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Abstract

This study investigates the selective sorption of gold(l) ions from binary gold-iron solutions using the interpolymer system
Amberlite IR120:AV-17-8. The system leverages remote interactions between cationic and anionic resins to enhance gold
selectivity. Amberlite IR120 (H* form) and AV-17-8 (OH™ form) were evaluated at molar ratios of 6:0, 5:1, 4:2, 3:3, 2:4, 1:5,
and 0:6. Sorption characteristics were analyzed using gravimetry, inductively coupled plasma optical emission spectroscopy,
Fourier transform infrared spectroscopy, thermogravimetric analysis and scanning electron microscopy. The optimized 4:2
ratio exhibited the highest gold selectivity, achieving 96.26% sorption after 48 hours, while iron sorption remained at 42.33%.
In contrast, Amberlite IR120 (6:0) showed negligible sorption (~¥3%), whereas AV-17-8 (0:6) reached 91.9% for gold and 92.33%
for iron. Desorption with 9% thiourea and 2% sulfuric acid yielded 92.28% gold recovery and 46.44% iron recovery at the 4:2
ratio, which correlates with the high sorption efficiency. Based on calculations per mole of anion exchanger, the highest gold
sorption was 18.45 mg/L at a 5:1 ratio, 301% higher than the 4.60 mg/L at a 0:6 ratio and gold desorption peaked at 15.4
mg/L at a 5:1 ratio, 266.67% higher than the 4.20 mg/L at a 0:6. These findings demonstrate that optimizing cation-anion
ratios significantly enhances gold recovery. The system's efficiency is attributed to remote interactions and enhanced ion
exchange, as analyzed using Pearson’s Hard and Soft Acids and Bases theory.
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1. Introduction extracting gold from low-grade ores necessitate the

Gold is a precious metal with a wide range of applications and
is renowned for its unique physicochemical properties,
including excellent thermal and electrical conductivities,
remarkable ductility, chemical inertness, and exceptional
corrosion resistance.l'¥ These properties make gold an
invaluable material across various industries, sustaining a
continuous and growing demand for its production. However,
the finite availability of gold resources and the complexity of
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development of more efficient and cost-effective recovery
methods.! The sorption and refining of high-purity gold are
always fraught with significant challenges due to the complex
composition of gold-bearing ores, which often contain other
metals such as copper, silver, zinc, and iron.[%” The presence
of associated metals not only complicates the separation
process but also increases the likelihood of resource wastage
and environmental degradation. Consequently, the sorption of
gold from both natural ores and secondary sources remains a
critical task in modern metallurgy.2l The increasing
heterogeneity of ore composition further emphasizes the need
to develop advanced methods capable of efficiently separating
and recovering gold while mitigating the interference of
accompanying elements in the gold sorption process.

Over the years, various methods have been developed for
gold sorption, including gravity separation,!'>'¥l flotation,[!>-!8!
amalgamation,'>2!l heap leaching,!?>?! bioleaching.?***! The
selection of the appropriate process is primarily determined by
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the ore's mineralogical properties and the concentration of
gold it contains. Among these techniques, cyanidation remains
one of the most widely employed processes, particularly for
treating low-grade ores due to its ability to extract gold
efficiently from ores with low concentrations. This makes
cyanidation especially valuable in large-scale operations
where alternative methods may not be economically viable.
However, despite its effectiveness, this method raises concerns
about environmental contamination and safety, particularly
regarding the interaction and complexation with cyanide and
its disposal.?*-*! Cyanide leaching involves the complexation
of gold with cyanide ions in an alkaline solution in the
presence of oxygen, as illustrated by the reaction shown in
Equation (1):B4+3

4Au + 8CN- + O + 2H,0 — 4[Au(CN),]- +40H- (1)

While the cyanidation process effectively leaches gold into
solution, the subsequent separation of gold from the resulting
cyanide complexes poses significant challenges, particularly
in the presence of accompanying metal ions. Recently,
flotation has emerged as a promising approach for improving
gold particularly the of
superhydrophobic materials. One effective strategy in this
field by
incorporating superhydrophobic magnetic carriers (SMC).

recovery, through use

involves enhancing flotation performance
This method, known as SMC-based carrier flotation, has
demonstrated high efficiency in recovering fine mineral
particles from complex ores.**) Moreover, superhydrophobic
materials are widely applied in various industries due to their
ability to
effectiveness,

improve selectivity, cost-
wettability These

advancements underscore the growing interest in flotation-

recovery rates,

and control.B7-3]
based techniques as a viable and sustainable alternative for
metal extraction.

