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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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BEHAVIOUR OF SULFUR, ARSENIC AND ORGANIC CARBON IN A
GRAVITY CONCENTRATION OF GOLD FROM REFRACTORY ORE

Abstract. The results of assay-gravimetric, chemical, mineralogical analyzes of gold ore are presented.
According to the content of sulfide sulfur and the degree of oxidation of sulfur gold-bearing ore is assigned to the
poor sulfide type of ore in the primary zone. Gold ore refers to refractory carbonaceous arsenic-containing sulfide
ores. The gravity concentration of ore was assessed using a laboratory 3-inch Knelson KC-MD3 centrifugal
concentrator. According to the results of the GRG test, the total gold extraction was 39.58% with the total
concentrate yield of 3.96%. The extraction of gold in the first stage is lower than in the subsequent stages. This
indicates the absence of large gold in the ore. The behavior of sulfur and arsenic during gravity concentration is
similar to the behavior of gold. These data confirm that the main amount of gold is associated with arsenopyrite
(arsenic pyrite) and pyrite. The behavior of organic carbon during gravity is significantly different. Only 3.39% of
organic carbon passes into the gravity concentrate from ore, which reduces the persistence of the concentrate. Most
of the organic carbon (96.61%) remains in the tails of gravity. The content of components in the total gravity
concentrate was: Au 21.63 g/t, S 6.40%, As 0.82%, C(organic) 0.58%. The extraction of the components in the total
concentrate is as follows, %: Au 39.58; S 34.52; As 27.27; C(organic) 3.39.

Key words: refractory ores, preg-robbing, double-refractory ores, gravity concentration method, GRG test, gold
ore, carbon-arsenic sulfide ores.

Introduction. The most common reason for the technological persistence of gold-bearing ores is the
thin impregnation of gold, which is closely associated with sulfide minerals. Such minerals are most often
iron and arsenic sulfides: pyrite and arsenopyrite [1-3]. Direct cyanide leaching of such ore is not
effective, the cyanide solution is not accessible to gold even when leaching finely ground (less than
40 pm) raw materials. This type of ore belongs to refractory ores that require preliminary destruction
(oxidation) of sulfide minerals and the release of gold from them for its further dissolution [4-7].

Some refractory gold-bearing ores also contain an organic carbonaceous substance that has sorption
activity in relation to the gold-cyanide complex (the “preg-robbing” effect), which gives the raw material
additional persistence. Therefore, such raw materials are often called double stubborn raw materials. The
presence of carbonaceous substances in ores not only complicates the cyanidation process, but also makes
it unprofitable due to the low extraction of a valuable component [7—15]. To reduce the sorption activity of
the carbonaceous substance that is part of the ore, various methods and techniques are used, which include
gravity concentration, flotation, hydrochemical oxidation of chlorine, autoclave and bacterial oxidation,
etc. [10-21].

One of the primary methods for processing carbonaceous-arsenic sulfide gold-bearing ores is gravity
concentration method. To assess the enrichment of ores by gravity methods, a special GRG test (Gravity
recoverable gold test) is most often used in production [22-24]. The methodology for performing the GRG
test consists in the stage-by-stage grinding of ore with a gradual reduction in its size and the extraction of
gold at each stage as it is released [25-28].

The aim of this work is to study the behavior of sulfur, arsenic and organic carbon during gravity
concentration of refractory gold-bearing ore.
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Object and method of research. The object of research is the gold-containing ore from one of the
deposits of Kazakhstan in the East Kazakhstan region. According to the results of assay-gravimetric
analysis, the average gold grade in the ore is 2.29 g/t.

The chemical composition of the ore by main components is shown in table 1.

