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ABSTRACT

Recovery of gold from copper-rich gold ores has proved challenging. Dissolved copper in cya-
nide-deficit leach solutions severely interferes with adsorption of gold onto activated carbon or
ion exchange resins resulting in low recoveries. In this study, the efficiency of different adsorbents
for selective recovery of gold from the copper-containing cyanide leachate was investigated. Ac-
tivated carbon (NORIT GAC 1240), mixed base (Purogold A193), strong base (Dowex 21K XLT,
Purogold A194) and weak base (Purogold S992) resins were tested as the adsorbents. The preg-
nant leach solution (PLS), which contained 28.2 mg/L Au and 2804 mg/L Cu was obtained by the
cyanidation of a roasted copper-rich gold ore. The activated carbon showed a superior capacity
for gold loading, followed by Purogold $S992. On the other hand, Purogold S992 (weak base)
achieved the highest degree of selectivity for gold over copper with the lowest copper adsorption.
Mixed and strong base resins had the highest copper loadings. These findings demonstrated that
Purogold S992 could be suitably used for selective recovery of gold from leach solutions contain-
ing a high level of copper.

(074

Bakir igerigi yiksek altin cevherlerinden altin kazanimininda bazi zorluklar yasanmaktadir.
Siyantr derisimi dlsuk li¢ ¢ozeltilerindeki ¢ozinmus bakir, altinin aktif karbon veya iyon degistirici
reginelere adsorpsiyonunu dnemli dl¢lide olumsuz etkilemekte ve diigtik altin kazanimlarina neden
olmaktadir. Bu galismada, bakir igeren siyantr ¢ozeltisinden altinin segimli olarak kazanilmasinda
farkli adsorbanlarin etkinlikleri arastirimistir. Aktif karbon (NORIT GAC 1240), karisik bazik
(Purogold A193), kuvvetli bazik (Dowex 21K XLT, Purogold A194) ve zayIf bazik (Purogold S992)
regineler adsorban olarak test edilmistir. Kavurma on iglemine tabi tutulmus ylksek bakir icerikli
bir altin cevherinin siyanir lii ile 28,2 mg/L Au ve 2804 mg/L Cu igeren yiklii lig ¢ozeltisi elde
edilmistir. En yiiksek adsorpsiyon kapasitesine aktif karbonun ve onu takiben de Purogold
$992'nin sahip oldugu goriilmusttir. Diger taraftan, Purogold S992 (zayif bazik) en distk bakir
adsorplama seviyesi ile altin igin bakira gore en ytiksek segimlilige ulasmistir. Karisik ve kuvvetli
bazik regineler en yiiksek bakir adsorpsiyonuna sahiptir. Elde edilen sonuglar, Purogold S992'nin
yuksek bakir igeren li¢ ¢ozeltilerinden altinin secimli olarak kazaniminda kullaniimasinin uygun
oldugunu gdstermigtir.
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INTRODUCTION

Owing to the fact that cyanide forms strong
complexes with gold, it is the most competent
lixiviant for leaching of gold from ores
(Senanayake, 2004; Breuer et al., 2005; Dai et al.,
2010; Yang et al., 2010a,b; Bas et al., 2012 and
2015; Van Deventer, 2014). Cyanide is universally
used due to its efficiency for gold and silver
dissolution and fairly low cost without neglecting
its selectivity for gold and silver over other metals
(Senanayake, 2004; Marsden and House, 2006).
Some copper minerals are also readily dissolved
by cyanide to form copper cyanide complexes
(Muir et al., 1989; Breuer et al., 2005; Yazici et
al., 2015; Bas et al., 2015; Deveci et al., 2018;
Msumange, 2019). Other metals like Zn, Fe, Co,
Ni etc. can also be leached in cyanide media to
a varying extent from their minerals present in
the ore. Gold-cyanide complex can be recovered
from pregnant leach solutions (PLSs) by either
activated carbon or ion exchange resin (IX), more
recently. The degree of adsorption depends on the
nature of the adsorbent used and the chemistry
of the solution to be processed (Marsden and
House, 2006; Dai et al., 2010).

