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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences 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 geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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INTENSIVE CYANIDATION OF GOLD FROM GRAVITY
CONCENTRATES INA DRUM-TYPE APPARATUS

Abstract. Gravimetric, chemical, and mineralogical analyses of a gold-bearing gravity concentrate have been
performed. Intensivecyanidation process of the concentrate was carried out in the presence of an organic reagent,
while the concentration of sodium cyanide was changed in a drum-type reactor. The use of a reagent activator
increased the gold extraction, reduced the time of the reaction, and reduced the leaching losses of gold in to tailings,
even when using low concentrations of sodium cyanide.

Keywords: intensive cyanidation, gravity concentration, reagent-activator, gold, leaching.

Introduction. Since the early 1990s, the introduction of centrifugal concentrators, such as Knelson or
Falcon concentrators, has significantly increased the percentage of extraction of gold into gravity
concentrates by 1-3%, including the processing of ores with a highsulfide content [1-3]. However,
standard methods for processing gravity concentrates allow gold recovery at a level of no more than 70%
[4]. To solve this problem, intensive cyanidation plants have been tested, which have made it possible to
achieve a high extraction of gold from gravity concentrates in an acceptable amount of time for a general
technological cycle [5, 6].

The behavior of gold during cyanidation depends on many factors; the main factor is the relationship
of gold to ore and rock-forming minerals. Gold can be present in both a free state and in the form of
splices with minerals. Any of these conditions can affect the under-extraction of gold during dissolution
and can cause an increase in the consumption of reagents. The presence of sulfides in cyanate pulp often
inhibits the dissolution of gold, as it tends to form a protective film on the surface of gold. As a result of
the oxidation of sulfide minerals in an alkaline solution (pH 10-11) insoluble compounds, such as Ag,O,
FeOOH, CuO, Cu(OH), and Zn(OH), [7-13], can form on the surface of gold. The intensification of the
process of gold leaching uses chemical additives to dissolve passivating films of insoluble compounds on
the gold surface. However, these additives are expensive and use an increasing concentration of sodium
cyanide that ranges from 2—4% [10, 14-16].

The intensive cyanidation of gravity concentrates on an industrial scale has been successfully
demonstrated using a drum machine-reactor ILR (Gekko). The drum-type apparatus contains a different
prostate device that consists of built ribs, which can improve mass transfer [1, 10].

Therefore, we examined the parameters of intensive cyanidation of gold-bearing concentrate in a
drum-type apparatus, along with the addition of a reagent-activator that was based on an aliphatic acid.
This process does not require the use of high concentrations of sodium cyanide.

Experimental. The original composition of the gravity concentrate, as determined by an x-ray
fluorescence technique on a portable analyzer [Alpha InnovXSystems] shows (in %): Ti — 0.68; Mn —
0.09; Fe — 27.87; Co — 0.15; Cu — 0.16; Zn — 0.04; Pb — 0.05 and Zr — 0.08 as main metals with other
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materials adding up to 70.88%. A wet chemical analysis of the gravity concentrate of the major
components shows (in %): Cu — 0.11; Zn — 0.025; Fe — 35.02; Sioa1 — 32.14; Squiphate — 0.034; and Squsige —
32.1. The goldcontent used for research on the gravity concentrate ranged between 77-92 g/t[17], and
silver content ranged from 39.7-49.8 g/t. It was previously determined [18, 19] that the gravity
concentration and cyanidation of the original ore indicates that the gold is in free form and dissolves
easily, which is consistent with the results of optical analysis (figure 1).

Figure 1 — Micrographofagravityconcentrate: 1 — gold; 2 — pyrite

Through an X-ray diffraction method using an automated diffractometer DRON-3, it was revealed
that the concentrate is represented by the following percentages of minerals: pyrite — 78.5; chalcopyrite —
5.5; feldspars — 5.9; and quartz — 10.0. Magnetite, covellite, and iron hydroxides are all present in small
quantities (figure 2 and table 1).
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Figure 2 — X-ray diffraction of gravity concentrate
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Table 1 — Interplanar distances and phase composition of the gravity concentrate

d-spacing, A Rel.int. % Mineral Chemical formula

4.25085 15.3 quartz Si0,
3.34411 249 quartz SiO,
3.24011 16.6 feldspars KAISi;Og
3.12762 322 pyrite FeS,
3.02968 15.6 chalcopyrite CuFeS,
2.99745 18.4 feldspars KAISi;Og
2.70819 100.0 pyrite FeS,
2.53647 15.5 magnetite Fe;0,
2.42236 48.2 pyrite FeS,
2.21099 31.5 pyrite FeS,
1.91515 25.2 pyrite FeS,
1.63378 50.7 pyrite FeS,
1.56390 17.2 pyrite FeS,
1.50184 21.2 pyrite FeS,
1.44801 20.0 pyrite FeS,

