbent, g / t

The experimental results are presented in the table 2.
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Experimental part

Vat-agitation cyanide leaching of the initial sample of the tailings of the heap leaching site. The
results of studies on propaganda cyanide leaching of tailings using an oxidizing agent and a surfactant are

presented.

Table 2 - The results of experiments to determine the sorption activity of the tailings from the heap leach plot

Mass fraction of Experimental Concentration Au content Extract Aufrom Relative sorption
class minus conditions Au in solution, in cake, g/t operations,% activity,%
0.071 mm, mg/1

%
95 Without sorbent 0,47 - - 4.1
With sorbent - 0,22 82,1

* gold content in the initial sample according to the analysis- 1.2 g/t

The results presented in table 2 show that the initial tailings sample does not have sorption activity
with respect to the gold cyanide complex.

The optimal parameters for processing the tailings of the heap leaching section were selected by
comparing various leaching variants. Taking into account the significant content of carbonates in the tails,
in all cases they were pre-treated with acid in order to dissolve the carbonates.

In the process of preparing a sample of the tailings from the heap leaching site for hydrometallurgical
studies, it was ground to a particle size of 0.040 mm in a planetary mill. Leaching pulp density is 30%
solid. The pH of the pulp during leaching of the tests was maintained at a level of 10.5-11.0. Leaching
time 1s 24 hours (Table 3).

Table 3 - Leaching of the initial sample tailings from the heap leaching section

Variant The fineness of the material, mm Gold Content, g / t Gold extraction,%
In the original | Incake

Direct cyanidation
1 90 % -0,071 1,2 0,54 55,0
2 90 % -0,04 1,2 0,52 56,7

Using calcium hypochlorite Ca(ClO)
3 90 % -0,071 1,2 047 60,8
4 95 % -0,04 1,2 0,34 71,7

As a result, the following gold recovery indicators were obtained for various options for processing
the tailings from the heap leaching samples: variant 1- 55.0%; variant - 56.7 %; variant 3 - 60.8 %; variant
4-71.7%.

The results obtained indicate that in the process of leaching the tailings from the heap leaching
section, sulfides are oxidized, resistant gold is opened and its extraction is increased during subsequent
cyanidation of oxidation residues. Gold recovery reaches 60.8 and 71.7 %, respectively, in variants 3 and
4 of tailings processing.

Conclusion

It was revealed that the gold content in the test sample is 1.2 g /t. Gold is found in the form of very
fine grains in sulfides (arsenopyrite, pyrite), as well as in a finely disseminated state in silicate minerals.

As a result of rational (phase) analysis, the mass fraction of refractory (not extractable by cyanidation)
gold is 23.91%. It is mainly associated with sulfides (13.02%), partially - it is coated with surface films
(5.62%).

Extraction of gold from the tailings from the heap leaching section with preliminary oxidation is 71.7 %.

This work was financially supported by the Ministry of Education and Science of the Republic of
Kazakhstan as part of program-targeted financing of the Ministry of Education and Science of the
Republic of Kazakhstan
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TEXHOT'EHAI HINKISATTAPJAH AJITBIH BOJII AJTYABIH
TEXHOJOI'MACHIH 3EPTTEY

Annoramus. Kasipri ke3eHACTI aaThIH THAPOMCTAJUIYPIHACBIHBIH MAHBI3ABI MIHACTI - OHBI TECXHOTCHIIK
IMHUKi3aTTaH OenyAiH YTEIMABL 9micTepiH Taldy. KamapIkrapasl Kaita eHACYTEe TApTy YINIH KAJIBINTH CMEC QIIiCTep
KaokeT. TexXHOTEHIOIK IIMKI3ATTHl OHACYIIH TEPCHCKTHBTI TEXHOJOTHSUIAPBIHBIH Oipi - YJIKEH MAaTEePHAIIBIK
MIBIFBIHAAPABI KAKET ETIEHTIH OHE aTMOC(EpaHbl JACTAMANTHIH NIaMiMajay NPOLECIHAC anablH ana TOTHIFYIbI
Kogany. by omic Cyme(uarepaid TSpeH ambLTy biHA OAHIAHBICTHI KYPAMBIHAA AITHIHEI 0ap KypaMBIHIA MIHKI3ATTaH
AJITHIH aJy IbIH TOTHIFY IPOIICCIH KYIIECHTYTe MYMKIHIIK OEpei.