Activated carbon is widely used in many industrial
applications in both liquid and gas separation
processes, however, its employment in the
industry of gold has only been prevalent since
about 1980 (Marsden and House, 2006; de
Andrade Lima, 2007; Sole et al., 2018). Properties
like particle size, adsorption rate, reactivation
characteristics, adsorptive capacity, mechanical
strength and wear resistance are of paramount
importance affecting the adsorption performance
of gold onto activated carbon. Some physical
factors may affect the adsorption process.
These include carbon type and particle size,
mixing efficiency and effects of solids. Practically
carbons used in industrial applications typically
vary from 1.2 x 2.4 mm to 1.7 x 3.4 mm. The rate
of gold adsorption onto carbon can be directly
affected by the presence of Cu(CN),” complex as
it competes with gold adsorption (Marsden and
House, 2006; Sayiner and Acarkan, 2014). Based
on the previous findings present in the literature,
during cyanidation process, many metal-cyanide
species appear in the leaching process. Silver
dissolves as Ag(CN),” complex and adsorbs on
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carbon better than other metal-cyanides apart
from gold. As the concentration ratio of [Ag]:[Au]
reaches 2:1, silver can be inhibitive for the gold
adsorption on activated carbon (Adams, 1992).

Under laboratory conditions, the capacity of gold
loading increases with the increase of cation
concentration in solution in the following order of
Ca? > Mg?* > H* > Li* > Na* > K* and decreases
with anion concentration in the order of CN-> S >
SCN->S§,0,2 > OH > CI'> NO,". The competitive
adsorption of impurity metals with gold and silver
for active carbon sites adversely affects the gold
adsorption onto activated carbon. The adsorption
rate of base metals onto activated carbon is
less favoured compared to gold and silver. It
follows the following trend: Au(CN),” > Hg(CN), >
Ag(CN),” > Cu(CN),* > Zn(CN),> > Ni(CN) > >>
Fe(CN),* (Marsden and House, 2006).

An alternative to activated carbon, which
has received considerable attention over the
years is ion exchange resins (Gomes et al.,
2001; Leao et al., 2001; Bachiller et al., 2004).
Commercially available resins have been unable
to compete with activated carbon in most mineral
systems because of poor selectivity, mechanical
breakdown of beads and the requirement for
complex elution and regeneration processes.
However, resins offer some chemical advantages
over activated carbon and have a high potential
for application in gold recovery systems. The vital
advantages of ion exchange resins encompass
their low energy demand and superior selectivity
for gold over base metals such as copper (Leao
and Ciminelli, 2000; Van Deventer, 2011 and
2014, Van Deventer et al., 2012; Sole et al.,
2018). Resins have potentially higher loading
capacities/rates, are less likely to be poisoned by
organics and do not require thermal regeneration
(Van Deventer et al., 2012; Kotze et al., 2016;
Sole et al., 2018). The main disadvantage of gold-
selective resins is that they are more expensive
than activated carbon (Marsden and House,
2006; Sole et al., 2018).

Gold selective resins that appear to be
commercially viable are strong and weak/medium
base anion exchange resins (Kotze et al., 2016).
Generally, during adsorption, weak/medium base
resins are more selective for gold over base
metals and their elution is simply done by aqueous



NaOH (Van Deventer et al., 2012). They are also
very sensitive to pH changes. The optimum pH
range lies between 10 to 11 (Voiloshnikova et
al., 2014a). Strong base resins have high metal
loadings compared to weak/medium base ones
without any dependency on pH. The selectivity of
strong base resins is reduced due to the tendency
of loading of base metals during the adsorption
process. Elution of these resins is undertaken
by the use of a mixture of thiourea and sulfuric
acid, which has the possible source of danger for
generating toxic HCN (Marsden and House, 2006;
Van Deventer et al., 2012; Kotze et al., 2016).
Figure 1 shows the relationship between pH and
loading of gold onto different anion exchange
resins as well as its elution from resins.

Au on resin

HAY
‘WEAK BASE’ RESINS,
Inefficient at high pH |

H I
pH 10.5 pH 13
(loading from (elution)
cyanided pulp)

Figure 1. Effect of functional group basicity on the
degree of protonation and loading of gold onto resin
(Van Deventer, 2011)

When using a weak/medium-base resin, its
functional group must be protonated so that the
extraction takes place, since their functional
groups are either secondary or tertiary amines,
which have no permanent charge. Equations 1
and 2 show the mechanisms of protonation and
adsorption, respectively:

P-NR, + H' > P-NR,H" (1)

