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Equilibrium and kinetics study on removal of arsenate

ions from aqueous solution by CTAB/TiO2 and starch/

CTAB/TiO2 nanoparticles: a comparative study

Pankaj Gogoi, Debasish Dutta and Tarun Kr. Maji

ABSTRACT

We present a comparative study on the efficacy of TiO2 nanoparticles for arsenate ion removal after

modification with CTAB (N-cetyl-N,N,N-trimethyl ammonium bromide) followed by coating with

starch biopolymer. The prepared nanoparticles were characterized by Fourier transform infrared

spectroscopy (FT-IR), X-ray diffractometry (XRD), thermogravimetry, scanning electron microscopy

(SEM) and electron dispersive X-ray analysis (EDX). The removal efficiency was studied as a function

of contact time, material dose and initial As(V) concentration. CTAB-modified TiO2 showed the

highest arsenate ion removal rate (∼99% from 400 μg/L). Starch-coated CTAB-modified TiO2 was

found to be best for regeneration. For a targeted solution of 400 μg/L, a material dose of 2 g/L was

found to be sufficient to reduce the As(V) concentration below 10 μg/L. Equilibrium was established

within 90 minutes of treatment. The sorption pattern followed a Langmuir monolayer pattern, and

the maximum sorption capacity was found to be 1.024 mg/g and 1.423 mg/g after starch coating and

after CTAB modification, respectively. The sorption mechanisms were governed by pseudo second

order kinetics.
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ABBREVIATIONS

ATC arsenic-treated SPC

CMT CTAB-modified TiO2

CTAB N-cetyl-N,N,N-trimethyl ammonium bromide

SPC starch-coated CMT

UTi unmodified TiO2

INTRODUCTION

TiO2 is currently considered as themost versatile nanomaterial.

It has a wide range of applications in different fields (Xiaobo&

Samuel ). These are attributed to its low cost, low toxicity,

photostability in solution, redox selectivity and strong oxidizing

powerofholes. The application of TiO2 at thenanoscale further

improves efficiency due to the high surface area, large pore

volume and presence of high affinity surface hydroxyl groups

(Daimei et al. ; Gupta et al. ). TiO2 and its different

modified forms have also drawn the attention of researchers

in the field of the removal of contaminants from water. It is

capable of removing heavy metals as well as arsenite and

arsenate from contaminated water (Gautham et al. ).

Gupta & Tripathi () reviewed the use of TiO2 for

environmental clean-up of organic pollutants through

photo-oxidation. Xu et al. () studied the photocatalytic

degradation of organic arsenic to inorganic form by TiO2

and successful sorption on its surface.

Debnath & Ghosh () applied nanostructured

hydrous titanium oxide to adsorb Ni(II) from natural and
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A R T I C L E   I N F O A B S T R A C T

Montmorillonite (MMT) clay incorporated chitosan (CT) nanocomposite was prepared by
simplified ionic gelation method. Different characterization techniques were performed to
investigate the binding and structural properties of prepared materials. It was found that
incorporation of clay into chitosan followed by crosslinking with glutaraldehyde (GLU)
enhances the arsenate sorption rate and better stability was observed on cyclic run
compared to glutaraldehyde crosslinked chitosan (Ct/Glu). The sorption process attained
equilibrium within 90 minutes of treatment time and a dose of 2g/L of crosslinked
chitosan/MMT (MMT/Ct/Glu) was sufficient to bring down the arsenate concentration below
0.01mg/L. Increase in initial ion concentration of arsenate ions decreases the sorption rate,
but the ion uptake capacity increases. The sorption was reasonably explained with Langmuir
(RL~ 0.995 & 0.996 for MMT/Ct/Glu & Ct/Glu) and Freundlich isotherms (n~2.75 & 3.12 for
MMT/Ct/Glu & Ct/Glu). The R2 values indicated a monolayer type of chemisorption pattern.
The sorption process was found to be governed by pseudo second order kinetics.