Table 1 — The results of chemical analysis of the sample

Components Content, % Components Content, %
Copper 0.004 Aluminium oxide 11.52
Nickel 0.01 Arsenic 0.17
Cobalt 0.001 Antimony undefined
Zinc 0.008 Common carbon 2.59
Lead 0.02 Organic carbon 0.61
Iron 3.77 Carbonate carbon 1.98
Calcium oxide 4.06 Common sulfur 0.80
Magnesium oxide 3.20 Sulphate sulfur 0.04
Sodium oxide 0.72 Sulphide sulfur 0.76
Potassium oxide 2.80
Silicon oxide 57.88 The degree of sulfur oxidation 5.00
Ore type:

— according to the degree of oxidation of sulfur: primary ore range;
— by the amount of sulfide sulfur: poor sulfide type.

The industrially valuable component in the sample is only gold. The remaining metals, due to their
low content, do not represent industrial value. The arsenic content in the sample was 0.17%. Almost all
sulfur is represented by a sulfide form. According to the content of sulfide sulfur, the sample is classified
as a poor sulfide type. According to the phase composition of sulfur, the sample is assigned to the primary
ore range.

Visually and by analysis confirms the presence of carbonaceous shales in the sample. Carbon schists
are natural sorbents of gold dissolved in cyanide. Such ores are classified as refractory ores, the extraction
of gold from which is difficult. The organic carbon content in the sample was 0.61%.

Complex mineralogical analysis was carried out using x-ray phase, microscopic and optical analyzes.
Samples were examined under a microscope in transparent thin sections, and polished sections, artificial
briquettes and immersion environment. Gold grains were studied on an electronic microanalyzer of the
JEOL JXA - 8230 Electron Probe Microanalyzer brand.

X-ray diffractometric analysis of medium samples was carried out on a DRON-4 diffractometer with
Cu - radiation, B-filter. Conditions for recording diffractograms: U = 35 kV; I = 20 mA; survey 6-20;
detector 2 deg/min.

The identification of the mineral phases according to X-ray diffraction analysis is shown in the
diffraction pattern in figure 1.
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Figure 1 — The diffraction pattern of an average sample
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The mineral composition of the average sample, calculated according to x-ray phase analysis using
chemical analysis and studying the products under a microscope, the following (%): ore — pyrite 1.5-2.0;
arsenopyrite 0.4—0.5; iron hydroxides and galenite — significant values; rock-forming — quartz 54-55;
muscovite 21-22; magnesite 8—10; dolomite 12—13; carbonaceous substance 1; others 1-2.

Methodology for conducting the GRG test. The GRG test was conducted on a 10 kg ore sample at the
Knelson concentrator KC-MD3. This test is performed in three stages. At the first stage, the ore weighing
10 kg was crushed to a particle size of 100% of —1.2 mm class and crushed ore was passed through the
Knelson concentrator. Next, the tails of the first stage were grinded to a particle size of 80% of —0.3 mm
class and passed through the Knelson concentrator. In the third stage, the tails of the second stage were
grinded to a particle size of 80% of —0.071 mm class and passed through the Knelson concentrator. During
the process, at all stages, samples were taken from the tailings for analysis and preparation of the
technological balance. The resulting enrichment products - concentrates and tails were analyzed for gold,
sulfur, arsenic and carbon.

The scheme of the GRG test is given in figure 2.

Ore 10 kg
(100% —1.2 mm)

1 stage of gravity concentration

y

concentrate tails

Regrinding
( 80% —0.3 mm)

2 stage of gravity concentration

concentrate tails
v

Regrinding
( 80% —0.071 mm)

3 stage of gravity concentration

y

concentrate tails

Figure 2 — Scheme of the GRG test

Results and discussion. According to the results of assay, chemical and mineralogical analyzes, only
gold is an industrially valuable component.

