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a b s t r a c t
Solvent impregnated resins (SIRs) were prepared by dry impregnation using styrene-divinylben-
zene type macroreticular resin (HZ-818) as support and trioctylmethylammonium chloride as 
extractant. Adsorption and separation performance of In(III) and Fe(III) with SIRs was studied on 
HCl medium by static and dynamic adsorption method. The effect of HCl concentration on the 
adsorption of In(III) and Fe(III) was investigated by static adsorption method. The effect of feed 
flow rate, bed height, and metal ion concentration (In(III) and Fe(III)) was investigated by dynamic 
adsorption method. The optimized acidity for In(III) and Fe(III) adsorption with SIRs was 4 mol/L 
HCl in single-component and bi-component systems containing In(III) and Fe(III). The dynamic 
adsorption study revealed that when the concentration of HCl, feed flow rate, bed height, and metal 
ion concentration were 4 mol/L, 1.4 mL/min, 140 mm, and 90 mg/L at ambient temperature, the 
adsorption capacities of In(III) and Fe(III) in single-component system were 13.1 and 37.8 mg/g, 
respectively, and the adsorption capacities of In(III) and Fe(III) in bi-component system were 1.3 
and 35.8 mg/g, respectively. Hence, SIRs could selectively adsorb Fe(III), and the separation of 
In(III) and Fe(III) in HCl solution could be achieved. 
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1. Introduction

Indium, as a crucial element for a wide variety of 
high-technology applications, is increasingly used in elec-
tronic devices [1–3]. The content of indium in the Earth’s 
crust is low and dispersed. This element is associated with 
sulfide deposits and tin-polymetallic-zinc deposits [4,5]. 
In addition, indium can be recycled from waste electronic 
products, such as liquid crystal displays [6,7]. A large num-
ber of impurity ions exist in the process of purifying indium 
from these resources by hydrometallurgy. Typical impu-
rity ions are usually Zn(II), Fe(III), Cu(II), Sn(II) and so on. 
Among these metal ions, Fe(III) is often reduced to Fe(II) to 

eliminate interference before recovering indium [8,9], and 
the process requires a large amount of reducing agent.

Technologies for separating and recovering In(III) 
include precipitation, electrochemical recovery, sol-
vent extraction and adsorption on resin [10–13]. Solvent 
extraction is the most widely used method for purification 
of In(III) in process metallurgy. However, there are the 
problems of loss of extractant and consumption of large 
amounts of organic solvent.

Among these methods, adsorption on resin has been 
used widely because it is simple, economical, and cost- 
effective. Solvent impregnated resins (SIRs) combine the 
advantages of solvent extraction and ion exchange resins 
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[14]. SIRs are prepared with extractant and macroporous 
resins. The extractant is loaded into macroporous resin by 
physical adsorption [15]. Compared with solvent extraction, 
SIRs have the advantages of reducing the dispersion of the 
extractant, the pollution of organic solvents, and the for-
mation of emulsions [16,17]. In addition, SIRs can adsorb 
and separate metal ions by dynamic adsorption (column 
adsorption). SIRs can be designed and prepared by select-
ing different extractants and macroporous resins [18]. 
The extractant, which can be selected through the solvent 
extraction experiment, is one of the most important factors 
for separating and recovering metal ions.

Extractants for In(III) and Fe(III) recovery by solvent 
extraction can be classified into three types: acidic, neu-
tral, and basic extractants. The acidic extractants and neu-
tral extractants are the most widely used for In(III) and 
Fe(III) recovery, particularly organophosphate extractants. 
Examples of extractants for In(III) recovery are di-(2ethyl-
hexyl) phosphoric acid (D2EHPA), 2-ethylhexyl phosphonic 
acid mono 2-ethylhexyl ester (EHEHPA), bis(2,4,4-trimethyl-
pentyl) phosphinic acid (Cyanex 272), tri-n-butyl phosphate 
(TBP), and organophosphine oxide (Cyanex 923) [12,19–21]. 
D2EHPA, EHEHPA, and Cyanex 923 have been used to 
prepare SIRs for In(III) or Fe(III) adsorption [22–24]. These 
extractants have high loading capacities for In(III) or Fe(III) 
but have poor selectivity for In(III) and Fe(III). In addition, 
most acidic extractants used to recover Fe(III) are difficult to 
strip Fe(III) from the supported organic phase [25–27]. 

