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Kasakcmar Pecniybriukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmeryze KabblndaHraHbiH xabapraldsi. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday wmaceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH Koramo0acmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.
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STUDY OF GOLD EXTRACTION
FROM STALE TAILINGS BY AGITATION LEACHING

Abstract. The object of research is technogenic mineral formations-tailings of the Bestube processing plant
located within the Bestube gold field. Analytical and technological studies of stale tailings have been carried out.
According to the results of analytical studies, the material composition of stale tails was established. The average
gold content in stale tailings according to assay analyses is 0.565 g/t, silver 1.56 g/t. The tailings belong to the
category of poor sulfide, oxidized raw materials. The main industrially valuable component in the tailings is gold,
silver has a subordinate value, and other metals are not of industrial value. Mineralogical analysis established that
stale tails are represented by quartz, muscovite, clinochlore, albite, dolomite. Studies were conducted on agitation
leaching of stale tailings of the initial size (64.08% of the class —0.074 mm) and after additional grinding to the size
of 90% of the class —0.074 mm. Reducing the size contributes to the dissolution of gold from the tailings: at the
initial size, 66.28% of gold is dissolved, after regrinding the degree of dissolution of gold from the tailings increases
to 87.23%. The results of research on agitation leaching of gold have shown a high efficiency of hydrometallurgical
technology for processing stale tailings of a processing plant.

Key words: stale tailings, stale tailings of the processing plant, leaching, technogenic mineral formations, gold.

Introduction. Given the limited nature of almost all types of natural resources and the significant
depletion of the mineral resource base, waste from the extraction and processing of mineral raw materials,
stored for a long time, as well as current and replenished, are not only the main environmental pollutants,
but also inevitably become a potential raw material base for production ferrous, non-ferrous, precious, rare
metals and other by-products [1-3]. Consequently, the development of technologies for the integrated
development of tailings storage facilities is an urgent scientific and technical task, the solution of which
will significantly expand the raw material base of enterprises, and will increase the effectiveness and
rationality of subsoil use. In addition, the need to involve tailing dumps in the secondary development is
due to a number of environmental problems, the solution of which will improve the situation in the region
and ecology [4,5].

It is known that cyanidation is the most common process for extracting gold from low-grade ores.
This process is based on the selective leaching of gold or other precious metal with aqueous solutions of
sodium, potassium or calcium cyanides. The resulting solution, containing dissolved gold is sent for
processing by various methods to obtain a high-quality commercial product in the form of a Dore alloy in
ingots. The resulting alloy is sent to the refining plant for the production of gold of the required degree of
purity [6-11].

Leaching gold with alkaline cyanide solutions in the presence of oxygen or air is a widely used
process for extracting gold from mineral raw materials. In this case, gold is oxidized and dissolved in the
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presence of cyanide with the formation of a complex ion [Au(CN),] according to the Bodlander's (1) and
(2) and Elsner's (3) equation, the latter is the sum of equations (1) and (2) [12,13]:

2Au + 4CN" + 0, + 2H,0 — 2Au(CN)y + 20H" + H,0,, (1)
2Au + 4CN" + H,05 — 2Au(CN)y + 20H, )
4Au + 8CN" + O, + 2H,0 — 4Au(CN), + 40H". 3)

In this work, we studied the indicators of agitation leaching of gold from stale tailings of the pro-
cessing plant.

Object and method of research. The object of research is technogenic mineral formations-tailings
of the Bestube processing plant located within the Bestube gold field. The technogenic mineral formations
of the Bestube processing plant began to form in 1935. The tailings of ore processing using amalgamation
and gravity technology were sent to storage, then the tailings of ore processing using gravity-flotation
technology were sent to storage. The reserves of the old tailing dump are about 500 thousand tons. There
were no detailed studies on the data of stale tails. According to the results of assay-gravimetric analysis,
the average gold content in stale tailings is 0.565 g/t, silver 1.56 g/t [14,15].

The chemical composition of stale tailings, %: Cu — 0.004, Ni — 0.01, Co — 0.001, Zn — 0.008,
Pb - 0.02, Fe — 3.77, CaO — 4.06, MnO — 3.20, Na;O — 0.72, KO — 2.80, SiO, — 57.88, ALOs; — 11.52,
As — 0.17, C(total) — 2.59, C(organic) — 0.61, C(carbonate) — 1.98, S(total) — 0.80, S(sulfate) — 0.04,
S(sulfide) — 0.76. The tailings belong to the category of poor sulfide, oxidized raw materials [15].