(P-NRH"),S04” + 2Au(CN), - (2)
2P-NR,H"AU(CN), + SO,*

If copper is present at high levels, the adsorption
process is largely affected. When utilizing
activated carbon, overall CN:Cu ratio should be
decreased to 2, to achieve the most effective
copper adsorption (Dai et al., 2010). The latter
can be done by dissolving metallic copper into the
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leach solution. It is not necessary to decrease the
CN:Cu ratio when using an ion exchange resin,
this is because the Cu(CN),> complex, which
is the most dominant species in leach solutions
can be stiffly adsorbed onto the resin (Marsden
and House, 2006; Dai and Breuer, 2009; Dai et
al., 2010). The adsorption of copper is strongly
related to cyanide concentration and pH. At low
pH and cyanide concentrations, formation of
Cu(CN), complex is favoured whilst the Cu(CN),*
complex predominates at high pH and cyanide
concentrations. The adsorption of Cu-species
decreases in the order: Cu(CN),” > Cu(CN),> >
Cu(CN),* (Dai and Breuer, 2009; Van Deventer
et al., 2012; Van Deventer, 2014). Cu(CN), is
the most problematic cyanide complex amongst
others as it competes directly with Au(CN)," in
the course of the adsorption process (Marsden
and House, 2006; Van Deventer, 2014). When
using activated carbon, to hinder the adsorption
of copper, a molar ratio of CN:Cu should be kept
at or above 4:1 in leach solutions (Muir, 2011).

In this study, the effectiveness of various
adsorbents in the recovery of gold from cyanide
leachate with a high level of copper concentration
was investigated. Activated carbon (NORIT GAC
1240) and different kind of resins i.e., strong base
(Purogold A194, Dowex 21K XLT), mixed base
(Purogold A193) and weak base (Purogold S992),
were employed. Gold selectivity over copper (Au/
Cu), distribution ratio and the loading capacity of
Au and Cu were examined.

1. EXPERIMENTAL

A copper-rich gold ore sample (108 g/t Au, 1.6%
Cu, mainly composed of quartz and pyrite), which
was used to produce real leach solutions was
kindly provided by Koza Gold Co. (Gimushane/
Mastra, Turkey). Table 1 shows the chemical
analysis of the ore sample. The ore is classified
as refractory due to its low response to direct
cyanide leaching under the conditions of 1.5 g/L
NaCN, 25% w/w solids ratio, 1.5 L/min air flow
rate and pH 10.5-11 i.e., 18.4% Au extraction over
24 h. Roasting of the ore prior to cyanide leaching
was proved to be an effective pretreatment route
to achieve acceptable gold extractions from the
ore (Msumange, 2019).
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Table1. Chemical composition of the ore sample
(Msumange et al., 2020)

Element/ Content Element Content
Compound (%) (g/t)
SiO, 67.3 Au 107.7
ALO, 11.51 Cu 15960
Fe,O, 6.06 Al 3900
MgO 0.45 Ni 604.5
CaOo 0.46 Zn 926.1
Na,O 0.06 Pb 838.1
K,O 2.58 As 225
TiO, 0.02 Ba 1211
P,O, 0.19 Ag 9.3
MnO 0.18 Sb 93.21
Cr,0, 0.015 Mo 24.64
Fe 4.02 Cd 10.7
S 3.46 La 1.64
K 0.21 Na 270
Ca 0.22 Mg 710
P 0.001> Ti 23
LOI 6.03 Ga 5>
Total C 0.15 Bi 5>
Total S 4.56 Hg 5>
Sum 95.31 Be 1>

PLSs were prepared and used in the adsorption
tests. They were derived from direct cyanide
leaching (1.5 g/L NaCN, 25% w/w solids ratio,
1.5 L/min air flow rate, pH 10.5-11, 24 h) of the
roasted ore (at 650 °C for 8 h). Gold and copper
concentrations in PLSs were determined to be
28.2 mg/L Au and 2804 mg/L Cu, respectively.
The PLSs were prepared in 50-mL Erlenmeyer
flasks, which were then placed onto an orbital
shaker (Wiggen Hauser). Prior to the addition of
adsorbents, air (1.5 L/min) was supplied into the
flasks with PLSs. pH was maintained at 10.5-11
by the use of 1 M NaOH, if required.

Adsorption tests were conducted to compare
the effectiveness of various adsorbents for gold
recovery from cyanide leachate having a high level
of copper. By the use of activated carbon (NORIT
GAC 1240), mixed base (Purogold A193), strong
base (Dowex 21K XLT, Purogold A194) and weak
base (Purogold S992) resins, gold selectivity over
copper and the loading capacity were evaluated.
The distribution ratio of Au and Cu was also
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determined. The activated carbon (NORIT GAC
1240) had an effective size of 0.65 mm (NORIT,
2003). The technical features of the resins used
in this study were presented in Table 2. When the
pH of PLSs was around 10.5-11, the adsorbent
used was introduced into Erlenmeyer flasks. Only
Purogold S992 was tested at pH 10-10.5 due to
its high pH sensitivity. To avoid evaporation of the
leach solution, the mouth of the employed conical
flasks was covered by a sponge. Adsorption tests
were carried out using the adsorbents (5 g/L)
under the conditions of 25 °C at 170 rpm stirring
speed over a period of 24 hours. Sampling
was carried out at predetermined intervals by
removing 1 mL solution from each flask. At the
end of the tests, solutions were diluted with 1.5 g/L
NaCN and metal concentrations were analyzed
by atomic absorption spectroscopy (AAS, Perkin
Elmer AAnalyst 400).

