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HYDROMETALLURGICAL PROCESSING OF PERSISTENT GOLD-BEARING ORES
BY TRADITIONAL BENEFICATION METHODS

Abstract: Based on the analysis of the results of physical and chemical research, known methods and techniques for processing low-
grade gold-containing raw materials have been offered and tested, the application of which will allow the most complete transfer of
gold into solution. In the course of physical-chemical studies of the initial ore, such methods as X-ray diffraction X-ray fluorescence,
mineralogical and chemical methods are used, in addition, using the assay method, the characteristics of the forms of finding gold in
raw materials are given. According to X-ray phase analysis, the initial ore belongs to the siliceous type, which is confirmed by X-ray
fluorescence and chemical analysis methods. The content of silicon in the ore is 28.8 %, which in terms of silicon oxide is about 62 %.
The gold content is 1.02 g/t. The mineralogical analysis of the raw material showed that ore mineralization of gold is pyrite, and according
to the assay there is practically no visible native gold in the ore, its content is 1.1 %, the fine-dispersed in the rock-forming minerals is
77.8 %. The following ore processing methods were tested: direct cyanidation, gravity enrichment with subsequent cyanidation, flotation
enrichment followed by cyanidation. The recovery of gold under direct cyanidation was 70.6 %, under conditions of gravity ore enrichment,
followed by cyanidation — 75.5 %. Cyanide leaching of the flotation concentrate allowed to convert 63.0 % of gold into the solution. Based
on the results of the conducted studies low-grade ore of the Karyernoye deposit is recommended processing by cyanide leaching with
preliminary gravitational concentration.
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Introduction. In connection with the depletion Table 1 - Phase composition of the initial sample
of light-weight gold-bearing ore reserves, the

industry faces the task of involving low-grade Mineral Chemical formula $-Q, %
raw materials in production. This is, as a rule, off- |Quartz, syn Sio, 65,9
balance, stubborn and technogenic raw materials |Albite Na(AISi,0,) 13,8
[1-3]. _ . Muscovite-2M1 | (K,Na)(Al,Mg,Fe),(Si,.1Al, )O, (OH), | 6,2

On the territory of the Republic of Kazakhstan [gypsum Ca(S0,)(H,0), 53
there is a number of the. world’s largest deposits Pyrite, arsenical |Fe(S , AS ), 45
of non-ferrous and precious metals whose ores, o~

N . ] alcium CaMg(CO,),

due to the peculiarities of their chemical and phase |carbonate 43
composition, can not be profitably processed by
existing methods, and therefore are classified According to the chemical composition, the initial

as off-balance [4-8]. The reserves of this kind ore is represented by the following components, %:
of raw materials are significant, and therefore, 59 _ Si0: 6.35 - Fe.O: 1.98 — SO : 0.44 — Fe :
the development of an efficient technology for 6’6 _ Szf T 0 0% v éz- . 637’ e °
extracting gold from it on the basis of available <’0,1 _C f“‘i"}ﬁe)’g/t ’_ Au, an(f“ﬁéil},rd{ng to X—t;t;;
methods and techniques is becoming increasingly  flyorescence analysis - has the following elemental
relevant. composition, %: 28,8 — Si; 55,3 — O; 6,6 — Al
The purpose of these studies was to determine (69 — S: 2.5 — Na; 1,45 — K; 2,65 — Fe; 0,11 — As;
the priority options for processing low-grade raw (95— Ca; 0,25 — Ti; 0,35 — Mg; 0,03 — P; 0,02 — Mn;
materials at the Karyernoye deposit. 0,02 — CI; 0,01 — Sr; 0,005 — V; 0,009 — Cr;
Experimental part and results discussion. (006 — Cu; 0,006 — Zn.
Studies of the initial sample by the X-ray phase Thus, the data of X-ray phase, X-ray fluorescence
analysis method determined the main constituents  and chemical analysis methods showed that the main
of the sample, which are quartz and albite yajyable component of the sample is gold, the content
(Table 1) of which is 1.02 g/t.
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In order to determine the ore mineralization of gold,
a mineralogical analysis of the feedstock was carried
out, which showed that the ore consists of altered
sandstones  (quartz-carbonate), aleurosandstones
and siltstones with veins of quartz, carbonate-quartz
composition bearing scattered dissemination of
pyrite. The technological sample is characterized by
a disseminated type gold-sulphide-quartz formation.
Ore mineralization of gold is pyrite.

