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ABSTRACT

In this study, a modacrylic anion exchange fiber (Karacaron™ SA2) made from acrylonitrile and
vinyl chloride was used for the removal of Cr(VI) and As(V) in aqueous solutions. This study
focused on the two parts: (i) investigate the simultaneous removal of Cr(VI) and As(V) present in
mineral processing wastewater by the SA2, and (ii) examine the protonated amine sites available
on the SA2 in response to pH change using X-ray photo electron spectroscopy (XPS) analysis. Batch
experiments indicated that the maximum removal capacities for Cr(VI) and As(V) were 2.350 and
0.346 mmol/g, respectively. The SA2 was successfully regenerated by 0.1 M NaCl solution and
reused for five adsorption-desorption experiments. The removal of Cr(VI) and As(V) was influ-
enced by the solution pH. The pH dependency of Cr(VI) and As(V) removal was closely related to
both the number of protonated amines available for anion exchange and speciation of Cr(VI) and
As(V) in response to the pH change. XPS analysis demonstrated that the C-N* peak (401.5 eV) was
prominent at pH 2. As pH increased to 4 and 10, the C-N* peak gradually decreased due to partial
deprotonation of the anion exchange sites. At pH 12, the C-N* peak disappeared because nearly all
of the exchange sites were deprotonated. Simultaneous removal experiments in mineral process-
ing wastewater (pH = 2.9; Cr(VI) concentration = 60.2 mmol/L; As(V) concentration = 67.5 mmol/L)
demonstrated that Cr(VI) removal by the SA2 tended to be greater than that of As(V). The Cr(VI)
and As(V) removal capacities in the wastewater were 1.587-3.098 and 0.042-2.124 mmol/g, respec-
tively, at fiber dosages of 2-20 g/L.
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1. Introduction

Industrial waste waters are generated from various
industrial activities including paper manufacturing, textile
industries, mining, oil and gas industries, iron and steel
industries, and food industries [1]. Inorganic and organic
contaminants in industrial waste waters are released into
water environments, polluting valuable water resources
and resulting in serious health problems. Chromium (Cr)
and arsenic (As) are two representative contaminants found

*Corresponding author.

in industrial waste waters. Chromium waste water can be
discharged into water environments from industrial activi-
ties such as electroplating, leather tanning, dyeing, and tex-
tiles [2]. In water environments, trivalent Cr (III) is insoluble
and less dangerous, whereas hexavalent Cr(VI) is extremely
soluble and highly toxic [3]. Arsenic wastewater can be
released into aquatic environments from mining-related
activities. Both trivalent As (III) and pentavalent As(V) are
soluble in water environments. As (III) (arsenate) exists in
reducing environments and is more toxic and soluble than
As(V) (arsenate), which is predominant in oxidizing condi-
tions [4].
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Anion exchange is a treatment technique used to sep-
arate anionic contaminants (Cr(VI) and As(V)) in waste
water via exchange with anions (chloride and hydroxide)
on the surface of anion exchange resins or anion exchange
fibers. Many studies have analyzed the removal of Cr(VI)
or As(V) in aqueous solutions using anion exchange resins
[5-17]. Compared to anion exchange resins, anion exchange
fibers have higher ion exchange capacity and faster sorp-
tion rate [18]. Several studies have researched the removal
of Cr(VI) or As(V) with anion exchange fibers [19-26] and
demonstrated that anion exchange fibers can successfully
remove Cr(VI) or As(V) from aqueous solutions. However,
studies related to the simultaneous removal of Cr(VI) and
As(V) in industrial wastewater using anion exchange fibers
are scarce.

In this study, an anion exchange fiber was used for the
removal of Cr(VI) and As(V) in aqueous solutions. This
study focused on the two parts: (i) investigate the simul-
taneous removal of Cr(VI) and As(V) present in mineral
processing wastewater by the anion exchange fiber, and (ii)
examine the protonated amine sites available on the anion
exchange fiber in response to pH change using X-ray photo
electron spectroscopy (XPS) analysis. Batch removal exper-
iments were conducted to examine the influences of solu-
tion pH, regeneration, kinetic, equilibrium, and competing
anions on the removal of Cr(VI) and As(V) in synthetic solu-
tions. Furthermore, batch experiments were performed to
investigate the simultaneous removal of Cr(VI) and As(V)
in the wastewater.