A GRG test was performed to assess the gravity concentration of gold-containing ore. The results of
the GRG test are shown in table 2.
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Table 2 — The results of the GRG test

Product . Out|p ut % Au content, g/t Au extraction, %
1 Stage 100 % —1.2 mm
Concentrate 1 114.8 1.15 23.00 12.33
Tails 1 9885.2 98.85 1.90 87.67
Ore 10000.0 100.00 2.14 100.00
2 Stage 80% —0.3 mm
Concentrate 2 141.4 1.43 18.87 14.30
Tails 2 9743.8 98.57 1.64 85.70
Tails 1 9885.2 100.00 1.89 100.00
3 Stage 80% —0.071 mm
Concentrate 3 139.5 1.43 23.30 19.92
Tails 3 9604.4 98.57 1.36 80.08
Tails 2 9743.8 100.00 1.67 100.00
Total
Concentrate 1 114.80 1.15 23.00 12.21
Concentrate 2 141.36 1.41 18.87 12.34
Concentrate 3 139.46 1.39 23.30 15.03
Concentrate 1+2+3 395.62 3.96 21.63 39.58
Tails 3 9604.38 96.04 1.36 60.42
Ore 10000.00 100.00 2.16 100.00

The total extraction of gold during three-stage enrichment was 39.58 % with a total concentrate yield
01 3.96 %. The gold content in the combined concentrate is 21.63 g/t.

According to electron-probe analysis, gold in the ore is present as thin (microns or less) inclusions in
pure pyrite and arsenic-containing pyrite. The maximum size of detected gold grains is 4-5 pm. It is
possible that smaller gold is part of the crystal lattice of sulfide minerals. The content of the main elements
in the composition of native gold, established by electron-probe analysis, varies in the following ranges
(%): Au 82-92; Ag 6-10; Fe 1.6-4.9 (figure 3). Electrum has the following composition (%): Au 67.12;
Ag 23.70; Fe 9.19 (figure 4).

The GRG test indicators for related components are shown in table 3.

002
Vot 20.00 kv
Mag x 370
Date 2018/04/06
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P Acquisition Condition
6 0= 1 Instrument  : 8230
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i | Process Time :T1
I Live time  : 20.00 sec
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Figure 3 — The high-grade gold in pyrite. The size of gold particles 34 pm, EDS mode, x370
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2269 0.50 1803589 0.0726128 K
30.30 0.54 531130 0.1175400 L
47.00 0.56 1595684 0.3854969 M
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Volt 1 20.00 kV
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Figure 4 — Electrum (2 grains) in arsenic pyrite. The size of the analyzed grain is about 2 um, EDS mode, x2200

Table 3 — The GRG test results for sulfur, arsenic and carbon

Product Output, Content,% Extraction, %
% S As | C S | As I C
1 Stage 100 % —1.2 mm

Concentrate 1 1.15 8.32 0.94 0.38 12.77 9.03 0.61
Tails 1 98.85 0.66 0.11 0.72 87.23 90.97 99.39
Ore 100.00 0.75 0.12 0.72 100.00 100.00 100.00

2 Stage 80% —0.3 mm

Concentrate 2 1.43 6.08 0.79 0.77 11.19 10.28 1.83
Tails 2 98.57 0.70 0.10 0.60 88.81 89.72 98.17
Tails 1 100.00 0.78 0.11 0.60 100.00 100.00 100.00

3 Stage 80% —0.071 mm

Concentrate 3 1.43 5.14 0.75 0.55 12.99 10.79 1.16
Tails 3 98.57 0.50 0.09 0.68 87.01 89.21 98.84
Tails 2 100.00 0.57 0.10 0.68 100.00 100.00 100.00

Total

Concentrate 1 1.15 8.32 0.94 0.38 13.02 9.08 0.65

Concentrate 2 1.41 6.08 0.79 0.77 11.72 9.40 1.61

Concentrate 3 1.39 5.14 0.75 0.55 9.77 8.80 1.13
Concentrate 1+2+3 3.96 6.40 0.82 0.58 34.52 27.27 3.39
Tails 3 96.04 0.50 0.09 0.68 65.48 72.73 96.61
Ore 100.00 0.73 0.12 0.68 100.00 100.00 100.00

The content of components in the total gravity concentrate was: Au 21.63 g/t, S 6.40%, As 0.82%,
C(organic) 0.58%. The extraction of the components in the total concentrate is as follows, %: Au 39.58;
S 34.52; As 27.27; C(organic) 3.39.

