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Abstract: Gravity methods are widely used for processing of gold ores. But many aspects of these processing techniques
require improvement. In the study, methods of fire assay, gravimetric, chemical, mineralogical analyses of gold ores
were used. In terms of sulfide sulfur content and degree of sulfur oxidation, the gold ore is assigned to the low-sulfide
type of ore in the primary zone. Mineralogical analysis showed the ore-bearing rock is represented by phyllite. Gold in
the ore occurs mainly in the form of free large and fine particles. The fine gold is closely associated with pyrite. GRG
test was carried out for assessing gravity dressability of the gold ore. The total gold recovery is more than 41 %. The
highest gold recoveries were achieved at the first stage at 100 % of —1.6 mm ore grain size, and at the third stage at 80 %
of —0.071 mm ore grain size. This indicates that both relatively large gold and fine free gold particles are present in the
ore. This is also confirmed by mineralogical analysis. The GRG test results showed that the gold ore can be effectively
concentrated using centrifugal concentrators. The level of gold recovery by gravity at the multi-stage ore grinding is
quite high. When developing the ore concentration process flow sheet, gravity separation in centrifugal concentrators
should be included.
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OueHka rpaBUTAlIMOHHON 000raTUMOCTH 30J10TOCoAep:xkamieii pyabl — GRG
Cypumbaes b. H., Kanaasi E. C., bogorosa JI. C., llaarsim6aes C. T.

Ounman PecnyOnmKaHCKOTO rOCyJapCTBEHHOTO TpeAnpusiTHs «HauoHamsHbIH EHTP 10 KOMIUIEKCHOH mepe-
paboTke MUHEPAIBHOTO ChIpbsi Peciyonuku Kazaxcran» ["ocynapcTBeHHOE HAyYHO-TIPOU3BOJICTBEHHOE 00b-
e/IMHeHNE IPOMBILIICHHOH sKoJorun «KazmexanoOp»

(®umman PI'TT «HL KIIMC PK» 'HITOIID «Ka3zmexanoOp»), r. Anmatsl, Kazaxcran

AHHoTanusi: [ paBUTAIIIOHHBIE METO/IBI ITMPOKO MPUMEHSIOTCS IIPU NiepepaboTKe 30510Tocoep)aimux pya. Ho muao-
THE aCTIeKThI 3TOT0 HaNpaBJIeHHs! 00OTaIlleH!s TPEOYIOT COBEPIIIEHCTBOBaHMS. B paboTe HCrob30BaHbl METOBI ITPO-
OMPHO-TPaBUMETPUIECKOT0, XUMHUUECKOT0, MUHEPATIOTMYECKOT0 aHATIM30B 30JI0TOCOAEp KalIei pyabl. 3010TOCOAED-
Kalas py/ia 1o CoJIep’KaHuio Cyab(UIHOM cepbl U CTETICHN OKUCIICHHS CEPhl OTHECEHA K YOOTOCYIIb(HAHOMY THITY
PYZbI IepBUUHOM 30HBL. [10 TAHHBIM MIHEPAIOTHYECKOT0 aHAJIN3a, Py/ia MPEACTaBIeHa ITTHHUCTO-CITFOIUCTHIMU CIIaH-
naMu. 30JI0TO B pyJax HaXOIUTCS B BUZIE CBOOOJHBIX KPYMHBIX U MEJIKHX 3€peH, MpeoOiasaeT 30J0T0 CBOOOTHOE.
MeJKoe 30J10TO TECHO acCOLMUPYETCSI C MUPUTOM. /1151 OLIEHKM IPaBUTALIMOHHOM 000TaTUMOCTH 30JI0TOCOIeprKalei
pyzet mpoBeaeH GRG-tect. CymmapHoe n3BiieueHue 30510Ta coctaBisieT ooee 41 %. Hanboee BrICOKHE ITOKa3aTeIH
W3BJICYEHMS 30J10Ta MOTy4EeHbI Ha epBoii craguu npu kpynHocTH 100 % knacca —1,6 MM 1 TpeTbeil cTaanu Ipy KpyTi-
HoctH 80 % kiacca —0,071 MM. D10 yKka3bIBaeT Ha TO, 4TO B PyI€ IPUCYTCTBYIOT U OTHOCUTENILHO KPYIIHBIE 30JI0TUHBL,
W MEJIKHE CBOOOIHBIE, YTO MOJTBEPIKAACTCS MUHEPAIOTHYECKUM aHanm3oM. Pesynbratel GRG-Tecta mokazanu, 4to
30J10TOCOIepKaIas pyaa d3pdexTnBHO oboramaeTcs Ha EHTPOOEKHBIX KOHIIGHTPAaTOpax. Y POBEHb M3BJICUCHHUS 30-
JIOTa TpaBUTalMEed NP CTaJUATILBHOM M3MENIBUCHUH PYAbl JOCTAaTOYHO BBICOK. [Ipm pa3zpaboTke TEXHOIOrMUecKOu
CXeMbI 00OTaIlleH!s Py/Ibl HEOOXOMMO TIPETyCMOTPETh TPaBUTAIIMOHHOE 00OTallleHNe Ha EHTPOOEKHBIX KOHIICH-
TpaTopax.