2. Materials and methods
2.1. Characterization of the anion exchange fiber

The anion exchange fiber (Karacaron™ SA2) was used
as received from the manufacturer (Kaneka Corporation,
Osaka, Japan). The SA2 is a modacrylicanion exchange
fiber made from acrylonitrile and vinylchloride [27].
Field emission scanning electron microscopy (FESEM,
Supra 55VP, Carl Zeiss, Oberkochen, Germany) was used
to obtain microscopic images of the SA2, from which
the average diameter was quantified using the Image J
1.43u software (National Institutes of Health, Bethesda,
MD, USA). energy dispersive X-ray (EDX) spectrometer
analysis was also performed using FESEM to determine
the elemental composition. Fourier-transform infrared
(FTIR) spectrometer (Nicolet 6700, Thermo Scientific,
Waltham, MA, USA) was used to generate the spectra of
the fiber before and after the removal experiments. XPS
(Sigma Probe, Thermo VG, East Gr instead, UK) scans
with monochromatic Al Ko radiation were also conducted
before and after the removal experiments. The volumet-
ric anion exchange capacity of the fiber was quantified
following the procedures reported in the literature [28].
First, 0.3 g of the fiber was immersed in 1 M hydrochloric
acid (HCI) solution for 6 h and dried at 65°C in a dry-
ing oven (Thermo Stable SOF-W 155, Daihan Scientific,
Seoul, Korea). Then, the fiber was soaked in a 300 mL
solution of 5% Na,SO,, which was shaken for 180 min at
30°C and separated from the fiber. The chloride ion con-
centration was then measured using ion chromatography
(ICS-3000, Dionex, Sunnyvale, CA, USA).

2.2. Removal experiments for Cr(V1) and As(V) in synthetic
solution

Removal experiments for Cr(VI) were performed in trip-
licate under batch conditions (solution volume = 300 mL;
temperature = 30°C). The Cr(VI) stock solution was prepared
from potassium dichromate (K,Cr,0,) dissolved in deion-
ized water. The pH experiment was performed at solution
pHs of 2-12 (initial Cr(VI) concentration = 0.882 mmol/L;
fiber dose = 1.0 g/L; reaction time = 180 min). The solu-
tion pH was adjusted with 0.1 M HCI and 0.1 M NaOH.
The flasks were shaken at 150 rpm using a shaking incu-
bator (Daihan Science, Seoul, Korea).The solution samples
were collected through centrifugation and the Cr(VI) con-
centrations were analyzed using inductively coupled plas-
ma-atomic emission spectroscopy (ICP-AES) (Optima-4300,
Perkin Elmer, Waltham, MA, USA). The removal rate (%)
and removal capacity (mmol/g) were calculated as follows:
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The kinetic experiment was conducted at reaction times
of 0-180 min (initial Cr(VI) concentration = 0.192 mmol/L;
fiber dose = 20 g/L; solution pH = 5.1). The equilibrium
experiment was performed at initial Cr(VI) concentrations
of 0.192-19.23 mmol/L (solution pH = 4.3-5.1; fiber dose
= 1.0 g/L; reaction time = 180 min). The competing anion
experiments were conducted (initial Cr(VI) concentra-
tion = 0.882 mmol/L; fiber dose = 1.0 g/L; reaction time =
180 min) in the binary mixtures with a molar ratio of ([com-
peting anion]/[Cr(VI)]) = 1. The competing anions included
chloride (CI"), nitrate (NO,"), sulfate (50,*), and phosphate
(HPO,*). The relative removal reduction (Re, %) for Cr(VI)
was calculated using the following relationship:

Re:[l—ﬂjxmo @3)
qw/o

The regeneration experiment was conducted using a 0.1
M NaCl solution as the regenerant (initial Cr(VI) concen-
tration = 0.882 mmol/L; fiber dose = 1.0 g/L; solution pH
= 5.1; reaction time = 180 min). After the removal experi-
ments, the fiber was immersed into the regenerant, which
was shaken for 60 min at 150 rpm for the desorption of
adsorbed Cr(VI) ions. Then, the regenerated fiber was dried
for 2 h at 65°C in a drying oven prior to reuse.

