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ABSTRACT 
In present work, solid state synthesis approach was used to prepare magnetic ferrofluid loaded 
with maghemite nanoparticles and mono-crystalline iron oxide nanoparticles based ferrofluid 
was used as possible adsorbent for the removal of As (III) ions. This magnetic material was 
applied to study the adsorptive removal of As (III) ions in presence of applied magnetic field. 
Studies revealed that application of magnetic field results in remarkably increased adsorption 
efficiency. In order to study the influence of magnetic field environment, the work has been 
done in absence and presence of magnetic field. The iron oxide nanoparticles were characterized 
by relevant analytical techniques. The effect of initial pH, dose, agitation time and initial metal 
concentration on the adsorption process were investigated. The adsorptions of As (III) ions were 
found to be strongly dependent on pH of the initial metal solution. The experimental data were 
analysed by the Langmuir and Freundlich isotherm models. The parameters of Pseudo-first order 
and Pseudo-second order kinetics have also been investigated and pseudo-second order equation 
indicates good applicability with high correlation coefficients for entire range of initial 
concentration of As (III) ions. 
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INTRODUCTION 
Arsenic is a natural component of the Earth’s 
crust and released to the environment in the 
air, water and land by different methods. 
Arsenic is highly toxic in inorganic state. 
Groundwater pollution by arsenic is due to the 
presence of high concentration of naturally 
occurring arsenic in deep level of groundwater. 
The groundwater containing arsenic is used by 
large number of peoples through water supply 
by deep tube-wells and causing serious arsenic 
poisoning to the peoples in the affected region 
especially in Ganga Delta. High levels of 
inorganic arsenic in drinking water use of 
contaminated water in food preparation and 
irrigation of food crops, eating contaminated 
food results into long term exposure of arsenic 
and leads to chronic arsenic poisoning. The 
most characteristics effects of arsenic 
poisoning are skin lesions and skin cancer.1 

USEPA has recommended a Maximum 
Contaminant (MCL) of arsenic as 10 μg/L2  

and it  is necessary to reduce the exposure risk,  

supply and consumption of healthy and arsenic 
free drinking water to save the humans from 
toxic effects of arsenic. Various conventional 
methods are used for the removal of arsenic, 
such as ion exchange, coagulation, reverse 
osmosis, electrolysis and electroplating etc. 
But most of these methods have some draw 
backs such as high capital, operational cost and 
generation of residual metal sludge after the 
treatment. Adsorption has been recognized as 
an effective method by many researchers3,4 for 
removal of heavy metal from water due its 
high removal capacity and ease of operation. 
In the present work, iron oxide nanoparticles 
were synthesized by the standard method.5 The 
synthesized iron oxide nanoparticle was used 
as adsorbent for the removal of Arsenic (III) 
ions from aqueous solutions. The work has 
been done in absence and presence of magnetic 
field to study the influence of magnetic field 
environment on the adsorption of Arsenic (III) 
ions.6-10  
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MATERIAL AND METHODS 
The reagents were used are : FeCl3(Anhydrous, 
Loba), FeSO4.7H2O (Extrapure AR, Merck ), 
KCl, KOH (both Merck), arsenious oxide 
(Loba Chemie) etc. 
Synthesis of magnetic nanoparticles 
Maghemite nanoparticles was synthesized by 
mixing powders of 0.81 g FeCl3 (0.005 M), 
0.70 g of FeSO4.7H2O (0.0025 M) and 3.9 g of 
KCl in a mortar for 30 minutes, at room 
temperature which was followed by addition of 
1.12 g (0.02 M) KOH powder and further 
grinding for another 30 minutes at room 
temperature. At the end a dark brown 
transparent colloid was obtained with a loading 
of γ – Fe2O3 nanoparticles with pH value of the 
colloid between 4 and 5. The colloid was 
centrifuged, dried at 50 oC for 6 h and then 
cooled down at room temperature to obtain a 
powder sample.11-13 
Preparation of standard stock solution 
Standard stock solution (1000 mg L-1) of As 
(III) was prepared by dissolving arsenious 
oxide (Loba Chemie) in deionized water and 
required concentration of As (III) was prepared 
by diluting stock solution with deionized water 
and pH of solution was adjusted using 0.1 M 
HCl or NaOH. Fresh dilutions were used for 
each study.14,15 
Batch adsorption study 
Batch adsorption studies were carried out by 
adding a known amount of maghemite and 
solution of arsenic ions and observations were 
recorded in the absence of magnetic field. The 
vertical field of ~1.0 tesla applied with the help 
of 1''×1''×3'' bar magnets. 
The adsorption experiments were carried out in 
batches of 50 mL of 10 mg L-1As (III) solution 
with known amount of adsorbent. The solutions 
were shaken in orbital shaker (Shivam ISO 
900/2000) at 120 rpm, at 25 oC for a definite 
period of time, followed by centrifugation. The 
supernatant containing the residual concentration 
of As (III) was determined using atomic 
absorption spectrophotometer with atomization 
in a graphite tube and with generation of 
hydrides. (Perkin-Elmer). 
Adsorption parameters such as pH, adsorbent 
dose and contact time were optimized by the 
method of trial and error. For the determination 
of    rate    of    As (III)   adsorption    by   various  