Cymduarepmer OaHIaHbICTBI ANTHIHABI a7y MAKCATBHIHIA YHIHAITEPAl KAJXABIKTAPHIH IIaiiManay HOTIDKEICpl
KENTipiareH. YHIHAIIEpAl KanasIKTAphIHAH YITIJICPi aIBIHBIN, OHBIH XUMISLIBIK, (DA3aIIbIK KOHE MHHCPAIOTHAIBIK
KYpaMBbl 3¢pTTeIAl. Y ITiACTi anThIHHBIH KypaMbl 1,2 T/T aHBIKTAIIRL. PanMoHAIIR TaaaayablH HOTHKSCI OOMBIHIIA,
95% xmactst 0.071 MM MemepiHAe COPOIFSIIBIK IHAHUATCHAIPY apKbUIsI 76,09% anThiH anbIHABL, OyI HETi3iHEH
KEH >KOHE Tay >KbIHBICTAPBIH KYpPaHTHIH eciHminepMcH ychHbUFaAH (71,74%). Boc (apamacaTbhlH achll METAIIbIH)
yaec camMarsl mamansl (4,35%). CopOunsIblK IMMAHUATCHYAIH HETI3Ti ce0cOi - aNTBIHHBIH CYIb(HATI MHHCPA-
JTAPMCH ThIFbI3 OAHIAHBICHL

OHzenyi KUbIH (ABIHOAWTHIH COPOMUAIBIK MHAHN3AIMNA) TYPiHAC anThHHBIH 23,91% xypatizer. On keneciaen
GexiHeni: aMOp(THI KpeMHHIMEH OANIAHBICKAH YKOHE OCTTiK KAaOBIPIIAKTAPMEH KAaNTadFaH - 5,62%; Ty3 KbIIIKbI-
JbIHJA SPUTIH MHHEPANAAp KCIICHIMCH OaHIaHbBICTHI (THAPOKCHATEP, KapOoHaTTap, TeMip xmopurrepi) - 1,94%;
cyabuarepMeH OaHIaHBICTHI. IMUPHUT, apceHONMpPHT - 13,02%; Tay >KBIHBICTApBl TY3UITCH MHHEPAITIAPMEH 6TC
JKAKCHI apajnacamsl - 3,33%.

DIEKTPOHABI MUKPOCKOTIHSIBIK aHAm3 (SEM) apKpLis! YHiHAICpAl maiiManay CEKIMSCHIHBIH (KYKa CEKIHUs-
Jap) KAIABIKTAPBIHEIH 0AaCTAIKbI YATICIH 3ePTTEY HOTHKEJIEPI CHIHAMAHBIH, MHKPOKYPBIIBIMBIHAA KYMIC, QJITHIH KIHE
KpeMHHH Oap CKCHIH KepceTTi. YNIKCH O6OJNNriH MeTam eMec MHHepanaap Kypadmos!l (keapr 30% -maH actam).
DNEKTPOHABI-30HATHIK AHAIN3TE COHKeC, Cynb(UATEpAC NaMHUTBIH KYMIC Kypambl 0ap anTelH OOIIIETiH Kepemis.
[TirmiHi aNTHIH TOPENKE TIPI3AL, HIOMETPHSIIBIK,

Bacramke! ynriai (KiHIIIKE CCKIHATIAPIBI) MHUHCPATOTHAIBIK Tanaay Oip skaraaiaa 00C KBIHBICH 0ap OOIIIEKKE
TyTikmem Oeri 0ap xyka mucniepcrsiiasrad Au (3.6x5.3 mk) Tas3 meFaHAK TOPI3AL KipiCTIPYAiH KapamaibIM >KHeT]
TaOBUTFAHABIFBIH KopceTTi. (12x18 mk). Cyperre anThIHHBIH KOKIIUI-KACBII PCHKI 0ap, om 00p, KOBCILTHT
KOMIO3HIMAIAPBIHBIH 00Tyl MyMKiH ¢keHiH kepcereai (bopaut - CuSFeS4; Koemmn - CuS). MyHpait puismacp
IOUAHUITIH ANTHIHFA KOJI JKETKi3yiHe kexepri kexripemi. Kymic a3 memmepze skyka Oemmuekrep Typieae Oosamsl,
memmepl Ag-ma (1-5,7 Mx), HeriziHeH epkiH. Tapamysl OOMBIHINA Ti3IMACITEH ACCONMALMIAHFAH KOMIIOHCHTTEP:
Apc apcerommpuri (FeAsS), mupur (FeS2), xammomupur Cn (CuFeS2) xone a3 marautut Mgt (Fe304), chanepur
Cx (ZnS); xone tennantur tn (Cul2As4S13); Oip xarpaiina ranena ra (PbS) 6ap morbipnanfaH apCeHOIHPUT
TaOBLIIBL.