Despite advances in hydrometallurgy, the issue of
improving the selectivity and efficiency of sorbents for gold
sorption remains relevant.®! Adsorption methods using
various materials such as hydrogels,*#1 ion exchange
resins,*-4% biological adsorbents,*”*8! functionalized magnetic
chitosan nanoparticles,*>> and activated carbons have
garnered significant attention due to their role in extracting
various metal ions from aqueous media.’'->3l Hydrogels,
particularly those based on N,N-dimethylacrylamide (DMAA),
have been widely explored for their ability to adsorb heavy
metal ions from aqueous solutions due to their high swelling
capacity and functional that
binding.54%] demonstrate considerable
potential in enhancing metal recovery, offering solutions
aimed at increasing the efficiency and sustainability of

groups facilitate metal

These materials
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sorption processes.>*8! While these advanced materials offer

promising approaches for improving gold sorption,
conventional technologies such as carbon-in-leach and
carbon-in-pulp remain the most widely used in industrial
practice. However, their efficiency is often reduced when
processing carbonaceous

behavior. In such ores, naturally occurring organic carbon

ores exhibiting preg-robbing
competes with the sorbent for gold cyanide complexes,
significantly reducing the performance of activated carbon.

Recent studies have shown that protonated activated
carbon in the carbon-in-leach process effectively mitigates the
preg-robbing effect associated with carbonaceous ores. Due to
improved adsorption properties over conventional sorbents,
protonated activated carbon enhances gold recovery and
reduces metal losses during processing.’” An alternative
approach involves resin-in-leach technology, which utilizes
ion-exchange resins with high selectivity for gold and has
demonstrated promising results under similar processing
conditions. At the Penjom plant in Malaysia, replacing
activated carbon with a strong-base anion exchange resin
increased gold recovery to 90% and reduced sorbent losses to
less than 5 g/t of ore.l) However, the widespread industrial
adoption of resin-in-leach is often constrained by the high cost
of specialized resins such as Minix or Purogold. This
economic factor presents a challenge for long-term viability,
particularly in operations with fluctuating ore compositions
In contrast, the Amberlite IR120:AV-17-8 interpolymer
system offers a cost-effective and technically robust
alternative. With commercially available prices of
approximately 2.0 USD/kg for AV-17-8 and 2.5 USD/kg for
Amberlite IR120, the system combines cationic and anionic
exchange functionalities to achieve enhanced sorption
performance via synergistic interaction. Furthermore, the
system demonstrates high resistance to organic fouling,
making it suitable for use in conjunction with blanking agents
and under complex leaching conditions commonly
encountered in preg-robbing ores.

Considering the strengths of these works, our research has
focused on developing interpolymer systems that combine
different ion exchange resins to enhance the efficiency of
metal ion recovery. Specifically, the use of an interpolymer
system consisting of ion exchangers such as Amberlite IR120
and AV-17-8 allows for significantly improved adsorption of
gold ions. The primary objective of this research was to
investigate the selective sorption capabilities of this system for
the recovery of Au(l) ions from complex solutions containing
both gold and iron ions. By exploring various molar ratios
(X:Y) of the Amberlite IR120 cation exchange resin and the
AV-17-8 anion exchange resin at different interaction times,
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we aim to enhance the system's selectivity and efficiency in
gold recovery, thereby contributing to the advancement of
more sustainable and effective methods for precious and other
metal sorption.

2. Experimental section

2.1 Materials and equipment

The strongly acidic cation exchanger Amberlite IR120 (H*
form) (Lenntech, Delfgauw, The Netherlands), a gel-type resin
based on sulfonated styrene-divinylbenzene copolymer (600-
800 um granule size), and the strongly basic anion exchanger
AV-17-8 (OH™ form) (Azot, Cherkasy, Ukraine), a gel-type
resin composed of styrene-divinylbenzene copolymer (315—
size), were employed. Potassium
dicyanoaurate(I) (KAu(CN)2) and potassium
hexacyanoferrate(Il) trihydrate (K4[Fe(CN)s]-3H20) (Sigma-

Aldrich, Darmstadt, Germany) were used to prepare the model

1250 um granule

solution with controlled concentrations of gold and iron to
ensure experimental precision. Desorption was performed
using a 9% thiourea and 3% sulfuric acid solution, which
facilitated the formation of a positively charged thiocarbamide
complex {Au[CS(NH:):]}", as shown in Equation (2):

+ H2SOs — RoSOs +

)

All reagents were of analytical grade, and deionized water

RAU(CN): + 2CS(NH:)
Au[SC(NH.),]-SOs + 2HCN

was used throughout.