The extraction of gold in the first stage is lower than in the subsequent stages. This indicates the
absence of large gold in the ore. This is more clearly seen in Figure 5, which shows the change in the

extraction of gold and related components by stages.
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Figure 6 shows the total extraction of gold, sulfur, arsenic, and organic carbon extracted by gravity at
various sizes.
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Figure 5 — Extraction of gold, sulfur, arsenic and organic carbon by stages of enrichment (from operation)
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Figure 6 — The total percentage of gold, sulfur, arsenic and organic carbon extracted
by gravity at different ore sizes

The nature of the curves for the total extraction of gold and related components (especially sulfur) is
identical, which once again confirms the close relationship of gold with these components, which is
confirmed by mineralogical analysis (figures 3—4).

First of all, free gold passes into gravity concentrate, if it is present in ore. In the absence of free gold,
those sulfide minerals with which gold is associated are transferred to the gravity concentrate, i.e. pyrite
and arsenopyrite. The sizes of pyrite grains are mainly from thousandths to 0.05 mm, in some cases up to
0.1 and 0.4-0.5 mm (figure 7), and the sizes of arsenopyrite are 0.02 mm.

The behavior of sulfur and arsenic during gravity concentration is similar to the behavior of gold.
These data once again confirm that the main amount of gold is closely associated with arsenopyrite
(arsenic pyrite) and pyrite.

The behavior of organic carbon during gravity concentration is significantly different. Only 3—4% of
organic carbon passes into the gravity concentrate from ore, which reduces the persistence of the
concentrate. The most (96-97%) of organic carbon remains in the tails of gravity.
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Figure 7 — Gravity concentrate. In the field of view are single crystals of pyrite
and its accumulations. Polished artificial briquette, x100

Conclusion. In the gravity concentration of refractory carbonaceous arsenic-containing sulfide ore,
gold and sulfide minerals (arsenopyrite, pyrite) with which it is associated are effectively extracted into
the gravity concentrate. The extraction of gold and sulfur reached 34-39%, arsenic 27%. The extraction of
organic carbon in the gravity concentrate amounted to only about 3.5%. Thus, the gravity concentration
method can significantly reduce the content of organic carbon in the enriched product and, accordingly,
reduce the persistence of the obtained product during further processing.

B.H. Cypimb6aes, E.C. Kanaasbl, JI.C. BoioroBa, C.T. lllanrsiM6aeB

«KP MIIIKKO ¥O» PMK «Ka3mexaHoOp» MEMIICKETTIK OHEPKICIITIK
9KOJIOTHUS FBUIBIMU-OHIIPICTIK Oipuiectiri» ¢ununainsl, Anmatsl, Kazakcran

KYPJIEJII BAUBITBUIATBIH KEHHEH AJITBIH/IBI TPABUTALIASJIBIK
BAWBITY KE3IHJIETT KYKIPT, KYIIAJIA )KOHE OPI' AHUKAJIBIK KOMIPTEKTIH ©CEPI

Annoranus. Kypaeni GaffbITEUIATRIH aITBIHKYPaMIBl TEXHOIOTHSIIBIK KEHHIH KEHipeK Tapaiy ce0e0i — anThIH-
HBIH CYJIb(QHITI MAHEpaIIapMeH THIFBI3 OailIaHBICTHUIBIFBIHAA. MyH/Ialt MUHEpanaap kebiHece TeMip MEH Kyliajia
cyJib(uATepi: MUPUT KIHE APCEHOHPHT.