Basic extractants refer primarily to amine extractants. 
Compared with acidic and neutral extractants, fewer stud-
ies have investigated on using amine extractants extraction 
of In(III) and Fe(III). However, amine extractants have 
higher extraction rate and better selectivity for extracting 
Fe(III) [28]. The third phase will appear during solvent 
extraction process with amine as the extractant. Separating 
aqueous and organic phases is difficult, thereby restrict-
ing the application of amine extractants [28]. As an amine 
extractant, trioctylmethylammonium chloride containing 
quaternary ammonium functional groups (CH3R3N+) was 
used as a phase transfer catalyst and metal extractant. This 
extractant showed good extraction capacity for metals. 
Mishra et al. [29] used trioctylmethylammonium chloride 
as the extractant to extract Fe(III) from HCl leach liquor 
by solvent extraction. The extracted species of Fe(III) was 
R3NCH3·FeCl4. The extraction rate of Fe(III) was 98.57% 
in two-counter-current stages with 0.2 mol/L trioctylme-
thylammonium chloride at 1:1 phase ratio. Cui et al. [30] 
reported that sodium sulfite as eluent can effectively strip 
off Fe(III) from trioctylmethylammonium chloride loaded 
with Fe(III). When the temperature was 50°C and the phase 
ratio (O/A) was 1:2, the elution rate of 0.8 mol/L sodium sul-
fite was approximately 95%. Inoue and Alam [31] prepared 
SIRs with trioctylmethylammonium chloride as extractant. 
The prepared SIRs were used to recover In(III) from flat-
panel displays. Study found that trioctylmethylammo-
nium chloride SIRs could selectively adsorb Fe(III) without 
adsorbing In(III) in 3 mol/L HCl leach liquor. Roosendael 
et al. [32] prepared a supported ionic liquid phase with the 
iodide form of trioctylmethylammonium chloride, which 
can selectivity adsorb In(III) in the Fe(III) and In(III) mixed 
solution. These reported the adsorption performance of 

trioctylmethylammonium chloride to adsorb Fe(III) or 
In(III) but did not systematically investigate the adsorption 
performance of In(III) and Fe(III) by dynamic adsorption 
method in single-component and bi-component systems.

In this study, trioctylmethylammonium chloride was 
chosen as extractant, and SIRs were prepared with trioc-
tylmethylammonium chloride and styrene-divinylbenzene 
type macroreticular resin (HZ–818) by dry impregna-
tion. The effect of HCl concentration on the adsorption 
performance of In(III) and Fe(III) was studied by static 
adsorption method. The adsorption and separation perfor-
mance of SIRs for In(III) and Fe(III) in HCl medium was 
systematically studied by dynamic adsorption method. 
The effects of feed flow rate, bed height, and metal ion 
concentration were investigated by dynamic adsorption 
method. As a result of this research, an efficient method was 
proposed to separate In(III) and Fe(III) by SIRs technique.

2. Materials and methods

2.1. Instrumentation

Scanning electron microscope (SEM) images of SIRs were 
recorded on JSF5600LV (JEOL, Japan). Thermogravimetry 
analysis (TGA) was conducted on TG 209 Thermal Analyzer 
(Netzsch, Germany). Fourier transform infrared spectra 
(FTIR) were recorded on Nicolet MAGNA IR 550 (series 
II). In the single-component system, the concentration of 
metal ions was determined with UV–2550 spectrophotom-
eter (Shimadzu, Japan). In the bi-component system, the 
concentration of metal ions was determined with 932A–
model atomic adsorption spectrometer (GBC, Australia) 
equipped with nitrous oxide–acetylene flame.

2.2. Materials and reagents

Trioctylmethylammonium chloride extractant with 95% 
purity was purchased from Shanghai Rare–earth Chemical 
Co., Ltd, China. The molecular structure of trioctylmeth-
ylammonium chloride is shown in Fig. 1. HZ–818 macrop-
orous resin, a styrene–divinylbenzene type support, was 
purchased from Shanghai Huazhen Polymer Co., Ltd, China. 
The bead size of HZ–818 is 20–60 mesh. Other reagents 
used were of analytical grade and used directly. 

