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A comparison study of granular activated carbon modification by FeCl,
under the acidic and basic condition for arsenic removal from water
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ABSTRACT

The present study deals with the effect of two different conditions for modification of raw granular
activated carbon (GAC) with FeCl, under acidic granular activated carbon (AGAC) and basic
granular activated carbon (BGAC) conditions for removal of arsenic — As(V) — from aqueous solu-
tion. X-ray diffraction, scanning electron microscopy, and Brunauer-Emmett-Teller (BET) were used
for structural properties. Obtained images show that for raw GAC most of the peaks are related to
SiO, and graphite, but, for AGAC related to Fe,O,, Fe,O,, and SiO,, and for BGAC related to Fe,O,
and hydrogen aluminum silicate. Surface area and total pore volume of raw GAC > AGAC > BGAC.
Kinetics study for arsenic removal by raw GAC and BGAC obeyed pseudo-first-order model, but,
AGAC obeyed pseudo-second-order model. Isotherm study showed that raw GAC has a good fit
with Langmuir model, and AGAC and BGAC have a good fit with Freundlich model. The adsorp-
tion capacity of AGAC, BGAC, and raw GAC (As(V) concentration = 0.3 mg/L) was 22.7, 18.33, and
14.35 mg/g, respectively. It was concluded that modified raw GAC under the acidic condition had
better than basic condition.
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1. Introduction blackfoot, and melanosis [1,2]. The world health organiza-
tion (WHO) guideline for arsenic content in drinking water
is 0.01 mg/L [3]. Water contamination by arsenic resulted
from two ways. First, related to anthropogenic resources
such as industrial (electronics, dyes, wood preservatives,
pesticides, fertilizers, oil, and solvent product) and agri-
cultural activities [4-6]. The later relates to natural ore and
geological properties of soil.

One of the most important problems for water resources
in many areas of the world is heavy metals contamination.
Arsenic is a metalloid that endangers human health. It can
cause skin, liver, kidney, and bladder cancers, hyperkeratosis,
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There are different methods that have been used for arsenic
removal from water and wastewater such as membrane
technology [7,8], adsorption by various adsorbents [9-12],
application of some media in sand filter [13], electrocoagula-
tion [14], ion exchange or resins [15], and chemical coagulation
[16,17]. Each of them has advantages and disadvantages
that affect their applications. However, adsorption process
has some advantages such as minimal sludge production,
specific selection, high removal efficiency, simple to use and
low economical cost. So, it has become a favorable method in
world [18,19].

There are many studies that have been conducted on
arsenic removal by different adsorbents such as Dolomite [20]
and activated carbon (AC) produced from low cost materi-
als. During recent years, many researchers have been turning
to the modified activated carbon to attain better results.
However, this action has been conducted under different
conditions including oxidation, coating, and condition such
as different temperature, acidic or basic pH [21-23]. Many
researchers claimed that Fe coating of AC was ineffective by
FeCl, under very acid solutions (pH < 1.0) [23]. On the other
hand, some claimed that Fe coating of AC under high con-
centration of HCI (3 M) and low pH (pH < 0), significantly
increased the amount of adsorbed iron on it which subse-
quently, increases arsenic removal [24]. Two described ideas
were conducted at different condition including Fe coating
methodology, preparation, and also arsenic concentration.
The present study describes the influence of acid oxidation,
coating of granulated activated carbon (GAC) by FeCl, under
two different pH conditions of acidic (pH < 0.1) and basic
(pH > 12) condition and also, heating of coated GAC for better
Fe coating on GAC, and subsequent determination of the best
method for arsenate removal.

2. Materials and methods

In this study, the removal of arsenic (arsenate) from water
was carried out by raw GAC and chemically modified GAC,
supplied by Merck Company’s representative in Iran.

2.1. Materials

Analytical grade ferric chloride (FeCl,-6H,0), GAC,
sulfuric acid, nitric acid, and sodium hydroxide were pur-
chased from Merck Company, Iran. Also, Na,HASO,-7H,0
was purchased from Sigma-Aldrich Company’s representative
in Iran.

2.2. Stock solutions of arsenate

As(V) stock solutions were prepared by dissolving accu-
rate amounts of Na,HASO,7H,O in deionized water to
produce stock solutions of 1,000 mg/L. Appropriate dilutions
were made to give a range of arsenic concentrations of 0.3,
1.2, and 2.15 mg/L.