Removal experiments for As(V) were also conducted
under batch conditions. The As(V) stock solution was
prepared from sodium arsenate dibasic heptahydrate
(Na,HAsO,) dissolved in deionized water. The pH exper-
iment was performed at initial As(V) concentration of
0.882 mmol/L and solution pHs of 2-12. The kinetic
experiment was conducted at reaction times of 0-180 min
(initial As(V) concentration = 0.192 mmol/L; fiber dose
= 20 g/L; solution pH = 10.0). The equilibrium experi-
ment was performed at initial As(V) concentrations of
0.067—- 6.674 mmol/L (solution pH = 7.5-8.6; fiber dose =
1.0 g/L; reaction time = 180 min). The competing anion
experiments were conducted (initial As(V) concentra-
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tion = 0.882 mmol/L; fiber dose = 1.0 g/L; reaction time
= 180 min) in the binary mixtures with a molar ratio of
([competing anion]/[As(V)]) = 1. The value of Re was also
calculated using Eq. (3). The regeneration experiment was
conducted using a 0.1 M NaCl solution as the regenerant
(initial As(V) concentration = 0.133 mmol/L; solution pH
= 10.0; fiber dose = 1.0 g/L; reaction time = 180 min). The
As(V) concentrations were analyzed using ICP-AES.

2.3. Removal experiments for Cr(V1) and As(V) in mineral
processing wastewater

Simultaneous removal of Cr(VI) and As(V) by the SA2
in mineral processing wastewater was examined under
batch conditions. The mineral processing wastewater used
in the experiment is characterized in Table 1. Note that the
Cr(VI) and As(V) concentrations in the wastewater were
60.2 mmol/L and 67.5 mmol/L, respectively. The batch
tests were conducted at fiber dosages of 2-20 g/L (solution
volume = 300 mL; reaction time =180 min). The flasks were
shaken at 150 rpm using a shaking incubator, and then
solution samples were collected through centrifugation.
The Cr(VI) and As(V) concentrations were analyzed using
ICP-AES.

2.4. Model analysis

The equilibrium data were analyzed using the follow-
ing equilibrium sorption models.

1
g, =K,C* Freundlich 4
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Table 1

Ionic composition of the mineral processing wastewater used in
the experiments

Ion composition Concentration
(mmol/L)

As* 67.5

Cré* 60.2

Zn* 579

Cu* 2.3

Na* 212

K 59.0

Cl- 10.2

Br- 14.5

NO, 445

SO,* 11.7

HPO,> 5.1

pH 29

EC 23.7 mS/cm

The kinetic data were analyzed using the following
kinetic sorption models.
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The following equations for R? x?, and SAE were used to
analyze the removal data and confirm their fit to the model.
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3. Results and discussion
3.1. FESEM and EDX

FESEM image (Fig. 1a) demonstrated that the SA2 was
a micron-sized fiber, with a diameter of 26.2 + 4.7 um. The
EDX spectra (Fig. 1b) demonstrated that carbon (C) was the
major element of the fiber (atomic % of 66.65), with peak
positions at 0.277 and 0.284 keV as Ko and KP signals,
respectively. Oxygen (O) appeared at 0.523 and 0.532 keV
as Ko and KB signals, respectively, due to amination in the
aqueous solution. Nitrogen (N) was detected at 0.392 and
0.400 keV as Ko and KP signals, respectively, whereas chlo-
rine (Cl) was evident at 2.622 keV as the Ko signal. N came
from acrylonitrile (C,;H,N), whereas CI came from vinyl
chloride (C,H,Cl). The volumetric anion exchange capacity
of the fiber was determined to be 2.649 mmol/g.

