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ABSTRACT

The paper presents the results of studies on the sorption leaching of gold-containing ore of the Vasilkovskoye
deposit. Kinetic dependences of the sorption of gold and associated metals from cyanide-alkali solutions
under different physical and chemical factors were obtained. It was found that gold on the AM-2B resin
sorbed at a higher rate than, for example, copper and zinc. The solutions were analyzed using modern devices
of a new generation: FT-IR spectrometer "Avatar 370". Laboratory studies were performed to determine the
gold sorption rate by the AM-2B anionite from cyanide-alkaline solutions. It was found in the process of
sorption of gold from multicomponent cyanide-alkali solutions on AM-2B anionite of mixed basicity, with the
macroporous structure containing benzyl dimethylamine and dibenzyl dimethyl ammonium functional
groups, that an important factor of qualitative and quantitative separation of gold and impurity metals is the
concentration of cyanide and hydroxyl ions in solution. The temperature effect on the sorption rate of gold
from cyanide-alkali solutions was studied with the temperature dependences F of t, Bt, of t, In (I - F) of t, and
D of t that show that the sorption process of dicyanoaurate ions is controlled by mixed diffusion.
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Introduction

The Republic of Kazakhstan is one of the most
important gold-producing provinces in the Central
in terms of gold

Asian region

reserve of the Republic of Kazakhstan to be
increased. Theoretical and technological results of
the research performed, tests of the main processes
intended to process gold-bearing raw materials -
leaching of the material, sorption of gold on ion-
exchange resins can be used to design and construct

reserves and

production. The most important problem of gold
hydrometallurgy is the search for rational methods
of its extraction from low-grade refractory ores. It is
becoming increasingly important as new deposits
are discovered and exploited, allowing the gold

production facilities at various gold-bearing deposits
in Kazakhstan.

Kazakhstan has significant potential reserves of
gold-containing minerals [1]. Geotechnological
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methods, in particular heap leaching, are currently
considered the most suitable for gold-containing
raw materials.

The kinetic characteristics of the process were
studied with the purpose to develop a technology
intended for the sorption extraction of the target
metal (gold). Anion exchanger AM-2B, an effective,
easily regenerated sorbent with high mechanical
strength and macroporous structure widely used in
metallurgy has been applied as sorbents [[2], [3]].

The search for rational ways to increase the gold
extraction completeness is an urgent task due to the
annual growth in the processing amount of poor,
refractory gold-bearing ores and secondary raw
materials.

Modern technology for extracting gold and silver
from leach solutions widely uses processes of
sorption of cyanide complexes of these metals. Two
principal directions were developed: a) sorption
with activated carbons [[2], [3], [4]], b) sorption with
synthetic ion-exchangers [5].

The study is relevant, since the concentration of
the recovered metal in the external solution and the
temperature of the solution are the main factors
affecting the ion-exchange sorption rate.

The study of the sorption kinetics is of practical
interest, since the rate that determines the ion
exchange stage revealed during the experiment,
plays a major role with the purpose to solve such
practical problems as the choice of conditions for
the ion exchanger synthesis or the finished sorbent
type.

The objective of this work was to study the gold
sorption rate with the AM-2B anionite from cyanide-
alkaline solutions

Experimental part

The ion exchange process has been actively
developed in the CIS countries and is the most
promising for the mining industry in Kazakhstan.
Gold was one of the first metals that people tried to
extract from dilute solutions using ion exchange.

The object of research was the cyanide-alkaline
solutions for leaching ore from the Vasilkovskoye
deposit.

Experiments intended to obtain productive
solutions and sorption extraction were performed
under the standard methods. The chemical
composition of the test solution is represented by
the following main components, mg/dm3: 0.6-2.0
Au; 8.3-40 Cu; 1.1-6.2 Zn; 0.4-8.5 Fe; 0.1-0.5 Co; 0.1-
0.5 Ni; 0.07-0.94 Stot. g / dm3; 0.1-0.2 CN- mg/dm?;
0.9-1.2 OH- mg/dm3. The initial cyanide-alkaline

solutions were obtained by leaching gold-bearing
ores of the Vasilkovskoye deposit, containing 1.4 -
3.4 g/t of gold. Sorption products. i.e. solution and
cake were subjected to atomic adsorption and assay
types of analysis, respectively. The research used
AM-2B grade resin. produced by “Resins” State
Enterprise, Ukraine.