The results of physico-chemical analysis confirmed that the concentrate mainly consists of sulfide
minerals that can form through the dissolution of oxide films on the surface of gold. To destroy the oxide
films that passivate the gold surface requires the introduction of special reagent activators under intensive
mass-transfer phases.

To achieve this goal, we used a drum apparatus ILR[17], an intensive cyanidationreactor, that
simulates industrial installation. The parameters of the drum-type laboratory agitator were as follows:
drum diameter, 98 mm; drum length, 214 mm; drum full volume, 1.6dm’; drum usable volume, 0.38 dm’;
and rotation speed of the agitator, 4.25 rpm.

The conditions for leaching of the gold-containing gravity concentrate in the laboratory apparatus
were: mass of the gravity concentrate, 0.05 kg; a solid-to-liquid ratio of 1:14; volume of cyanide-
containing solution, 0.7 dm’; and a pH of 10.5. As an additive, a reagent activator based on an aliphatic
acid with 1.5 and 3.0 kg/t of sodium cyanide was used at a concentration of 0.1, 0.3, and 0.5%.

After the completion of leaching, the filtered solutions were analyzed by atomic-absorption spectro-
scopy to determine their gold content. Solid phase tailings were washed with water, dried, and were also
analyzed for gold content with the assay-gravimetric method.

Results and discussion. Figure 3 shows the results of studies on intensive cyanidation of gravity
concentrate in a drumtype apparatus.

The data obtained shows that the extraction of gold from the gravity concentrate in a drum-type
apparatus, with the addition of a reagent-activator based on an aliphatic acid, was up to 95,5%, while
without the addition, it did not exceed 94.5%. It should be noted that in the presence of a reagent-activator,
gold dissolves quite rapidly. The duration of the process to dissolve gold is ~12 hours, which shortens the
process by more than half of its normal duration.

It has been established that the content of gold in tailings after intensive cyanidation by using a
reagent-activator falls below 0.5-0.6 g/t, in contrast with the same process without the use of this reagent
(table 2).
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Figure 3 — Degree of gold extraction in solutions from gravity concentrates.
Line 1 — without the addition of a reagent-activator; Line 2 — with the addition of a reagent-activator at 1.5 kg/t;
Line 3 — with the addition of a reagent-activator at 3.0 kg/t
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Table 2 — Gold content in the tails after the process of leaching the gravity concentrate

Name of materials Indicators
Concentration of NaCN, % 0,1 0,3 0,5
Content of reagent-activator, kg/t w/o* 1,5 3,0 w/o 1,5 3,0 w/o 1,5 3,0
Content of gold in tailings, g/t 4,33 3,80 3,90 4,40 3,83 3,85 4,33 3,83 3,70
Note: *w/o — without the addition of a reagent-activator based on an aliphatic acid.

Conclusion. The data presented show that the use of an effective reagent-activator based on an
aliphatic acid as a chemical additive in intensive cyanidation of gold-bearing concentrates in a drumtype
apparatus increases gold extraction by 0.7—1.1%, reduces the overall leaching time by half, and reduces
the loss of gold with tailings, even when using low concentrations of sodium cyanide.
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B. Cypim6aes'”, JI. BosioToa’, b. Mumpa®, O. Baiikonsiposa’

'Cor6aes yHuBepcuteTi, Anmarsl, Ka3akcran,
2«KP MILIKKOYO» PMK MeMiieKkeTTik OHepKaCiMTiK SKOIOrHs FRLIBIMHA-OHIIPicTiK GiprecTiri prmrast
«Kasmexanobp», Anmarsl, Kazakcran,
’BycTep MONUTEXHUKANBIK HHCTHTYTHI, Byctep, AKIII