3.2. FTIR spectra before and after the removal experiments

FTIR spectra of the SA2 are shown in Fig. 2. Before the
removal experiments, amine groups (N-H) were detected
at the peak of 3249 cm™, demonstrating that the fiber was
functionalized through the a mination reaction [29]. C-H
vibration appeared at 2921 cm™ in the fiber [30,31]. The peak
at 2243 cm™ corresponded to C=N vibration from acryloni-
trile [31], whereas the peak at 677 cm™ was assigned to C-Cl
vibration from vinyl chloride [32]. The peak at 1637 cm™
corresponded to O=C-N-H (amide I), whereas the peak at
1551 cm™ was assigned to O=C-N-H (amide II) [31,33].

In the FTIR spectra after Cr(VI) removal, Cr=0 appeared
at the peak of 938 cm™, whereas Cr-O was detected at the
peak of 755 cm™, due to the interactions between Cr(VI)
ions and anion exchange sites [34,35]. In the FTIR spectra
after As(V) removal, an As-O vibration was found at the
peak of 842 cm™ [36], due to the association of As(V) ions
with the exchange sites.
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Fig. 1. Characteristics of the SA2: (a) FESEM image (bar = 10 pm)
and (b) EDS pattern (inset = atomic %).

3.3. XPS spectra before and after the removal experiments

XPS spectra of the SA2 are shown in Fig. 3. In the wide
scan before the removal experiments (Fig. 3a), the photo
electron peaks at the binding energy of 285 and 532 eV were
attributed to Cls and Ols, respectively. In addition, the
peak at 398 eV was assigned to N1s, which came from the
acrylonitrile. The peaks at 196 and 255 eV were assigned
to CI2p and ClI2s, respectively, which came from the vinyl
chloride.

After the Cr(VI) removal experiments, the Cr2p peak
appeared at 580 eV in the wide scan (Fig. 3c). In the high-res-
olution scan of the N1s region before the Cr(VI) removal
(Fig. 3b), the peaks assigned to C=N and C-N were found at
399.2 and 400.5 eV, respectively, where as the peak assigned
to C-N* (protonated amine) appeared at 402.2 eV. After the
Cr(VI) removal, the intensity of the C-N* peak decreased
while the C-N peak increased(Fig. 3d).According to the
high-resolution scan (Fig. 3e), the Cr2p region consisted of
Cr2p,,, and Cr2p, , spectra. The Cr2p, , spectrum was cen-
tered at 577.0 eV, whereas the Cr2p, , spectrum was at 586.6
eV. In the Cr2p, , spectrum, the peaks assigned to Cr(IlI)
and Cr(VI) were found at 576.8 and 579.0 eV, respectively,
whereas the peaks assigned to Cr (III) and Cr(VI) appeared
at 586.5 and 589.0 eV, respectively, in the Cr2p, , spectrum.

SA2 before removal experiments

1726
2243

3249 2921 1637 1551

677

SA2 after Cr(VI) removal

Transmittance

SA2 after As (V) removal 755

2650 2150 1650 1150 650

Wavenumber (cm)

3650 3150

Fig. 2. FTIR spectra of the SA2 before and after the removal ex-
periments.

These results could be attributed to the partial reduction
of Cr(VI) to Cr (III) on the fiber after removal from aque-
ous solution. Researchers have reported that Cr(VI) species
adsorbed on the surfaces of anion exchange fibers can be
partially reduced to Cr(III) by electron-rich moieties on the
surfaces of the anion exchange fibers [37,38].

After the removal of As(V), the As3d peak at 45 eV
appeared in the wide scan (Fig. 3f). In the high-resolution
scan of the N1s region (Fig. 3g), the C-N*and C-N peaks
were slightly changed after the removal of As(V). These
results demonstrate that protonated amine groups were
responsible for the anion exchange of Cr(VI) and As(V).