X-ray diffractometric analysis of average samples was performed using a DRON-4 diffractometer
with Cu - radiation, § - filter. Conditions for recording diffraction patterns: U = 35 kV; I = 20 mA;
shooting 0-20; detector 2 degree/min.

The identification of mineral phases according to the data of X-ray diffractometric analysis is shown
in the diffractogram in figure. The results of the mineralogical analysis of stale tailings are presented in
table 1.
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Table 1 — Results of mineralogical analysis of stale tailings
Components Formula Percentage, %
Quartz SiO2 33.4
Muscovite KAlx(SizAl)O10(OH)20,5 32.9
Albite Na Al Si30s 22
Clinochlore (Mg,Fe)s(Si,A1)4010(OH)s 8.8
Calcium CaCOs 1.5
Dolomite CaMg(COs)2 4.2
X-ray amorphous phase - 16.9
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From in table 1 it is seen that stale tails is represented by quartz, muscovite, clinochlore, albite,

dolomite.
The sieve characteristics of the tailings sample and the distribution of gold by size class are shown in
table 2.
Table 2 — The sieve characteristics of the tailings sample and the distribution of gold by size classes
Tailings size class, Yield Gold content, Gold amount, Gold distribution,
mm g % g/t g/t %
+0.074 1760 35.92 0.84 0.302 48.02
-0.074+0.036 810 16.53 0.48 0.079 12.63
-0.036 2330 47.55 0.52 0.247 39.35
Tailings 4900 100.00 0.628 0.628 100.00

From the data in table 2 it follows that the yield of the granular fraction (+0.074 mm) is 35.92%, and
the yield of the sludge fraction (—0.036 mm) in the tailings is 47.55%. There is an increased gold content
(0.84 g/t) in the size class +0.074 mm. In the size class —0.074+0.036 mm and in the size class —0.036 mm,
the gold content is approximately the same (0.48 g/t and 0.52 g/t, respectively) [15].

The average estimated gold content in the tailings is 0.628 g/t and is in good agreement with the
results of direct assay analyzes.

The four tests were conducted for agitation leaching of stale tailings of the initial size and crushed to
a size of 90% of the class —0.074 mm. Modes of carrying out the leaching was as follows: Solid:Liquid
=1:2, the pH of the pulp due to the addition of lime is 10-11, the initial concentration of NaCN is 0.1 %,
the speed of rotation of the agitator is 30 rpm, the leaching time is 24 hours. The mass of stale tails for
each experiment is 300 g. During the leaching process, the concentration of sodium cyanide and the pH of
the medium were monitored, and reagents were added if necessary.

At the end of leaching, the solution was separated and analyzed for the content of gold and the main
accompanying elements-silver, copper and zinc by atomic absorption method. The solid phase was
washed with water, dried, and analyzed for gold content.

Results and discussion. According to the results of assay, chemical and mineralogical analyses, only
gold is an industrially valuable component. Other metals, due to their low content, are not of industrial
value.

The results of agitation leaching of gold from stale tailings are presented in table 3.

Table 3 — Indicators of agitation leaching of gold from stale tailings

) Original particle size Particle size of 90%
Name of leaching parameters of tailings of class 0,074 mm
and indicators
Test Nel Test Ne2 Test Nel Test Ne2
Content in the liquid phase
of the pulp after 24 hours, mg/L:
Au 0.29 0.28 0.38 0.37
Ag 0.26 0.12 0.16 0.11
Cu 3.76 3.78 7.48 6.64
Zn 4.89 5.45 5.01 4.30
pH (units) 10.68 10.68 10.59 10.72
Gold co'nter.u in th? solid phase 028 030 0.12 0.10
of cyanidation tailings, g/t
Estimated gold content
in the initial stale tailings, g/t 0.86 0.86 0.88 0.84
Degree of dissolution
of gold from stale tailings, % 67.44 65.12 86.36 88.10
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From the data in table 3, it follows that the degree of dissolution of gold from stale tailings of the
initial size is 65.12-67.44%, from regrinding (particle size of 90% of class —0,074 mm) stale tailings
86.36-88.10%. The gold content in the solid phase after cyanidation is 0.28-0.30 g/t and 0.10-0.12 g/t,
respectively. Thus, additional grinding of stale tailings has a positive effect on leaching.