The employed weak base resin (Purogold S992)
was firstly transformed into the form of sulfate
before the tests to interact with metal-cyanide
anions. As indicated previously, protonation of this
type of resin is a prerequisite for the extraction
process to occur. They were contacted with two-
bed volumes (BV’s) of a 0.5 M Na,SO,.10H,0
solution in a column. The rate of flow was 2-bed
volume per hour (volume of resin used is defined
as a BV). 4 BV’s of water was utilised to cleanse
the excess reagent from the resin (Van Deventer
et al.,, 2014). It should be noted that the weak
base resin (Purogold S992) is very sensitive to
pH, and performs best in the pH range between
10 and 11. Van Deventer et al. (2012) reported
that optimum Au loading and minimum Cu co-
loading on Purogold S992 occurred at pH 10.4-
10.5. Voiloshnikova et al. (2014a) investigated
the performance of gold adsorption on Purogold
S992 from synthetic gold and multi-metal cyanide
solutions. Equilibrium tests showed that the resin
was sensitive to pH in that gold loading decreased
from 23,700 g/ton to 2,380 g/ton by increasing the
pH from 10 to 11 from the solution containing 1
mg/L Au. No gold adsorption took place at =pH
12.5. Relying on these facts, in the current study
the pH was maintained between 10-10.5 in the
tests where Purogold S992 was used.

The selectivity, y, and adsorbent loading capacity,
A (mg/g), were calculated using Equations 3 and
4 respectively.
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Cu, respectively. C_ is the initial concentration of

— Dau _ [Auladsorbent*[Ctlsolution
Dcu  [Aulsoiution¥[Ctladsorbent 3) adsorbate in solution (mg/L), C, is the equilibrium
A=(Co-C)xVxm" @) concentration of adsorbate in solution (mg/L), V is

where, D, andD__ are distribution ratios forAuand

the volume of solution (L) and m is the adsorbent
mass (9).

Table 2. Technical features of the ion exchange resins used in the tests (Van Deventer et al., 2012 and 2014;

PUROLITE, 2015, 2016a,b, 2020; URL, 2020)

Name/brand of Matrix / Tvoe Functional lonic Capacit Moisture re- Effective
the resin yp Group Form pactty tention (%) size (um)
Dowex 21K XLT ~ SWrene-divinylbenzene /- Quaternary o 4 4 o0y 50-60 525-625
Type | Strong base anion Amines
Mixed
Macroporous polystyrene- Tertiary &
Purogold A193 * divinylbenzene ry Cl 3.8 eq/kg 46-56 800-1300
. - Quaternary
/ Mixed base anion -
Amines
Purogold A194*  Macroporous /Strong - Quaternary o 4 00 44-52 710-1300
base anion Amines
Macroporous
. polystyrene- Mixed : )
Purogold S992 divinylbenzene / Weak Amines FB 4.4 eq/kg 47-55 800-1300

base, Chelating

* Developed for adsorption of gold-cyanide complexes from cyanide liquors, FB = Free Base

2. RESULTS AND DISCUSSION

The pregnant leach solution used contained 28.2
mg/L of gold and 2804 mg/L of copper. The pH-
dependent distribution of Cu(l)-cyanide species
in PLS used was determined by MEDUSA (2009)
software (Figure 2). This speciation plot pointed
out that the dominant Cu(l)-cyanide species in
the solution during the adsorption tests were
Cu(CN),> with =65% followed by Cu(CN),*> with
=~35% over the pH range of 10-11.

CuCN(c)

Cu(CN)52

0.8 F

Fraction
(=]
&>

N
i

Cu(CN)43

02

0.0

Figure 2. Speciation of Cu(l)-cyanide species vs. pH
reflecting the conditions of PLS produced (CN.__=0.153

Total

M, Cu(1)=2804 mg/L, Au(1)=28.24 mg/L) (MEDUSA, 2009)

Kinetics of gold and copper loading onto
adsorbents (mass of metal per tonne of
adsorbent) and the change in the solution metal
concentrations at pH 10.5-11 or 10-10.5 (for
Purogold S992) are presented in Figures 3-7.