Before sorption, the resin was pre-saturated
with OH-ions, by treatment with a 5% NaOH-
solution to convert the sorbent into the OH-form.
The process was controlled by the solution pH

Discussion of the results

Productive gold-containing solutions obtained
from agitation leaching are sent for sorption
extraction. lon-exchange resins or activated carbons
are used as sorbents in industrial practice [[6], [7],
(8], [9], [10], [11], [12]].

The ion exchange process in the anionite -
solution system was studied in a static mode in
thermostated Plexiglas cells equipped with a
mechanical stirrer. Sampling was performed
periodically. The total number of samples taken for
analysis did not exceed 5% of the initial amount of
the solution.

Tests on sorption extraction of gold from
multicomponent solutions obtained by leaching-
filtration scheme were performed in laboratory
conditions. Gold was leached with the cyanide-alkali
solution. AM-2B anionite was used as sorbents.
Anionite AM-2B is a macroporous ion-exchange
resin based on a copolymer of styrene with
divinylbenzene, containing strong and weakly basic
functional groups in its structure. The presence of
bifunctional tertiary groups containing nitrogen
atoms capable of forming active groups with metals
(i.e., forming complexes) in combination with a high
exchange capacity and a good (due to the
macroporous matrix) exchange rate makes it
possible to selectively extract anionic metal
complexes.

Obtaining the kinetic characteristics is necessary
to justify the regime of the proposed sorption
technology for the extraction of gold from solutions.

One of the main factors affecting the rate of ion-
exchange sorption is the concentration of
extractable metal in the external solution and
solution temperature.

Effect of the concentration of gold in the solution
on the sorption rate. Rate changes during sorption
under static conditions were studied depending on
gold concentration, temperature, and the presence
of impurities in the solution. In the experiments




Complex Use of Mineral Resources. 2022;320(1)

ISSN-L 2616-6445, ISSN 2224-5243

presented, the concentration of gold in the initial
solutions varied within the range of 0.005-0.11 mg-
eq / dm3; the concentration of CN- and OH- was
constant and amounted to 0.04 and 0.56,
respectively; the same amount of sorbent (V, ml)
was added to the sorbent weight (m, g) V: m = 2000.

Sampling was performed in 30 minutes, then in
an hour during the day. The gold concentration in
the solution after sorption was determined by
atomic absorption spectrometry.

Experimental data on the effect of the
concentration of dicyanoaurate ions on the degree
of gold exchange are presented in the form of curves
in Figure 1, and the rate of gold sorption on Figure 2.
It is noted that the degree of exchange (F) of
dicyanoaurate ions increases depending on the time
of contact of the phases and the concentration of
gold in the initial solution; the sorption rate
increases proportionally with an increase in the
concentration of the external solution concerning
the extracted ion. The experimental data obtained
indicate that the sorption process is limited by both
external and internal diffusion, that is, the process
proceeds in a mixed region with the predominance
of either external diffusion or intra-diffusion
limitations at each stage of sorption.

M
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Gold concentration, g-eq / dm3: 1 - 0.005; 2 - 0.025; 3 -
0.11.

Figure 1 - Effect of the concentration of dicyanoaurate
ions on the degree of gold exchange
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Figure 2 - Effect of the concentration of dicyanoaurate
ions on the sorption rate of gold

The temperature dependences F of t, Bt, of t,
In(I-F) of t, and D of t were determined when
studying the effect of temperature on the sorption
rate of gold from cyanide-alkali solutions that show
that the sorption process of dicyanoaurate ions is
controlled by mixed diffusion (Figures 3 and 4).
Curvilinear relations Fon t, In (I-F) on t and W on t
confirm the mixed nature of the gold sorption
kinetics (Table 1).

Studies on the temperature effect on the gold
sorption from cyanide-alkaline solutions with a low
content of cyanide and hydroxyl ions have found
that the most favorable temperature for the
dicyanoaurate ions sorption is 298 K. An increase in
temperature to 308 - 318 K, as well as a decrease to
288 K is negative affects the gold sorption rate and
depth [[13], [14], [15], [16]].
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Figure 3 - Effect of temperature on the degree of
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Temperature, K: 1 - 288; 2 - 294; 3 - 303; 4-313. Axis
abscissa - time, h; ordinate axis - sorption rate, DF / At x
10 ® mg-eq/s.

