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ABSTRACT

Water pollution with arsenic (As) and heavy metals has been a major considering issue because of their negative
impact on ecosystems and human health. This study was conducted to evaluate the adsorption behavior of As and
heavy metals by iron ore sludge modified by the addition of 10% sodium silicate solution and heating at 400°C
(SBC2-400-10S) in both batches and fixed—bed column experiments. The kinetics showed that the removal of As and
heavy metals by the adsorbent is a pseudo-second-order reaction. The adsorption data fitted well with Langmuir
isotherm and provided Langmuir monolayer capacity (mg/g) of As and heavy metals in the following order: Pb
(2.379) > Cd (2.008) > Zn (1.915) > Mn (1.692) > As (0.452). The column adsorption data were fairly well described
by Thomas model, with the order of Thomas adsorption capacity following a similar trend as in the batch study. The
results of this study indicated that SBC2-400-10S was a potential adsorbent for removal of As and heavy metals from

solutions.
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1. Introduction 1999), and reverse osmosis (Bakalar et al.,
2009). Adsorption by activated carbon is
currently considered the best available
technology for the reduction of heavy metals;

The presence of arsenic (As) and heavy
metals in water due to natural processes and

anthropogenic activities is a major problem 4 i ) e
worldwide. Their toxic effects are well however, its manufacturing cost is quite high

documented (Nagajyoti et al., 2010; Sillanpad (Shafeeyan et al., 2010).

and Oikari, 1996; Tchounwou et al., 2012). Solid wastes from mining extraction have
been reported to adsorb As and heavy metals

from water (Feng and van Deventer, 2004;
Iakovleva and Sillanpaa, 2013; Ozdes et al.,

Numerous treatment techniques have been
employed to eliminate or reduce heavy metals
in  wastewater including precipitation -
(Matlock et al., 2002), adsorption (Feng et al., 2009).  The use 9f mining wastes for
2013), ion exchange (Barakat et al., 2013), wastewater remediation appears to be a cost-

coagulation-sedimentation (Charerntanyarak, ~¢ffective and environment-friendly approach
that couples the benefits of treatment of both

"Corresponding author, Email: hoangha.nt@vnu.edu.vn solid wastes and wastewater (Ahrnaruzzarnan,
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2011; Gupta et al., 2012). A wide range of
industrial wastes and mining by-products are
generally used in adsorption process such as
clay-bearing mining wastes (Edeltrauda and
Rafat, 2012), red mud (Coruh and Ergun,
2011; Hiilya et al., 2003; Pepper et al., 2018;
Thuy et al., 2016), coal mine drainage sludge
(Hung, 2014), iron ore slimes (Panda et al.,
2011), and waste mud from copper mine
(Ozdes et al., 2009). However, few studies
have investigated the capacity of iron ore
sludge to heavy metals from
solutions. In fact, the fine grain-size of ore
sludge may make it difficult to be applied in
treatment systems. Therefore, the
modification was essentially required to
provide suitable grain-size particles and
increase removal capacity. The adsorbent can
be modified by acid treatment (Christidis et
al., 1997; Valenzuela and Santos, 2001), alkali
treatment (Hu et al.,, 2012; Vlasova et al.,
2007; Zaidi et al., 2018) or surface activation
(Azha et al., 2019; Eren et al., 2009; Xiong
and Peng, 2008).

The aim of this study is to investigate the
adsorption capacity of the adsorbent (SBC2-
400-10S) modified from Ban Cuon iron ore
sludge in both batches and fixed-bed column
experiments.

r€move

2. Materials and Methods
2.1. Preparation of adsorbent and solutions

Iron ore sludge (SBC) was obtained from
Ban Cuon iron processing area, Cho Don
district, Bac Kan province, northern Vietnam.
The total ore reserve is 2,353,881 tons;
mining capacity is 285,000 tons of raw
ore/year; processing capacity is 200,000 tons
of refined ore/year; the total amount of ore
sludge is 3,000-3,500 m’/year. Raw materials
were dried using the NIIVE OVER KD200
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oven at 80°C until the sample weight was
constant. Samples were crushed using the
MRC laboratory Equipment Manufac User
and sieved to obtain particles from 0.16 to
0.25 mm which was reported to be optimal
grain-size for adsorption capacity (Mellah and
Chegrouchethe, 1996).