Considering the gold loading capacity, it is seen
that activated carbon loaded more gold than other
adsorbents tested. Around 2856 g of Au were
loaded per ton of activated carbon within just the
first 2 hours. This is above half of the total gold
loaded over a period of 24 hours (Figure 3). Dowex
21K XLT resin showed the lowest performance in
gold adsorption in that gold loading reached its
maximum (1978 g/ton) in 2 hours (Figure 4).

During the first hour of adsorption, gold loading on
the activated carbon was 2347 g/t (Figure 3) while
those for Purogold A193 and Purogold A194 were
1286 g/ton and 1786 g/ton, respectively (Figures
5-6).

The difference between gold loading values of
activated carbon and Purogold A193 within the
first hour of adsorption was 1061 g/ton. Over the
same period of 1 hour, 1786 g/ton that is 53% of
the total loaded gold onto Purogold S992 was
observed (Figure 7). These data could simply
indicate the superior gold loading capacity of
activated carbon compared with Purogold S992,
Purogold A194, Purogold A193 and Dowex 21K
XLT, respectively, in descending order of gold

loading.
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Comparative gold and copper adsorption
percentages over 24 hours were demonstrated in
Figure 8. Distribution ratios of gold and copper,
selectivity coefficient (u) and amount of metal(s)
loaded on adsorbent (kg/ton or g/ton) were
also calculated (Table 3). The selectivity of an
adsorbent is defined as its gold loading relative to
copper loading and formulated as the ratio of the
distribution of gold to that of copper (Equation 3).

4000 30
_ 25
§ 3000 %I’
g 20 E
£ 5
$ 2000 155
s —¥%—Au on resin (Purogold L 10 3
e S992) (g/ton) =
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Figure 7. Kinetics of gold (a) and copper (b) loading onto
Purogold S992 and metal concentrations (pH 10-10.5)
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Figure 8. Percentage of metals recovered by adsorbents

Activated carbon was apparently found to have
the highest gold loading capacity (4406 g/ton) and
hence distribution ratio (620) compared to other
adsorbents used (Table 3). Purogold S992 was
the second adsorbent to recover gold in greater
amount. Despite the fact that the amount of gold
loaded onto activated carbon was high, yet it was
not as selective as Purogold S992 which had the
superior selectivity for gold with its characteristic
of having the lowest copper loading. The latter
loaded only 76 kg/ton of copper over a period of
24 hours (14% of Cu in the PLS was adsorbed),
while 192 kg/ton were loaded onto activated
carbon over the same period. In fact, Purogold
S992 loaded the lowest level of copper amongst
the adsorbents tested (Table 3). The utilisation of
the Purogold S992 with its high selectivity for gold
over copper will not need extra inventory for the
loading of copper and hence, the productivity will
be higher.

Consistently, Van Deventer et al. (2012)
previously demonstrated that no copper was
loaded onto Purogold S992 from a synthetic gold

Table 3. Comparison of the activated carbon with IX resins used for the adsorption of Au and Cu from a real
cyanide leach solution (28.2 mg/L Au, 2804 mg/L Cu, Conc of Adsorbent: 5 g/L, pH 10.5-11, 25 °C, 24 h)

Au on Adsorbent Cu on Adsorbent

Adsorbent D (Au) D (Cu) M (Selectivity) (glton) (kg/ton)
Activated Carbon 620 90 6.9 4406 192
Dowex 21K XLT 82 112 0.7 1814 221
Purogold A193 139 129 1.1 2510 239
Purogold A194 158 109 1.5 2688 216
Purogold S992 * 258 27 9.6 3373 76

* pH was controlled at 10-10.5 in the tests where Purogold S992 was used.
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leach liquor (9 mg/L Au, 13.6 mg/L Cu, 1.0 mg/L
Zn, 10.4 mg/L Ni) with a selectivity order of Au
> Zn > Ni >> Cu. They also noted that activated
carbon loaded 3.9-fold higher gold compared to
Purogold S992 (i.e., 16,450 vs. 4183 g/ton) at
the expense of higher copper and zinc loadings
compared to the resin.

Mixed base (Purogold A193) and strong base
resins (Purogold A194) appear to have relatively
a high gold loading capacity, but, poor selectivity
due to comparatively high loadings of copper (239
kg/ton and 216 kg/ton, respectively). Purogold
A193 appeared to show the highest adsorption for
copper followed by Dowex 21K XLT, a variation
of 3% in terms of Cu recovery for Purogold A193
and Dowex 21K XLT was observed (Figure 8).
However, the difference in Cu recoveries for
Dowex 21K XLT and Purogold A194 was just by
1%. Amongst the adsorbents, Dowex 21K XLT
seems to be the most non-selective adsorbent as
the amount of copper recovery was higher by 7%
to that of gold (Figure 8) as an indication of its
non-selective character.

