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Summary. The well-known technology of intensive cyanide leaching of gravity concentrates, which allows introducing part
of gold into commercial products with obtaining high-purity Dore alloy, requires the use of expensive reagents and a high
temperature (80 °C) leaching. The article provides studies have been carried out on the intensive leaching of gold-containing
gravity concentrate in a drum-type machine at low concentrations of sodium cyanide with a new activating reagent. The acetic
acid is proposed to be used as an effective activator reagent at intensive cyanidation of enriched gravity concentrate. The
efficiency of cyanide leaching grains by introducing activators into the reagent system as a result of dissolving passivating
films on the surface of gold grains. The studies on the intensive leaching of gold in the aggregated laboratory tests have been
accomplished. The results of the aggregated laboratory tests on the intensive cyanide leaching of the gravity concentrate using
acetic acid as an activating reagent have totally confirmed the data of laboratory studies.
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TPABUTALIMSUIBIK ~ KOHUEHTPATTAPABI KAPKBIHJABI IMAMMAJIAY BAPBICBIHJA PEATEHT-
BEJICEH/IPTIII PETIH/IE CIPKE KbIIIKBLIBIH KOJTIAHY

Tyitingeme. Aca >xorapbl Ta3anbIKThl Jlope KOPBITIIACHIH adyMeH TayapiblK ©HIMIe ANThIHHBIH aca KYHIObl OOIiriH eTkizy
MYMKIHIITr 6ap TpaBUTAUMSIIBIK KOHIEHTPATTAPAbl KApKBIHIBI [HAHHUPII IIaiiManay Oenriii TEeXHOJOrHsCHl aca KbIMOAT
peareHTTepAi KONAaHy MeH >Korapbl miaiiMamay temmeparypacbkin (80 °C) kaxkeT eremi. ANTBIHKYPaMIbl TPaBHTALUSIIBIK
KOHIIEHTpPATThl OapabaH THUNTEC ammapatTa >aHa peareHT-OeNCeHAIPriluTiH KOCHIHIBICBIMEH HATpUi [HAHWAIHIH TOMEH
KOHLICHTPALMACBIHAA KapKbIHABI MIaiiManay OOMBIHIIA 3€pTTE€y IKYMBICTApbl OKYPri3ingi. baWbITbulFaH TpaBHTAIMSIIBIK
KOHIIEHTPATThl KapKBIHBI [IMAHUPIIEY KYPri3yle THIMIi peareHT-OelCeHaiprill peTiHae Cipke KBIIIKBUIBIH KOJNJaHY YCBHIHBLIBII
orelp. [uanuari madiManay yp/iciHiH THIMZIUTCIH apTTBIpy XKyiere peareHT-OeIceHIipriimTepai KOCy HOTIDKECIHIEe ajThiH
OeTTiriHAeri macCUBTEYI KaOaTTHIH €pyl apKbUIBI KY3€Te achIpbliaipl. ANTBHIHAB KapKbIHIBI MIaliMamay ipiJIeHre€H-3epTXaHabIK
3epTTey JKYMBICTAPBIMEH iCKE achIPUIABI. | PaBHOKOHIIEHTPATTApABI PeareHT-0eICeHIIPrill CipKe KBIIIKBUIBIHBIH KOMETi apKbIIbI
KapKbIH/bI [IMAHUPIT IaiMaray OOWBIHINA JKYPri3iireH ipiIeHreH-3epTXaHANBIK 3ePTTEY YKYMBICTAPBIHBIH HOTIDKENEP 3ePTXaHAIIBIK
3eperney )KYMbICTapbIHBIH MOHJICPiH TONBIFBIMEH PACTaIbl.