3.4. Effect of pH on the removal of Cr(V1) and As(V)

The effect of solution pH on the removal of Cr(VI) and
As(V) is presented in Fig. 4a, along with the speciation
of Cr(VI) (Fig. 4b) and As(V) (Fig. 4c) in accordance with
the pH change. These results showed that the removal
of Cr(VI) and As(V) was influenced by the solution pH.
At pH 2, the removal of As(V) behaved differently from
that of Cr(VI). At pH 2, HCrO, was the major ionic form
of Cr(VI) (Fig. 4b), and Cr(VI) was effectively removed by
the fiber. However, As(V) removal at pH 2 was negligible
because uncharged H,AsO, was the major ionic form of
As(V) (Fig. 4c). Between pH 4 and 10, Cr(VI) and As(V)
were effectively removed by the fiber. At pH 12, Cr(VI)
and As(V) removal by the fiber were negligible. Our
results also demonstrated that Cr(VI) removal by the fiber
tends to be higher than that of As(V). Similar results were
reported by Oliveira et al. [39], who demonstrated that
Cr(VI) removal by leather waste was higher than As(V)
removal at solution pHs of 2—-6.

The effect of solution pH on the high-resolution scan in
the N1s region in the XPS spectra is shown in Fig. 5. The pH
dependency of Cr(VI) and As(V) removal could be closely
related to the number of protonated amines available for
anion exchange. XPS data demonstrated that the C-N* peak
(401.5 eV) was prominent at pH 2. At highly acidic condi-
tions, most of the anion exchange sites were protonated
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Fig. 3. XPS spectra of the SA2 before and after the removal experiments: (a) wide scan before the removal experiments, (b) high-res-
olution scan in the N1s region before the removal experiments,(c) wide scan after Cr(VI) removal, (d) high-resolution scan in the
N1s region after Cr(VI) removal, (e) high-resolution scan in the Cr2p region after Cr(VI) removal, (f) wide scan after As(V) removal,
and (g) high-resolution scan in the N1s region after As(V) removal.
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Fig. 4. Effect of solution pH on the removal of Cr(VI) and As(V)
by the SA2: (a) removal capacity, (b) distribution of Cr(VI) spe-
cies, and (c) distribution of As(V) species as a function of pH.

with exchangeable Cl ions; the amine functional groups
on the fibers can be expressed as [R,NH] H*Cl". As pH
increased to 4 and 10, the C-N* peak gradually decreased
due to partial deprotonation of the anion exchange sites. At
pH 12, the C-N* peak disappeared becausen early all of the
exchange sites were deprotonated ([R,NH]).

3.5. Equilibrium, kinetic,competing anions, and regeneration
analyses

Equilibrium sorption data were analyzed by the equilib-
rium models including the Freundlich [Eq. (4)], Langmuir
[Eq. (5)], and Redlich-Peterson [Eq. (6)] isotherms. Equilib-

rium data along with the model fits for Cr(VI) and As(V) are
presented in Figs. 6a and 6b, respectively. The correspond-
ing model parameters are provided in Table 2. The values
of R?, A%, and SAE indicated that the Freundlich model was
better at describing the equilibrium data. The parameters
values from the Freundlich model were K, = 1.336 L/g
for Cr(VI) and K,= 0.258 L/g for As(V). Under the given
experimental conditions,the maximum removal capacity
for Cr(VI) quantified from the Langmuir model was one
order of magnitude greater than that for As(V) (Q, = 2.350
mmol/g for Cr(VI) and 0.346 mmol/g for As(V)). These
values are comparable with the removal capacities of anion
exchange fibers (Cr(VI) = 1.680-4.366 mmol/g; As(V) =
0.167-2.941 mmol/g) reported in the literature (Table 3)
[13,15,20,25, 26,37,40-42].