2.3. Oxidation of GAC

In this study, the oxidation of GAC was conducted by
combination of 65% nitric acid and concentrated sulfuric acid
[25]. First, 200 g of raw GAC was washed by distilled water
several times. Then it was dried at 110°C for 24 h. Forty grams

of dried GAC were put in conical flasks then 100 mL of 65%
nitric acid and 100 mL of concentrated sulfuric acid were
added to it. After that, the solution was mixed in a rotary
shaker at 80 rpm for 1 h. Finally, GAC was filtered and sepa-
rated from acids, washed and stayed in the distilled water for
8 h. Then, GAC was dried at 110°C during 24 h. After these
processes, the raw and oxidized GAC were grinded and those
with sizes 120 mesh (0.125 mm) used for Fe coating.

2.4. Iron doping of GAC

e Forty grams of the oxidized GAC were mixed with
200 mL of FeCl,-6H,0O solution containing 2.5% of Fe** and
then pH was adjusted to 12 by the addition of 1 N NaOH
solution. The impregnation of Fe was carried out at 80°C
for 24 h on a shaker with 150 rpm rotation [26]. After that,
residual mixture (the impregnated GAC) was calcined at
300°C under N, atmosphere for 3 h. Then, it was washed
with distilled water for several times and dried at 110°C
for 24 h [27]. This GAC, which was oxidized by a mixture
of acid and coated by Fe under the basic condition and
calcined at 300°C, was named as basic granular activated
carbon (BGAC) in this paper.

e Forty grams of the oxidized GAC were mixed with
200 mL of FeCl-6H,O solution containing 2.5% of Fe*
and pH was adjusted to <0.3 by the addition of 1 HCI 3M
solution [24]. The impregnation of Fe was carried out at
80°C for 24 h on a shaker with 150 rpm rotation. After that
residual mixture (the impregnated GAC) was calcined at
300°C under N, atmosphere for 3 h. Then, it was washed
with distilled water for several times and dried at 110°C
for 24 h. This GAC that oxidized by a mixture of acid and
coated by Fe under acidic condition and calcined at 300°C
was named as acidic granular activated carbon (AGAC),
in this paper. Also, raw GAC is GAC without any oxida-
tion and impregnation with FeCl, which is nominated raw
granular activated carbon (RGAC), in this paper (Fig. 1).

2.5. Iron content in raw and modified GAC

The amount of impregnated iron in raw and modified
GAC was evaluated according to modified acid extraction
method that used by Chang et al. [29]. Three hundred milli-
grams of raw and modified GAC (GAC, AGAC, and BGAC)
were added separately into the 40-mL vials containing 30 mL
of 1:1 HCl solution and were shaken for 10 h. Then, they were
placed in a water bath at 70°C-80°C for 4 h. After these steps,
adsorbents were separated from the solution by GF/C filter
paper. Finally, the iron concentrations of separated adsor-
bents were analyzed by phenanthroline method with Hach
spectrophotometer DR5000. The iron content was calculated
according to below equation:

Mass of iron

Iron content = - X
Mass of GAC + Mass of iron

100 1)

2.6. Adsorption experiments

Adsorption experiments were conducted by batch
method (Fig. 2). Experiments included determination of
optimum pH, equilibrium time, adsorbents dosage, arsenic
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Fig. 1. The scheme of oxidized GAC modification in this study [28].
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Fig. 2. The scheme of adsorption experiments as a batch method.

concentration, the kinetic studies, and adsorption iso-
therms. For optimum pH selection, 50 mL of arsenic solution
(C, = 2.15 mg/L) introduced in 200 mL Erlenmeyer flasks.
Then, 0.1 g of the adsorbents was put in contact with 50 mL
of arsenic solution (dose of adsorbent was 2 g/L). The pH of
the solutions was adjusted to 2, 3, 4, 6, 7, 8, and 10 by using
1M HCl or 1 M NaOH. The samples were placed in mechan-
ical shaker for 24 h at the room temperature (20°C + 1°C) and
the agitation speed of the shaker was fixed at 250 rpm for
all batch experiments. After that, the combination of arse-
nic solution and adsorbents was filtered through Whatman
paper (0.45 um). The filtrate was preserved by reducing the
pH <2 with 6 N HNO, for arsenate analysis. Finally, the res-
idue concentration of arsenate was determined by ICP-MS
(PerkinElmer, model ELAN DRC-e, USA). The adsorption
kinetic study and equilibrium time were performed for
As(V) solution at determined optimum pH and room tem-
perature. For this section several Erlenmeyer flasks used
to hold 50 mL As(V) solution with an initial concentration
of 2.15 mg/L and 2 g/L of adsorbent. Samples agitated at
250 rpm for a duration ranging from 5 min to 24 h in 16
intervals. To obtain adsorption equilibrium isotherms, the
effect of dose and concentration of arsenate, several initial
concentrations of arsenate (0.3, 1.2, and 2.15 mg/L), and sev-
eral doses of adsorbents (0.1, 0.5, 1, and 2 g/L) were used at
determined optimum pH and contact time.