ATBIHFAH HOTIDKCICP VHIHIIICPAl mAaiManay CCKIMACHIHBIH KAJIIBIKTApPbIH CLITLUICY MpOUeCiHae CYIbpuarep
TOTBIFAZbBI, OHCIY1 KUBIH AIThIH AIIBLIAIbI KOHE 0/1aH KSHIHTI TOTHIFY KaJIBIKTAPBIH IHAHU3AIMAIAY KE31HAC OHBIH
SKCTPAKIUACHI JKOFAPBUIANIBL.

TOTBIFY KaJNOBIKTAPBIH OHAHHATCHIIPYIIH OHTAIIBI >KaFraaibIHAA anTeiHHBIH 71,7 % -bI 24 carar imiHzme
AJTBIHA/IBL.

Tyiiin ce3aep: anTeIH, maiMatay aiMarsIHBIH YHIHIIIEPIHIH KaJABIKTAPhL, ()a3aibIK KypaMbl, HHAHUITCY.
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Satbayev University, AO « MTHCTHTYT METaILTy pruHl ¥ 000TAIICHISD
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HCCIHEJOBAHUE TEXHOJIOI'HMH U3BJEYEHHA 30J10TA
N3 TEXHOI'EHHOTI'O ChIPbsA

AnHoTamus. BakHeHmas 3agaua THOPOMETAUIYPTHH 3070TA HA COBPEMCHHOM JTalle - H3BICKAHHE
PADHOHANBHEIX CIIOCOOOB €r0 H3BICUCHHSA W3 TCXHOTCHHOTO CHIPbsA. /I BOBICUYCHHSA OTXOIOB B MEPepabOTKY
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TPEOYIOTCS HETPATHIMOHHBIE METOABI. OXHON M3 MEPCIEKTUBHBIX TEXHOJOTHI MEPEepabOTKH TEXHOTCHHOTO CHIPHS
SIBIISICTCSI TIPHMEHEHHUE B IPOIICCCE BBIMCIAYNBAHUS TPEIBAPUTEILHOC OKHCICHHUE, KOTOPOE HE TpeOyeT OO0NbInX
MaTEpPHANBHBIX 3aTPaT W HE 3arps3HsaeT atMocdepy. 3TOT METOA TO3BOICT HHTCHCH(HMIMPOBATH ITPOLIECC
OKHCJICHHS W3BJICYCHHA 30II0Ta M3 YIIOPHOTO 30JI0TOCOACPIKAINETO CHIPHSA 3a cueT Oonee TIyOOKOTO BCKPBITHS
CyT(hUIO0B.

HpI/IBGI[eHBI PE3YIBTATEI MPOUCCCA BBIICIATUBAHUA XBOCTOB YYACTKA KYYHOTO BBIIICIAYUBAHHUA C LCJIBHO
H3BICUCHHUS 30JI0TA, AaCCOMUHUPOBAHHOTO ¢ Cyab(uaamu. OCymECTBICH O0TOOP MPCACTABHTCIBHON MPOOBI XBOCTOB
VYacTKa KyYHOTO BBINICTAYMBAHMA M M3YUCHBI €€ XHUMHYCCKHH, (a30BBIH W MUHEPATIOTHHCCKHH COCTaB.
YcTaHOBIICHO, UTO B HCcneay eMor mpode coaepskurcs 1,2 /T Au. 1o JaHHBIM parMoHANIFHOTO aHAIH3A COPOIMOH-
HBIM ITHAHHPOBAHUCM TPH KPymHOCTH 95 % xmacca MuHyc 0,071 MM u3 mpoOBI XBOCTOB KYYHOTO BBIIICTIAYHBAHHUS
m3BIeKacTca 76,09 % 30mo0ta, KOTOpoe B 0CHOBHOM (71,74 %) mpeacTaBIcHO CPOCTKAMH C PyIHBIMH H TIOPOA00Opa-
3VIOIIUMH KOMIIOHCHTaMH. MaccoBas 1ons1 CBOOOJHOTO (aMalbraMHpyeMOTo OIArOpPOJHOTO METAUIA HE3HAYH-
tenbHA (4,35 %). OCHOBHOH MPHYMHOW YIOPHOCTH K COPOIHOHHOMY MHAHHPOBAHHIO ABIACTCSA TCCHAS ACCOI[HALIASL
30J10Ta C CyIb()UIHBIMHA MHHCPATAMH.