Kypaemi OaiibITBIIATBIH adThIHKYPAMBIHABI KEHIC aaThIH-IHAHUITI KEIICHI'e KATBICTHI COPOLMSIIBIK OCIICeH Il
OpraHMKajblK KeMipTekTi 3ar Oap («preg-robbing» ocepi), Oys WIMKi3aTKa KOChIMIIA OEpiKTiK cumar Oepeni.
CoHJpIKTaH MyH/all mIMKi3aT KebiHece eki ece Oepik mmKi3ar aen aranaabl. KeHne KeMIipTeKTi 3aTTapblH O0ITyb
IUAHUPIICY YACPICIH KYpACICHIIPIN KaHa KoWMail, Oarajibl KOMIIOHCHTTIH TOMCH O6JiHYy cajlapblHaH OHbI THIMCI3
ereni. KeH KypambiHa KipeTiH KOMIPTEKTI 3aTTapAblH COPOUMSIBIK OENCEHIUINIH TOMEHIETY YIUIH IpaBUTALMs,
(hiroTanys, XJIOpPMEH THAPOXUMHUSIBIK TOTHIKTHIPY, aBTOKJIABTHIK )KOHE OAKTEPHUSUIBIK TOTBHIKTBHIPY *oHE T.0. KaMTH-
TBIH PTYPJI S/1ICTEP MEH TEXHOJIOTHSUIBIK TOCUIIEp KOoMJaHblIa bl KeMipTekTi-Kynana cyab(GUATI alThIHKYpaM bl
KeH OHJIeYy/iH OacTankpl oiicTepiHiH Oipi rpaBUTAIMSIIBIK OaibITy OOJBIN caHasaabl. [ paBUTAlMSIIBIK SAiCTEpMEH
KeHHIH OalbITBUTY yHaepiciH Oaramay ymniH eHmipicte >kui apHaitbl GRG Tect (Gravity recoverable gold test)
KOJIIaHBLIA IBL.

JKYMBICTBIH MakcaThl — KypAedi OaWbITBUIATHIH ANTBIHKYPaMAbl KEHII TPaBUTALMSIIBIK OalbITy Ke3iHIeri
KYKIPT, KyIlIajia )9He OpraHUKaJIbIK KOMIPTEKTIH dCepiH 3epTTey.

3eprrey Hbicanbl — lllbrbic KazakcraH oOJBICHIHOAFbl aiNTBIHKYPaMbIHABI KeH. ChIHaMaibl-TpaBUMETPIIK
TaJZiay HOTWXKesepi OOWbIHIIA KEHJIEri alThIHHBIH OpTalla KypaMmbl TOHHachbiHa 2,29 r kypaiinsl. CblHamalarsl
kymana meumepi 0,17 % kypansl. Kenne Oapiblk KYKipT cyiabdupi Typinzae ycbiHburaH. Cynabduari KyKipTTiH
Kypambl OOWbIHIIA CbIHama a3 CyJib(uAaTi THIKe >KaTKpI3bUIFaH. KyKipTTiH (asanbik Kypambl OOHBIHIIA ChIHAMA
KEHHIH CyJIb(OUATI TUITIHE KaTaIbl.

Busyannael Typae ne koHe Tayfay HOTHXKECIHIE Jie ChlHamaja KeMipili cIaHUTepiH OONaThIHBI pacTaiajbl.
Kewmipii cnaHnTep LMaHWATE €pireH aITHIHHBIH TaOWFM copOeHTTepi OonbIn caHamanpl. MyHnmail keH Kypueini
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GalbITHUIATHIH KEHTE KaTaJbl, OJapAaH alThIHAB! any KublH. ChIHaMaJarsl OpraHuKaibIK kKemiprek memmepi 0,61 %
Kypasbl. 3epTeyre OepiireH aliThlH KYpaMbIHbI K€H Kyp/eni OaibIThIaTbIH KOMIPTEKTI-KYIIana TUITeC Cyab(UaTi
KEHIe JKaTapbl.