A characteristic analysis of the forms of gold
finding and the nature of its relationship with ore
components gives a rational analysis, according to
which almost no visible native gold is found in the
ore, its content is 1.1 %, fine-grained gold in rock-
forming minerals is represented by 77.8 %.

Based on the analysis of the results of physical and
chemical studies, the following options for processing
the initial ore were proposed and tested:

- direct cyanidation;

- gravitational enrichment
cyanidation;

- flotation enrichment with subsequent cyanidation.

In the process of direct cyanidation, the initial
ore was crushed to a particle size of -0.071 mm,
80 % in the first and 90 % in the second variant.
Cyanidation was conducted by campaigning
with air aeration. In all cases, the duration of
the experiments was 24 hours, the volume of the
solution was 400 ml, all experiments were carried
out under air supply conditions. The initial mass
of the ore was 100 g, the ratio of S: L = 1: 4,
the temperature was maintained at 20 °C. The
concentration of sodium cyanide was 0.05 and
0.1 %. The results are shown in Table 2. It follows
from the table that the degree of gold recovery into
the solution during direct cyanidation varies from
62.7 to 70.6 %, depending on the leaching conditions.

with  subsequent

Table 2 - Results of direct cyanidation of the initial ore

Condit d its of Indicators
onditions and results of g9 ™0 571 mm[90 % — 0.071 mm

the process

Test1| Test2 | Test1 | Test2

Sample weight, g 100 100 100 100
Volume of solution, ml 400 400 400 400
Concentration of NaCN, % | 0,05 0,1 0,05 0,1
pH 10,7 10,9 10,8 11,1
Duration, hours 24 24 24 24
With air supply + + + +
Au content in initial ore by 1,02 1,02 1,02 1,02
assay analysis, g/t
Au content in the cake, g/t | 0,38 0,3 0,32 0,33
Degre;a of Au extraction by 627 706 68.6 67.6
cake, %

Gravitational enrichment was carried out with pre-
crushed ore to a size of 75 microns in three stages.
The enrichment results are presented in Table 3. It
follows from the table that in the enrichment process
a gravitational concentrate with a yield of 12.31 %
was obtained with a gold content of 14.31 g/t and an
extraction of 45.5 %. At the same time, the yield of
tailings was 87.69 % with a gold content of 2.4 g/t and
recovery of 54.5 %.

Table 3 - Results of gravitational enrichment

Product name Yioe/:d, Au, g/t E O(L’Au‘
Concentrate of recleaning 12,31 14,31 455
Tails of recleaning 87,69 2,4 54,5
Total 100,0 3,87 100,0
E - degree of Au extraction

The resulting gravity concentrate with a gold
content of 14.31 g/t was supplied to leaching with
sodium cyanide, a concentration of 0.2 %. The
leaching was carried out at pH 11.2 in the aeration
mode for 24 hours. The results obtained are shown in
Table 4.

Table 4 - Results of cyanidation of gravy concentrates

Conditions and results of the > stagzccj:::::;ration

process o
after purification

Sample weight, g 50

Volume of solution, ml 200

Concentration of NaCN, % 0,2

PH 11,2

Duration, hours 24

With air supply +

Au content in initial

concentrate by assay 14,31

analysis, g/t

The Au content in the cake

after leaching, g/t. 35

Extraction rate of Au, % 75,5

As can be seen from the table, during the
cyanidation of the gravy concentrate, gold recovery
into the solution was 75.5 %.

Flotation concentrating was performed on standard
laboratory flotation machines of the «Mekhanobr» type
with a chamber volume of 1.5; 0.5 and 0.25 dm?® in three
stages in closed mode. The following reagents were
used: butyl xanthate - collector, activity according to the
certificate 84.5 %; T-80 - blowing agent, activity 100 %;
Vitriol copper - activator, activity 65 %; Sodium sulphide
- activator, activity 100 %. The process was carried out at
pH 7-7.5. The results obtained are presented in Table 5.

13



Complex Use of Mineral Resources. No. 2. 2017.

It follows from the table that gold was distributed
between the concentrate and tails, respectively, 47.43
and 52.57 %. The yield of gold-bearing concentrate was
3.48 % with gold content of 13.26 g/t, and tailings yield
- 96.52 % at a content of 0.53 g/t.