The sludge was modified by adding 10%
sodium silicate to mix with raw material
(SBC). The specific gravity of sodium silicate
solution was 1.46+0,01 g/ml, and its contents
of Na,O and SiO, were 11.5% ~12.2 and
27.5% ~ 29.5%, respectively. The mixture
was pressed using 2mm-diameter size
machine to make granular form. For the
calcination, the sample was placed in a
porcelain dish and then heated at temperatures
of 400°C for 3 hours by Calcinor LabTech.
This adsorbent (SBC2-400-10S) was cooled
in a desiccator, and preserved in closed
vessels for further batch and fixed-bed
column experiments.

Arsenic, manganese (Mn), lead (Pb),
cadmium (Cd), and zinc (Zn) were selected as
target adsorbates to determine the adsorption
characteristics of the adsorbent. Standard
solutions (Mn(NO3),, Cd(NO3),.4H,0,
Pb(NO3),, Zn(NO3),, and Na,HAsO,.7H,0)
(provided by Merck corporation) were
separately diluted by Milli-Q water to obtain
the desired concentrations of As and heavy
metals for the experiments.

2.2. Experimental design
2.2.1. Point of zero charge (pHpzc)

pHpzc was determined following the meth-
od reported by Cerovic et al. (2017) and Minh
(2010). The adsorbent was added to 100 mL
solutions with initial pH ranging from 3.0 to
11.0. NaOH 0.1M and HNO; 0.1M were used
for pH adjustment in all experiments. The
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suspensions were agitated in a flat shaker at a
shaking speed of 120 rpm at 25 + 2°C for 24h.
At the end of the experiment, the pH (equilib-
rium pH) was determined. pHpzc was calcu-
lated by the following equation (Eq.1):
ApH = pH(;) — pHp (Eq.1)

where pH(, and pH,; are the pH values
before and after the experiment, respectively.

The intersection of the connecting points
line with the horizontal axis at the point
ApH=0 indicates pHpzc.

2.2.2. Batch adsorption experiment

The batch adsorption experiments were
conducted using separate metal solutions.
Approximately 2 g of adsorbent
subsequently added to 100 mL of aqueous
adsorbate solution in a 125 mL plastic flask.
The flask was covered with a parafilm and
shaken at 120 rpm on the orbital shaker
(coded LSI-2 provided by Daihan Labtech
Co., Ltd) at 25+2°C until desirable time
intervals. After predetermined time periods,

was

the mixture of adsorbent and adsorbate (As,
Mn, Cd, Pb,
separated using a 0.45 um syringe filter. Then,

or Zn) was immediately
a 15 mL solution was collected for elemental
analysis.

The amount of As and heavy metals ad-
sorbed at equilibrium (q,; mg/g) and at time ¢
(q¢; mg/g), was calculated by the following
mass balance equations (Eqs.2-3):

g = Lo=CIV (Eq2)
(c 1nC w
Ge= —"—— (Eq.3)

where C, (mg/L), C, (mg/L), and C;
(mg/L) are the concentrations of adsorbate at
the beginning, and time t,
respectively; m (g) is the mass of used

equilibrium,

adsorbent, and V (L) presents the volume of
the experimental solution.

Adsorption kinetic experiments were
conducted on single solutions at a metal
concentration of 20 mg/L using 100 mL glass
flasks. The suspensions were agitated in a flat
shaker at 120 rpm at 25 £ 2°C. The initial pH
values of the solutions were adjusted to
5.5+£0.2. The kinetic study was conducted
within a specific duration of 10—1440 min.