The mass measurements of the ion exchangers were
conducted using a Shimadzu AY220 analytical balance
(Shimadzu Corporation, Kyoto, Japan) with high precision.
Residual gold and iron concentrations in the solution were
measured using an inductively coupled plasma optical
emission spectrometry (ICP-OES) spectrometer (ICAP PRO
XP, Thermo Fisher Scientific, Winsford, UK), with a
wavelength range of 167.021 to 852.145 nm, ensuring a
measurement error below 1%. Polymer analyses included
Fourier transform infrared (FTIR) spectroscopy for functional
group identification, thermogravimetric analysis (TGA) for
thermal behavior, and scanning electron microscopy (SEM) to
assess the distribution of gold ions on the polymer surfaces.

2.2 Preparation and formation of the interpolymer system
""Amberlite IR120:AV-17-8" (X:Y)

To develop an effective interpolymer system capable of
remote interaction in aqueous media, the selection of polymers
with appropriate chemical properties to ensure high sorption
capacity is essential. Amberlite IR120 and AV-17-8 were
chosen due to their extensively studied sorption characteristics,
broad applicability in ion exchange processes, availability, and
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cost-effectiveness. Despite their extensive use, the behavior of

these ion exchangers within an interpolymer system,
has not been

of the

particularly with regard to gold ions,
The
interpolymer system involved the following steps:

comprehensively  explored. preparation
1. Each ion-exchange resin was precisely weighed to ensure
consistency across experiments. The total amount of ion
exchange resin in each setup was kept constant at 6 moles,
with varying molar ratios of Amberlite IR120 and AV-17-8.
2. The weighed samples of Amberlite IR120 and AV-17-8
were placed in specially designed polypropylene cells with
pore sizes of 100 um. These pores allow free ion exchange
while keeping the ion exchanger particles in place.

3. Fig. 1 shows the experimental setup, which included
polypropylene cells
exchangers positioned 2 cm apart. This spatial separation

containing the cation and anion

facilitates the remote interaction between the resins in the
aqueous medium.

4. The interpolymer system was formed by placing the
polypropylene cells with Amberlite IR120 and AV-17-8
together into a single beaker containing the model solution.
The molar ratios of the resins were varied (6:0, 5:1, 4:2, 3:3,
2:4, 1:5, and 0:6), while keeping the total amount of ion-
exchange material constant at 6 moles in each setup.

2.3 The mechanism of polymer interaction in an
interpolymer system ""Amberlite IR120:AV-17-8" (X:Y)
Amberlite IR120, in its H* form, acts as a strong acid due to
the presence of sulfonic acid groups (-SOsH) introduced
through the sulfonation of a styrene-divinylbenzene
copolymer. These functional groups enable Amberlite IR120
to act as a proton (H*) donor in an aqueous solution, a
characteristic feature of strong acid cation exchange resins
(Scheme 1). Conversely, AV-17-8, in its OH™ form, functions
as a strong base, with quaternary ammonium groups acting as
hydroxide ion (OH") donors in solution, typical of strong base
anion exchange resins (Scheme 2). The remote interaction
between these two resins in an aqueous environment results in
the formation of weakly dissociated water molecules, which
subsequently activate and stabilize the functional groups of the
polyelectrolytes. This activation enhances the local
concentration of HsO* and OH~ ions around the ion
exchangers, thereby promoting the dissociation of counter
ions within the system. As shown in Scheme 3, the positively
charged ammonium groups (N*) interact with the negatively
charged [Au(CN):] anion, forming a stable ion pair. This
electrostatic attraction effectively binds the gold complex to
the anion exchange resin, contributing to enhanced sorption
capacity.

