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ABSTRACT

The adsorption features of amino functionalized super
paramagnetic iron oxide nanoparticle/SiO: for selective removal of
arsenic in water is evaluated. Amino functionalized super
paramagnetic Iron Oxide nanoparticle/SiO:; is synthesized and
characterized with Fourier transform infrared spectroscopy (FTIR),
X-ray diffraction (XRD), and electron microscope (SEM). FTIR shows
amine group successfully attached to nanoparticle. XRD-diffraction
pattern shows that the magnetic phase of super paramagnetic
nanoparticle is magnetized by inverse spinel crystal structure. SEM
image was used to study the morphology of super paramagnetic
nanoparticle. The adsorption capability of the nanoparticle was
examined in batch system. The nanoparticle was applied to removal
of arsenic from aqueous media. It was shown that the adsorption of
arsenic on the nanoparticle was depended on PH and contact time.
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Introduction

Arsenic is a highly toxic metalloid to
humans, animals and plants. High amounts
of arsenic in the human body cause skin
cancer, lung and bladder. Arsenic toxicity
depends on the type of compounds. Most
important forms of arsenic in natural
surface water are the samples of inorganic

arsenite HAsO3%, HAsO and H2As04[1, 2].

Recent report of WHO argue that some
million people in United States have been
exposed to arsenic contaminated water (An,
Liang and Zhao 2011.)[3]. As per guide lines
of USEPA, maximum toxic level of arsenic in
drinking water is 0.01 mg/L [4]. So, it is of
interest to develop new methods for arsenic
removal from water. At this time, a lot of
methods are employed to remove the
arsenic from water including the aeration/
coagulation, adsorption on iron and
aluminum, ion exchange, precipitation,
electrode analysis and reverse osmosis etc.
When in some of these methods a large
amount of material used, the volume of

sludge production is high.

At this time, various naturally available
adsorbents such as cake, pine needles, wool,
olive sawdust etc. were used for the removal
of arsenic [5, 6]. However, many of these
naturally available adsorbents have low
arsenic adsorption capacity and slow

process kinetics. Thus, there is a need to

develop innovative adsorbents for removal

of toxic metals.

Iron oxide nanoparticles have shown
prominent result for removal of arsenic
from water [7-9]. These nanoparticles could
become cost-effective nanomaterials for
decontamination of arsenic. It was believed
that the use of amine group in the surface of
iron nanoparticle exhibited a high potential
for the adsorption of organic/inorganic
materials [10-14]. Also, Fes30.-graphene
composite showed high arsenic removal due
to free sites in the surface of nanoparticle
enhanced adsorption of arsenic [12]. The
advantages of superparamagnetic Iron
Oxide nanoparticles such as efficient
removal and easy separation motivated us
to consider this nanomaterial as adsorbent
for removal of arsenic. In this paper, amino
functionalized super paramagnetic iron
oxide nanoparticles/SiO> core/shell
nanoparticle was synthesized and used for
adsorptive removal of As (III) ion from

aqueous solutions.

Experimental
Material and methods

All chemicals were of analytical grade and
used as received. Ferrous chloride tetra
hydrate (FeCl;-4H,0>99%) ferric chloride
hex hydrate (FeCl3-6H;0>99%), sodium
hydroxide (297%), and hydrochloric acid

(37%), were purchased from Merck
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(3-aminopropyl)-
(APTES, 99%) was

(Germany).

triethoxysilane
purchased from Aldrich (Germany). All
aqueous solutions were prepared with
double distilled water. The FT-IR spectra
were  recorded by an Infrared
spectrophotometer coupled to Fourier

transform (FTIR, Perkin Elmer1600, and
USA).

Synthesis of Super paramagnetic
Nanoparticles
Super paramagnetic iron oxide

nanoparticles were prepared via an
improved chemical co-precipitation method
[13]. Briefly, FeCl2-4H,O (1.5 mmol) and
FeCl3-6H20 (3 mmol) prepared in 0.01 M
hydrochloric acid was rapidly injected by a
plastic tube to 80 mL 2M ammonia solution.
The system was stirred under N for 1 h at
room temperature. The precipitated was
washed with pure ethanol and separated by
decantation.

magnetic Finally,

superparamagnetic nanoparticles were
dried under vacuum at 70 °C.
Functionalizing Super paramagnetic

Nanoparticles by (3-aminopropyl)-
triethoxysilane)

A suspension of superparamagnetic
nanoparticles was sonicated in 30 mL
ethanol for 30 min to get uniform dispersion.
A solution of 0.7 mL concentrated ammonia
in 9.3 mL double distilled water was added
to nanoparticle suspension. After 15 min of

sonication, a solution of 1.8 mmol APTES

and 5 ml ethanol was injected to the
sonicator. Sonochemical treatment was aged
2 h at room temperature. After 1 h of
sonication, a very stable black colored
magnetic fluid was obtained. The precipitate
was collected with a magnet, and washed
with ethanol (three times). Finally, the
functionalized super paramagnetic

nanoparticle solid was obtained by ethanol

evaporation at a reduced pressure chamber.

Results and Discussions

Superparamagnetic Iron Oxide/SiO;-NH;
Characterization

FT-IR study

The FTIR spectra of Fes304, and super
paramagnetic iron oxide/Si0,-NH;
nanoparticles were presented in Figure 1.
For both nanoparticles, absorption peaks at
581 cm! were observed, which
corresponded to the Fe-O magnetite phase
vibration of nanoparticle [13,15]. The
observed bands at 1221, 1046, 991 and 993
cm-! of super paramagnetic iron oxide/SiO»-
NH; were related to the deformation
vibration and stretching of SiO, reflecting
the coating of silica on the magnetite surface.
Successful amino propyl functionalization of
the silica layer on super paramagnetic iron
oxide/Si0,; was also evidenced by the
absorption at 2808, 1603, and 693 cm-,
attributed to the stretching and bending

vibrations of amino groups. The absorption

peaks in the region of 2800-3025 cm-! were
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associated with the stretching vibration of
methylene groups of super paramagnetic
iron oxide/SiO2-NH;. The results verified the
formation of a silica shell on the Fe304
surface which was functionalized with

amino groups.