These findings showed that base metals such
as Cu could be favoured during adsorption onto
strong base resins. Gold loadings and selectivities
(M) for Purogold S992 (and other resins) were
observed to be strongly affected by the presence
of an excessively high concentration of copper
(i.e., 2804 mg/L Cu) as well as ionic strength in the
PLSs which may result in the competition of other
anions and copper/metal-cyanide complexes with
gold-cyanide complexes. Possible presence of
dissolved silica in the PLSs may also contribute to
the fouling of the resin and hence reduction in the
gold loading (Marsden and House, 2006; Sayiner
and Acarkan, 2014; Van Deventer, 2014).

Consistent with the current findings, previous
studies (Fleming and Cromberge, 1984;
Marsden and House, 2006; Van Deventer et
al., 2012) highlighted that weak and medium
base resins possess higher selectivity for gold
over copper than strong base resins when used
in cyanide leach solutions. Many investigators
(Van Deventer et al., 2012; Van Deventer, 2014)
reported that weak base resin (Purogold S992)
has high selectivity for gold over copper from
cyanide liquors. Voiloshnikova et al. (2014a)
reported that the selectivity of the Purogold S992
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is in the order of Au(CN), > Zn(CN),> > Ag(CN), >
Fe(CN)>> Cu(CN),%. Van Deventer et al. (2014)
compared the performance of Purogold S992,
Purogold A194 and activated carbon using a
synthetic solution containing 1.4 mg/L Au and ~1
g/L Cu. They reported a selectivity (Au/Cu) order
of the adsorbents as Carbon>S992>A194. The
loading of gold by the adsorbents followed an
order of A194>Carbon>S992. The difference of
these results (Van Deventer et al., 2014) with the
current findings (Table 3) can be attributed to the
type of activated carbon used, solution chemistry
and interference of other ions in the real PLSs
as used in the current study. Voiloshnikova et al.
(2014b) applied continuous resin-in-pulp (RIP)
tests to a gold ore containing 2 g/ton Au, using
Purogold S992 as the resin. They obtained a final
gold recovery of 94.3%. The authors also noted
that the gold loaded onto the resin could be easily
eluted using a concentrated cyanide solution (20
g/L NaCN; 5 g/L NaOH, 60 °C) with an average
gold stripping recovery of 97%.

A previous report by Ahlatci et al. (2018) also
supported the low copper loadings of Purogold
S992 observed in the current study (Table
3). Ahlatci et al. (2018) tested the adsorption
performance of Cu, Zn and Fe from waste
cyanide solutions (after gold recovery; 135 mg/L
Cu, 196 mg/L Zn, 5.3 mg/L Fe, 1.5 g/L NaCN, pH
10.5) using Dowex 21K XLT, Purogold A193 and
Purogold S992 resins. They found that Dowex
21K XLT resin loaded the highest amount of
copper (10.2%) and zinc (24.5%) over 24 hours,
while other resins showed no or limited adsorption
(i.e., <3%) of Cu/Zn.

CONCLUSION

The gold loading capacity and selectivity of
various adsorbents (activated carbon, Dowex
21K XLT, Purogold A193, Purogold A194,
Purogold S992) were evaluated from a cyanide
leachate containing 28.2 mg/L Au and 2804
mg/L Cu. The experimental findings indicated
that the activated carbon has the highest gold
loading capacity among the adsorbents tested.
However, the selectivity of the activated carbon
was remarkably lower than Purogold S992.
The latter adsorbent was found to have the
highest selectivity. Other resins tested appeared



to have even lower selectivity than activated
carbon. The order of selectivity obtained was
as follows: Purogold S992 > Activated carbon >
Purogold A194 > Purogold A193 > Dowex 21K
XLT. The difference in selectivities between
the employed adsorbents could be related to
the amount of copper present in the solution(s)
and the chemistry of the respective adsorbent.
Considerably high copper levels in the PLS used
could have directly interfered with the adsorption
process due to the direct competition of copper
cyanide complexes with gold cyanide complex
to the active sites. These findings suggest that
Purogold S992 could be suitably used for the
recovery of gold from cyanide leach solutions
laden with copper relying on its relatively high
capacity coupled with superior selectivity for gold
over copper.

ACKNOWLEDGEMENTS

Funding for this work (Project no: FBA-2018-
7399) was fully provided by the Scientific
Research Foundation of Karadeniz Technical
University (KTU). We are wholeheartedly grateful
for this unfeigned support. The authors would like
to express thanks to Koza Gold Co. (Gumushane/
Mastra, Turkey) for providing copper-rich gold
ore samples and to PUROLITE Co. for providing
resin samples.