The primary mechanism behind the system's high
selectivity and sorption efficiency is the increased dissociation
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Fig. 1: Illustration of the interpolymer system "Amberlite IRI20H:AV-17-8" (X:Y) in an aqueous medium.

and ionization, which elevates the concentration of positively
ions on the AV-17-8 resin. This

[Au(CN):]~
significantly improves gold sorption, enhancing the overall

charged intensified

electrostatic interaction with the complex
performance of the interpolymer system. The behavior of ion
exchange groups within this system can be further explained
by Pearson's Hard and Soft Acids and Bases (HSAB) theory.*"]
According to this theory, the interaction between a hard acid,
such as H*, and a hard base, like OH", leads to the formation
of water molecules, which play a crucial role in activating and
stabilizing ion exchanger functional groups.'?! This activation

is particularly evident in systems containing Amberlite IR120

SO.H /503H
/503H
SO:H
[ —
—
SO:H
SOH

and AV-17-8, where localized increases in H:O" and OH~
concentrations are observed near the ion exchanger surfaces.
Such ionic gradients can alter the distribution of neutral water
molecules, reducing their availability within the interpolymer
matrix compared to their individual use. This altered water
distribution can influence sorption efficiency, as the
availability of neutral water molecules affects hydration and
subsequent ion exchange processes. Cooperative interactions
between the ion exchangers in the interpolymer system led to
more effective ion separation and recovery, demonstrating the
relevance of HSAB theory in understanding complex

behaviors in ion exchange systems.

SO 50,

/
/303
fOBH +n H+

S0s

SO0:H

Scheme 1: The dissociation of Amberlite IR120(H") ion exchanger in aqueous solution.

Pl /!

Scheme 2: The dissociation of AV-17-8 ion exchanger in aqueous solution.
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Scheme 3: Interaction between the [Au(CN):]~ anion compl

2.4 Sorption procedure for Au(I) and Fe(II) ions

A model solution containing gold and iron ions was prepared
by dissolving potassium dicyanoaurate (KAu(CN).) and
potassium hexacyanoferrate (II) trihydrate
(K4[Fe(CN)s]-3H20) to achieve a concentration of 30 mg/L for
each ion. This solution was used to evaluate the sorption
capacity of the interpolymer system. The experiment was
conducted over 48 hours to fully analyze sorption and
determine key kinetic parameters. Aliquots of 2 mL were
taken at predetermined intervals (1 hour, 2.5 hours, 6 hours,
24 hours, and 48 hours), with a total of 35 aliquots collected.
The choice of these time intervals was based on preliminary
experiments, which demonstrated significant electrochemical
and conformational changes in the polymers of the
interpolymer system during these periods. The experiment
was repeated three times to ensure reproducibility and
accuracy of the results.

The residual concentrations of Au(I) and Fe(II) ions in the
aliquots were measured using ICP-OES, a precise method for
determining metal ion concentrations in aqueous solutions.
For ICP-OES analysis, the aliquots were diluted 5-fold to
establish Gold

concentrations were recorded at a wavelength of 242.795 nm,

optimal  measurement  conditions.
while iron concentrations were measured at 239.562 nm,
ensuring high analytical sensitivity and reliability of the data.
This enabled an accurate assessment of the metal ions
absorbed by the interpolymer system, offering valuable insight
into its sorption efficiency. The sorption degree (m) was
calculated using Equation (3):

n — Cinitial—Cresidual X 100%

Cinitial

G)

where Cinitial and  Cresiquat  are the initial and residual
concentrations (in g/L) of Au(I) and Fe(Il) ions in solutions,
respectively.

2.5 Desorption procedure for Au(I) and Fe(II) ions

To examine desorption, a solution of 9% thiourea and 2%
sulfuric acid was prepared and used as the eluent. The
desorption process was conducted over 72 hours, with aliquots
collected at 0.5, 2.5, 6, 24, 48, and 72 hours. Desorbed ion
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N+

ex and ammonium groups of the AV-17-8 ion exchange resin.

concentrations were determined using ICP-OES. This
desorption study revealed varying efficiencies depending on
the polymer ratios used. The desorption degree (R) was
calculated by Equation (4):

— rndesorbed>< 100%
Msorbed

R (4)

where Mdesorvea 18 the mass of ions desorbed from the
interpolymer system and msormed 1S the mass of ions initially
sorbed onto the system (mg/L).

2.6 Determination of polymer chain binding degree (#) and
effective dynamic exchange capacity (Q) for Au(I) and
Fe(II) ions

The polymer chain binding degree (8) of the ion-exchange
resins serves as a quantitative measure of the effectiveness of
the interaction between Amberlite IR120 and AV-17-8 with
ions within the polymer matrix. This degree reflects the
number of polymer units involved in forming chemical bonds
or complexes with the target ions. The binding degree was
calculated using Equation (5), allowing for the quantification
of the polymer chains' affinity for Au(l) ions and the overall
efficiency of the ion-exchange process within the interpolymer
system.