2.3. Preparation of SIRs

Before impregnation, HZ-818 resin was first treated 
with absolute ethanol and 5% HCl solution to remove inor-
ganic impurities and monomer materials. Then, the resins 
were thoroughly rinsed with deionized water and dried 
in a drying oven at 323 K for 12 h. SIRs were prepared by 
dry impregnation method. In brief, 15.02 g of pre-treated 
HZ–818 resins were immersed in 60 mL of trioctylmeth-
ylammonium chloride and ethanol mixed solution (the 
volume ratio: 1:1). The mixture was stirred for 48 h to com-
plete the impregnation process at 313 K. The SIRs were then 
separated by vacuum suction filtration, rinsed with deion-
ized water, and evaporated at 323 K in the drying oven. 
A total of 25.01 g of SIRs were obtained. The amount of 
trioctylmethylammonium chloride of SIRs was determined 
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based on change in the weight of the resins before and after 
impregnation. The content of trioctylmethylammonium 
chloride per gram of SIRs is 0.40 g.

2.4. Sorption studies

2.4.1. Effect of HCl concentration

The effect of HCl concentration was studied by static 
adsorption method in the single-component system (In(III) 
or Fe(III)) and bi-component system (In(III) and Fe(III)). In 
static adsorption, 0.0250 g of SIRs were shaken with 25.0 mL 
of metal ion solution to the equilibrium in constant tem-
perature bath oscillator. The concentration of metal ions 
before and after adsorption was analyzed. The adsorption 
capacity of metal ions on SIRs (Q, mg/g) was calculated 
by Eq. (1). The distribution ratio (D, L/g) was calculated 
by Eq. (2). The separation coefficient β of In(III) and Fe(III) 
was calculated by Eq. (3).
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where C0 is the initial concentration (mg/L), Ce is the 
equilibrium concentration (mg/L), V is the volume of 
solution (L), and m is the mass of SIRs (g).

2.4.2. Dynamic adsorption

The adsorption experiment of SIRs by dynamic 
adsorption method was carried out in a glass column 
(250 mm × 3.0 mm i.d). A known amount of SIRs was 
swollen previously and then packed in column by wet 
method. The adsorption column was activated with 4 mol/L 
HCl solution before metal ions adsorption. The metal ion 
solution was pumped into the column at a certain flow rate 
through a peristaltic pump. Effluent was collected at reg-
ular intervals. The concentration of the effluent samples 
was recorded continuously. The experimental scheme 
of the dynamic adsorption of SIRs in single-component 
and bi-component system is shown in Fig. 2. Dynamic 
adsorption capacity (Q, mg/g) was calculated with Eq. (4).

Q
C C V
m

i i=
−( )∑ 0  (4)

where C0 and Ci are the initial and effluent sample concen-
trations (mg/L) of metal ions, respectively; Vi is the volume 
of the effluent sample (L), and m is the mass of the SIRs (g).

2.4.3. Dynamic elution

SIRs loaded with metal ions were first washed with 
4 mol/L HCl solution until the washing effluent is free of 
metal ions and then regenerated by HCl solution with pH 
1.0, 2.0, and 2.5. The concentration of the effluent sam-
ples was recorded during the regeneration step. Dynamic 
elution rate (E, %) was calculated using Eq. (5). 

E
C V
mQ

j j= ×∑ 100  (5)

where Cj is the effluent sample concentration (mg/L) of 
the metal ions, Q is the adsorption capacity (mg/g), Vj is 
the volume of the effluent sample (L), and m is the mass 
of the SIRs (g).

H3C

H3C

H3C

N Cl
CH3

Fig. 1. Molecular structure of trioctylmethylammonium 
chloride.

Fig. 2. Experimental scheme of the dynamic adsorption of SIRs in single-component and bi-component systems.
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3. Results and discussion

3.1. Characterization of SIRs

3.1.1. Scanning electronic microscopy analysis

The surface morphology and cross-section morphol-
ogy of HZ–818 and SIRs were characterized by SEM. As 
shown in Fig. 3a and b are the surface morphology of 
HZ–818 resins and SIRs, respectively; and a′ and b′ are 
the cross-section morphology of HZ–818 resins and SIRs, 
respectively. Comparison of the surface morphology of 
HZ–818 resins and SIRs showed that they have regu-
lar spherical structure. Comparison of the cross-section 
morphology of HZ–818 resins and SIRs indicated that 
the smoother morphology of SIRs. 

3.1.2. Thermogravimetry analysis

The thermal properties of SIRs were analyzed by 
thermogravimetry from 25°C to 800°C. Thermal stabil-
ity and applicable temperature were evaluated. Fig. 4 
shows the thermogravimetry analysis curves of SIRs. 
The temperature where SIR has substantial weight loss 
is lower than that of HZ–818. The loss between ambi-
ent temperature and 121°C for SIRs is due to the dehy-
dration of physically adsorbed water. The loss between 
172°C and 340°C for SIRs is due to the decomposition 
of trioctylmethylammonium chloride. The third weight 
loss of SIRs was observed within 320°C–480°C due to the 
decomposition of HZ-818. Although the main weight loss 
stage of SIR was significantly decreased at 172°C, the uti-
lization of the adsorbent was slightly affected due to the 
low temperature for common adsorption operations.