© 2016 Published by Elsevier Ltd.

1. Introduction

The acute toxicity of arsenic at high concentrations as well
as at low concentration (when exposed for long term) is
well known to all. Drinking water is the major source of
human intake of arsenic in its most toxic (inorganic) form.
appearance of the contaminated water. It is quite difficult
to detect arsenic in drinking water without complex
analytical techniques [1]. World Health Organization
(WHO) recommends a guideline value for arsenic in
drinking water as 0.01 mg/L [2-4]. Arsenic can’t be
predicted by any physical means like taste, odor or From

many decades researchers are engaged for developing methods to
remove arsenic from contaminated water with minimum cost.
Chemical precipitation, membrane separation, ion exchange,
electrochemical methods, adsorption etc. are some of the reported
methods for removal of arsenic [5,6]. Adsorption has many advantages
over the other methods when arsenic is present in low concentrations.
These include low cost, easy operation and least use of chemical
additives [7,8].

Use of different adsorbing materials like activated carbon, clay,
metal oxides, various synthetic and natural polymers etc. have already
been reported [9,10]. These materials either posses high surface area,
pore on its surface or contain different functional moiety. Materials
with nano dimension like metal, metal oxide, clay etc. have advantages
over other adsorbing materials as they possess high surface area [11].
They are also accompanied by least waste generation after the
treatment as nearly all adsorbent molecules or atoms on large surfaces
are actively utilized for adsorption. Benavente extensively studied the
equilibrium isotherms and the adsorption kinetics of heavy metals
onto chitosan [12].
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A B S T R A C T

The efficacy of chitosan/magnetite nanocomposite (CTN) for remediation of arsenate ions [As(V)] from water
was investigated. The prepared material could efficiently perform several cyclic runs with high As(V) removal
efficiency and has the advantages over many established method. Different characterization techniques were
performed to investigate the binding and structural properties of prepared materials. The study also focused on
the effect of competing ions viz. phosphate and chloride on removal efficiency. The initial As(V) concentration
(0.6 mg/L) was found to decrease to less than 0.01 mg/L at a contact time of 120 min with an adsorbent dose of
1 g/L. Increase in initial ion concentration of arsenate ions decreased the sorption rate, but the ion uptake
capacity was increased. The sorption was reasonably explained with Langmuir (RL ∼ 0.9851) and Freundlich
isotherm models (n ∼ 1.78). At low concentrations Langmuir monolayer sorption was followed but hetero-
geneity appeared at higher arsenate concentrations. The maximum adsorption capacity (Qo) calculated from
Langmuir isotherm was found to be 10.81 mg As(V)/g at room temperature and neutral pH. The sorption process
was found to be governed by pseudo second order kinetics.

1. Introduction

Arsenic is a toxic element which causes several hazards to human
(Sacco and Masotti, 2010). It is a global health problem which is af-
fecting millions of people daily (Ratnaike 2003). The maximum per-
missible limit for arsenic in drinking water as suggested by world health
organization (WHO) is 10 μg/L (Lenoble et al., 2003; Karim 2000).
According to International Agency for Research on Cancer, it is grouped
among the most carcinogenic substances (Chakravarty et al., 2002).
Researchers are engaged for developing methods to remove arsenic
from contaminated water. Some of the reported methods are chemical
precipitation, membrane separation, ion exchange, electrochemical
methods, adsorption etc. (Bordoloi et al., 2013; Kadirvelu and
Namasivayam 2003; Choong et al., 2007). Among these, adsorption is
considered as the most preferred method especially at low concentra-
tions as it is associated with low cost, easy operation and trivial use of
chemical additives (Akin et al., 2012; Thakur et al., 2013).