Osorbed
=—"=x%1009
Y91+9, L

©)

where Jsorbed 18 the absorbed Au(I) and Fe(II) ions (in mol), 9,
is the amount of Amberlite IR120 (mol), and 9, is the amount
of AV-17-8 (mol).

The effective dynamic exchange capacity (Q) of the ion-
exchange resins quantifies the efficiency of the interaction
between Amberlite IR120 and AV-17-8 with ions within the
polymer matrix. This parameter represents the number of ion-
exchange groups actively participating in the ion exchange
process, providing insight into the polymers' ability to
effectively extract target ions from the solution. The effective
dynamic exchange capacity was determined in Equation (6):

(6)

where Ssorbed 1S the absorbed Au(I) and Fe(II) ions (mmol), and
Msorbent 18 the mass of sorbent (g).

Q — Ysorbed
Msorbent
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3. Results and discussion
3.1 Selective sorption of gold ions from gold-iron
containing solution by the interpolymer system
“Amberlite IR120:AV-17-8” (X:Y)
The change in the concentration of Au(l) and Fe(Il) ions
during sorption by the interpolymer system "Amberlite
IR120:AV-17-8" (X:Y) is depicted in Fig. 2. In the first 2.5
hours, significant sorption activity was observed across
different molar ratios, particularly at 1:5 and 0:6, where the
gold concentration rapidly decreased to 6.54 mg/L and 7.25
mg/L, respectively. This early-stage sorption reflects the high
activity of the interpolymer system and the anion exchanger.
Over time, the 4:2 ratio emerged as the most effective and
selective for gold sorption. After 6 hours, the gold
concentration dropped to 8.38 mg/L at this ratio, while iron
slightly decreased to 18.3 mg/L, indicating a preference for
gold. By the 48-hour mark, the 4:2 ratio exhibited the lowest
residual gold concentration at 1.12 mg/L, while iron remained
at 17.3 mg/L, demonstrating the system's efficiency and
selectivity for gold. In comparison, the 1:5 ratio, despite high
initial activity, showed less selectivity for gold, with residual
concentrations of 1.42 mg/L for gold and 1.5 mg/L for iron
after 48 hours. This indicates lower selectivity compared to the
4:2 ratio. These results suggest that the 4:2 ratio provides the
optimal balance between effective sorption and selective
recovery of gold over iron. Previous studies have shown that
remote interactions between polyelectrolytes enhance
ionization, improving sorption capacity for target ions.[*%4 In
this study, the remote interaction between Amberlite IR120
and AV-17-8 in aqueous solution activated the ion exchangers,
creating microenvironments conducive to gold binding. This
enhanced ionization aligns with previous findings and
contributes to the system’s improved sorption efficiency.

Fig. 3 illustrates the sorption degree of gold and iron ions
by the interpolymer system "Amberlite IR120H:AV-17-8"
calculated using Equation 3. The evaluation of sorption

efficiency provides critical insights into the system's
y —=—6.0
C, mg/L . _ 51
i #% Amberlite AV-17-8 (X-Y) (Au(CN)T | o
< 304 l\\_-__h - o733
[ ——2:4
Q 254 ——1:5
= —»— 0.6
Q
é 20
)
g 151
8 e T
o 10+
3]
3 5]
3 A
o] tE————
Qﬁ T T T T T 7 T t, h
0 2 4 6 24 48

performance and selectivity. At a 4:2 ratio, the system
achieved a gold sorption efficiency of 96.26%, while iron
sorption was lower at 42.33%, demonstrating strong
selectivity for gold over 48 hours. The iron sorption efficiency
was more than two times lower than that of gold. In contrast,
the individual anion exchanger at a 0:6 ratio showed a gold
sorption efficiency of 91.9%, indicating high sorption capacity.
However, it also exhibited a high iron sorption efficiency of
92.33%, reflecting a lack of selectivity for gold.