Percentage removal of As(V) and adsorption capacity of
adsorbent at time ¢ (g,) were calculated as Egs. (2) and (3):

Percentage removal % = {1 - (C;} x100 )

0
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where C and C, (mg/L) are the initial and equilibrium solute
concentrations, respectively.

C[]_C'3:|><V

v; ®)

9.(mg/g) {
where C; and C, (mg/L) are the initial and final concentration
of As(V) at time t in the solutions, respectively, M (g) is the
amount of the adsorbent used, and V (L) is the volume of
As(V) solution.

2.7. Characterization of the raw and modified GAC

The Brunauer-Emmett-Teller (BET) specific surface area
and pore volumes of adsorbents before and after loading
iron oxide were obtained by N, adsorption at 77 K with a
Micromeritics 2000 instrument (ASAP 2000, Micromeritics,
USA). The major chemical compositions of adsorbents and
the morphologies of them were analyzed by X-ray diffraction
(XRD) (Shimadzu, Japan, using graphite monochromatic
copper radiation over the 20 range 10°-80°) and scanning
electron microscopy (SEM), respectively. SEM conducted by
Holland Philips, JSM-5800. XRD pattern was taken from a Cu
target X-ray diffractometer (Rigaku D/max-r B).

3. Results and discussion
3.1. Characterization of the raw and modified GAC
3.1.1. Surface area and pore properties

Iron content, the BET surface area and other related data
about the raw and modified GAC and are shown in Table 1.

It can be seen that bay modification of GAC with FeCl,,
total volume, surface area, and total pore volume was
decreased. These parameters were found to be in the order
of raw GAC > AGAC > BGAC. Also, it was observed that
Fe content of modifies GAC under acidic condition (AGAC)
is more than modifies GAC under basic condition (BGAC).
Under acidic condition Fe is mainly present as soluble so, it
was penetrated in deep pore structure than the basic condi-
tion that Fe predominant as an insoluble. Under high pH,
Fe precipitated on GAC surface so, the amounts of coating
(iron contents) were smaller than modification under low
pH (Table 1). Under low pH most of Fe goes through micro
and macropores of GAC. When it was placed in a furnace
for calcination at 300°C, most of Fe* fixed into pore space.
At high pH condition most of soluble Fe precipitated on



M. Mahdavi et al. | Desalination and Water Treatment 137 (2019) 134-142

Table 1
BET results for raw GAC and modified GAC (AGAC and BGAC)

Adsorbent Total volume BET surface Total pore Fe content
samples (cm®/g) area (m*g)  volume (cm*/g) (mg/g)
GAC 217.09 944.89 0.4621 2.5
AGAC 152.27 662.76 0.3326 156
BGAC 136.43 593/81 0.3114 81.2

GAC, so, it is not a chance for Fe to penetrate into micro
pore. For this reason, the iron content of AGAC is greater
than BGAC. The decrease in specific total volume, surface
area, and total pore volume were mostly related to Fe pre-
cipitation and finally pore blockage and filling with Fe.
Similar results were reported by another researcher. They
have stated that oxidation and impregnation cause decreas-
ing both surface areas and pores volume due to partial or
complete pore blockage [21,30].

3.1.2. Morphology studies

Fig. 3 shows the SEM images of raw and modified GAC.
It could be found that macropores in raw GAC are greater
than AGAC and BGAC. Also, it was observed that Fe precip-
itation on BGAC surface is more than AGAC surface. May be
it is related to this fact that in high pH Fe cations precipitated
very quickly in the surface of GAC.