BAPABAH TUIITEC K¥PBUUIFBIJIA TPABUTALUSAJIBIK KOHIHEHTPATTAH AJIBIHFAH
AJITBIH/JbI KAPKBIHAbI IUAHUPJIEY

AHHOTanMsi. ANTBIHKYPaM/bl TPaBUTALMSIBIK KOHLEHTPATTa MPOOUPi-ITPaBUMETPHSIIBIK, XUMHUSUIBIK JKOHE
MUHEpAIIBIK TaNgay dmictepi kyprisinmi. bapaban Tunrec KypbUTFbIIa TPAaBUTALUSIIBIK KOHIIEHTPATTH KAPKBIHIBI
[UaHepIIey YpZici OOWBIHINA 3epTTey KYMBICTAphI KYprizinmi. KapKelHAbI HaHUpIey YPOiCiH HATpHid HHAHHUIIHIH
KOHILICHTPALMSCHIHBIH ©3repyiMeH alM(aTThIK KBIIIKBUIFa HETi3JCJIeH OPraHUKAaJbIK PEareHTTI KOJIaHy apKbUIBI
Kyprizingi. Kymeic HoTKeci OOMBIHINA, TPaBUTANMIIBIK KOHIEHTPATTHl KapKbIHIBI LIMaHUPIIEYAE PeareHT-aKkTH-
BaTOpABl KOJJAaHYy apKbUIbl aNTHIHABI OHAIPY MeJIepi YIFaWThUIATHIHEL, OAHbITYy YaKBITBIH KbICKAPTBHUIATHIHBL,
COHBIMEH KaTap HATpUH LUaHWAIHIH TOMEH KOHLEHTPALMACHIH NaiilajaHFaH Ke3Ae alNThIHHBIH KaJAbIKTapMeH
KOFAITybl a3asiThIHbI aHBIKTAJIBI KOPCETLII.

TyiiiH ce3aep: KapKbIH/bI IIHAHUPIICY, TPABUTALIUSIIBIK KOHIIEHTPAT, peareHT-aKTUBATOp, alThIH, OalbITy.

b. CypnMﬁaeBI’z, JL. Boaioroa’, B. Mmupa3, A. Baﬁxonyposal

'Satbayev University, Anmater, Kasaxcran,
*uman PI'TT «HL KIIMC PK» TocyaapcTBeHHOE Hay4HO-TIPOM3BOACTBEHHOE 00bEIMHEHHE
TpOMBITIIIEHHOU dKoornn «KasmexanoOpy», AnMatsl, Kazaxcran,
*Bycrepcknii monmrexHudecknii mHCTHTYT, Byctep, CIIIA

MHTEHCUBHOE IMAHUPOBAHMUE 30JI0TA U3 T PABUTAIMOHHBIX KOHIIEHTPATOB
B AIIMTAPATE BAPABAHHOT' O TUITA

Annotanusi. [IpoBeneHbl MpoOMPHO-TPaBUMETPUYECKHE, XUMUYECKHE U MUHEPAJOTMYEeCKUe aHAJIU3bI 30J10-
TOCOJIEpKaIllero I'PaBUTALIMOHHOTO KOHIEHTpaTa. [IpoBeleHbl McCIeaoBaHUs 10 MHTEHCHBHOMY IMaHHPOBAHHIO
TpaBUTAILMOHHOTO KOHLIEHTpaTa B anmnapare 6apadanHoro tuna. I[Iponecc HHTEHCHMBHOTO IIMAHMPOBAHMS TTPOBOAMIN
B TIPHCYTCTBHM OPIaHHYECKOTO pEarcHTa Ha OCHOBE ann(paTH4ecKOW KHCIOTHl MPU HM3MEHEHHHM KOHIEHTpAIUH
nuanuga Hatpus. IlokazaHo, 94TO HCIIONIB30BAaHHE pEearcHTa-aKTHBATOPA MPU WHTEHCHBHOM I[MAHHMPOBAHHWU YBEIH-
YHBAET M3BJICUCHUE 30JI0Ta, COKPAIIAET BPEMs BBILICIAYMBAHKS, @ TAKXKE CHIDKACT IOTEPH 30JI0TA C XBOCTAMH JaXe
IIPU MCIIOIBb30BAHUH HU3KON KOHIIEHTPALUH IUAHUA HATPHSL.

KaroueBble ci10Ba: MHTCHCUBHOE [IMAaHUPOBAHKE, TPABUTALMOHHBIA KOHIIEHTPAT, peareHT-aKTHBATOP, 30JI0TO,
BbILIETIaYMBaHHE.
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