TyiiiH ce3mep: KapKbIH/IbI IHAHUPIICY, TPABUTAIMSIIBIK KOHLICHTPAT, PearcHT-aKTHBATOp, IIaiimMalay, CipKke KbIIIKbLIbI, aJIThIH.
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INPAMEHEHUE YKCYCHON KHCJOTHI B KAUECTBE PEATIEHTA-AKTUBATOPA IIPM MHTEHCHUBHOM
IUAHUPOBAHUU I'PABUTAITMOHHBIX KOHIIEHTPATOB

Pestome. I13BecTHass TEXHOJIOTWS WHTCHCHBHOTO IIMAHHWAHOTO BBINIENAYMBAHHS TPABUTAIMOHHBIX KOHICHTPATOB, ITO3BOJISIOIIAS
BEIBECTH YacTh 30J0Ta B TOBapHYI0 NPOAYKIMIO C TIIOJYYEHHEM BBICOKOYMCTOro cruiaBa Jlope, TpeOyeT HCIIOIb30BaHMs
JIOPOTOCTOSIIINX PeareHTOB M BBICOKOH Temmepatypsl (80 °C) BeimenaunBaHus. B craTbe mokazaHbl MPOBEICHHBIE HCCIIEAO0BAHUS IO
MHTEHCUBHOMY BBIIIEIAYNBAHUIO 30JI0TOCOJEP)KAIETO T'PaBHTAIIOHHOTO KOHIIEHTpaTra B ammapare OapaGaHHOTO THMa IIpH
TIOHIKEHHON KOHIICHTPAIMY [IMaHHUAa HAaTpHs ¢ J0OaBKOH HOBOTO peareHTa-akTuBaTopa. [Ipemiaraercs B kadecTBe 3p(eKTHBHOTO
peareHTa-aKTHBaTOpa IPpH MHTCHCHBHOM LMAHUPOBAHWH OOOTaIleHHOTO IPAaBUTAIIMOHHOTO KOHIIEHTPATa WCIOIbh30BATh YKCYCHYIO
kucnoty. [loBeimienre 3()()EKTHBHOCTH NHMAHWIHOIO BBINIENAUYMBAHMS IYyTEM BBEICHHS B CHCTEMY pEareHTOB aKTHBAaTOPOB
JOCTHTAETCsI B pe3yJIbTaTe PaCTBOPEHHS ITACCHBHUPYIOIINX IIEHOK Ha IOBEPXHOCTH KPYIHHOK 30J10Ta. [IpoBeieHs! HccaeJoBaHus 0
WHTEHCUBHOMY BBIIIEIAUMBAHUIO 30JI0TA B YKPYIMHEHHO-JIAOOPATOPHBIX HCIBITAHUSX. Pe3ynpTaTsl yKpyIHEHHO-Ta00paTOpHBIX
WCTIBITAaHUIM 110 WHTEHCUBHOMY IHAaHHJHOMY BBINIEIaYNBAaHUIO TPABHOKOHIICHTpaTa C IPHMEHEHHEM B KauecTBE pearcHTa-
aKTHBaTOpa YKCYCHOW KHCIIOTHI MOMHOCTBIO MOATBEPANIIN TAHHbIE Ta00paTOPHBIX HCCIIEIOBAaHUH.

KitioueBble cii0Ba: MHTEHCHBHOE BHIIIEIaYMBaHNE, TPABUTAIOHHBIH KOHIICHTPAT, peareHT-aKTHBATOp, BIIIENAYNBaHIE, YKCYCHAsI
KHCJIOTa, 30JI0TO.

Gold is in free form and dissolves well, which is
consistent with the results of optical analysis (Figure 1).

Introduction. The process of intensive
cyanidation is one of the effective treatments of gold
containing gravity concentrates allowing reaching a
high gold extraction over an appropriate process
time. Within the process of intensive cyanidation the
chemical additives are used as well apart from the
high sodium cyanide concentrations destroying
passivating films on the surface of gold grains are
known. However, common activating reagents are
used in the gold technology to stimulate cyanidation
process contribute serious spending of sodium
cyanide [1, 2].

With regard to the abovementioned,
consequential and important technological challenge
of gold production becomes detecting an effective
activating reagent leading to the leaching process
stimulation of gold out of gold containing raw
material, significantly reducing the leaching process
and enhancing the level of precious metal extraction
into the gold containing solutions.

Experiments. The gold content in the
gravity concentrate under study ranged within

1 -gold; 2 — pyrite

Figure 1 — Gravity concentrate micrograph

The process of gold dissolution is known to
find difficulty by blocking the grains surface of the
precious metal by sulphide ore minerals -
chalcopyrite and pyrite, as well as generated

the limits of 77-92 g/t. Chemical analysis of
gravity concentrate on the main component and
sulfur showed the composition,%: Cu - 0.11;
Zn - 0.025; Fe - 35.02; S total - 32.14;
Sulfate. - 0.034; Sulphide. - 32,106 [3-5].

