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Abstract— In order to develop water treatment performance, | . | ntrOdUCtion
graphene oxide based inverse spinel nickel ferrites (GONF) and
reduced graphene oxide based inverse spinel nickel ferrites
(rGONF) nanocomposites were prepared using graphene oxide

(GO) and inverse spinel nickel ferrite (NiFe;O,) by thermal o001 functional groups such as hydroxyl and carboxyl,
pt?empltatlon metho_d. The interface mterac_tlons of GO and showing extended adsorption property for heavy metal ions
NiFe,O, were studied. The X-ray diffraction spectrometer and organic pollutants [1]. Currently magnetic graphene
(XRD), and Fourier-transform infrared spectroscopy (FT-IR) oxide or graphene based nanomaterials [2] have been
and BET studies showed that the formation GONF and fabricated and used for drug delivery [3], energy storage [4],
rGONF. Scanning electron micrOSCOpy (SEM) studies observed and water treatment [5, 6] In the recent years, magnetic
porous surface morphology of GONF and rGONF. The  materials have been widely used as an adsorbent for
magnetic studies revealed that the ferromagnetic property of  treatment of toxic contaminates [7-9]. Moreover, magnetite
GONF and rGONF, but the later one shows less Ferro  metal oxides or various ferrites are frequently used in
magnetic intensity than GONF. It was well performed for the hydrometallurgical extraction process for recovery of
adsorption removal As(V) and subsequently easy magnetic  precious metals [10] and heavy metals [11,12], and
separation from water. The sorption studies revealed that the  regulating digestion of high silica bauxite [13]. Among the
sorption was rate-limiting pseudo -second-order kinetics with ~ available magnetic sorbents, inorganic spinel ferrites and
mono layer chimisorptions on homogeneous surface of GONF  their composite materials were widely used in water
and rGONF. The sorption capacity of GONF enhanced by the ~ treatment due to its unique advantages of magnetic and
reducing of GO. The sorption capacity of rGONF (106.38  chemical stability [8, 14-16]. Synthesized magnetic inverse
mg/g) was higher than GONF (81.30) for As(V). It was  Spinel nickel ferrite nanocomposite materials composed with
decreased with increasing temperature from 293 to 323+ 2 K. GO (GONF) or reduced GO (rGONF) by hydro thermal
The influence of sorption with solution pH and spectral ~ Method, were used in the present study for the treatment of
characterisation of loaded GONF-As(V) or rGONF-As(V) were As(V) from water.

further confirmed that the sorption occurred through an inner

Graphene oxide (GO), have large specific surface areas
and good biocompatibility, is widely used in various
applications. Most of the graphene oxides usually have

sphere surface complexation by chemical interactions. I I . MethOdS and Materials
Keywords— graphene oxide, graphene oxide based .
nanocomposites, nickelferrite, arsenic(V) A. Preparation porous GONF and
rGONF

As shown in the Scheme 1, prepared GONF and rGONF
from GO and nickel ferrite by thermal co-precipitation
& (Yu-Lim Choi, Lakshmi Prasanna Lingmadinne, Yoon-Young Chang): method. The GO was prepared from Graphlte flakes
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Republic of Korea utrasonication. Further, the prepared GO was reduced using

b(Jae-Kyu Yang): N,H, for preparation reduced (rGO). The prepared GO and
Division of General Education, Kwangwoon University, Seoul, 139-701, rGO were used for the preparation of GONF and rGONF.
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Scheme 1. Schematic representation for the preparation
GONF and rGONF
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B. Batch sorption experiments

The stock solution (1000 mg/L) of metal ion, As(V), was
prepared from NazAsO,. Typical batch sorption experiment were
carried out with 50 mL of 7 mg/L aqueous solution of As(V)
initial concentration at pH 2.0 in a falcon tube at room
temperature. To this added each 0. 3 g/L of GONF and rGONF.
Then, mixture was shaken for pre-determined equilibrium time
intervals (150 min), and the samples were filtered out through a
0.45 pm membrane syringe filter for measuring the metal ion
concentration using Optima 2100 DV inductive coupled plasma-
optical emission spectroscopy (ICP—OES) (Perkin-Elmer, USA).
The amount of As(V) adsorbed onto GONF and rGONF were
calculated from the mass balance between the initial (C,) and
equilibrium (C,) concentrations (mg/L) of metal ions. The metal
uptake capacity (qe, mg/g) of nanocomposite materials was