KenHiH rpaBuTanMsuiblK OalbITy >KyMbIChIH Oaranmay yuiH Hembcom KC-MD3 3eprxaHanbik 3 qroiiMaik
IEHTPACH TEMKIll KOHICHTPAaTOphl KoAAaHbULabl. GRG ChIHAFBIHBIH HOTHXKEJCpi OOWBIHINA alTHIHHBIH SKaJIIbl
Geminyi 39,58 %, KOHIIEHTPATTHIH KAl IIBIFBIMBL 3,96 % Kypazapl. BipiHmii caTeiaars! aITHIHHBIH XKaJIIbl 0eIiHyi
KEHIHT1 caTblulapra KaparaHaa asblpak. byn KeHzae ipi alThIHHBIH JKOKTHIFBIH Kepcereni. | paBHTanMsuIBIK OalbITy
Ke3iH/Ie KYKIPT jKoHEe KYIIaJIaHbIH OeJliHyi aJThIHHBIH OeliHyiHe yKcac. byi nepekrep anThbIHHBIH apCeHOIHMPHUTIIEH
(xymana TEpUTIMEH) JKOHE MUPUTIICH OalIaHBICTHI €KeHIH pacTaimpl. ['paBUTAINsI Ke3iHAETI OpraHUKAaIbIK KOMip-
TEKTiH OeJiHyl aHTapibIKTail epekineneHeni. [ paBUTAIMSIIBIK KOHIIEHTPAaTKAa KCHHEH OPTaHUKAIBIK KOMIipTEKTiH
HeOopi 3,39 % eteni, Oy KoHmeHTpaT OepikTiriH Temenaereai. OpraHuKaIbIK KOMipTeKTiH ken Oedmiri (96,61 %)
rpaBUTAIMA KaJABIKTapbIHAA Kanaasl. JKUBIHTHIK IPaBUTALMAIIBIK KOHICHTPATTaFbl KOMIIOHEHTTEPAIH KypaMbl Au —
21,63 /1, S — 6,40 %, As — 0,82 %, C (opranukaisik) — 0,58 % Kypaapl. KOMIIOHEHTTEpA1 KUBIHTHIK KOHLIEHTPATKA
Oeminyi, %: Au — 39,58; S — 34,52; As — 27,27; C (opranukansik) — 3,39. Ocbuiaiilia, rpaBUTAlMSIIBIK OalbITY
OaBITBUIFAH OHIMJICTI OPTaHUKAIBIK KOMIPTEK MOJIIICPIH alTapibIKTail a3aiTyra jKOHE OJaH opi OHICY Ke3iHIe
aJIbIHFaH OHIMHIH OEpIKTIriH TOMEHIETYTre MYMKIHIIIK Oepei.

Tyiiin ce3mep: kypneni OallbITBUIATBIH KeH, preg-robbing, xypaeni OalbITBIIATBIH KOC KEH, I'PaBHTALUSIIBIK
OaiibiTy anicrepi, GRG tecT, anThIHKYpam/Ibl KeH, KOMIPTEKTi-KyIIana CyJIbGHUITI KEeH.

B.H. Cypumo6aes, E.C. Kanaisi, JI.C. Boaotosa, C.T. llaarsim6aen

Owumman PI'TI «HL KIIMC PK» I'ocynapcTBeHHOE HayYHO-IIPOM3BOACTBEHHOE
oObeIMHeHNE TTPOMBIIIIIICHHOH 3Kosornn «KazmexanoOp», Anmartsl, Kazaxcran

INOBEJIEHUE CEPBI, MBIIIBAKA 1 OPTAHUYECKOI'O YIVIEPOJA
IPU T'PABUTAIIMOHHOM OBOTAILIEHUH 30JI0TA U3 YIIOPHOM PY bl

Annotanusi. Hanboee pacnpocTpaHeHHOH NPUYUHON TEXHOJOTMYECKOH YHOPHOCTH 30JI0TOCOAEPKALINX Py T
SBISIETCSl TOHKash BKPAIUIEHHOCTh 30J10Ta, TECHO ACCOLMHPOBAHHOIO C CYlb(UAHBIMH MUHepajlaMu. Takumu
MHUHEpaJIaMH Yallle BCETO SBISIOTCS CYJb(GHIBI JKelle3a U MBIIIbsIKa: TUPHUT U apCEHONUPUT.