Adsorption isotherm was conducted in
various initial concentrations of metals (0—50
mg/L). Approximately 2 g of adsorbent was
added to 100 mL of a solution containing
target metal. The flasks were immediately
covered with a parafilm and shaken at
120 rpm at the same conditions of kinetic
experiments.

Each
duplicate, and blank samples without the

experiment was performed in

adsorbent were also conducted

simultaneously. If the bias of the repeated
experiment exceeded 15%, a triplicate run
was performed (Sdiri and Higashi, 2013).

2.2.3. Column adsorption experiment

Fixed-bed column experiments were
performed using the same design reported by
Chinh et al. (2016) (Fig. 1). Approximately
50 g of SBC2-400-10S was put in a plastic
cylinder of volume x diameter x height =
60 mL x 3 cm x 11.5 cm (Fig. 1). Constant
water flow rate (2 mL/minute) was set based
on the optimal retention time of 30 minutes.
The concentrations of Mn, Pb, Zn, As, and Cd
in the present experiment were 4.0, 0.6, 1.5,
0.4, and 0.1 mg/L, respectively. These metal
concentrations were similar to those in
wastewater in the Cho Don Pb-Zn mine, Bac
Kan province. The column experiment was
carried out in 25 days.
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Figure 1. Schematic diagram of the designed fixed-bed column

2.3. Analytical methods

The mineralogical compositions of the
adsorbent were determined on powder
samples by X-ray diffraction analysis (XRD,
D5005, Siemens). The XRD was equipped
with a Cu (Kal,2) target employed at 40 kV
and 30 mA with a setting of 3—70°(20), step
time 0.02°(20). The Brunauer-Emmett-Teller
method (BET, Gemini VII 2390 Surface Area
Analyzer, Micromeritics) was operated to
estimate the specific surface areas (Sggr).
Cation exchange capacity (CEC) was
determined using a particle charge detector
(PCD, Miitek 05). Fourier transform infrared
spectroscopy (FTIR, Nicolet iS5, Thermo
Scientific) was used to determine the vibration
frequency changes in the functional groups in
the adsorbent.
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The suspensions in water samples were
separated through a 0.45 pum nylon syringe
filter (Cole-Parmer). Elemental analysis
was performed by Atomic Absorption
Spectrometer (AAS, Agilent 240FS with
hydride generation accessory VGA77).

All measurements were conducted at the
Key Laboratory of Geoenvironment and
Climate Change Response (GEO-CRE), VNU
University of Science, Vietnam National
University, Hanoi, Vietnam.

3. Results and discussion

3.1. Characteristics of adsorbent (SBC2-400-
108)

The results of mineral compositions
(XRD) showed that the percentage of quartz,
kaolinite, goethite, hematite, and muscovite in



Vietnam Journal of Earth Sciences, 41(3), 259-271

the adsorbent was 43, 12, 4, 7, and 13%,
respectively. The mineral composition of the
adsorbent differed from that of the original
iron ore sludge (SBC). The most obvious
change was a decrease of goethite
composition from 20 to 4% and an increase of
hematite from 3 to 7% after the modification
(Table 1). This result is possibly due to the
decomposition of iron hydroxides, aluminum
hydroxides or the phase transition of the
oxides at high temperature (400°C). This is in
accordance with the result reported by Minh
et al. (2010) that goethite structure was
destroyed at a temperature from 300°C to
420°C and transferred to dFe,O; hematite. In
addition, we found an increase in the
proportion of some minerals with the
capability of metal adsorption (e.g., kaolinite,
muscovite, illite, and hematite), indicating
better metal adsorption efficiency of the
modified adsorbent (SBC2-400-10S) (Uddin,
2017).