REFERENCES

Adams, M.D., 1992. The Mechanisms of Adsorption
of Ag(CN), and Ag" on to Activated Carbon.
Hydrometallurgy, 31, 121-138.

Ahlatci, F., Kog, E., Yazici, E., Celep, O., Deveci, H.,
2018. Adsorption of Heavy Metals from Waste Cyanide
Solutions with Anionic Resins. Scientific Mining Journal,
57, 17-22 (In Turkish).

Bachiller, D., Torre, M., Rendueles, M., Diaz, M.,
2004. Cyanide Recovery by lon Exchange from Gold
Ore Waste Effluents Containing Copper. Minerals
Engineering 17, 767-774.

Bas, A. D., Yazici, E. Y., Deveci, H., 2012. Treatment of
Copper-Rich Gold Ores by Ammonia Assisted Cyanide
Leaching. Proceedings of the XXVI International
Mineral Processing Congress (IMPC), New Delhi,
India, 356—-365.

D.A.Msumange, vd. / Bilimsel Madencilik Dergisi, 2021, 60(1), 21-30

Bas, A. D., Kog, E., Yazici, E. Y., Deveci, H., 2015.
Treatment of Copper-Rich Gold Ore by Cyanide
Leaching, Ammonia Pretreatment, and Ammoniacal
Cyanide Leaching. Trans Nonferrous Met. Soc. China,
597-607.

Breuer, P. L., Jeffrey, M.1., Dai, X., 2005. Leaching and
Recovery of Copper during the Cyanidation of Copper
Containing Gold Ores. Treatment of Gold Ores. The
Canadian Institute of Mining, Metallurgy and Petroleum,
Quebec, Canada, 279-293.

Dai, X., Breuer, P. L., 2009. Cyanide and Copper
Cyanide Recovery by Activated Carbon. Minerals
Engineering, 22, 469-476.

Dai, X., Breuer, P. L., Jeffrey, M.l., 2010. Comparison
of Activated Carbon and lon-Exchange Resins in
Recovering Copper from Cyanide Leach Solutions.
Hydrometallurgy,101 (1-2), 48-57.

Deveci H., Yazici E.Y., Celep O., 2018. An Overview of
Pre-treatment and Leaching Options for Gold Extraction
from Refractory Copper-Gold Ores. 16th International
Mineral Processing Symposium and Exhibition (IMPS),
Antalya, 439-451.

de Andrade Lima, L.R.P., 2007. Dynamic Simulation of
the Carbon-in-Pulp and Carbon-in-Leach Processes.
Brazilian Journal of Chemical Engineering, 24 (4), 623-
635.

Fleming, C.A., Cromberge, G., 1984. The elution of
Aurocyanide from Strong- and Weak- Base Resins.
Journal of the South African Institute of Mining and
Metallurgy, 84 (9), 269-280.

Gomes, C. P,,Almeida, M. F., Loureiro, J. M., 2001. Gold
Recovery with lon Exchange Used Resins. Separation
and Purification Technology, 24 (1-2), 35-57.

Kotze, M., Green, B., Mackenzie, J., Virnig, M., 2016.
Resin-in-Pulp and Resin in-Solution, Advances In Gold
Ore Processing, ed.: Adams, M., Elsevier: Amsterdam,
Netherlands, 561-584.

Leao, V.A., Ciminelli, V.S.T., 2000. Application of lon
Exchange Resins in Gold Hydrometallurgy. A Tool
for Cyanide Recycling, Solvent Extraction and lon
Exchange, 18 (3), 567-582.

Leao, V.A., Lukey, G.C., Vandeventer, J.S.J., Ciminelli,
V.S.T., 2001. The Dependence of Sorbed Copper and
Nickel Cyanide Speciation on lon Exchange Resin
Type. Hydrometallurgy, 61, 105-119.

Marsden, J., House, I., 2006. The Chemistry of
Gold Extraction. 2nd Edition, The Society for Mining
Metallurgy and Exploration Inc., USA, 318-392.

29



D.A.Msumange, et. al. / Scientific Mining Journal, 2021, 60(1), 21-30

Medusa, 2009. Software for Chemical Equilibrium
Diagrams, 32 bit version, Royal Institute of Technology,
Sweden.

Msumange, D.A., 2019. Recovery of Gold from Copper-
Rich Ores Using lon Exchange Resins. MSc Thesis,
Karadeniz Technical University (KTU), The Graduate
School of Natural and Applied Sciences, Department
of Mining Engineering, Trabzon, 108 pp.