Kinetic sorption data were analyzed by the kinetic
sorption models including the pseudo first-order [Eq. (7)],
pseudo second-order [Eq. (8)], and Elovich[Eqg. (9)] models.
Kinetic data along with the model fits for Cr(VI) and As(V)
are presented in Figs. 6¢ and 6d, respectively. The removal
of Cr(VI) and As(V) by the SA2through the anion exchange
was relatively fast. The Cr(VI) removal reached equilibrium
within 15 min, whereas the As(V) removal reached equi-
librium within 30 min. The corresponding model parame-
ters are provided in Table 4. The values of R? A?, and SAE
indicated that the pseudo second-order model was better
at describing the equilibrium data. The parameters values
from the pseudo second-order model were q, = 0.197 L/g
for Cr(VI) and g, = 0.119 L/g for As(V). The Cr(VI) removal
rate was faster than that of As(V)(k,=11.610 g/mol/min for
Cr(VI) and k, = 4.138 g/mol/min for As(V)).

The effect of competing anions on the removal of Cr(VI)
and As(V)is shown in Fig. 7. In the case of Cr(VI) (Fig. 7a),
the effect of Cl-and NO, on the Cr(VI) removal was neg-
ligible; the values of Re were 0.04 and 0.08%, respectively.
The effects of SO,> and HPO,* on the Cr(VI) removal were
very low; the values of Re were 2.4 and 3.2%, respectively.
Meanwhile, the effects of competing anions on the As(V)
removal were noticeable (Fig. 7b). The values of Re for CI-
and NO, were 15.5 and 27.1%, respectively. In addition,
the values of Re for SO,> and HPO,* were 76.6 and 64.1%,
respectively. The influence of competing anions on the
As(V) removal was with the decreasing order of SO >
HPO,>> NO, > CI.

Regeneration and reuse of the fibers after the removal
experiments is presented in Fig. 8. During the five regener-
ation and reuse cycles, the percent removal for Cr(VI) was
82.3-98.8%, whereas the percent removal for As(V) was
80.7-90.7%. These results demonstrated that the fibers can
be successfully regenerated with NaCl solution.

3.6. Simultaneous removal of Cr(VI) and As(V) in mineral
processing wastewater

Simultaneous removal of Cr(VI) and As(V) in mineral
processing wastewater is presented in Fig. 9. The Cr(VI)
removal rates were 5.2-52.7%, increasing with increasing
fiber dosages from 2 to 20 g/L. The As(V) removal rates
also increased from 2.9-22.8% with increasing fiber dosages
from 2 to 20 g/L. The Cr(VI) removal capacities decreased
from 3.098 to 1.587 mmol/g with increasing fiber dosages
from 2 to 20 g/L, whereas the As(V) removal capacities
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Fig. 5. Effect of solution pH on the high-resolution scan in the N1s region inthe XPS spectra of the SA2.

decreased from 2.124 to 0.042 mmol/g at the same fiber than that of As(V). For instance, the Cr(VI) removal capac-
dosages. At the given wastewater conditions (pH = 2.9; ity at the fiber dosage of 10 g/L was 1.758 mmol/g with
Cr(VI) concentration = 60.2 mmol/L; As(V) concentration = a 29.2% removal rate, whereas the As(V) removal capacity
67.5mmol/L), the removal of Cr(VI) by the fiber was greater =~ was 0.048 mmol/g with a 6.5% removal rate.
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Fig. 6. Equilibrium and kinetic sorption data and nonlinear regression fits: (a) equilibrium data for Cr(VI), (b)equilibrium data for
As(V), (c) kinetic data for Cr(VI), and (d) kinetic data for As(V). Equilibrium and kinetic model parameters are provided in Tables 2

and 4, respectively.

Table 2
Equilibrium isotherm parameters obtained from the model fitting to equilibrium data

Freundlich isotherm Langmuir isotherm Redlich-Peterson isotherm

R® y SAE

K, I/m R SAE Q, K, R* SAE K, a, K,/a,

(L/g) (mmol/g) (L/mmol) (L/g) (L/mmol) (mmol/g)
Cr(VI) 1.336 0.260 0.954 0.557 0.725 2.350 43.256 0.678 0.847 2.278 198.12 114.36 1.732
As(V) 0.258 0.214 0.965 0.018 0.098 0.346 40.273 0.784 0.067 0.255 56.61 196.14 0.289