3.1.3. Fourier transform infrared spectroscopy analysis

The infrared spectra of SIRs are shown in Fig. 5. Based 
on the infrared spectra of HZ–818 resin, the stretching 

vibrational band of C–H (–CH2) bond and C–N bond 
appeared at 2,855.8 and 1,376.6 cm–1 in Fig. 5b, respec-
tively. This finding indicated that trioctylmethylammonium 
chloride was successfully impregnated on HZ–818 resin.

3.2. Effect of HCl concentration

The adsorption and separation performance of SIRs 
for In(III) and Fe(III) was studied in HCl solution. The 
existence form of In(III) and Fe(III) in HCl medium is 
very complicated. With increasing chloride concentra-
tion, In(III) or Fe(III) formed various In3+—Cl– or Fe3+—Cl– 

complexes in the aqueous phase. The effect of HCl con-
centration on adsorption was investigated. The effect of 
solution acidity on In(III) and Fe(III) in single-compo-
nent system was studied by varying the hydrochloric 
acid concentration from 1 to 6 mol/L. The concentration 
of the metal ion solution used in this study was 60 mg/L 

Fig. 3. Scanning electron microscope image of SIRs and HZ–818 resin (a, a’: HZ–818 resin; b, b’: SIR).
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Fig. 4. Thermogravimetry analysis of SIRs and HZ–818 resin.
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at 298 K. Fig. 6 shows the effect of HCl concentration on 
the extraction of In(III) and Fe(III) in the single-compo-
nent system. The adsorption capacity increased with 
increasing HCl concentration. The optimum adsorption 
solution acidity of SIRs for In(III) and Fe(III) is 4 mol/L HCl.

According to literature [20], In(III) exists in the form of 
In3+, InCl2+, InCl2

+, InCl3, and InCl4
− in HCl solutions. When 

the concentration of HCl is greater than 2 mol/L, InCl4
− 

becomes the main species. Fe(III) in HCl solutions also 
exists in the form of Fe3+, FeCl2+, FeCl2

+, FeCl3, and FeCl4
− 

[33,34]. In 4 mol/L HCl medium, InCl4
− and FeCl4

− may be 
the probable chloro complex of indium and iron involved 
in adsorption [35,36].

The effects of solution acidity on In(III) and Fe(III) 
in the bi-component system were also studied. The 
adsorption capacities of In(III) and Fe(III) and separa-
tion coefficient β are shown in Fig. 7. SIRs exhibited 
better adsorption properties for Fe(III) than for In(III). 
Moreover, the separation coefficient β reaches the max-
imum value of 82 in 4 mol/L HCl. Hence, the optimal 
adsorption solution acidity was 4 mol/L HCl.

3.3. Dynamic adsorption

Static adsorption experiment can provide useful infor-
mation on application to metal ion recovery, but dynamic 
adsorption experiments are closer to practical applica-
tions [37]. The breakthrough curve of metal ion adsorp-
tion on SIRs in dynamic adsorption process shows the 
effect of feed flow rate, bed height (mass of SIRs), and 
metal ions concentration.

3.3.1. Single-component system

3.3.1.1. Effect of feed flow rate

Feed flow rate is an important parameter of dynamic 
adsorption performance, which controls the adsorption 
time of metal ions on SIR. The effect of feed flow rate on 
the metal ion adsorption was studied by varying the feed 

flow rate at 1.0–2.5 mL/min. Fig. 8 shows the breakthrough 
curves of different feed flow rates. Fig. 9 shows the effect 
of flow rates on the adsorption capacity of SIRs to In(III) 
and Fe(III). As shown in Fig. 8, the breakthrough curves 

Fig. 5. Fourier transform infrared spectra of SIRs and HZ–818 resin (a: HZ–818 resin; b: SIRs).
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reached the breakthrough point more quickly when the 
feed flow rate was faster. As shown in Fig. 9, when the 
flow rate is 1.0 and 1.4 mL/min, the adsorption capacity 
does not change much. When the flow rate is greater than 
1.4 mL/min, the adsorption capacity of SIRs to In(III) and 
Fe(III) decreased as the feed flow rate increased. This is 
caused by the decrease in contact time between metal ions 
and SIR as the feed flow rate increased. The feed flow 
rate of the subsequent dynamic adsorption experiment 
was 1.4 mL/min when comprehensively considering the 
adsorption amount and coefficient.