Figure 4 - Effect of temperature on the gold sorption
rate

As can be seen from the data obtained, with an
increase in temperature to 303 K, the exchange
degree insignificantly but evenly increased during 6
sorption hours at a temperature of 288; 294; 303 K
and was 0.85; 0.98 and 1.0, respectively. The
exchange degree begins to decrease and in 6 hours
of sorption reaches only 0.93 with an increase in
temperature over 303 K.
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Table 1 - Effect of temperature on the exchange degree,
diffusion coefficient and sorption rate of gold (CAu =
0.025 mg-eq/dm 3)

reasons. A dynamic equilibrium between the ions
entering and leaving the resin at each period is
established in the sorption process. Probably, as the
time increases above a certain temperature, the rate

Tempe| Time Exchange | In(I-F) | Diffusion B, AD/ At ] . . ;
rature, t, degree, F coefficien| st |mgeq/s of reverse desorption of gold ions increases reducing
K | hour tD, em?/s the rate of direct sorption.
288 05 014 | 015 |6.9-107 |98510° |12010° Table 2 - Change in the gold sorption rate overtime at
1.0 0.33 | -0.40 |3.5-10¢ [9.9-107 |[14610° different concentrations in solution, mg-eq / dm?
2.0 0.56 | -0.82 |5.5-10° 994107 [12610°
4.0 078 | -1.51 [9.0-10% [1.03 85106
6.0 0.85 -1.9 12.0-10° (3.43 6110° Time,h | Cau—0.005 | Cau—0.025 | Cau-0.110
8.0 0.92 | -2.53 [1.0-10% [2.28 4910%
10.0 1.0 9.0-10% |2.57 4310¢
0.5 5 15 150
294 0.5 017 [-0.19 [2.1-10% [31102 |14710°
1.0 0.46 |[-0.62 [10.9-10% [3.1-102 |20610% 1 13 28 122
2.0 0.65 |-1.05 |20.0-10% |1.14 148105
4.0 0.89 |-2.21 [30.0-10° |3.42 9810° 2 6 18 74
6.0 0.98 |-3.91 [18.0-10° |3.08 7140° 4 3 10 41
8.0 1.0 9.0-10% |3.08 5310%
6 3 8 30
303 0.5 027 [-031 |6.91-10%| 98102 | 22110° 8 3 7 23
1.0 052 |-0.73 |10.9-10¢| 31140! | 22610°
2.0 0.63 |-0.99 |17.2-10¢| 97110" | 157105 . . )
4.0 090 |23 |300-10¢| 343 | 94105 Table 3 - Change in the gold sorption rate overtime at
6.0 1.0 18.0-10| 3.08 | 7110° different process temperatures mg-eq / s
313 0.5 0.14 [-0.15 [6.9-107 [98510° [12010°
1.0 039 [-049 |3.5-10% |9910% |17110° -
20 | 057 |-084 |5510¢ |3410' |©4100 Time, h 288K | 294K | 303K |313K
4.0 0.82 (-1.71 ([9.0-10° |1.03 8810° 0.5 12 12 14.5 21.9
6.0 093 |-2.66 [2.0-10% [3.43 67105
8.0 0.96 [-3.22 |1.0-10°5 |2.28 5410° 1 15 17 20.8 22.6
10.0 1.0 9.0-10% |2.57 4310¢
2 12.5 13.6 14.8 15.7
4 8.3 8.8 9.5 9.2
6 6.2 6.7 7.2 7.3
It can be stated that an increase in temperature
8 4.7 5/, 5.3 5.3

to 303 K slightly increases the process of gold
sorption on the AM-2B anionite from cyanide-
alkaline solutions, and with a further increase in
temperature (more than 303 K), the rate of gold
sorption decreases.

Changes in the rate during sorption were studied
depending on the concentration of cyanide and
hydroxyl ions in the solution, as well as gold and
temperature.

The results are presented in tables 2 and 3. The
sorption rate is directly proportional to its
concentration in the solution: the higher the
concentration of the external solution, the more
ions penetrate deep into the sorbent. The rate of
penetration of counterions of the boundary layer
into the inner layers of the sorbent also increases as
the concentration of the external solution increases
[[15], [216]]. Similar dependencies were obtained
when studying the effect of temperature on the
sorption rate of gold (Table 3).