3.2. XRD studies

XRD patterns of the samples are shown in Fig. 4. It was
founded that for raw GAC (Fig. 4(a)). Most of peaks are related
to SiO, and graphite, this result is in accordance with Chen

anal A= SEI
Mag= 500 KX

Dae S Dec 2016

Signal A = SE1
Mag= S00KX

EHT = 18.00 kv
WD'= 15.5 mm
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study. However, other XRD peaks are observed at around
2 h=5°12°, 14°, 24°, and 25° that related to sodium silicates
and sodium aluminum silicates. XRD results for modified
GAC Dby FeCl, under acidic condition (AGAC) show that most
of the peaks are related to Fe,O, (maghemite), Fe,O, (magne-
tite), and SiO, which were reported by another researcher, as
well. Other XRD peaks are observed at around 2 h =15°, 19°,
20°,25°,30°, and 45° that related to calcium aluminum silicate
(Fig. 4(b)). For modified GAC by FeCl, under basic condition
(BGAC) results show that most of the peaks are related to
Fe,O, (magnetite) and hydrogen aluminum silicate (Fig. 4(c)).
Other XRD peaks are observed at around 2 h = 19°, 34°, 40°,
61°, 62°, and 69° which were related to calcium iron oxide.
In this study, it was found that coating of GAC with FeCl,
under acidic condition produced maghemite and magne-
tite, but for modified GAC with FeCl, under basic condition
magnetite was predominant. This result related to this matter
that under acidic condition (low pH) most of Fe presented
as Fe? and when it was calcined under the controlled condi-
tion of N, gas, it changed to maghemite. On the other hand,
under basic condition most of Fe presented as Fe** and when
reacting with oxygen it precipitated as magnetite (Fe,O,). The
previous study showed that Fe,O, deposited on the surface
of the carbon [31]. According to SEM and XRD results in this
study, we had more deposit of Fe,O, on BGAC surface. Also,
empirical observation showed that the surface of BGAC has
brown to yellow color.

3.3. Effect of pH on As(V) adsorption

One of the most important parameters in water and
wastewater treatment process is pH. It can change the mech-
anism of all pollutants removal [8,32]. Also, for arsenic
removal by adsorption, pH plays an important role because
predominant species of As changed along with any change in

Date 5 Dee 2016

Fig. 3. SEM images of GAC (a), AGAC (b), and BGAC (c).
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Fig. 4. XRD patterns of raw GAC (a), iron-loaded GAC after impregnation with iron (III) chloride under acidic condition, AGAC (b),
and iron-loaded GAC after impregnation with iron (III) chloride under basic condition, BGAC (c).

pH value. For example, at pH 0-2 As(V) exists as H,ASO,, at
pH 3-6 exists as H,ASO;? and exists as HASO;? at pH 7-11
[33,34]. Therefore, for determination of pH effects on arsenic
removal various pH values from 2 to 10 was studied (Fig. 5).
From Fig. 3 it can be seen that removal efficiency of As(V)
depended on the pH of the solution. The percentage of arse-
nic removal by AGAC was >90% throughout the pH range
of 6-8. Also, for BGAC and raw GAC were 76%-86% and
62.8%-78.6%, respectively. The highest removal efficiency
has taken place at pH = 8 so, it was chosen as an optimum pH
condition for further experiments.

In this study, the results showed that arsenic removal
efficiencies were increased by increasing of pH value from 2
to 8. As the pH is further increased, the adsorption capacity
and removal efficiency decreased. Same results reported by
Zhengang [31].

Main mechanism for the majority of adsorption process
is affinity adsorption, but for modified adsorbents especially
modified GAC with FeCl, chemical reaction with Fe O, play
an important role for As(V) removal. The removal efficiency
of As by AGAC was greater than BGAC because AGAC con-