Table 5 - Results of flotation enrichment.

’ Content Extraction

0, il )
Product Yield, % gt Au % Au
Concentrate 3,48 13,26 47,43
Tails 96,52 0,53 52,57
Ore 100 0,97 100,00

Further, the flotation concentrate was subjected
to ultrathin grinding in a bead mill to a fineness (P)
of 80 to 10 um, then its cyanidation was performed
at parameters similar to the cyanation of the initial
process sample. The results of cyanidation of the
flotation concentrate are shown in Table 6.

Table 6 - Results of cyanidation of the flotation concentrate

Conditions and results of Indicators

the process

Sample weight, g 50

Mass of solution, ml 200

Concentration of NaCN, % 0,2

pH 11,3

Duration, hours 24

With air supply +

Au content in initial

flotation concentrate by 13,26

assay analysis, g/t

Au content in the cake, g/t 4,9

Extraction rate of Au, % 63,0

As a result of the use of flotation enrichment
and hydrometallurgical processing of the flotation
concentrate, the total extraction of gold was 63.0 %.

Thus, the conducted studies showed that the degree
of gold recovery into the solution in direct cyanidation
varied from 62.7 to 70.6 % depending on the process
conditions, while leaching of the gravy concentrate
was - 75.5, and of the flotation concentrate - 63.0 %.

Conclusions. The material composition of the
Karyernoye deposit ore‘s is technological sample
was studied. X-ray phase, X-ray fluorescent, crystal-
optical and chemical analyzes of the initial ore were
performed, and the phases of gold present were
assayed by the sampling method.

Based on the results of physicochemical studies
of the initial ore, the following processing options
were tested: direct cyanidation, gravity enrichment
followed by cyanidation, flotation enrichment
followed by cyanidation.
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The maximum extraction of gold under conditions
of direct cyanidation was 70.6 %, in conditions
of gravity concentration of ore with subsequent
cyanidation — 75.5 %. Cyanide leaching of the
flotation concentrate allowed the conversion of 63.0 %
gold into the solution.

Based on the results of the conducted studies
of low-grade ore of the Karyernoye deposit is
recommended to be processed by cyanide leaching
with preliminary gravitational concentration.
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TYAIHOEME

dunsnka-xMumMusanbIK Tangay HaTwkenepi 6orbiHWa TOMEH CypbInTbl anTbiHbl 6ap KeHAepai eHAey YLWiH anTbiHAbl TONbIKTaW epiTiHaire
eTki3yre 6bonaTblH Benrini aaicTepi MeH TacinaepiH ycbiHAbl.bacTankbl KeHAI PUNKO-XUMUANBIK 3aneMeHTTiK,POA, MUHEpPONOrnanbIK xaHe
XUMUANBIKNbBIK 3epTTeyae anTblH KeHAe KaHdan Typae ekeHi aHbiktangbl. POA anTybiHWa Gactankbl KeH KpeMHUINi TypiHe kaTagbl.
OneMeHTTIK XXaHe XMMUAnbIK Tangay aaictepi pactagbl. Kenaeri kpeMHuin kepceTkili 28,8 %, KpeMHWUiA TOTbIFbIHA ecenTereHe lwaMameH
62 % kypanabl. anTbiH kepceTkili - 1,02 r / T. Mpobupni TangayablH HOTUXKECIHAE KeHHIH KypaMblHAa eLukaHAan KepiHeTiH anTblH KOKTbIH,
Kachbl, oHbIH kepceTkiwi 1,1 %, Manganan ycakranfaH MuHepangbl antbiH 77,8 %, MuHepanorvanblk Tangay HoTWkeciHae LukisaT
MUHepangbl anTbiH NUPUT €KEHiH KepCeTTi, XoHe Tangayfa cankec WbIKTbl. KeHai eHaeyaiH ap Typni Hyckanapbl CbliHanabl:Tikenen
uuaHuartey, rpaBuTaumMsanblK 6anbIThin LuaHuatey, dnotaumanblk 6anbiTein UMAHWATEY,. TiKENew LumaHuaTey antbliH OHAIpY KeHAepiH
-70,6 % -fa, rpaBuTaumanblk 6arbITbin 6apbin unaHuatey 75,5 % kypagbl. PrIOTOKOHLUEHTPATThI LMaHWANEH LWanmanaraHgia epiTiHgire
antbiHabl 63,0 % eTki3ai. 3epTTeynep KopbIThIHAbICEIHAA KapbepHoe epiHiH TOMEH CypbINTbl KeHiH anablMeH rpaBUTaumanbik 6anbITbin
Gapbin UnaHuaey Kaxer.