As the temperature increases, the sorption rate
decreases that can be explained by the following

The IR-spectroscopic method of studying the
materials was performed using an "Avatar 370" IR-
Fourier spectrometer. According to the results, the
infrared spectroscopy analysis showed that
absorption bands of valence v(OH) - 3439 cm ?,
strain SHOH-1647 cm 1, and librational v L H,O - 632
cm *vibrations of molecular water were recorded in
the spectrum (Figure 5) [17]. Group [NCS]™ - 1118,
995 cm™ [17]. The optical density at the maximum of
the absorption bands characterizing oscillations v
OH, & HOH, v L H,0 were measured. Optical density
at the maxima of absorption bands corresponding to
stretching vibrations of water v OH was 1.452;
deformational vibrations of water &§ HOH - 0.548;
librational water fluctuations v L H,O - 0,495. The
optical density at wave number 1118 cm ! was 0.034
at the maximum absorption band that characterizes
the v4(E) fluctuation of the cyanide ion. The optical
density at the absorption band maximum at wave
number 995 cm ! that characterizes the v1(Al)
cyanide ion vibration, was 0.035.
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Figure 5 - Results of infrared spectroscopy analysis of the solution

Thus, it can be concluded based on the studies
performed to determine the rate of gold sorption by
the AM-2B anion exchanger from alkaline cyanide
solutions that the amount of gold in the ion
exchanger after treatment does not change and
decreases with the use of alkaline cyanide solutions.
Anionite of mixed basicity AM-2B shows high
selectivity for gold [[18], [19], [20], [21]].

Conclusions

Laboratory studies to determine the gold
sorption rate by the AM-2B anion exchanger from
cyanide-alkali solutions were performed. It was
found in the process of gold sorption from
multicomponent cyanide-alkali solutions on AM-2B
anionite of mixed basicity with the macroporous
structure containing benzyl dimethylamine and

dibenzyl dimethyl ammonium functional groups,
that an important factor of qualitative and
guantitative separation of gold and impurity metals
is the concentration of cyanide and hydroxyl ions in
solution. The temperature effect on the gold
sorption rate from cyanide-alkali solutions was
studied with the temperature dependences F of t,
Bt, of t, In (I - F) of t, and D of t that shows that the
sorption process of dicyanoaurate ions is controlled
by mixed diffusion.
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LuaHupg-cinTini epitinginepaeH AM-2B aHMOHUTIMEH anTbiHHbIH, CiHY
XbINgaMAbIfblH 3epTTey
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TYWIHAEME

Byn KymbicTa BacunbKOB KeH OpPHbIHbIH, anTblHAbl KeHAepiH copbuunanbik cinTiciageHaipy 6GoiibiHwa

3epTTeyNepAiH, HaTUKenepi yebiHbINFaH. DPTYpAi GuU3nKa-xMMUANbIK daKTopaap KesiHae LuaHuag-cintini

epiTiHAiNepAeH anTbiH MeH inecne meTangap copbuUMACHIHbIH, KUHETUKaNbIK Tayenainiri anviHabl. AM-26

Makana kengi: 01 mamei3 2021
CapantamagaH eTrTi: 28 Kapawa 2021
Kabbinganapl: 30 #eamokca+ 2021

LWaNbIPbIHAAFbl aNTblH MbIC MEH MbIPbIWKA KapafaHAa KOfapbl KbliAaMAblKNeH copbuManaHaTbiHbI
aHbIKTangpl. EpiTiHainep 3amaHaym aHa 6yblH KypbuiFbichl: "Avatar 370" UK-®ypbe cnektpomeTpiH
KongaHa oTblpbin TangaHabl. UnaHug-cinti epitiHginepiHeH AM-2B aHUWOHWUTIMEH anTbiHHbIH, copbumsa
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KbINAAMAbIFbIH aHbIKTay GOMbIHIWLA 3epTXaHanblK 3epTTeynep Kyprisingi. beHsungumeTunamuH ave
ONBEH3UNANMETUN-aMMOHMI GYHKLMOHANAbIK TONTapbl 6ap MaKpOKeyeKTi KypblabiM, apanac Herizgeri
AM-2Bb aHNMOHUTIHAE K&N KOMMOHEHTTI LMAaHUA-CINTINI epiTiHAiNepAeH anTbiHAbI CiHipy NpoueciHae anTbiH
MEH Kocnasibl MeTangapaplH, canasblk KaHe caHabIK 6eniHyiHiH MaHbI3abl GaKTopbl epiTiHAiAer umaHua,-
YKOHE TUAPOKCUA - MOHAAPAbIH, KOHUeHTpauuacbkl 6onbin Tabbuiaabl. LunaHua-cintini epitiHainepaeH
aNblHFAH aNTbIHHbIH COPBLUMANAY XblAAaMAbIFbIHA TEMMEpPaTypaHblH acepiH 3epTTey KesiHae t-aeH F, t-ageH
Bt, t-aeH In(l - F) xaHe t-aeH xaHe [ TemnepaTtypanblk Tayenainikrep aHbikTangbl, 6yn guumaHoaypat
MOHZAAPbIHbIH, copbumanay npoueci apanac gudpdysunameH 6ackapbliaTbiHAbIFBIH KepceTea.