X- Ray Diffraction Pattern

The crystal structure of the nanoparticles
was identified with X- ray diffraction
pattern. Diffraction peaks 26 at 30.0, 35.6,
43.8,54.2,57.2 and 62.5 are shown in Figure
2 indexed to (220) (311) (400) (422) (511)
and (440). This showed that the crystal
structure of superparamagnetic Iron
Nanocrystal was inverse spinel [16]. The

particle size of the magnetite was calculated

using the Scherer equation as 11.3 nm [17].

Scanning Electron Microscope

To determine the average particle size and

nanoparticles, Electron

Microscope (SEM) was used. The SEM

scanning

images of superparamagnetic nanoparticles

showed particles with amorph surface.

BET and Potential of zero charge

Surface areas of superparamagnetic

nanoparticle  and  superparamagnetic
nanoparticle/Si0,-NH, were measured
according to BET procedure [18, 19]. The
results showed that surface areas of
superparamagnetic  nanoparticle  and
superparamagnetic nanoparticle/SiO,-NH;
are 112.3, and 208.0 m?/g, respectively.

(PHzep)  of

nanoparticle and

The pH of zero charge
superparamagnetic
superparamagnetic nanoparticle/SiO,-NH;
were determined previously in a wide pH
range [13]. It was shown that the pH of zero
charge of superparamagnetic

nanoparticle/Si0,-NH; is about 2.8 which is

morpholo of  super aramagnetic ) ) )
P &y P P g in agreement with the literature [13, 20-24].
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Adsorption Experiments

Batch experiments were performed to
evaluate the equilibrium studies. Briefly, 0.2
g of superparamagnetic nanoparticle/SiO»-
NH; added to 0.4 mmol of arsenic ion.
Hydrochloric acid and sodium hydroxide
solutions (0.1 M) were used to control the
pH. The mixed solution was shaken at room
temperature for 15 min. After reaching the
adsorption equilibrium, the nanoparticles
were magnetically separated and residual
arsenic ion concentration was determined.
The removal percentage was determined

with following expression:

C0 _Ce

R%= %100

0
where Co and Ce were the initial and the final

arsenic  concentration (mmol/L). All
adsorption experiments were performed in
triplicate to insure the repeatability of our

results.

The optimization of experimental

parameters was carried out for As (III)
adsorption. The adsorption experiments
show the maximum arsenic adsorption at
0.2 g nanoparticle. The adsorption
isotherms of As (III) on the nanoparticle as a
function of As (III) concentration (pH 5,
room temperature and 15 min adsorption
time) was shown in Figure 3. The adsorption

data were fitted with Freundlich isotherm

model [25, 26].

_ q,bC,
1+bC,

Qe

where g (mmol/L) and Ce(mmol/L) were
the adsorbed concentration and total
concentration at the equilibrium time. gm
(mmol/g) was the adsorption capacity, and

b (L/mmol) was the affinity coefficient.

The maximum adsorption capacity of As (III)
on the nanoparticle was obtained as 156
mgg-l. Superparamagnetic iron oxide/SiO»-
NH: nanoparticle had small size and high

surface area of 208.0 m2g than bare iron

132 AdvJChem A 2019, 2(2), 128-135| http://ajchem-a.com




Adsorptive Removal of Arsenic from Aqueous...

nanoparticles 112.3 m2g. The decreased size
and enhanced surface area of Iron Oxide
nanoparticles enhanced the adsorption sites
for arsenic and increased the adsorption
capacity. Concentration of nanoparticle and
dispersion time was important parameters
in the adsorption process. The results of
nanoparticle concentration on the
adsorption showed that the adsorption
percentage of arsenic increases with

increases of nanoparticle concentration.

The effect of contact time on the
adsorption capacity of As (III) on super
paramagnetic iron oxide/Si02-NH;
nanoparticle was studied. The adsorption
data

kinetics showed pseudo-second

order kinetics.

Figure 4 shows the effect of initial

solution pH on the removal of As (III). The

maximum removal occurred at pH 5 and
then the removal capacity remained
constant. The high removal efficiency at
low pH can be attributed to the fact that
the surface of the adsorbent becomes
highly protonated and positively charged,
which favored the uptake of As (III)

through electrostatic attraction.

The adsorption of As (III) ions increased
with increase of temperature from 15 to
45 °C. The enhancement of adsorption
capacity with temperature may be due to
the enlargement of pore size and/ or
activation of adsorbent surface as
observed by Namasivayam et al. [27]. The
effect of ionic strength was studied in the
presence of Na Cl and shows negligible

change in arsenic adsorption on As (III).

0.25 -
0.2 - " . .
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Conclusion

The existence of trace toxic heavy metals
such as arsenic in water and groundwater is
an important issue. Here a novel
superparamagnetic iron oxide/SiO2-NH;
was synthesized via facile, fast, and low-cost
process and further was used as a highly
efficient adsorbent for As (III) from aqueous
solution. SiO, reduces the serious stacking of
superparamagnetic iron oxide and prevents
the agglomeration of nanoparticles, and also
produced a high tunable surface area, which
enabled to high binding capability and
excellent adsorption properties for As (III).
This adsorbent was stable, low-cost, and
environmentally friendly and showed

potential application for As (I1II) removal.
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