Msumange, D.A., Yazici, E.Y., Celep, O., Deveci, H.,
2020. Investigation of the Amenability of a Copper-Rich
Refractory Gold Ore to Cyanide Leaching. Scientific
Mining Journal, 59 (4), 225-234.

Muir, D.M., La Brooy, S.R., Cao, C., 1989. Recovery
of Gold from Copper-Bearing Ores. Gold Forum on
Technology and Practices- World Gold 89, 363-374.

Muir, D.M., 2011. A Review of the Selective Leaching of
Gold from Oxidised Copper—Gold Ores with Ammonia—
Cyanide and New Insights for Plant Control and
Operation. Minerals Engineering, 24, 576-582.

NORIT, 2003. Data Sheet — NORIT GAC 1240,
Granular Activated Carbon, No: 2201, 2 pp.

PUROLITE, 2015. Purogold lon Exchange Resins for
Metals Recovery Applications, P-000033-250PP-0515-
PCO, 2 pp.

PUROLITE, 2016a. Product Data Sheet - Purogold
A193, 1 August, 1 pp.

PUROLITE, 2016b. Product Data Sheet - Purogold
S992, 1 August, 1 pp.

PUROLITE, 2020. Product Information — Purolite
Product Guide, P-000023-NPOLD-0120-R2-ENG-
PCO, 25 pp.

Sayiner, B., Acarkan, N., 2014. Effect of Silver, Nickel
and Copper Cyanides on Gold Adsorption on Activated
Carbon in Cyanide Leach Solutions. Physicochemical
Problems of Mineral Processing, 50 (1), 277-287.

Senanayake, G., 2004. Gold Leaching in Non-
Cyanide Lixiviant Systems: Critical Issues
on Fundamentals and Applications. Minerals
Engineering, 17, 785-801.

Sole, K.C., Mooiman, M.B., Hardwick, E., 2018. lon
Exchange in Hydrometallurgical Processing: An
Overview and Selected Applications. Separation &
Purification Reviews, 47 (2), 159-178.

30

URL, https://www.lenntech.com/Data-sheets/
Dowex-21K-XLT-L.pdf, July 24, 2020.

Van Deventer, J., 2011. Selected lon Exchange
Applications in the Hydrometallurgical Industry. Solvent
Extraction and lon Exchange, 29 (5-6), 695-718.

Van Deventer, J., Kotze, M., Yahorava, V., 2012. Gold
Recovery From Copper-Rich Ores Employing the
Purogold S992 Gold-Selective lon Exchange Resin.
ALTA 2012 Gold Conference, Melbourne, Australia,
ALTA Metallurgical Service, 8 pp.

Van Deventer, J., Bazhko, V., Yahorava, V., 2014.
Comparison of Gold-Selective lon Exchange Resins
and Activated Carbon for the Recovery of Gold from
Copper Gold Leach Liquors. ALTA 2014 Gold-precious
metals Conference, Melbourne, Australia, ALTA
Metallurgical Service, 18 pp.

Van Deventer, J., 2014. New Developments in lon
Exchange Resins for the Recovery of Gold from
Complex Ores. Hydrometallurgy, Canadian Institute of
Mining, Metallurgy and Petroleum, Montreal, Canada,
677-687.

Voiloshnikova, N., Deementyev, V., Voiloshnikov, G.,
Grigoryeva, |., and Moskaeva, N., 2014a. Comparison
of Anion Exchange Resins for Adsorption Processes
in the Gold Industry. XXVII International Mineral
Processing Congress, Santiago-Chile, 1-10.

Voiloshnikova, N.S., Grigoryeva, I.1., Voiloshnikov, G.I.,
2014b. Use of Weak-base lon-exchange Resin for
Gold Ore Processing. International Mineral Processing
Congress (IMPC), Santiago, Chile, 2811-2816.

Yang, X., Moats, M.S., Miller, J.D., 2010a. Gold
Dissolution in Acidic Thiourea and Thiocyanate
Solutions. Electrochimica Acta, 55, 3643-3649.

Yang, X., Moats, M.S., Miller, J.D., 2010b. The
Interaction of Thiourea and Formamidine Disulfide
in the Dissolution of Gold in Sulfuric Acid Solutions.
Minerals Engineering, 23 (9), 698-704.

Yazici, E.Y., Ahlatci, F., Koc, E., Celep, O., Deveci,
H., 2015. Pre-treatment of a Copper-rich Gold Ore
for Elimination of Copper Interference. 8" European
Metallurgical Conference (EMC), Dusseldorf, Vol. 2,
601-613.