tains both Fe,O, and Fe,O, but BGAC contains only Fe,O,, so,
~~~~~ o0 ge GAC = =& = qeAGAC ==-0-==qe BGAC
~——#&— Removal GAC ——&—— Removal I AGAC ——&— Removal Il BGAC
3.00 125.0 ;\?
100.0 E
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Fig. 5. Effect of pH on As(V) adsorption capacity and removal
efficiency.

ithelped to adsorbed more arsenic. The maximum adsorption
capacity of arsenic for AGAC, BGAC, and raw GAC at pH=8
was 1.04, 0.93, and 0.85 mg/g, respectively. It can imply this
matter that by adding 156 mg of iron to 1 g of GAC, adsorp-
tion capacity increased by about 0.19 mg in comparison with
raw GAC.

3.4. Effect of contact time

The effect of contact time on As(V) adsorption efficiency
is shown in Fig. 6. It can be seen that the removal efficiency of
As(V) onto the adsorbents significantly increases during the
initial adsorption period of 3 h. Then, the removal of As(V)
increased slowly and remained almost constant after 5 h. So,
5 h selected as an optimum contact time for further and next
experiment. Other study reported same results and showed
that removal rate of sorbate is rapid in initial time and it was
gradually decreases with time until it reaches to equilibrium
[35,36]. One reason for this event is that at the initial period

100.0 -
80.0 -
60.0

40.0 -

Removal efficiency (%)

20.0 -

0.0 & : ‘
200 250
Time (min)

150

100

300 350

Fig. 6. Effect of contact time on As(V) adsorption efficiency.
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of adsorption there are large numbers of vacant surface sites
that available for adsorption. After a lapse of time, these sites
occupied by As(V) so, the removal efficiency was decreased
[37]. In this study, after 1 h the removal efficiency of As(V)
by raw GAC, BGAC, and AGAC was 29.77%, 48.37%, and
57.21%, respectively. After 2 h it reached 56.74%, 76.74%, and
80%, respectively. Also, after 3 h it reached 69.77%, 83.72%,
and 90.23%, respectively. Finally, at optimum time (5 h) it
reached 81.4%, 94.42%, and 96.74%, respectively.

3.5. Kinetic study

The linear mathematical forms of the pseudo-first-order
and pseudo-second-order equations [38] of kinetics used as
below:

Pseudo-first-order equation : log(qﬁ - q[) = 10g(qﬁ) > ];103 xt (4)
. t 1 t

Pseudo-second-order equation : — = = [+ — 5)
9. \kq.) \4.

where ¢, is the amount of adsorbed contaminant (mg/g) at
time t, g, is the maximum adsorption capacity (mg/g) for
the pseudo-first-order adsorption and pseudo-second-order
adsorption, k, is the pseudo-first-order rate constant for the
adsorption process (1/min), and k, is the pseudo-second-order
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rate constant (g/mg min). The sorption modeling parameters
are summarized in Table 2.

Table 2 shows the kinetic parameters and the correla-
tion coefficient (R?) derived from the application of the
pseudo-first-order and pseudo-second-order equations to
the adsorption data of raw GAC, AGAC, and BGAC. The
results show that for raw GAC and BGAC kinetics study fits
with the pseudo-first-order with correlation coefficients of
0.97 and 0.99, respectively, and for AGAC it was fitted with
pseudo-second-order with correlation coefficients of 0.98.
The amounts of g, for raw GAC, AGAC, and BGAC were 0.9,
0.98, and 0.86 mg/g, respectively.

Table 2
The kinetic sorption modeling parameters of As(V) on raw GAC,
AGAC, and BGAC

Model Parameters Raw GAC AGAC BGAC
Pseudo-first-order k, (1/min)  0.008 0.01 0.009
q, (mg/g) 0.9 0.8 0.86
R? 0.97 0.27 0.99
Pseudo-second- k,(1/min)  0.009 0.025 0.018
order q, (mg/g) 1.12 115 1.14
R? 0.91 0.98 0.97

Initial concentration = 2.15 mg/L; adsorbents dose =2 g/L.
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Fig. 7. (a)-(c) Langmuir isotherm (As(V) concentration was 0.3 mg/L, adsorbents dose: 0.1, 0.5, 1, and 2 g/L). (d)—(f) Langmuir isotherm
(As(V) concentration was 1.2 mg/L, adsorbents dose: 0.1, 0.5, 1, and 2 g/L).
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The previous study revealed that homogeneous cover
of iron oxide on the adsorbent surface in comparison with
large aggregates of iron oxide leads to equilibrium that much
faster [39]. However, a larger k value (AGAC > BGAC > raw
GAC) suggests that adsorption happened at the shorter time
to reach equilibrium or As(V) uptake. In this study, same
results obtained for AGAC compared with BGAC. Same
kinetics of pseudo-second-order model was suggested by
Vitela-Rodriguez for As(V) removal with modified ACs
with iron hydroxide [40]. Some study claimed that pseudo-
second-order kinetic was based on the assumption that the
rate limiting step may be chemical sorption or chemisorp-
tions including valency forces through sharing or exchange
of electron between adsorbent and adsorbate [41].

3.6. Adsorption isotherms