KiroueBble ciioBa: rpaButanronHsie Metoapl oboramenus, GRG-tect, 30morocoaepxkamas pyaa, oleHKa rpa-
BUTALIMOHHOW 000TaTUMOCTH PY/Ibl, 00OTallleHHE 30J10Ta, HEHTPOOEKHbIE KOHLIEHTPATOPHI.
BY

BENEFICIATION. PROCESSING OF NATURAL AND TECHNOGENIC MINERALS




ISSN 2500-0632 (ON-LINE)

I Q MINING SCIENCE

AND TECHNOLOGY (RUSSIA)

GORNYE NAUKI | TEHNOLOGII

2020;5(2):92-103 MISIS

National University of

Science and Technology

s murupoBanus:. Cypumbaes b. H., Kanansr E. C., bonotosa JI. C., [Hanreimbaes C. T. Onenka rpaBuTanu-
OHHOM 000raTUMOCTH 3070TOCOAep X ame pyasl — GRG. Iopusle nayku u mexnonoeuu. 2020;5(2):92-103.

DOI: 10.17073/2500-0632-2020-2-92-103.

Introduction

Gravity separation is separation of minerals
based on difference in their density. Gravity separa-
tion methods are known and used for millennia [1, 2].
Despite widespread use of flotation beneficiation
methods, as well as magnetic and electrical separa-
tion, hydrometallurgical processes, gravity separa-
tion methods do not lose their relevance, and corre-
sponding process flow sheets and equipment are per-
manently being improved [3, 4]. All methods of
gravity separation are implemented at relatively low
capital and operating costs, being highly productive
and environmentally friendly. Gravity separation has
practically no alternative when processing ores of
placer deposits far removed from required infrastruc-
ture [5-7].

Over the latest decades, centrifugal facili-
ties for advanced processing of mineral raw mate-
rials are becoming more widespread. To deter-
mine the proportion of gold recoverable from ore
(sands) using gravity separation, a Knelson cen-
trifugal concentrator (Knelson) is used. This
method, which has become the standard in bene-
ficiation, provides valuable information on the
gold recoverability by gravity, as well as the abil-
ity to compare the dressability of different ores. In
such studies, not only the proportion of gravity re-
coverable gold is determined, but also its actual
particle size [8-14].

Gravity separation of gold ores may result
in gold losses at the grinding stage, as large parti-
cles of gold become overground and "stick™” onto
walls of the mill. For the first time, to reduce the
losses at the grinding stage, a special GRG test
(Gravity recoverable gold test) was developed by

Andre Laplante, professor at the McGill Univer-
sity of Canada. Later the technique was improved
by Knelson [15-22].

According to this technique, the amount of
gold recovered in the GRG test characterizes the
ore dressability by gravity methods. The GRG test
design is based on the fact that stepwise ore grind-
ing of allows the extraction of precious metals in
the course of their liberation without overgrinding
and abrasion of large metal particles. The GRG
test consists of three successive stages of the lib-
eration of minerals and three stages of beneficia-
tion. With stepwise grinding, the content of grav-
ity recoverable gold [17-19, 23, 24] is determined
as accurately as possible.

The study is aimed at assessing gravita-
tional dressability of gold ore using GRG test.

Research Subject and Methods

The research subject is gold ore of one of
Kazakhstani deposits, located in Kostanay Re-
gion. According to the results of fire assay with
gravimetric finish, the ore average gold grade is
1.60 g/t, and that of silver, 3.49 g/t.