3.2 Desorption of gold and iron ions from the AV-17-8
anion exchanger at different component ratios of the
interpolymer system

The desorption behavior of aurum and iron ions is presented
in Fig. 4, where the desorption degree R (Au, Fe) (%) was
calculated using Equation (4). As shown in Fig. 4, the highest
desorption of gold ions was observed at the 4:2 ratio, reaching
26.8 mg/L, corresponding to a desorption efficiency of
92.29%. This high efficiency aligns with the previously
observed maximum sorption efficiency for gold ions at the
same ratio, demonstrating a good correlation between the
sorption and desorption processes. In contrast, the desorption
efficiency for iron ions was significantly lower, with a
maximum of 46.44% (5.9 mg/L) at the 4:2 ratio. The lower
desorption of iron suggests stronger coordination with the
functional groups of the interpolymer system compared to
gold, reinforcing the system's selectivity for gold ions.
Similarly, the individual anion exchanger at the 0:6 ratio
showed a high gold desorption efficiency of 91.37% (25.2
mg/L) but exhibited less selectivity, with an iron desorption
efficiency of 47.65% (13.2 mg/L).

3.3 Calculation and evaluation of the behavior of the
interpolymer system per 1 mole of the structural unit of
the AV-17-8 anion exchanger

The study aimed to calculate the sorption and desorption
values per mole of the AV-17-8 anion exchanger across

C.mg/l Amberlite:AV-17-8 (X:Y), [Fe(CN)6]* |—=— 6
"_ﬁ 309 e —— 51
) Ul 42
& —v— 3:3
"‘5‘ 254 ——2:4
o —— 1:5
.S 20 -— 08
S
E - -
g 154 v
Q
g
3 107 Y .
E
I N
7] 4
g —
m 0 T T T T T T t,h

0 2 4 6 24 48

Fig. 2: The residual concentration (C) of (A) gold and (B) iron ions in solution after sorption as a function of time, conditions:

temperature of 25 °C.
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Fig. 3: The sorption degree of gold and iron ions by the
interpolymer system "Amberlite IR120:AV-17-8" (4:2), as
compared with the individual AV-17-8 (0:6) anion exchanger.

R 9, Amberlite:AV-17-8 (XY). [AuCN)] ", [Fe(CN)6] "]
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Molar ratio of ion-exchangers

51

Fig. 4: The desorption behavior of gold and iron ions from the
interpolymer system “Amberlite IR120:AV-17-8, conditions:
temperature of 25 °C.

different ratios of anion and cation exchangers in the
interpolymer system. As shown in Fig. 5, reducing the

mg/| [: the mass of sorbed metal (Au)

the mass of desorbed metal (Au

per mole of AV-17-8 anion exchanger

The mass of sorbed and desorbed metal

Amount of moles of AV-17-8

proportion of the anion exchanger led to an increase in the
amount of metal sorbed and desorbed per mole of the AV-17-
8 unit. The highest gold sorption (18.45 mg/L) and desorption
(15.4 mg/L) were observed at a 5:1 ratio, while these values
decreased to 4.60 mg/L and 4.20 mg/L, respectively, at a 0:6
ratio, indicating more efficient utilization of the anion
exchanger's active sites per mole. Similar trends were seen for
iron ions. At a 5:1 ratio, iron sorption reached 10.60 mg/L, and
desorption was 3.50 mg/L, while at a 0:6 ratio, these values
dropped to 4.62 mg/L and 2.20 mg/L. Desorption from the
cation exchanger was excluded due to negligible amounts of
desorbed metal (0.02-0.035 mg/L). The ratio of anion to cation
exchanger significantly affects the efficiency of gold and iron
ion sorption and desorption. When calculated per mole of the
anion exchanger, a lower proportion of the anion exchanger
results in higher activity. However, the overall system's
highest selectivity for gold ions is achieved at a 4:2 ratio. This
enhanced selectivity is likely due to the optimal distribution of
active sites and ionization of the system, creating favorable
conditions for selective gold sorption.

3.4 Determination of the polymer chain binding degree
Based on Equation (5), the polymer chain binding degree
(8, %) of the interpolymer system "Amberlite IR120:AV-17-
8" (X:Y) for Au(l) and Fe(Il) ions was determined (Fig. 6).
The results show a consistent increase in gold sorption across
nearly all ratios, reflecting the system’s effective binding
capacity. After 48 hours, the highest binding degrees for gold
were observed at ratios 4:2 and 2:4. In contrast, Fe(Il) ions
followed a different binding pattern. The 1:5 and 0:6 ratios
exhibited the highest binding degrees for iron. At the 6:0 ratio,
gold binding remained minimal at 0.7%, while iron binding
was 2.9%. The comparative analysis indicates that, although
the 1:5 and 0:6 ratios achieved the highest binding degrees for
both gold and iron, the 4:2 ratio offers a more selective binding
profile, with a clear preference for gold over iron.