adsorbents from 50 mL (10 mg L-1), the 
supernatant was analyzed for residual As (III) 
after the contact period of 5, 10, 20, 30, 40, 60, 
80, 100 and 120 min. The effect of pH on As 
(III) adsorption by magnetic nanoparticles was 
determined at values pH 2-7 and the effect of 
different doses of adsorbents from 0.1 g to 1.0 g 
was determined. The sorption of As (III) was 
carried out at different initial As (III) 
concentration ranging from 5 to 35 mg L-1 at 
optimum pH and speed of 120 rpm with the 
optimum agitation period by adding 1.0 g of 
adsorbent. The percent removal of Arsenic (III) 
by adsorbent was calculated using the equation : 

R% = ( ) 100                                               (1) 
The amount of metal ions adsorbed onto 
adsorbent, qe (mg g−1), was calculated using 
the equation : 
Q = ( )                                                        (2) 
where Qe is the metal uptake (mg metal ion g−1 
sorbent), Ci is the initial concentrations (mg L-1) 
Ce is equilibrium concentrations of metal ions 
(mg L−1), V the volume of metal ions solution 
(L) and W the weight of adsorbent (g). 
The residual arsenic ions concentration was 
determined and the amount of arsenic ions was 
adsorbed, at time t was calculated using the 
equation :      
Q = ( )                                                         (3) 
whereQt is the metal ions uptake at time t (mg 
metal ion g−1 sorbent). 

RESULTS AND DISCUSSION 
Characterization 
FTIR studies  
An FTIR spectrum of γ – Fe2O3 nanoparticles 
was recorded with KBr disks in the range of 
4,000–500 cm-1. For magnetic γ – Fe2O3 

nanoparticles, the peak at 571 and 604 cm-1 was 
related to the Fe–O group.16, 17  These peaks may 
correspond to Fe-O stretching and bending 
vibration mode, respectively of γ – Fe2O3. The 
FT-IR analysis revealed that the γ – Fe2O3 

nanocrystals are free of organic contaminants 
(Fig. 1). The peaks at about 3432 cm-1 and 2932 
cm-1 come from the hydroxyl group (OH-) and 
CH present in the atmosphere. The peak at 1622 
cm-1 is related to the hydroxide group.18 
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Fig. 1 : FTIR spectrum of maghemite 

TEM studies  
Fig. 2 shows the TEM image and selected area 
(electron) diffraction (SEAD) for γ-Fe2O3. The 
images clearly indicate the rod like structures of 
iron oxides nanoparticles. It appears to be rod 

like shape and fairly uniform in size with a mean 
diameter of 70 ± 10 nm. The Selected Area Ele 
ctron Diffraction (SAED) pattern of the sample 
shows clear diffraction spots which indicates the 
high crystallinity of maghemite nanoparticles.19 