Table 1. Mineral and chemical compositions

Mineral composition Chemical composition
(wt.%) (wt.%)
SBC2- SBC2-
SBC 400-10S SBC 400-10S

Quartz 39 43 Si0, | 43.6 46.6

Kaolinite| 11 12 AlLO; | 21.7 17.7

Muscovite] 10 13 Fe,O; | 204 234

Ilite 7 13 MnO | 0.44 0.92

Talc 4 7 MgO | 1.85 1.99

Goethite | 20 4 Zn 368 376

Hematite| 3 7 As 82.5 96.1

Magnetite| 2 1 Cd 63.3 834

Gibbsite 3 — Pb 112 146
Pyrite 1 -

The result of FTIR analysis demonstrated
the presence of O-H (H-bonded), Si-O-Si and
Si-OH that were recognized by the peaks at
roughly 3620, 1031, and 778 cm’,
respectively. The presence of the high amount
of silica and hydroxyl groups may enhance
the adsorptive capacity of the adsorbent (Sdiri
et al., 2010). The results showed a similarity
in Si-O-Si, Si-OH, and hydroxyl groups with
the original sludge (SBC) (Nguyen et al.,
2019).

High BET and CEC values are often
expected to the high binding capacity of
potentially toxic metals in aqueous solutions
(Tran and Chao, 2018). BET and CEC values
of SBC2-400-10S were 39.4 m%*/g and 91
mmol, . Kg', respectively. The lower value
of BET and higher value of CEC were
obtained when compared with the original
sludge (SBC) (Table 2). These values were
higher than those of some reported materials
such as laterite (Maji et al., 2008; Thao et al.,
2016), clay (Kayode et al., 2006; Jiang et al.,
2009), and red mud (Hilya et al., 2003)
(Table 2).

The electrical state of the adsorbent's
surface in solution is characterized by the
point of zero charge (PZC). The pHpyzc of the
adsorbent (SBC2-400-10S) was 9.8, higher
than that of raw material (pHpzc = 5.0) (Fig.
2). An increase in pH values with the addition
of sodium silicate was due to the hydrolysis
process which was produced by the reaction
of the weak acid and strong base (Na,SiOs3).

Table 2. Comparison specific surface area (BET) and cation exchange capacity (CEC) of SBC2-400-10S

with other materials

CEC

BET (m%g) (mmol, (_).Kg‘l) Authors
SBC 47.4 75 .
SBC2-400-10S 39.4 o1 This study
Laterite 15.365 — Maji et al., 2008
Laterite (Hanoi, Vietnam) — 66 Thao et al., 2016
Clay 10-20 15-75 Kayode et al., 2006; Jiang et al., 2009
Red mud 30 37 Hiilya et al., 2003
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——SBC2-400-10S
-0-SBC

Figure 2. Zero charge point pHpyc of the adsorbent
(SBC2-400-108)

3.2. Adsorption kinetics

Adsorption  kinetic experiments were
conducted to define the rate of metals
adsorption on the material. The results
showed that the longer contact time to the
metal solutions, the better adsorption capacity
of adsorbent was obtained. However, after 6
hours of the experiment, the system reached
the equilibrium, adsorption capacity tended to
increase slowly (Fig. 3). The highest
adsorption capacity (mg/kg) order for the
metals during the experiment was Pb (815) >
Cd (611)>Zn (577) > Mn (427) > As (209).

In this study, two kinetic models were
applied to mathematically describe the
intrinsic adsorption constants. The non-
linearized forms of the pseudo-first-order
model (Lagergren, 1898) and pseudo-second-
order models (Blanchard et al., 1984) are
expressed in the following equations:

qr = g.(1 —e™™1b) (Eq.4)

2k, t
Q= Tos (Eq.5)
qut
where k4 (min'l) and k, (g.mg'l.min'l) are
the rate constants of the pseudo-first- and
second-order models, respectively; q. (mg/g)
and q; (mg/g) are the amounts of adsorbate
uptake per mass of adsorbent at equilibrium
and time t (min), respectively.

1.0
0.8
5 0.6
£
&
Z
S04
—h
0.2 @ b4
AMn ¢Zn XCd OPb OAs
0.0 Time (hour)
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Figure 3. Effect of contact time on the adsorption
of As and heavy metals

The kinetic adsorption data fitted
satisfactorily to both pseudo-first and pseudo-
second order models (Table 3). The models
predicted equilibrium adsorption capacities
were  approximately equal to  the
corresponding experimental values for both
models. When the R? values were considered;
however, the pseudo-second order model
(0.908-0.941) appeared to fit the data better
than the pseudo-first order model (0.809-
0.934). The better fit of the pseudo-second
order model suggests that the adsorption
process might be chemisorptions (Nur et al.,
2014; Yang et al., 2011).