the mass of sorbed metal ( Fe)

_mgl/l
—— the mass of desorbed metal (Fe)

per mole of AV-17-8 anion exchanger
[}
Il

The mass of sorbed and desorbed metal

1 2 3 4 5 6
Amount of moles of AV-17-8

Fig. 5: Sorption and desorption of gold (A) and iron ions (B) per mole of AV-17-8 anion exchanger.
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Fig. 6: The polymer chain binding degree of the interpolymer system "Amberlite IR120:AV-17-8" (0,%), regarding Gold ions (A)

and Iron ions (B).

3.5 Determination of the effective dynamic exchange
capacity (Q, mmol/g)

Based on Equation (6), the effective dynamic exchange
capacity (Q) of the interpolymer system "Amberlite
IR120:AV-17-8" (X:Y) for Au(I) and Fe(Il) ions was
determined (Fig. 7). In the initial stage of sorption (0.5 hours),
the exchange capacity for gold ranged from 0 mmol/g at the
6:0 ratio to 0.657 mmol/g at the 1:5 ratio, while for iron, the
highest exchange capacity reached 2.054 mmol/g at the same
1:5 ratio. As the sorption time increases, the exchange capacity
for gold also increases, reaching 1.252 mmol/g at 4:2 ratio
after 48 hours.

Fig. 8 represents the IR spectra of Amberlite IR120 before
and after sorption and desorption, highlighting key spectral
changes. The band at 3127.5 cm™, associated with hydrogen
bonding of -SOsH groups, shifts and splits into two distinct
bands at 33852 cm™ and 3211.1 cm™ after sorption,
indicating ionization and reorganization of the sulfonic acid
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groups.®] The C-H stretching vibration remains stable, but the
shift from 2410.3 cm™ to 2425.3 cm™ suggests an interaction
with complex anions. The bands corresponding to sulfonic
groups at 1124.8 cm™, 1038.3 cm™, and 1008.1 cm™ also shift
after sorption, confirming their involvement in the process.
After desorption, the incomplete recovery of the polymer
structure is indicated by a slight shift to 3390.7 cm™.
Additionally, the disappearance of the 1269 cm™ peak and
changes in other key bands suggest partial restoration of
functional groups and altered interactions within the polymer
matrix after desorption.

Fig. 9 illustrates the IR spectra of the AV-17-8 (OH") anion
exchange resin before and after the sorption and desorption of
gold (Au) and iron (Fe) ions. The shift of the O—H stretching
band from 3384.3 cm™ to 3402.4 cm™! after sorption suggests
hydrogen bonding rearrangements. The appearance of
newbands at 2141.8 cm™!, 2109.5 cm™, and 2044.4 cm™
confirms the formation of gold-cyanide complexes such as
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Fig. 7: The effective dynamic exchange capacity (mmol/g) regarding Au (A) and regarding Fe (B).
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Fig. 8: FTIR spectra of initial Amberlite IR120, Amberlite IR120 (4:2) after sorption, and Amberlite IR120 (4:2) after desorption

process.

[Au(CN):] and [Fe(CN)s]*". After desorption, partial recovery
of the resin structure is evident from the shift of the O—H/N—
H band to 3389.9 cm™, while the C—H stretching vibrations
remain unchanged, indicating the preservation of aliphatic
chains. A new band at 2068.9 cm™, likely due to residual
nitrile groups or metal complexes, further confirms
incomplete desorption. Overall, the results demonstrate the
resin's capability for repeated sorption-desorption cycles with

maintained structural integrity.
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Fig. 9: FTIR spectra of initial AV-17-8, AV-17-8 (4:2) after
sorption, and AV-17-8 (4:2) after desorption process.
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3.6 TGA of the