B HEKOTOpBIX YMOPHBIX 30J0TOCOICPKAIIMX PyNaX COIEPKUTCS TAKXKE OPraHHYECKOE YIIIMCTOE BEIIECTBO,
obnamaromiee COpOIMOHHON AaKTUBHOCTBIO II0 OTHOIICHHIO K 30JOTOIMAHUIHOMY KOMIUIEKCY (RPQeKT «preg-
robbing»), 9TO TPUAAET CHIPHIO IOIOJHUTEIBHYIO YIOPHOCTh. [103TOMYy Takoe ChIphe YacTO HAa3BIBAIOT CHIPHEM
JBOMHOH ynopHoct. Hanmuume B pyaax yriaepoaucThIX BEIIECTB HE TOJIBKO 3aTPyNHSET IPOLECcC HIUAHUPOBAHUS, HO
U JeTaeT €ro HEpPEeHTAOCNbHBIM BCIEACTBUE HHU3KOIO U3BJICUYEHHsS I[IEHHOTO KOMIOHEHTa. /[l CHIDKEHUs
COPOLMOHHON aKTHBHOCTH YIJIEPOJUCTOrO BELIECTBA, BXOLIETO B COCTAB PYABL, IPUMEHSIOT Pa3IMuHbIe METOIBI 1
TEXHOJIOTMYECKHE MPHUEMBI, KOTOPbIE BKJIIOYAIOT IPABUTALMIO, (IIOTAIMIO, THAPOXUMHYECKOE OKUCIICHHUE XJIOPOM,
aBTOKJIaBHOE W OakTepuaipbHOe OKucieHHe M T.4. OJHUM M3 NEPBHYHBIX METOJIOB NepepadOTKH YIIIUCTO-
MBIIIBSKOBUCTBIX CYJIb(UAHBIX 30JI0TOCOAEPXKAIMX PYA SBISIETCS TpaBUTAllMOHHOE oOoramienue. Jlst OLEHKH
000raTMMOCTH pyJ I'PaBHTallMOHHBIMH METOJAMHU Yallle BCETO B IPOM3BOJCTBE MCIONB3YIOT crierquanbHelii GRG
tect (Gravity recoverable gold test).

Lenpto paboThl SBISETCS M3YYEHHE MOBEACHHS CEpPhl, MBIIIBSIKAa M OPraHHYECKOTO YIIepoAa MpW TpaBHUTa-
IIUOHHOM OOOTAIEHUH YIIOPHOU 30JI0TOCOAEPIKAIIECH PyIbL.

OOBEKTOM HCCIIENOBaHUI SBISETCA 30J0TOCOAEpXKAIlas pylda OJHOTO M3 MecTopoxieHus Kaszaxcrana B
Bocrouno-Kazaxcranckoit obnactu. Ilo pesynpraTram npoOHpHO-rpaBUMETPHUYECKOTO aHAIN3a CPEJHEE COAEPIKaHNe
3050Ta B pyae cocrapiseT 2,29 r/r. [IpOMBINIEHHO LEHHBIM KOMIIOHEHTOM B MpPOOE SIBISIETCS TOJIBKO 30JI0TO.
Coneprxanue Mbllbsika B mpode cocrauiio 0,17 %. [Ipakrudecku Besi cepa npesacTasieHa cyabpuaHoit hopmoii. Ilo
COJIEPXKAHUIO CYJIb(GHUIHON cephbl MPoda oTHeCeHa K yborocynbhuanomy Tumy. [To da3oBoMy coctaBy cepsl mpoba
OTHECEHA K IIEPBUYHOMY TUITY PYZBL.