TyiiH ce3aep: KeH, anTblH, cOpOLUANBIK cinTicisgeHaipy aHnoHuT AM-26, upaHaay.
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AHHOTALMUA

B pa60Te npeacrtasneHbl pe3y/bTaTbl MCCHEAOBBHMIZ no COp6LI,VIOHHOMy BbllWenavynBaHuo
3on0Tocop,ep>Kau.|,el71 pyAbl BacunbKOBCKOro mectopoXkaeHuA. [onyyeHbl KMHEeTUYecKue 3aBUCUMOCTMU
COp6LI,MM 3010Ta N CONYTCTBYOWUX METaNN0B U3 LMAaHNUAO0-LWENOYHbIX PAaCTBOPOB NPU Pas/INYHbIX ¢M3MKO-

MNoctynuna: 01 ageycma 2021 XMMMYECKMX paKTopax. YCTaHOB/IEHO, YTO 30/10TO Ha cmone AM-26 copbupyeTcs ¢ 60/blueit CKOPOCTbHO,
PeueH3upoBaHue: 28 Hosbpa 2021 4yem, Hanpumep Meau U LMHK. PacTBOpbl aHaNM3MpoBanu C UCNOAb30BAaHUEM COBPEMEHHBIX Npubopos
MpuHATa B neyatb: 30 Oekabps 2021 HoBoro nokoneHua: UK-®Oypbe cnektpomeTpa «Avatar 370». [poBeaeHbl 1abopaTopHble ccnefoBaHMA No

onpeaeneHuto CKoOpocTu copbumun 3010Ta aHUMOHUTOM AM-2B M3 UMAHWAHO-LWENOYHbIX pacTBopos. B
npotiecce copbuum 3010Ta U3 MHOTOKOMMOHEHTHbIX LIUaHUAHO-LLENO0YHbIX PAaCTBOPOB Ha aHUOHWUTe AM-
26 CMewWwaHHOW OCHOBHOCTM,  MAKPOMOPUCTOM  CTPYKTYpbl C  BEH3UNOUMETUNAMUHHBIMUA U
ANBEH3UNAUMETUN-aMMOHNEBBIMU GYHKLMOHAIbHBIMU FPYNNAaMM, YCTAHOB/IEHO, YTO BaXKHbIM haKTopom
KauyecTBEHHOr0 U KOJIMYECTBEHHOTO PasfeNneHns 3010Ta U NPUMECHBIX METANNI0B ABNAIOTCA KOHLLEHTpaLun
LUMaHUA, -1 TMAPOKCUA- MOHOB B pacTsope. Mpu U3ydeHUU BAUAHUA TEMNEPATypbl Ha CKOPOCTb copbLmm
30/10Ta U3 LMaHWAHO-LLEN0YHbIX PaCTBOPOB YCTaHOB/IEHbI TEMNepaTypHble 3aBucumoctu F ot t, Bt, oT t, In
(I- F) ot t n [ oT t, KOTOpPbIE NOKa3bIBAOT, YTO MPOLLECC COPOLMM ANLIMAaHOAYPAT-MOHOB KOHTPOMPYETCA
cMelaHHon andoysuent.

Kniouesble cnosa: pyaa, 301070, COPOLMOHHOE BbilenaynBaHune, aHnoHUT AM-26, upaHuposaHue.
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