For the analysis of other elements, chemical
decomposition and determination of the content
of the accompanying metals by atomic absorption
method were used. For phase analysis for sulfur,
chemical-gravimetric method was used. Chemical
composition of the ore is presented in Table 1.

Comprehensive mineralogical analysis was
carried out using X-ray diffraction (phase) analysis,
as well as microscopic and optical methods. The
samples were studied under the microscope in thin
sections, polished sections, artificial briquettes and
immersion media. Gold grains were studied using
the JEOL JXA-8230 Electron Probe Microanalyzer.
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Table 1
Chemical composition of gold ore
Component Percentage, % Component Percentage, %
Cu 0.004 K20 1.58
Ni 0.001 SiO, 67.29
Co 0.003 Al;O3 12.38
Zn 0.005 As 0.02
Pb 0.002 Sh 0.01
Fe 3.67 Stot 0.30
CaOo 1.96 Ssulfide 0.29
Mgo 110 Ssulfate 001
Na,O 2.07 Sulfur oxidation degree 3.33
Note.
Ore type:

— based on sulfur oxidation degree — primary;
— based on sulfide sulfur content — low-sulfide.

Comprehensive mineralogical analysis was
carried out using X-ray diffraction (phase) analysis,
as well as microscopic and optical methods. The
samples were studied under the microscope in thin
sections, polished sections, artificial briquettes and
immersion media. Gold grains were studied using
the JEOL JXA-8230 Electron Probe Microanalyzer.

X-ray diffraction analysis of averaged sam-
ples was performed using the DRON-4 diffractom-
eter with CuKa radiation, f filter. The X-ray diffrac-
tion (XRD) pattern producing conditions were as
follows: U = 35 kV; | =20 mA, shooting 6-26; de-
tector — 2 deg/min.

Semi-quantitative X-ray diffraction analysis
was carried out based on the diffraction patterns of
powdered samples using the method of equal sub-
samples and artificial mixtures. Quantitative ratios
of crystalline phases were determined. The X-ray
diffraction patterns were interpreted using the ICDD
card-index data: PDF2 (Powder Diffraction File)
powder diffraction data base and the diffraction pat-
terns of minerals free of impurities. For the major
phases, the content was estimated.

The gold ore gravity dressability was esti-
mated by the GRG test using the Knelson centrifu-
gal concentrator (KC-MD3) under the following
conditions: centrifugal acceleration - 60G; fluidiz-
ing water consumption — 3.5 dm¥min; solids

productivity — 0.5-0.6 kg/min; excess pressure of
the fluidizing water — 10-14 kPa; the solids content
in the pulp fed to gravity separation is 25-30 %.
GRG test design. The GRG test was con-
ducted using a 10-kg ore sample at the Knelson con-
centrator (KC-MD3). This test was carried out in
three stages. At the first stage, the ore weighing 10
kg was crushed to 100% passing 1.6 mm, and the
crushed ore was processed at the Knelson concen-
trator. Next, the tailings of the first stage were re-
ground to 80% passing 0.3 mm and processed at the
Knelson concentrator. At the 3" stage, the tailings
of the 2" stage were re-ground to 80% passing
0.071 mm. During the process, at all the stages,
samples were taken from the tailings for assays and
compiling the process balance. The obtained bene-
ficiation products (concentrates and tailings) were
analyzed by fire assay-gravimetric method [18, 23].
The GRG test design is given in Fig. 1.
Research Findings and Discussion
In terms of sulfide sulfur content and degree
of sulfur oxidation, the gold ore is assigned to the
low-sulfide type of ore in the primary zone.
Mineralogical analysis showed the ore matrix
is represented by phyllite, altered to different de-
grees: silicified, albitized, feldsparized, and carbon-
atized (Figs. 2-4).
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Initial ore — 10 kg
(100% passing 1.6 mm)
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Regrinding to 80 %
passing 0.3 mm
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v

Concentrate Tailings

v

—

Regrinding to 80 %
passing 0.071 mm

l

3 gravity separation stage — KC-MD3

\

Concentrate Tailings

Fig. 1. GRG test design

Fig. 2. Phyllite; thin section, x40
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Fig. 4. Silicified and dolomitized phyllite; thin section, x100:
1 — quartz; 2 — dolomite; 3 — muscovite
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Fig. 5. X-ray diffraction pattern of averaged sample
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Fig. 6. Pyrite: elongated, oriented along the rock bedding; polished section, x200

Fig. 7. Gold (1) in pyrite (2); polished section, X200

The identification of the mineral phases
based on the X-ray diffraction analysis data is
shown in the X-ray diffraction pattern (Fig. 5).