In order to study the adsorption behavior of the As(V)
ions on the adsorbents, the experimental data were fitted
to Langmuir and Freundlich isotherm equation. Langmuir
isotherm (Eq. (6)) says that adsorption takes place onto the
homogeneous surface with a specific number of equivalent
sites but, Freundlich isotherm (Eq. (7)) related to the sorption
onto the heterogeneous surface [42].

Freundlich isotherm, C.=0.3 mg/L, adsorhent: GAC
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9. ba, 4,
1

log g, =log k, +f(log Ce) (7)
n

where g, and C, represent the amount of As(V) adsorbed at
equilibrium (mg/L) and the concentration at equilibrium
(mg/L), respectively. The Langmuir constant, b, related to the
binding energy and the maximum adsorption capacity (g,).
It can be determined from the intercept and the slope of the
linear plot between C /g, and C,.

The Langmuir and Freundlich isotherm for As(V) adsorp-
tion with raw GAC, AGAC, and BGAC are presented in Figs. 7
and 8. Also, adsorption isotherm parameters and correlation
coefficients (R?) for As(V) adsorption are given in Table 3.
Based on R? values, the adsorption of As(V) by raw GAC
has been well described by the Langmuir model. In contrast
the adsorption of As(V) by AGAC and BGAC has been well
described by the Freundlich model. It implies that for raw
GAC, adsorption is limited to a monolayer, but for AGAC and
BGAC adsorption is not limited to a monolayer. On the other
hand As(V) molecules migrate to heterogeneous surfaces of
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Fig. 8. (a)—(c) Freundlich isotherm (As(V) concentration was 0.3 mg/L, adsorbents dose: 0.1, 0.5, 1, and 2 g/L). (d)—(f) Freundlich
isotherm (As(V) concentration was 1.2 mg/L, adsorbents dose: 0.1, 0.5, 1, and 2 g/L).
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Table 3
The Langmuir and Freundlich parameters and correlation coefficients for As(V) adsorption onto raw GAC, AGAC, and BGAC
Model Initial concentration (mg/L) Parameters Raw GAC AGAC BGAC
Langmuir 0.3 b (I/mg) 3.49 3.9 3.6
q, (mg/g) 0.11 0.47 0.29
R? 0.99 0.58 0.48
1.2 b (l/mg) 0.98 1.36 0.89
q, (mg/g) 0.45 1.47 1.3
R? 0.99 0.87 0.8
Freundlich 0.3 1/n 2.9 1.79 1.98
k. (mg/g) 14.35 22.7 18.33
R? 0.95 0.81 0.68
1.2 1/n 3.14 2.09 2.5
k, (mg/g) 3.83 15.1 12.12
R? 0.93 0.878 0.83

Initial concentration = 1.2 and 0.3 mg/L; adsorbents dose =0.1, 0.5, 1, and 2 g/L.

AGAC and BGAC that following the Freundlich isotherm the-
ory but for raw GAC the adsorption of the metal ions occurs
on a homogeneous surface (Langmuir model assumption).

One indicator that can be used for determining of the
favorability of adsorption with Freundlich model is the
magnitude of the Freundlich exponent (n). Exponent val-
ues between 1 < n < 10 show a beneficial adsorption [43]. Of
course, in this study the parameter for this study was below
one but correlation coefficients helped us to select the best
isotherm that mentioned in the previous section. Another
study was suggested pseudo-second-order model for As(V)
adsorption by an iron oxide/AC. The adsorption capacity
of AGAC according to Freundlich isotherms (kf) for 0.3 and
1.2 mg/L of As(V) was 22.7 and 15.1 mg/g, respectively,
and for BGAC was 18.33 and 12.12 mg/g, respectively. The
adsorption capacity of raw GAC according to Langmuir
isotherms (g,) for 0.3 and 1.2 mg/L of As(V) was 0.11 and
0.45 mg/g, respectively. So, Langmuir isotherms showed
that the adsorption capacity increases with increasing con-
centration of As(V), but Freundlich isotherms showed that
the adsorption capacity decreased with increasing concen-
tration of As(V). The results of this study are promising and
are comparative with heavy metal removal with other similar
processes [44].

4, Conclusions

In this study, it was concluded that modified GAC
with FeCl, under acidic condition contains maghemite and
magnetite (Fe,0, and Fe,O,) but for modified GAC under
basic condition it only contained magnetite (Fe,O,). The iron
content of modified GAC with FeCl, under acidic condition
is more than modified GAC under the basic condition. BET
analysis showed that by modifying of GAC with FeCl, the
specific total volume, surface area, and total pore volume were
decreased. Removal of arsenic reached equilibrium after 5 h.
The As(V) adsorption increased with increasing pH until pH
8 and maximum adsorption was obtained at pH 8. Increasing
the Fe content of modified GAC increases the arsenic uptake.

The performances of the AGAC and BGAC adsorbents were
compared with raw GAC showed fast adsorption kinetics as
well as high adsorption capacities. Arsenic adsorption with
modified GAC (AGAC and BGAC) fitted with Freundlich
model while raw GAC fitted with Langmuir model.
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