Table 3. Relative kinetic parameters (calculated by the non-linear method) for the adsorption processes of

As and heavy metals

Heavy metals _ Pseudo-first order ; : Rse}ldo-second order ;
K;(min") qe(mg/g) R Ko(g.mg .min") | qdmg/g) R
Mn 0.031 0.414 0.934 0.098 0.443 0.937
Zn 0.003 0.580 0.926 0.005 0.716 0.941
Cd 0.027 0.544 0.922 0.056 0.594 0.934
Pb 0.014 0.769 0.931 0.026 0.839 0.941
As 0.042 0.184 0.809 0.295 0.197 0.908
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3.3. Adsorption isotherms

In this study, the adsorption isotherms
showed that the adsorption capacity decreased
in the following order Pb > Cd > Zn > Mn >
As (Fig. 4). The Langmuir and Freundlich
models are the simplest and most commonly
used isotherms to represent the adsorption of
compounds from a liquid phase onto a solid
phase. The Langmuir model assumes
monolayer adsorption onto homogeneous
surface with a finite number of identical sites,
while the Freundlich model is empirical in
nature (Mohapatra et al., 2008). The
Langmuir (Eq. 6) and Freundlich (Eq. 7)
models were employed to describe the
adsorptive behavior of selected adsorbates
into the adsorbent. To minimize the respective
error functions, the non-linear optimization
technique was applied for calculating the
adsorption parameters from these models:

leaxKLCe
= max L ¢ Eq.6
qe 1+K,C, (Eq.6)
1
Ge = KFCe/ n (Eq.7)

where q. and C, are calculated by Eq. 2;
Q%ax (mg/g) is the maximum saturated
monolayer adsorption capacity of adsorbent;
K}, (L/mg) is the Langmuir constant related to
the affinity between an adsorbent and
adsorbate; K [(mg/g)/(mg/L)"] presents the

Freundlich constant, which describes the
intensity of adsorption; 1/n (dimensionless;
0<n<10) indicates a Freundlich intensity
parameter, implying the magnitude of the
adsorption driving strength or surface
heterogeneity.

The parameters of adsorption models are
shown in Table 4. The coefficients (R?) of the
Langmuir model (0.811-0.951) were higher
than those of the Freundlich model (0.784—
0.923), indicating that the adsorption
characteristics of the metals were adequately
described by the Langmuir model. This result
suggested that the adsorption sites were
homogeneous with monolayer adsorption
coverage (Yang et al., 2011).

25

,_.
tn

Qe(mg/ke)

05

AMn Zn XCd OPb OAs

0 10 20 30 40 50
Ce (mg/L)

Figure 4. Adsorption isotherm of As and heavy
metals onto the adsorbent (SBC2-400-10S)

Table 4. Adsorption isotherm parameters for As and heavy metals

Heavy metals Langmuir parameters Freundlich parameters
Qax(mg/g) Ky (L/mg) R’ Ky(mg/g)/(mg/L)n n R’
Mn 1.692 0.126 0.930 0.275 0.486 0.844
Zn 1.915 0.174 0.907 0.397 0.434 0.802
Cd 2.008 0.140 0.951 0.359 0.465 0.878
Pb 2.379 0.284 0.917 0.687 0.359 0.784
As 0.452 0.137 0.811 0.073 0.524 0.923
The Langmuir maximum adsorption The greater the cation radius, the smaller the

capacity (mg/g) of target ions were in the
following order: Pb (2.379) > Cd (2.008) > Zn
(1.915) > Mn (1.692) > As (0.452). The order
of adsorption capacities may be due to the ion
radius of heavy metals (Pb2+, Cd*, Mn*", and
Zn*") that affected the charge density of ions.

charge density and vice versa, in which
rpp(1.2A°)> 1eg (0.97A°)> 1z, (0.74A°)> 1y
(0.67A°) (Wasastjerna, 1923).