X-ray diffraction method by automatic
diffractometer DRON-3 determined the concentrate
composition of the following minerals, %: pyrite —
78.5, chalcopyrite - 5.5, potassium feldspar - 5.9,
guartz - 10.0. Magnetite, covellin, and iron
hydroxides are present in the small amounts [3-5].
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compounds of their oxidation in alkaline cyanide
environment [1, 6-8].

Both inorganic and organic compounds of
various activating reagents are used to intensify the
gold cyanidation process, by destroying insoluble
films on the gold surface. The organic additives are
valuable to reduce the consumption of sodium
cyanide in the process of gold leaching [1, 9, 10].
Acetic acid is known to be actively interact with the
metal compounds to form easily soluble acetates. It
is also important that acetic acid is much cheaper
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Table 1 — The results of thermodynamic calculations of probable reactions of the acetic acid interaction with the

compounds passivating the gold surface

Reaction AGT, kJ/mol
298 K 323 K 353K 373 K

2FeS;+2NaOH+CH3;COOH+4,750,»=0,5Fe(CHsCO0),+Na;SO4+
+1,5H,0+1,55+1,5FeSO, -1811,8 | -1790,1 | -1764,7 | -1748,1
2FeS;+2NaOH+CH3;COOH+4,250,=0,5Fe(CHsCO0),+Na,SOs+ ) ) ) )
+1,5H,0+1,55+1 5FeSO, 1548,4 | -1529,2 | -1506,8 1492,1
FeS+NaOH+CH3;COOH+1,250,(y=0,5Fe(CHsCO0),+0,5Na,SO,+ _ i i i
+0,5H,0+0,55+0,5Fe(OH), 543,37 | -534,54 | -524,48 518,02
1/3Fe(OH)2+CH3COOH+1/3NaOH=1/3Fe(CH3CO0)2+1/3NaCH3COO+H-0 -41,83 -39,64 -37,54 -36,37
0,5CuFeS;+2NaOH+CH3;COOH+1,50,()=0,5Fe(CH3COO0),+Na»SOs+ ) ) ) )
+H,0+0,5Cu(OH), 594,35 | -584,68 | -573,64 566,54
0,25CuFeS;+NaOH+CH3;COOH+0,750,y=0,25Cu(CHsCOO),+ ) ) ) )
+0,25Fe(CHsC00),+0,5Na;S0s+H,0 301,12 | -294,95 | -288,15 283,89
0,5Cu0+CH3CO0OH=0,5Cu(CH;C00),+0,5H,0 -4,78 -1,68 1,43 3,23
1/3Cu(OH),+CH3COOH+1/3NaOH=1/3Cu(CH3;CQOO),+ ) ) ) )
+1/3NaCHsCOO+H,0 35,73 33,76 31,97 31,04

than the known activator reagents used in the
industry and is an environmentally safe compound
used even in the food industry [10, 11].

A thermodynamic analysis was performed of
the probability of compounds dissolution that
passivate the gold surface and the products of their
decomposition with acetic acid solutions using the
HSC Chemistry 8.0 thermodynamic calculation
program of Outokumpu Technology Engineering
Research in Satbayev University (table 1).

The probability of sylphide mineral films
dissolution in the acetic acid in the alkaline medium
with water soluble acetated salt is massive that is
confirmed by the low values of Gibbs free enthalpy
(below - 595 kJ/mol). The decomposition products
of sulfide minerals are also able to interact with
acetic acid to form soluble acetate salts.

Thus, based on the performed thermodynamic
analysis, the probability of the acetic acid impact,
even at room temperature, on the dissolution of
compounds that passivate the gold surface was
established.

A drum-type machine has been successfully
used for intensive cyanidation of gravity
concentrates [1, 2, 12]. The drum-type machine is
distinguished by the simplicity of the device; the
gills are embedded inside, intensifying the mass
exchange. Laboratory and integrated laboratory tests
of intensive cyanidation of gold-containing gravity
concentrates were conducted.