B ynopHO# (HE W3BIEKAacMOil COPOLMOHHBIM LHAHWpPOBaHHEM) (opme Haxommrcs 23,91 % 3omora. OHO
pacIpesesieHO CIEAYFOIIM 00pa30M: aCCOLMUPOBAHHOE C aMOP(HBIM KPEMHE3EMOM H MOKPBITOE MOBEPXHOCTHBIMHA
IUICHKAMH - 5,62 %; acCOnMMPOBAHHOE C KOMIUICKCOM MHHEPAJIOB, PACTBOPHMBIX B COJITHOM KHCJIOTE (THIPOKCH-
JaMu, KapOOHATaMU, XJIOPHTAMH >kene3a) - 1,94 %; cea3zannoe ¢ cyIppHIaMU: MUPUTOM, APCCHOMUPUTOM - 13,02 %;
TOHKO BKPAIJICHHOS B MOPOI000Pa3yFOIIHEe MUHEPAIH - 3,33 %.

Pe3yasTaTsl HCCIeIOBAHUA HCXOAHOTO 00pAa3Na XBOCTHI YUACTKA KYYHOTO BBIMICTAYABAHHUS (IUTH()OB) METOIOM
3NEKTPOHHO-MHKPOCKOMIIYECKOTO aHanmm3a (POM) mokazamia, 4Tro B MHKPOCTPYKTYPE IIPOOBI TMPHUCYTCTBYIOT
cepedpo, 3071070, KpSMHHH. BoNBIIyI0 YacTh MpeodiaaacT HepyaHble MUHEpAmBI (kBaph Oosee 30%). [To maHHBIM
3MEKTPO - 30HJOBOTO AHANM3a Mbl BHIMM YACTHUYKY 30J0TO C COACP/KAHHMEM cepeOpa, KOTOPBIH Pa3BHBACTCS B
cynabuaax. Gopma 30I0THHIUIACTHHYATAS, HEMPABMIIbHAS, H30MECTPHIHASL.

MunepanoTHuecKui aHATN3 UCXOAHOTO 00pasna (MUmM(oB) MOKA3AMN, YTO B CAWHHYHOM CIydac OOHApy KeH
MPOCTOM KPacBOil CPOCTOK 30JI0TA, MPSACTABICHHBIH HCTIYOOKHM 3aTHBOOOPA3HBIM BKJTFOUCHHCM TOHKOIHC-
mepcHOTO Au (3,6x5,3 mk) ¢ 6yropuaToi MOBEPXHOCTHIO B YACTHIC BMCHIAIOMICH Iy CcTo# mopoas! mi. (12x18 mk).
Ha cHHMKE 30JI0TO HMEET CHHEBATO-3CICHOBATHIH OTTCHOK, CBHACTCILCTBYIONIMH O HAJIWYHMH IUICHOK, BEPOSTHO
6opruUT-KOBETHHOBOTO coctasa (bopHur — CusFeSs,; Koemmun - CuS). [lonoOHbIE MICHKH 3aTPyAHSIOT JOCTYII
nuaHuga K 3070Ty. CepeOpo MPUCYTCTBYET B HE3HAYHMTEIHHOM KOIHMYECTBE B BHIC TOHKOIUCIICPCHBIX YACTHUI[ C
Bapuanuei pasmMepoB B mpeaeiax Ag (1-5,7 mk), mpeHMyImeCTBCHHO B CBOOOmHOHW (opme. ComyTCTBYIOIIHC
KOMIIOHCHTHI, TICPCUMCIICHHBIC B MOPSIIKE MX PACIIPOCTPAHCHHOCTH, MPEACTABICHBL. apceHomupuToM Ars (FeAsS),
maputoM (FeS2), xamprommpurom Cp (CuFeS2), m pexxe marmerurom Mgt (Fe304), copamepurom Sl (ZnS); u
TeHHAHTATOM tn (Cul2As4S13); B exHHUYHOM ClTydac 0OHAPYKCH CPOCTOK apCCHOMMPHTA C TaeHUTOM ga (PbS)

HOJ'Iy YUCHHBIC PE3YIbTATHI CBUACTC/ILCTBYIOT O TOM, UTO B IMPOLCCCE BRILICTIAYUBAHUA XBOCTOB YIACTKA KY1THOTO
BBIICIATUBAHAA MPOUCXOIUT OKHCIICHHC CyJ'II)(I)I/IZ[OB, BCKPBITHC YIIOPHOTO 30JI0TA W MOBBIMICHUC €T0 HU3BJICUCHUA
TIPH TTOCIICAYONIEM IHAHHPOBAHUH OCTATKOB OKHCIICHILL.

B onrEMaTbHOM PSKIME MHAHHPOBAHHUSA OCTATKOB OKHCIICHHA 32 24 u w3Baekaercs 71,7 % 30710Ta.

Kimio1eBbie c10Ba: 3070TO, XBOCTHI YYACTKA KyYHOTO BBIICIAYHBAHAS, (DA30BBIH COCTAB, IHAHUPOBAHNE.
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