3.5. Fixed-bed column experiment

in the

The concentrations of metals
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solutions decreased after discharging from the
fixed—bed column. When the adsorbate
solution passed through the column, the
adsorption zone (where the bulk of adsorption
takes place) started moving out of the column
and the effluent concentration start rising with
time. This is termed as the breaking point. The
time taken for the effluent concentration to
reach a specific breakthrough concentration of
interest is called the breakthrough time. In this

study, breakthrough time (t,; min),
breakthrough volume (Vy; L), and the
adsorption capacity of the adsorbent

(qp; mg/g) at t,, can be obtained when the
effluent concentration of target ions reaches
10% of the influent value (C/C, = 0.1).
Adsorption of heavy metals by SBC2-400-
10S is presented in the form of breakthrough
curves (Fig. 5). The breakthrough time
(corresponding to 10% effluent concentration)
for Mn, Zn, Cd, Pb and As were found to be
127.4, 472, 70.6, 723, and 52.5 h,
respectively. The corresponding volumes of
the metal bearing water treated were 15.3, 5.7,
8.5, 8.7, and 6.3 L, respectively.

1.0 -
009 6 o é -] g
X X X A A
8 A .
0.8 A A . a
8 A .
*
A * o o
$06 N * o
=~ X e**D o
<
Ao _poOO
0.4 0¥
e
oR8
0.2 .
o s L 33
o s 2o
ﬁ 38 OAs OPb XCd AMn #Zn
0.0
0 100 200 300 400 500
Time (h)
Figure 5. Breakthrough curves of column
experiment
To analyze the breakthrough profiles in the
fixed-bed adsorption process, Thomas

mathematical model was applied to describe
the dynamic adsorption behavior of SBC2-
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400-10S in the fixed-bed column. The
nonlinear and linear forms of the Thomas
model are described in Eq.8 and Eq.9,

respectively:
(o 1

= Eq.8
Co 1+exp(kThq0%_kThC0t) (Eq-8)

Cy ms
In (— - 1) = Krnqo—- — krnCot  (Eq.9)
Ce Q

where Kkpp(mL/min mg) is the Thomas
adsorption rate constant; qgu(mg/g) indicates
the column maximum equilibrium heavy
metals uptake per gram of adsorbent; mj
presents the mass of adsorbent used in the
column; Q (mL/min) is the volumetric flow
rate.

The results of the column studies are
summarized in Table 5. The order of column
adsorption capacities calculated from the
breakthrough curves (Pb > Zn > Mn) agreed
fairly well with that obtained from the batch
adsorption experiments (Table 4).

Table 5. Breakthrough adsorption capacities and
Thomas model parameters for column adsorption
of As and heavy metals

Bed .

Heavy . Co . qo |krp(mL/min| _,

metals Q (mL/min) (mg/L) }(lfri;gr?)t (mg/g)|mg)(x10~3) R
Mn 2 20 | 100 [0.148 021  0.97
Zn 2 20 | 100 [0.207 0.18  [0.86]
Cd 2 0.5 | 100 |0.085 0.52  0.94
Pb 2 20 | 100 [0.238 0.13  0.94
As 2 1.0 | 100 [0.029 0.13 0.85
Generally, the maximum adsorption

capacity of SBC2-400-10S from the Thomas
model (qo) was much lower than that from the
Langmuir model (Qmpq,) for all of target
heavy metals. This result is possibly due to
the fact that the metals flowing through the
columns did not reach equilibrium. In
addition, the adsorption capacity in the
column test was determined at lower heavy
metal concentrations than the metal
concentrations at which Langmuir adsorption
maxima were determined. It is also noted that
the adsorption process in the fixed-bed
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column is a dynamic process in an unstable
state. The competition among metals in the
same experimental solution might also be
involved in lower adsorption capacity of the
adsorbent in the column experiment than that
in the batch experiment. These results are
consistent with previous studies using
experiments with similar operating conditions
(Huang et al., 2009; Li and Champagne, 2009;
Nguyen et al., 2015).