The parameters of the laboratory facility of
the drum type were as follows: the diameter of the
drum was 98 mm; drum length - 214 mm; full
volume - 1.6 dm?® effective operating volume is
0.38 dm?, the rotation speed of the agitator's drum is

4.25 rotations per minute. Arrangements for the
experiments in a drum-type machine: gravity
concentrate mass is 50 g; solid liquid ratio = 1:6; cyan-
containing slurry volume - 0.3 dm3; pH 10.50; NaCN -
1 g/dm® (0.1 %), the acetic acid consumption was
maintained between 1.5 and 3.0 kg/t.

Integrated laboratory tests of intensive
cyanidation of gold-containing gravity concentrates
were carried out in a drum-type machine with the
addition of an activating reagent under appropriate
conditions. The integrated laboratory tests were
carried out at the Branch office of the RSE “NC
CPMS RK” State Scientific-Industrial Association
of Industrial Ecology "Kazmekhanobr"

The drum-type machine for the integrated
laboratory tests had the following characteristics:
the drum diameter is 180 mm; drum length - 412
mm; the drum total volume is 10.48 dm?® the
effective operating volume of the drum is 3.15 dm?,;
agitator’s drum rotation speed - 4.5 rpm. The
integrated laboratory tests conditions were as
follows: gravity concentrate mass - 500 g, leach
solution volume - 3 dmd; solid liquid ratio=1:6;
leaching time - 24 hours; sodium cyanide
concentration - 1 g/dm® (0.1 %); acetic acid
consumption - 1.5 kg/t. NaOH was added to
maintain the required pH.

The results discussion. Table 2 provides the
results of laboratory tests of intensive cyanidation of
the gravity concentrate.

The data acquired say the extraction of gold
from a gold-containing gravity concentrate at the
equal concentrations of sodium cyanide with the
addition of an activating reagent-acetic acid reached
more than 95 %, and without an additive less than
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Table 2 — The results of intensive cyanidation of a gold-containing gravity concentrate in a drum-type machine

Parameters and indexes Leaching indicators
CH3COOH consumption, kg/t — — 1,5 3,0
Au content in the liquid phase of the pulp, mg/dm?® 12,2 12,3 13,7 12,4
Au content in the solid phase of tailings, g/t 4,33 4,35 3,80 3,90
Estimated content of Au in the concentrate, g/t 77,53 78,15 86,00 78,30
Au dissolution degree, % 94,42 94,43 95,58 95,02
100
50
X
5
<
% 20 —i—1
q:>; -2
g 3
£ 7
60
0 5 10 15 20 25

leaching time, h

1 —non activating reagent ; 2 — with activating reagent 1,5kg/t;
3 — with activating reagent 3,0 kg/t

Figure 2 - Dependence of gold extraction ratio from the gravity concentrate on the leaching process time

94.5 %. The gold content in the tails of intensive
cyanidation using acetic acid is reduced to
3.80-3.90 g/t, and without the activating reagent it
was 4.33-4.35 g/t.

Figure 2 provides the dependence of the gold
extraction rate of the process time.

The gold is worth marking to be well
intensively leaching with the activating reagent, the
process time takes 12 hours until total gold
dissolution, which make the process contracted
twice comparing to the concentrate leaching without
the reagent.

Table 3 gives the results of two tests in the
integrated lab scale.

The results of the integrated laboratory tests
on the intensive cyanide leaching of the gravity
concentrate using acetic acid as an activating
reagent were fully confirmed by the data obtained
earlier in the laboratory. The gold extraction ratio
was 95.53-95.79 %, the gold content in the tailings
was 3.65-3.80 g/t.
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Table 3 — The results of the integrated lab tests of
intensive cyanidation of gravity concentrate, conducted in
the drum-type machine.

. Leaching indicators

Parameters and indexes 1ot tost >nd test
Au content in the liquid
phase of the pulp, mg / dm?® 14.4 130
Au c_o_ntent in the solid phase 3,80 3,65
of tailings, g/t
Estimated content of Au in 90.20 81,65
the concentrate, g/t
Au extraction degree,% 95,79 95,53

Conclusions. The acetic acid as an activating
reagent is extensively stimulates the gold leaching
process and reduces the gold loss with tailings was
demonstrated by tests. The proposed method of
processing gold-containing concentrates using acetic
acid as an activating reagent for intensive cyanidation
of gold will be of great interest for the industrial
production of gold-containing concentrates.
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