3.3.1.2. Effect of bed height

Another important parameter of dynamic adsorp-
tion performance is bed height. Fig. 10 shows the break-
through curves of different bed heights, and Fig. 11 shows 
the adsorption capacity. As shown in Fig. 10a and b, the 
breakthrough point of In(III) and Fe(III) appeared at larger 
bed volume when the bed height was higher because the 
number of adsorption sites increased with increasing bed 
height. A high bed height can prolong the contact time 
between the metal ions and SIRs. However, the adsorp-
tion resistance also increased when the bed height was 
too high. As shown in Fig. 11, when the column height 
was 138 mm, the adsorption capacity of In(III) and Fe(III) 
was the largest. The optimum column height was 138 mm.

3.3.2. Bi-component system 

The adsorption properties of In(III) and Fe(III) in 
bi-component system were studied by dynamic adsorp-
tion to determine the separation performance of SIRs for 
In(III) and Fe(III).

3.3.2.1. Effect of feed flow rate

The breakthrough curves of In(III) and Fe(III) on SIRs 
at different feed flow rates are shown in Fig. 12. The con-
centration of In(III) in the effluent sample at feed flow rates 
of 1.0, 1.4, 2.0, and 2.5 mL/min was greater than the initial 
concentration from the effluent volumes of 90.4, 89.5, 91.0, 
and 78.8 mL, respectively. In(III) adsorbed on the SIRs be 
subsequently displaced by Fe(III). The SIRs could selec-
tively absorb Fe(III) in bi-component system by dynamic 

adsorption method. After adsorption, the SIRs were 
mainly loaded with Fe(III), and the adsorption capacities 
of Fe(III) were 36.4, 35.8, 30.8, and 28.7 mg/g at feed flow 
rates of 1.0, 1.4, 2.0, and 2.5 mL/min, respectively. However, 
the adsorption capacity of In(III) is very small (about 
1–2 mg/g). Compared with that in the single-component 
system, the breakthrough curves also reached the break-
through point more quickly when the feed flow rate was 
faster. The optimum feed flow rate was 1.4 mL/min under 
the experimental conditions. 

3.3.2.2. Effect of bed height

The breakthrough curves of different bed heights were 
studied. In Fig. 13a–c are the breakthrough curves of SIRs for 
In(III) and Fe(III) in the bi-component system at bed heights 
of 76 (300 mg), 140 (500 mg), and 190 (700 mg) mm, respec-
tively. In Fig. 13, the breakthrough point appeared at a larger 
bed volume when the bed height was higher. In the bi-com-
ponent system, In(III) adsorbed on the SIRs at bed heights of 
76, 140, and 190 mm was subsequently displaced by Fe(III) 
with the ranges of 43.7–266, 89.8–359.2, and 132.7–480.2 mL. 
The SIRs could also selectively absorb Fe(III) at different 
bed heights. The break through point of In(III) and Fe(III) 
also appeared at a larger bed volume when the bed height 
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was higher. Hence, the following adsorption experiments 
were carried out at a column height of 140 mm (500 mg).

3.3.2.3. Effect of metal ion concentration

The breakthrough curves of different metal ion con-
centration are shown in Fig. 14, where a, b, and c are the 
breakthrough curves of In(III) and Fe(III) adsorption onto 
SIRs at metal ion concentration of 60, 90, and 120 mg/L, 
respectively. The breakthrough point of In(III) and Fe(III) 
appeared at a larger bed volume when the concentra-
tion was lower because the driving force of SIRs for the 
adsorption of In(III) and Fe(III) increased with increasing 
metal ion concentration and the metal ions could occupy 
the adsorption sites faster. In addition, In(III) adsorbed 
on the SIRs at the metal ion concentrations of 60, 90, and 
120 mg/L was subsequently displaced by Fe(III) from the 
volumes of 170.8, 92.0, and 88.3 mL, respectively. The SIRs 
could also selectively absorb Fe(III) at different metal ion 
concentrations. Hence, dynamic adsorption method was 
more applicable to adsorb metal ions of low concentra-
tion. However, the adsorption time increased when the 

concentration was too low. In conclusion, the optimum 
metal ion concentration was 90 mg/L under the experimen-
tal conditions.