Table 6 shows a comparison of maximum
adsorption capacity (Q5,4,) between modified
iron ore sludge with some other adsorbents.
The adsorption capacity of SBC2-400-10S

was higher than that of the original iron ore
sludge (SBC), with the exception of As. The
decrease in adsorption capacity of As by
SBC2-400-10S is possibly due to the decrease
in the proportion of goethite after
modification (Table 1). The efficiency of
SBC2-40-10S is lower than some modified
adsorbents (Minh, 2010; Giménez et al., 2010;
Jiang et al., 2009; Ramana et al., 2010;
Nguyen et al.,, 2015) (Table 6). This may
indicate that heating modification combined
with adhesives is not the best method to
improve the adsorption efficiency of the
adsorbent.

Table 6. Comparison of maximum adsorption capacity (Qg.) of some adsorbents

Metals Adsorbent Q5 ax(mg/g) Authors

SBC2-400-10S 1.692 [This study

Mn SBC 0.710 INguyen et al., 2019
IPAC-Merck (Active carbon) 15.438 Minh, 2010
SBC2-400-10S 1.915 [This study

7n SBC 0.745 INguyen et al., 2019
|Activated carbon 19.9 IRamana et al., 2010
ICZ (Iron-coated zeolite) 6.22 INguyen et al., 2015
SBC2-400-10S 2.008 [This study

Cd SBC 0.771 INguyen et al., 2019
|Activated carbon 17.8 IRamana et al., 2010
SBC2-400-10S 2.379 [This study
SBC 1.305 INguyen et al., 2019

Pb ILaterite (OBY) 0.658 Minh, 2010
IPAC-Merck (Active carbon) 63.850 Minh, 2010
Modified kaolin 322 Jiang et al., 2009
SBC2-400-10S 0.452 [This study
SBC 1.113 INguyen et al., 2019

As ILaterite (OBY) 0.702 Minh, 2010
Modified red mud 1.08 Giménez et al., 2010
IPAC-Merck (Active carbon) 1.053 Minh, 2010

The concentrations of Mn, Zn, Cd, Pb, and
As in outlet water during 25 days of the fixed-
bed column experiment were shown in Fig. 6.
The allowable limits set by Vietnamese
regulation for industrial wastewater (QCVN
40:2011/BTNMT) at type A were 0.5, 3, 0.05,
0.1, and 0.05 mg/L, respectively; those at type
B were 1, 3, 0.1, 0.5, and 0.1 mg/L. The
results of this experiment indicated that the

concentrations of As and heavy metals in the
effluent almost met the regulation due to
adsorption efficiency of the adsorbent and
medium concentrations of these metals in the
influent. When the operation time of the
column increased; however, the
concentrations of metals in the effluent
increased and exceeded the regulation levels
(QCVN 40:2011/BTNMT)) (Fig. 6).
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Figure 6. Concentrations of As and heavy metals in outflow water in the fixed-bed column experiment

4. Conclusions

In this study, modified iron ore sludge was
found to be effective in removing As and
heavy metals from the aqueous solutions. The
kinetics showed that the removal of As and
heavy metals by the adsorbent (SBC2-400-
10S) is a pseudo-second-order reaction,
proposing  chemical  adsorption.  The
adsorption data fitted well with Langmuir
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isotherm and yielded Langmuir monolayer
capacity of metals in the order of Pb > Cd >
Zn > Mn > As. The concentrations of As, Mn,
and Pb in the effluent of fixed—bed column
experiment were lower than those regulated
by QCVN40:2011/BTNMT during 7, 7 and
16 days of the experiment, respectively.
However, the simple fixed-bed column should
be developed for individual ions. Desorption
and reuse aspects also need to be considered
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before the application of this adsorbent for
water treatment.
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