BI/l3yaﬂbHO 1 aHAJIM30M NOATBECPKAACTCA HAJIUYHC B npoGe YTJIMCTBIX CJIAHLECB. VYraucTele CJIaHIIbI ABJIAKOTCS
NIPUPOIHBIMHA COPOSHTAMH PACTBOPEHHOT'O B IMAHU/IE 30J10Ta. Takue pyIbl OTHOCAT K YIOPHBIM py/JaM, U3BJICUECHHE
30J10Ta U3 KOTOPBIX 3aTpyAHeHo. ConepikaHne opraHndeckoro yrieposa B rnpobe cocrasmio 0,61 %. 3omoToconep-
JKarast pyia OTHOCUTCS K YIOPHBIM YTIIMCTBIM MBIIIBSKCOIEPIKAIIUM CYJIb(UIHBIM pYyAaM.

IIpoBeneHa oreHKa rpaBUTAIIMOHHON 00OTaTHUMOCTH PYABI Ha JIAOOPaTOPHOM 3-X JIOMMOBOM LEHTPOOESKHOM
koHnentparope Hempcoma KC-MD3. Ilo pesymeratam GRG Tecta cymMmapHOE HW3BIEUEHHE 30JI0Ta COCTABUIIO
39,58 % mpu BbIXOJE CyMMapHOTo KoHIeHTpaTa 3,96 %. M3BneueHne 3010Ta Ha IepBOii cTanuy 0ojee HU3KOE, YeM
Ha TOCIEIYIOMNX CTaAUsIX. JTO yKa3bIBAET HA OTCYTCTBHE B pyJe KPYIHOro 30i0Ta. [loBeaeHne cepbl 1 MBIIIbSKA,
[P TPAaBUTALOHHOM OOOTalIeHNH aHAJIOTMYHO MOBEACHHUIO 30J10Ta. DTH JaHHBIE NMOATBEP)KIAIOT, YTO OCHOBHOE
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KOJIMYECTBO 30JI0TA aCCOLMHUPOBAHO C apCEHOIMPHUTOM (MBIIBIKOBHCTBHIM MUPUTOM) M IMpuToM. [loBenenue opra-
HUYECKOT0 yIJIepoJia P I'PaBUTALMH CYLIECTBEHHO OTJIMYaeTcs. B rpaBUTAlMOHHBIN KOHIIEHTPAT U3 PyIbI IEpexo-
muT Beero 3,39 % opraHMYecKoro yriepoja, 4TO CHH)KAeT YIMOPHOCTh KOHIeHTpara. bosbmas yacte (96,61 %)
OpPraHMYecKoro yriepoja ocraercsi B XBocrax rpaBurauuu. Copep)kaHue KOMIOHEHTOB B CyMMapHOM TIpaBHUTa-
IIMOHHOM KOHIICHTpare coctapmwio: Au — 21,63 r/1, S — 6,40 %, As — 0,82 %, C(opranuyeckas) — 0,58 %. M3BneueHue
KOMITOHEHTOB B CyMMAapHBIH KOHIIGHTpAT cieayromniee, %: Au — 39,58; S — 34,52; As — 27,27; C(oprannueckas) —
3,39. Takum 0Opa3om, rpaBUTAIIMOHHOE 00OTAIEHHE TTO3BOJISIET CYIIECTBEHHO CHU3UTH COJIEp)KaHHE OPraHUIECKOTro
yrieposia B 00OTAIlEHHOM NPOAYKTE M, COOTBETCTBEHHO, CHU3UTH YIOPHOCTH IOJIyYEHHOTO MPOJYKTa MpPU Jajlb-
Heltmei mepepadoTke.

KnaloueBble cioBa: yrmopHele pyzbl, preg-robbing, pyabl JBOHHONH YIOPHOCTH, TPaBHUTalMOHHBIC METOJBI
oboramenus, GRG Tecr, 3010TOCONEpKAIIAS PYy/a, YTITUCTO-MBIIIBIKOBUCTHIE CYIbGOUIHBIEC PYIBL.
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