3.3.2.4. Dynamic adsorption under optimum conditions

The adsorption conditions were optimized. The opti-
mum feed flow rate, bed height, and metal ion concentration 
are 1.4 mL/min, 140 mm, and 90 mg/L at ambient tempera-
ture, respectively. The adsorption properties of SIRs in sin-
gle-component and bi-component systems were compared 
under the optimum adsorption conditions.

Fig. 15 shows the breakthrough curves of In(III) and 
Fe(III) in single-component and bi-component system 
under the optimum adsorption conditions. The adsorp-
tion capacities of In(III) and Fe(III) are 13.1 and 37.8 mg/g 
in the single-component system. However, the selective 
sorption of SIRs for Fe(III) in the bi-component system 
was found. Only In(III) was found in the effluent sample 
within the range of 0–86.5 mL in bi-component system, and 
In(III) adsorbed on the SIRs was subsequently displaced by 
Fe(III). The adsorption capacities of In(III) and Fe(III) were 
1.3 and 35.8 mg/g in the bi-component system. The saturation 
capacity of SIRs for In(III) was lower in the co-existence of 
Fe(III). As such, separation of In(III) and Fe(III) was achieved.

3.4. Dynamic elution

SIRs loaded with In(III) or Fe(III) were eluted with HCl 
solution. The pH levels of the HCl solution were 1.0, 2.0, 
and 2.5, respectively. The results are shown in Fig. 16 and 
Table 1. In(III) or Fe(III) was eluted quite efficiently by HCl 
solution at pH 2.0 and 2.5. The elution rates for In(III) and 
Fe(III) were 99.7% and 100% at pH 2.5.

4. Conclusions

SIRs were prepared by dry impregnation with HZ-818 
resin as support and trioctylmethylammonium chlo-
ride as extractant. The optimized acidity for In(III) and 
Fe(III) with SIRs was 4 mol/L HCl in single-component 
and bi-component systems. When HCl concentration was 
4 mol/L, the optimized feed flow rate, bed height, and 
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Fig. 12. Effect of feed flow rate on the breakthrough curve in bi-component system (a: 1.0 mL/min; b: 1.4 mL/min; c: 2.0 mL/min; 
d: 2.5 mL/min). (CIn(III): 90 mg/L; CFe(III): 90 mg/L; m: 500 mg).
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Fig. 13. Effect of bed height on the breakthrough curve in bi-component system (a: 76 mm; b: 140 mm; c: 190 mm). 
(CIn(III): 90 mg/L; CFe(III): 90 mg/L; flow rate: 1.4 mL/min).
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metal ion concentration were 1.4 mL/min, 140 mm, and 
90 mg/L at ambient temperature, respectively. Under the 
optimized experimental conditions, the adsorption capac-
ities of In(III) and Fe(III) in the single-component system 
were 13.1 and 37.8 mg/g, respectively. In the bi-compo-
nent system, the SIRs had a high adsorption rate of Fe(III) 
at the initial stage of adsorption, and only In(III) was 
found in the effluent sample at the range of 0–86.5 mL. 
As the adsorption progressed, In(III) adsorbed on the SIR 
was subsequently displaced by Fe(III). SIRs could selec-
tively adsorb Fe(III) in the bi-component system, and the 
adsorption capacities of In(III) and Fe(III) were 1.3 and 
35.8 mg/g, respectively. Hence, SIRs can remove Fe(III) in 
the solution without losing In(III) in the solution. The sep-
aration of In(III) and Fe(III) occurred based on the selective 
adsorption of Fe(III) by SIR.
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Fig. 14. Effect of the metal ion concentration on the breakthrough curve in bi-component system (a: 60 mg/L; b: 90 mg/L; c: 120 mg/L). 
(flow rate: 1.4 mL/min; m: 500 mg).
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Fig. 16. Elution curves of SIRs after adsorption of In(III) and Fe(III) (a: In(III); b: Fe(III)).
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Symbols

Q — Adsorption capacity of metal ions on SIRs, mg/g
C0 — Initial concentrations, mg/L
Ce — Equilibrium concentrations, mg/L
V — Volume of solution, L
m — Mass of the SIRs, g
D — Distribution ratio, L/g
β — Separation coefficient
Ci —  Effluent sample concentrations of metal ions in 

dynamic adsorption process, mg/L
Vi —  Volume of effluent sample in dynamic adsorption 

process, L
E — Dynamic elution rate, %
Cj —  Effluent sample concentrations of metal ions in 

dynamic elution process, mg/L
Vj —  Volume of effluent sample in dynamic elution 

process, L
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