IR120:AV-17-8" (4:2)
The TGA a result for Amberlite IR120, both before and after
the sorption process, are shown in Fig. 10. Thermogravimetric

interpolymer system ''Amberlite

analysis of Amberlite IR120 was conducted in the temperature

Engineered Science Publisher

range of 0-600 °C at a heating rate of 10 °C/min under an inert
atmosphere, both before and after the sorption of Au* and Fe**
ions. For the sample before sorption, an initial mass loss of
about 10% occurs between 50 and 125 °C, mainly due to the
removal of moisture and volatile compounds. By 250 °C, the
total loss reaches ~15%. Intensive degradation in the 250-
350 °C range raises the loss to ~40%, and further
decomposition between 350 and 450 °C increases it to ~80%.
At 600 °C, approximately 17% of the initial mass remains. In
contrast, the sample after sorption shows only a ~5% mass loss
between 50 and 125 °C, increasing to ~10% by 250 °C.
Between 250 and 350 °C, the total loss reaches ~30%. Further
degradation between 350 and 450 °C raises the overall loss to
~55%. By 600 °C, approximately 40% of the initial mass
remains.
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Fig. 10: TGA of initial Amberlite IR120 and Amberlite IR120
from the interpolymer system "Amberlite IR120:AV-17-8" (4:2).
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Fig. 11: TGA of initial AV-17-8 and AV-17-8 from the
interpolymer system "Amberlite IR120:AV-17-8" (4:2).

The TGA results for AV-17-8 are shown in Fig. 11. For the
sample before sorption, an initial 10% mass loss occurs
between 50-150 °C. This loss increases to 15% by 250 °C and
reaches approximately 40% by 350 °C. Degradation continues
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Fig. 12: SEM and
17-8" (4:2) (B).
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up to 500 °C, where total mass loss is 85%, leaving only about
15% of the initial mass at 600 °C. The sample after sorption
shows a 20% loss in the 50-150°C range. By 250°C,
cumulative losses rise to 25% and reach about 45% by 350 °C.
Between 350 and 450 °C, degradation increases total losses to
65%, and approximately 32% of the initial mass remains at
550 °C.

3.6 SEM of the

IR120:AV-17-8" (4:2)
Fig. 12 represents the SEM and EDS analysis of the Amberlite
IR120 sample before and after the sorption process. In the

interpolymer system '"Amberlite

initial SEM image, the surface of the Amberlite resin appears
relatively smooth, with visible elements primarily consisting
of carbon, oxygen, and sulfur, which align with its sulfonated
polystyrene structure and functional sulfonic acid groups (-
SO;H). The EDS
corresponding to these elements, indicating the typical

spectrum shows prominent peaks
composition of the resin before metal ion sorption. Post-
sorption analysis identified trace amounts of metals, including
iron (0.30%) and gold (1.05%), indicating partial uptake of

these metals.
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Fig. 13: SEM and EDS of initial AV-17-8 (A) and AV-17-8 from the interpolymer system "Amberlite IR120:AV-17-8" (4:2) (B).

Fig. 13 presents the SEM and EDS analyses of the AV-17-
8 anion exchanger before and after the sorption process. SEM
images of the initial AV-17-8 state show a smooth,
homogeneous surface, with EDS confirming the composition
of carbon (91.93%) and oxygen (7.95%). After sorption, the
surface becomes rough with visible clusters, indicating metal
binding. Gold content reaches 12.51%, while iron is not
detected, demonstrating high selectivity. The reduction in
carbon and oxygen suggests the involvement of functional
groups in ion exchange.

4. Conclusion
This research presents a comprehensive evaluation of the

interpolymer system "Amberlite IR120: AV-17-8" for the
selective sorption of gold ions from complex solutions
containing both gold and iron ions. The optimal ratio of 4:2
demonstrated a high gold sorption efficiency of 96.26% after
48 hours while limiting iron sorption to 42.33%, emphasizing
the system’s selectivity for gold ions. The study confirmed that

Engineered Science Publisher

0
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100 200 300 400 500 6.00 700 800 9.00

keV

the remote interaction between Amberlite IR120 (H* form)
and AV-17-8 (OH™ form) enhances ion exchange through the
activation and stabilization of functional groups, supported by
Pearson's HSAB theory. These interactions significantly
improved the selective sorption of gold ions. Desorption
experiments using 9% thiourea and 2% sulfuric acid achieved
92.28% gold desorption, further highlighting the system’s
efficiency in selectively recovering gold ions. This work
establishes a foundation for further research into the system's
scalability, process optimization, and economic feasibility.
Future studies should focus on process parameter optimization,
regeneration capability, and performance under varying
conditions to extend the technology's applicability to other
valuable metals such as platinum, palladium, silver, and rare
earth metals. In conclusion, the "Amberlite IR120:AV-17-8"
interpolymer system, particularly at a 4:2 ratio, presents a
promising and efficient solution for the selective sorption of
gold ions, offering significant potential for large-scale
applications and future industrial development.
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