 
Fig. 2 :  TEM image and SAED pattern of maghemite 

Effect of pH 
The adsorption of As (III) on maghemite in the 
presence of magnetic field and without magnetic 
field at different pH was performed using 50 mL 
10 mg L-1 of As (III) solution. The adsorption 
efficiency of maghemite nanoparticles for arsenic 
ions at different pH (pH=2-7) in the presence of 
magnetic field and without magnetic field is 
shown in Fig. 3, depicts that the adsorption of the 
As (III) increases as pH increases from 3 to 7. 
The maximum adsorption of metal was observed 
at pH 7. After pH 7, the metal adsorption 
decreases. The variation in removal efficiency 
due to the solution pH can be attributed to the 
precipitation of metal as hydroxide at a higher 

pH. This is similar to the finding of others where 
the interaction between oxygen free, Lewis basic 
sites and the free electrons of anions as well as 
the electrostatic interaction between the anions 
the protonated sites of adsorbent are the main 
adsorption mechanisms.20-22 In contrast, the 
maghemite possessed maximum sorption 
efficiency for the arsenic ions at pH value 7 
in both the cases but it has been found that 
the adsorption efficiency of maghemite for 
arsenic ions was 96.33 % in the presence of 
magnetic field but it was 81.67 %, without 
applying magnetic field. After the pH study 
all the adsorption  studies were done in the 
presence of magnetic field. 
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Fig. 3 : Effect of pH on removal of As(III) ions by adsorption on iron oxide nanoparticles in 

presence and absence of magnetic field 

Effect of adsorbent dose 
It is important to fix the amount of adsorbent to 
design the optimum treatment systems and for a 
quick response of the analysis. To achieve this 
aim batch experiments were conducted with the 
adsorbent dose 0.1- 1.0 g per 50 mL of 10 mg L-1 

of metal ion solution. Fig. 4 shows the adsorption 
of As (III) with varying weight of maghemite in 

the presence of magnetic field. It indicates that 
the uptake of As (III) increases as the adsorbent 
dose increases. Based on result, an amount of 1.0 
g of maghemite was found to be sufficient to 
remove As (III) from aqueous solution. The 
maximum adsorption efficiency observed for 
maghemite in the presence of magnetic field was 
90.88 % r. 

 
Fig. 4 : Effect of adsorbent dose on removal of As (III) ions by adsorption on iron oxide 

nanoparticles in presence of magnetic field 

Effect of contact time 
Fig. 5 shows that the adsorption of the As (III) 
on maghemite in the presence of magnetic field 
increased with contact time to reach its 
maximum adsorption at or after 60 minutes, after 
that reaches equilibrium. Hence, the contact time 
of 60 minutes was set for all experiments. At the 
initial stage the rate of removal of As (III) was 
higher within 20 minutes, due to availability of 

more than required number of active sites on the 
surface of adsorbent and became slower at later 
stage of contact time, due to the decreased or 
lesser number of active sites.23 Maximum 
adsorption efficiency observed for maghemite 
was 90.06 %. This result is important as 
equilibrium time is one of the important 
parameter for an economical for ground water 
remediation system. 
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Fig. 5 : Effect of contact time on removal of As (III) ions by adsorption on iron oxide 

nanoparticles in presence of magnetic field 
Adsorption isotherms 
Langmuir model 
Adsorption isotherms describe the equilibrium 
of the sorption of a material at a surface at a 
constant temperature. It represents the amount 
of metal bound at the surface of sorbate. The 
most widely used isotherm models are 
Langmuir and Freundlich isotherm models. In 
the present studies, the linearized form of the 
expression of Langmuir model24  was used. 