Tyninai cespep: anTbiH KypaMabl KEH, (PaBUOKOHLIEHTPAT, (PNIOTOKOHLIEHTPAT, UMaHuartey, rmapoMeTannyprus
PE3IOME

Ha ocHoBaHuM aHanusa pesynsratoB U3NKO-XMMUYECKUX UCCIEAOBAHUIA NpeanoXeHbl 1 onpoboBaHbl U3BECTHbIE CNOCOObLI U Npu-
eMbl NepepaboTKkM HU3KOCOPTHOIO 30M10TOCOAEPKALLErO Cbipbsl, MPUMEHEHUE KOTOPLIX MO3BONUT Hanboriee NormHO NepPeBECTU 30110TO
B pacTBop. B xoge pu3mKko-xuMmnyeckux nccrnegoBaHum NCXOQHOW pyabl NPUMEHEHbI Takne MeToAbl Kak PeHTreHOa3oBbIA, PEHTIEHO-
hrOOPUCLIEHTHDBIN, MUHEPaNorM4ecknii 1 XMMUYECKUA, KpOMe TOro, C MOMOLLIbIO MPOBUPHOrO MeToda AaHa xapakTtepucTuka opm Ha-
XOXAEHWs 30r0Ta B cbipbe. CornacHo peHTreHoasoBoMy aHanu3y NCXofAHas pyAa OTHOCUTCS K KPEMHUCTOMY TWMy, YTO NOATBEPXKAEHO
PEHTTEHOMMIOOPUCLIEHTHBIM M XMMUYECKUM MeTofamu aHanuaa. CogepkaHue kpemHus B pyae paBHsietcs 28,8 %, 4To B nepecyeTe Ha
oKcua KpeMHUsi cocTaBnsieT okono 62 %. Cogepxanue 3onota — 1,02 r/T. NpoBeaeHHbI MUHEPanormiyeckuii aHanma UCXOAHOTO Cbipbs
rokasari, YTo pyaHo MUHepanu3auuein 3onota siensietcs nuput. CornacHo NpobupHOMY aHanuay B pyae NpakTU4eckun OTCyTCTBYET BUAU-
MOe caMopofHoe 30M0To, ero cogepxaHue coctasnset 1,1 %, ToHkogucnepcHoe B NopogoobpasyoLmx MuHepanax npeacrasneHo 77,8
%. OnpoboBaHbI criegyolmne BapyaHTbl nepepaboTky pyabl: NPSIMOe LUMaHUpOBaHWE, rpaBuTaLMoHHOe oboralleHne ¢ nocnegyowmm
LmnaHupoBaHveM, hroTaumMoHHoe oboralleHne ¢ nocneayrLwmM uuaHnpoaHem. M3BneyeHne 3onoTa B yCNoBUSAX NPSMOro LyaHupo-
BaHus coctaBuno 70,6 %, B ycrnoBusix rpaBUTaLMoHHOro oboralueHns pyapl ¢ nocrneayowmm uuaHmposaHvem — 75,5 %. LinaHugHoe
BblLLena4ymBaHne roToKOHLEHTpaTa Mno3Bonumo nepeeectu B pacteop 63,0 % 3onoTta. Ha ocHoBaHWM pe3ynsTaToB NPOBeAEHHbIX UC-
cnefoBaHW HU3KOCOPTHYIO pyay MecTopoxaeHus KapbepHoe pekoMeHayeTcsi nepepabaTbiBaTh LMaHUOHbIM BbiLlenayuBaHneM ¢ npea-
BapuUTeSbHbIM rPaBUTALMOHHBIM KOHLEHTPUPOBAHUEM.

KnioueBble croBa: 30/10T0COAepXallas pyaa, rpaBUOKOHLEHTPAT, (ITOTOKOHLEHTPAT, LMaHUPOBaHWe, rMapoMeTasnyprvis
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