Conclusion. Studies on agitation leaching of stale tailings have shown that a decrease in size
contributes to the dissolution of gold from the tailings: with the initial size, on average 66.28% of gold
dissolves, after regrinding the degree of dissolution of gold from the tailings increases to 87.23%. The
results of research on agitation leaching of gold have shown a high efficiency of hydrometallurgical
technology for processing stale tailings of a processing plant.

A. A. Anraesal, B. H. Cypim6aes'?, JI. C. Bosorosa?, JK. T. Baramaposa'?, I1I. K. AKkbL16exoBa'?
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ATUTALUSUIBIK ITAVIMAJIAY DJIICI
APKBLIBI ECKI KAJIIBIKTAH AJITBIH AJTYIbI 3EPTTEY

AHHOTanmsi. 3epTTey HBICAHBI PETiHJAE TEXHOTEHJI MUHEpaJAbIK Ty3ulimaep — becreOe anThlH KeH OpPHBI
nierinae opHanac-kaH bectebe OaibiTy (haOpUKACBIHBIH KAJABIKTAPhl ANBIHIBL ECKi KaJgbIKTapFa aHAJTATHKAIIBIK
YKOHE TEXHOJOTHSIBIK 3ePTTEYJICp KYPri3uiai. AHATUTHKAIIBIK 3ePTTECy HOTIDKENEpl OOMBIHINA €CKi KaJABIKTapIbIH
MaTepUalIbIK Kypambl aHbIKTanasl. Tannay OOMbIHIIA €cKi KAIABIKTapIarbkl aTIHHBIH opTama meimepi 0,565 r/t,
kymic 1,56 1/t xypaiinpl. Kanneikrap a3 cyiab(uarTi, TOTBIKKAH HIMKi3aT OOJBIN JKikTesedl. XHUMUSUIBIK JKOHE
MHUHEPAJIOTHSIIBIK aHAJIM3 HOTHKeNepl OOMBIHIIA KypaMbIHIaFbl OHEPKICINTIK KYH/bI KOMIIOHEHT aJIThIH FaHa OOJIBII
cananazpl. Kanran meranaappiH @HAIPICTIK MaHbI3bI )KOK. MUHEPaIOTHSUIBIK Tanjay HOTHXKECIHAE eCKi KalbIKTap
KBapIl, MyCKOBHUT, KHHOXJIOP, aJbOUT, JTOJOMUT MUHEpAIaphl HETi3iHAe YCHIHBUIFAH. 3epTTeyjiep OacTamKsl MeJ-
mepaeri (64,08% -0,074 MM kiactaH) ecKipreH KaJabIKTapbl YTiTy apKbuibl sxoHe 90% -0,074 MM KjactaH KeriH
KYPrizuiai. MeepaiH a3arobl aqThIHHBIH KaJJBIKTApAaH €pYyiHE BIKMAI eTe/i: 0acTamKbl MeJIIepae aaThIHHBIH
66,28% epuni, KaiiTa eHAEYJEeH KeiliH alThIHHBIH KYHpBIKTapAaH epy aopexeci 87,23% neiiin apTaipl. AJTHIHIBI
YTITTIK InaiiManay >KeHiHAEri 3epTTeyJliep/iH HoTvkelepi OailbITy (paOdpHKachIHBIH €CKIpreH KaJABIKTapblH KaiiTa
OHJICY/IIH THIPOMETALTYPIUSIIBIK TEXHOJIOTHSACHIHBIH XKOFaphl THIMJIUTICIH KOPCETTI.

Tyiiin ce3aep: ecki Kanublkrap, 6aiibITy (haOpHKACBIHBIH €CKi KAIIBIKTaphl, IaiiManay, TeXHOreH/li MUHepaJl-
JIBIK TY3LTIMIEP, aaThIH.