=  +                                            (4) 

Where Ce  ( mg L-1)   is   the    concentration    of  

adsorbate and qe is the amount of adsorbate 
adsorbed at equilibrium. Q0 is the theoretical 
monolayer adsorption capacity and b is the 
Langmuir constant. Data from the batch 
adsorption tests are used for the calculation of 
maghemite capacity for the removal of arsenic 
ions removal plotting the graph between 
Ce/qevsCe (Fig. 6). The values of various 
parameters are given in Table 1. The R2 value 
is more nearer to unity shows that the 
adsorption process is following the Langmuir 
model. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6 : Langmuir isotherm model 

Table 1 : Freundlich and Langmuir Isotherm Parameters 

Isotherms Parameters Constants 

Freundlich 
Kf 2.0446 
N 1.2463 
R2 0.9963 

Langmuir 
Qmax(mg g-1) 8.2304 
b (L, mg-1) 0.0423 

R2 0.9951 
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Freundlich model 
Freundlich isotherm equation is expressed as 
follows : 
LnQ =  Ln K + LnC                                            (5) 
Where Kf and n are Freundlich constants 
which represents the adsorption capacity [mg  
g-1(mg L-1)-1/n] and adsorption intensity of 
adsorbents, respectively. The equilibrium data 
was plotted for Ln qe versus   Ln   Ce enables  
the constant Kf and exponent n to be 
determined qe is the amount adsorbed per         
unit   mass of the adsorbate, Ce the equilibrium 
concentration and 1/n and Kf are constants. The 
constant Kf is related to the degree of adsorption, 

n provides the tentative estimation of the 
intensity of the adsorption.25 The Freundlich 
isotherm describing arsenic ions adsorption by 
maghemite has been illustrated in Fig. 7. The 
values of the Freundlich constants were 
calculated from the linear portions of the graph.  
Kinetics study  
Kinetics is an important aspect in evaluation 
of sorption as a unit operation. Kinetic data is 
fitted in the known models to study the 
kinetics of the process.  Kinetics study helps 
in understanding the mechanism of the 
process of removal and potential rate 
controlling steps.   

 
Fig. 7 : Freundlich isotherm model 

The pseudo-first order and pseudo-second 
order kinetic models were used to explore the 
kinetics of the process of removal of arsenic 
ions by maghemite. 
Pseudo-first order model 
The kinetic studies for the removal of As(III) 
were undertaken by fitting the kinetic data in 
linearized form of Lagergren’s equation.26,27 

Ln(q − q ) =  Ln q − k t                             (6) 
Where qe and qt(both in mg/g) are amounts of 
As(III) adsorbed at any time and at equilib-
rium, respectively and K1 (min-1) is the rate 
constant of adsorption. Graphs was plotted 
between Ln(qe- qt) vst’.   
Pseudo-second order model 
The pseudo-second order kinetic equation is 
based   on   the   sorption   capacity of the solid  

phase.27 The following linearized form of the 
pseudo second order equation was used in the 
present studies :   

=  +                                                    (7) 
where, k2 and qe values were determined from 
the slope and intercepts of the linear plots of 
t/qt against t respectively (Fig. 8).  It is clear 
from the values reported in this table that the   
calculated qevalues were very close to that of 
experimentally obtained qe and the values of 
correlation coefficients (R2) were closer to 
unity. This confirmed that the adsorption of the 
As (III) on maghemite followed pseudo-second 
order kinetics better.  Kinetic data from the 
batch adsorption tests are used for the calculation 
of maghemite capacity for the removal of arsenic 
ions are given in Table 2. 
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Fig. 8 : Pseudo- second order kinetic model for As (III) ions on magnetic nanoparticles 

Table 2 : Pseudo-first order and pseudo-second order kinetic parameters 

Kinetics Parameter constants 

Pseudo first order 

qe
exp 0.017 

qe
cal -8.618 

k1 -2.018 
R2 0.910 

Pseudo second order 
 

qe
exp 1.337 

qe
cal 1.234 

k2 0.211 
R2 0.999 

CONCLUSION 
The present study shows that the adsorptive 
removal of As(III) on maghemite is effective. 
The efficiency of maghemite as an adsorbent for 
As(III) removal from liquid phase strongly 
depends on solution pH, adsorbent dose, contact 
time and initial metal ion concentration. The 
equilibrium sorption data follows Langmuir and 
Freundlich model indicating physic-chemical 
nature of the adsorption process. The kinetic 
results fitted well in pseudo-second-order model 
with correlation coefficient values nearly to 
unity. Consequently, it has been demonstrated 
that maghemite is highly efficient in removal of 
As (III) from groundwater and the studies may 
prove to be baseline data for designing treatment 
plants.  
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