Mineralogical composition of the averaged
sample is as follows (%): ore minerals: pyrite —
0.5-1.0; arsenopyrite — 0.1-0.2; iron oxides and hy-
droxides — 6-7; chalcopyrite and lead sulfosalts -
occasional small particles; rock-forming minerals:
quartz — 46-47, kaolinite — 20-21, mica— 9-10, po-
tassium feldspar — 2, albite — 9-10, dolomite — 5-6.
Pyrite forms crystalline-granular aggregates in the
ore mass of the averaged sample, when the aggre-
gates contain elongated pyrite grains, oriented along

the rock schistosity (Fig. 6). It should be noted that
most of iron in the sample occurs in oxidized form.

Gold in the ores occurs in the form of free
large and small grains. Free platy gold grains 0.06
to 0.20 mm in size prevails. Fine gold is closely
associated with pyrite, forming inclusions of
0.005, 0.007, and 0.015 mm in size dispersed
within pyrite (Fig. 7).

According to the fire assay, chemical, and
mineralogical analyzes data, only gold is com-
mercially valuable component in the ores.

GRG test was carried out for assessing
gravity dressability of the gold ore. The GRG test
results are given in Table 2.
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Table 2
GRG test results
Yield .
Product g | % Au Grade (g/t) Au distribution, %
(0]
1st stage - 100% of -1.6 mm grain size
Concentrate 1 115.9 1.16 25.57 17.53
Tailings 1 9884.1 98.84 141 82.47
Ore 10,000.0 100.00 1.69 100.00
2nd stage — 80% of -0.3 mm grain size
Concentrate 2 113.8 1.15 17.60 14.48
Tailings 2 9,770.3 98.85 1.21 85.52
Feed (tailings 1) 9884.1 100.00 1.40 100.00
3rd stage — 80% of -0.071 mm grain size
Concentrate 3 119.6 1.22 17.15 17.10
Tailings 3 9,650.8 98.78 1.03 82.90
Feed (tailings 2) 9,770.3 100.00 1.23 100.00
Tot
Concentrate 1 115.90 1.16 25.57 17.48
Concentrate 2 113.78 1.14 17.60 11.81
Concentrate 3 119.56 1.20 17.15 12.09
Concentrates, total 349.24 3.49 20.09 41.38
Tailings 9,650.76 96.51 1.03 58.62
Ore 10,000.0 100.00 1.696 100.00
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Fig. 8. Recovery of gold by concentration stage
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Table 2 data show that the total gold recov-
ery is more than 41%. The efficiency of each stage
of the gravity separation (recovery at each stage)
in the GRG test is shown in Fig. 8.

The highest gold recoveries were achieved
at the first stage at 100 % ore particles passing 1.6
mm, and at the third stage at 80% passing 0.071
mm. This indicates that both relatively large gold
grains and fine free gold grains (from 0.06 to

0.20 mm) are present in the ore. This is also con-
firmed by the mineralogical analysis (Figs. 9-11).

Total percentage of gravity recoverable
gold depending on the ore grain size is presented
in Fig. 12.

Fig. 12 shows that the highest percentage of
gold recovery is achieved at ore grinding to 80 %
passing 0.071 mm.

Fig. 10. Platy gold (1), not fully released, in the plane of polished section, and pyrite (2);
heavy fraction of gravity concentrate, x200
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Fig. 11. Electron microprobe analysis for gold; composition (%6): Au — 96.54; Ag — 2.78; Fe — 0.68
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Fig. 12. Total percentage of gold recovered by gravity depending on the ore grain size

Conclusion gravity at the multi-stage ore grinding is quite

The GRG test results showed that the gold high. When developing the ore beneficiation pro-
ore can be effectively concentrated using centrif- cess flow sheet, gravity separation in centrifugal
ugal concentrators. The level of gold recovery by concentrators should be included.
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