0.847 0922 0.271 1.132
0.847 0.963 0.015 0.115

Table 3
Cr(VI) and As(V) removal capacities of anion exchange fibers reported in the literature

Anion exchange fiber pH Removal capacity(mmol/g) Reference
SA2 fiber 4.3-5.1 Cr(VI), 2.350 This study
Polypyrrole-polyaniline nanofiber 2.0 Cr(VI), 4.366 [37]
QAPPS fiber 3.5 Cr(VI), 3.199 [40]
SAAEF fiber 1.0 Cr(VI), 3.610 [41]

SA fiber 4.0 Cr(VI), 1.680 [20]

SA2 fiber 7.5-8.6 As(V), 0.346 This study
Polyethylene/polypropylene quaternized fiber 7.0 As(V), 1.112 [25]
Coconut coir pith-based fiber 7.0 As(V), 0.167 [13]
Cellulose-based aminated fiber 6.0 As(V), 2497 [15]
Cellulose-based fiber 6.0 As(V), 1451 [42]

KC31 7.5-8.6 As(V), 2941 [26]
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Table 4

Kinetic sorption parameters obtained from the model fitting to kinetic data

Pseudo first-order model Pseudo second-order model Elovich
q, k, R? 1 SAE q, k, R? b SAE o B R? SAE
(mmol/g) (1/min) (mmol/g) (g/mol/ (mmol/  (g/mmol)
min) min/g)
Cr(VI) 0.195 0.379  0.993 0.0004 0.004 0.197 11.610 0.994 0.0001 0.003 5.52 x 10* 179.72 0.766 0.0036 0.033
As(V) 0.116 0.224 0964 0.0005 0.015 0.119 4.138 0.978 0.0003 0.010 9.74 x 10° 115.61 0.537 0.0022 0.048
80 80 4. Conclusions
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Fig. 7. Effect of competing anions on the removal of (a) Cr(VI)
and (b) As(V).
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Fig. 8. Effect of regeneration and reuse on the removal rate of
Cr(VI) and As(V) through five removal cycles.
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Fig. 9. Simultaneous removal rate and capacity of Cr(VI) and
As(V) by the SA2 from mineral processing wastewater.

removal of Cr(VI) and As(V) in this study. Batch experiments
indicated that the maximum removal capacities for Cr(VI)
and As(V) were 2.350 and 0.346 mmol/g, respectively. The
fiber was successfully regenerated with NaCl solution. The
dependency of Cr(VI) and As(V) removal on the solution pH
could be ascribed to both the number of protonated amines
available for anion exchange and speciation of Cr(VI) and
As(V) ions in response to pH change. XPS spectra demon-
strated that the C-N* peak was prominent at pH 2 but dis-
appeared as the pH increased to 12. Simultaneous removal
experiments in the waste water showed that Cr(VI) removal
by the fiber was more favorable than that of As(V).This study
demonstrates that the SA2 could be applied for the treatment
of Cr(VI) and As(V) in mineral processing wastewater.
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Symbols
a  — Dose of anion exchange fiber
a, — Redlich-Peterson constant related to the affinity of

the ion exchange sites

C, — Equilibrium concentration of contaminant in the
aqueous phase

C, — Concentration of contaminant in the aqueous
phase after reaction

C, — Concentration of contaminant in the aqueous
phase before reaction

g  — Redlich-Peterson constant related to the removal
intensity

k, — Pseudo first-order rate constant

k, — Pseudo second-order rate constant

K, — Freundlich constant related to the removal capacity

K, — Langmuir constant related to the affinity of the
exchange sites

K, — Redlich-Peterson constant related to the removal
capacity

1/n  — Freundlich constant related to the removal intensity

Q, — Maximum removal capacity

g, — Amount of contaminant removed at time t

g, — Removal capacity in the presence of competing
anion
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— Removal capacity in the absence of competing
anion

Determination coefficient

Sum of the absolute error

Removal capacity calculated from the model
Removal capacity measured from the experiment

Average measured removal capacity
Chi-square coefficient
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