A. A. Aanraesal, B. H. Cypuméaes'?, JI. C. Boanorosa?, JK. T. Baramaposa'?, I1I. K. Aknin0exopal”

'Kasaxckuif HallMOHANBHBIN YHHBEPCUTET MMEHH anb-Dapabu, Anmarsl, Kazaxcran;
2®unnan PI'TI «HI[ KIIMC PK» 'ocy1apcTBEHHOE HAYYHO-IIPOM3BO/ICTBEHHOE 00bEIMHEHHE
MPOMBIILICHHOH dKostorun «Ka3zmexanoop», Anmatsl, Kazaxcran;
SHauroHabHbIH LIEHTP M0 KOMILIEKCHOH NEpEpaboTKE MUHEPAILHOTO ChIPbs
Pecnyonuku Kazaxcran, Anmatsl, Kazaxcran

N3YYEHUE U3BJIEYEHUSA 30JI0TA U3 JIEXAKAJIBIX XBOCTOB
METOJAOM AT'NTAIIMOHHOTI'O BBIIINEJTAYUBAHUA

AnHoranus. OOBEKTOM HCCIICIOBAHUS SBJISIOTCS TEXHOT'CHHBIC MHUHEpAbHbIE 00pa30BaHHI-XBOCTHI 00Ora-
TuTeNbHON (habpuku "becTyOe", pacmoyiokeHHBIC B Mpeneiax 30J0TopyaHoro mecropoxaeHus "bectyoe". IIpose-
JACHbI aHAJIUTHUYCCKUEC U TCXHOJIOTHYCCKHUE HCCIICIOBAHUA 3aJIC)KHBIX XBOCTOB. Ilo pe3ysibTaTaM aHAJIUTUYCCKUX
HCCIIC/IOBAHMI YCTAHOBJICH BEIICCTBCHHBIM COCTaB HECBEKHX XBOCTOB. CpellHee COIepiKaHUE 30JI0Ta B HECBEKUX
XBOCTax IO JAaHHBIM NPOOMPHBIX aHAN30B coctariseT 0,565 r/T, cepedpa - 1,56 r/T. XBOCTBI OTHOCATCS K KaTe-
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ropuu 0eIHOro CyJb(HUIHOIO0, OKHCICHHOTO ChIphbsi. OCHOBHBIM MPOMBILIICHHO LEHHBIM KOMIIOHEHTOM B XBOCTaX
SIBJISIETCSI 30JI0TO, cepedpo MMEEeT BTOPOCTENCHHOE 3HAueHHWe, a JPyrue MeTalibl He HWMEIOT MPOMBIIUICHHON
LEHHOCTH. MUHEPaJOrn4ecKUM aHalu30M YCTAHOBJICHO, YTO HECBEKHE XBOCTHI IPEJCTABICHbI KBAapIeM, MYCKO-
BUTOM, KJIMHOXJIOPOM, albOMTOM, OJOMHTOM. McclienoBaHus MIPOBOAMINCH HA arMTAllMOHHOM BBIIIEIAYNBAHUN
HECBEKUX XBOCTOB HCX0HOTO pa3mepa (64,08% ot xmacca -0,074 MM) 1 mociie JONOTHUTEIBHOTO H3METIBUEHUS 10
pa3mepa 90% ot ximacca -0,074 MM. YMeHbIIeHHE pa3Mepa CIOCOOCTBYET PACTBOPEHMIO 30JI0Ta M3 XBOCTOB: IPH
MEepPBOHAYAIEHOM pa3Mepe pactBopsercs 66,28% 3omora, mocie nepenuin(oBKY CTEIEHb PACTBOPEHHUS 30JI0Ta U3
XBOCTOB Bo3pactaeT 10 87,23%. PesynpTaThl Hccae10BaHN O arUTallMOHHOMY BBIIIETAYUBAHHIO 3010Ta TIOKA3aJIN
BBICOKYIO 3()(peKTUBHOCTh THPOMETAILTYPIrHYECKOIl TEXHOJIOTHHU MepepabOTKH HECBEXKUX XBOCTOB 000raTUTENbHON
(habpuxwu.

KioueBble cioBa: Jiexalbie XBOCTbI, JIEKAJIbIE XBOCTBI 000raTUTENLHON (paOpHKH, BhIIIEIAYUBAHUE, TEXHO-
reHHblE MUHEPaJIbHBIE 00pa30BaHusl, 30JI0TO.
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