In this regard, different materials like activated carbon, clay, metal
oxides, various synthetic and natural polymers etc. have already been
established as good adsorbing materials (Mohan and Pitterman Jr,
2007). Recently nano sized metal oxides have drawn the attention of
scientists due to their high surface areas. But the separation of the

nanomaterial from water after treatment is a major concern. These
nanomaterials could be tailored by using polymers. Chitosan bio
polymer represents an attractive alternative as adsorbents. It is largely
available in nature, bio-compatible, non-toxic and bio-degradable as
compared to the synthetic polymers (Yanfang et al., 2014). Arida et al.
investigated the removal of As(V) from groundwater using Chitosan
coated bentonite in a fixed-bed system and cited the advantages of
using chitosan being economically viable, safe in disposal and high
metal uptaking material (Arida et al., 2015).

Several reports addressed the use of iron oxide nanoparticles for
removal of contaminants in water. Khodabakhshi et al. have studied the
efficiency of magnetic iron oxide nanoparticles (Fe3O4) in the removal
of As (III) from industrial waste water (Khodabakhshi et al., 2011).
Gupta et al. have reported the efficacy of chitosan zerovalent iron na-
noparticles towards arsenic removal (Gupta et al., 2012). They suc-
cessfully stabilized Fe(0) nano particles within chitosan bio polymer
matrix which could be used repeatedly. Chang and Chen have studied
the adsorption properties of monodisperse chitosan bound Fe3O4

magnetic nanoparticles for the removal of Cu(II) ions (Chang and Chen,
2005). Liu et al. have prepared a magnetic chitosan nanocomposite and
successfully utilized it as a useful recyclable tool for removal of Pb2+,
Cd2+ and Cu2+ ions (Liu et al., 2009).
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Received 19 July 2016; Received in revised form 28 July 2017; Accepted 28 September 2017

⁎ Corresponding author.
E-mail address: tkm@tezu.ernet.in (T.K. Maji).

Environmental Nanotechnology, Monitoring & Management 8 (2017) 297–305

2215-1532/ © 2017 Elsevier B.V. All rights reserved.

MARK

http://www.sciencedirect.com/science/journal/22151532
https://www.elsevier.com/locate/enmm
https://doi.org/10.1016/j.enmm.2017.09.002
https://doi.org/10.1016/j.enmm.2017.09.002
mailto:tkm@tezu.ernet.in
http://dx.doi.org/10.1016/j.enmm.2017.09.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enmm.2017.09.002&domain=pdf


��������	
�
��������
���������
��
���
�������
�������������������  
!��"��#
$��"�%
&'('�
��)
*�+,�
-
.�%�/0123456175
89
:;16<=3>
?=<17=1@A
B1C2D4
E7<F14@<5GA
B1C2D4A
H@@36A
I7J<3/�'++ KL'�)��(
�,M�'+N
OPQRS
T
UPVWX
YZ[PQ\]ZS\
̂_
̀aZ]WbPc
dbWZSbZeX
OZf[RQ
gSWhZQeW\iX
OZf[RQX
jeeP]X
kSlWPX
OZcm
nop
qrps
srtutqv
wPxm
nop
qrps
syruutv
z{]PWcm
\|]}\ZfR~ZQSZ\~WS� � �� )
)�M N
jR�Re\
poX
suptX
��� LM )
)�M N
�b\̂�ZQ
uyX
suptX
$,���K� )
)�M N
�b\̂�ZQ
pqX
supt�'L�+�(�MN
�
supt
dPW|WP
̀X
Z\
Pc~
OaWe
We
PS
̂[ZS{PbbZee
PQ\WbcZ
lWe\QW�R\Zl
RSlZQ
\aZ
\ZQ]e
̂_
\aZ
̀QZP\WhZ
̀ ]̂]̂ Se
j\\QW�R\ŴS
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aPe
Z]ZQ�Zl
Pe
P
[̂�ZQ_Rc
\̂̂ c
_̂Q
\aZ
\QZP\]ZS\
̂_hPQŴRe
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