calculated by the following equation:

g, == M

where V is the volume of As(V) solution and m (g) is the
weight of GONF or rGONF. All pH measurement was
carried out by 340i pH meter (WTW, Germany). The
sorption experiment was also performed at different pH
values by adjusting pH with 0.1 moles/L HCI and NaOH
solutions. Desorption studies were conducted using pH 1.0
aqueous HNOs acid solution. All the investigations were
carried out in triplicate to avoid discrepancies in
experimental results and the values reported are mean +
standard deviation (SD). Origin 8.0© was used to fit the
kinetics and equilibrium models using linear regression
analysis. Metal solution controls were also utilized to
maintain quality control.

I11. Results and Discussions

The X-ray diffraction results (XRD) (Fig.1) observed
that the crystalline property of GO decreased as meso-pours
carbonaceous material in the modified GONF or the reduced
GONF increased. The strong peak at 20 = 11.3° confirmed
the formation GO and was shifted to lower range (26 = 8.9
and 5.6°) at the GONF and rGONF [17]. The peaks at 20 =
26.6, 35.65 and 44.5° values indicated the presence of spinel
nickel ferrite in the GONF and rGONF [18]. However, the
nickel ferrite diffractions peaks (26: 26.35, 35.60 and
43.20% values were shifted to slightly lower range in the
rGONF than in the GONF. It may be due to the decreased
size and increased porous surface area of GONF by
reduction. The decreased size of GONF by the reduction
with hydrazine hydride was also clearly observed from the
X-ray diffraction studies of GONF and rGONF, i.e. from
41.0 nm (GONF) to 32.12 nm (rGONF). It was calculated
from well-known Scherer formula: D = 0.944 / B cos 6,
where D is the crystallite size (nm), g is the full width of the
diffraction line at half of the maximum intensity measured
in radians, A is the X-ray wavelength of Cu Ka = 0.154 nm,
and @ is the Bragg angle. Finally the XRD results were
confirmed that the formation of GO-based cubic spinel
nickel ferrite nano composites, GONF and rGONF.

Further FT-IR results (Fig.2) suggest the presence of epoxy
and carbonyl functional groups along with carboxylic
groups which confirming the formation of GO. FT-IR
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spectrum of GONF or rGONF indicates that the wavelengths
of such functional groups present in GO were shifted to
lower wavelengths regions upon magnetization of GO or the
reduction of GONF. It is a common phenomenon for the
formation of new product from bare compound by reduction
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Fig.1. X-ray diffraction studies of prepared GONF and rGONF
nanocomposites
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Fig.2. FT-IR spectrum of prepared GO, GONF and rGONF

nanocomposites.

or magnetization. The shifting of absorption peaks is
associated with the formation of GONF and rGONF from
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the GO. The sharp peaks at 550 — 500 cm™ indicates the
tetrahedral and octahedral Fe—O or Ni—O bonds.

Fig.3. Scanning Electron Microscopy (SEM) images of bare GO, GONF,
and rGONF nanocomposites for recognition of surface morphology.

The BET surface area of GO increases from 2.59 to 167.26
m?/g as particle size decreases from 1000 nm to 34.46 nm
from the conversion of GO to rGONF. It may be due to the
formation of end product, rGONF by the intercalation of
cubic spinel NiFe,O, with GO. The reduction or
modifications of GO with nickel ferrite increases its surface
area in a large size and is favorable for enhances its
adsorption capacity. The size of prepared GONF (44.12 nm)
and rGONF (34.46). The significant changes in surface
texture of GO upon intercalation of nickel ferrite lead to
increases porosity with increasing surface area of GONF and
rGONF. The resultant average pore volume and pore
diameter of GONF and rGONF indicates the nano-
crystalline meso-porous composite particles. The magnetic
hysteresis curves (M—H) of nano magnetic spinel GONF and
rGONF composite were recorded at 300 K indicated that the
paramagnetic property of GONF and rGONF was confirmed
from magnetic susceptibility () determined from the slope
of M—H curve. Magnetic susceptibility (x) are +1.8 x 107
emu/cm®-Oe for the GONF and +1.45 x 10 emu/cm®.Oe
for the rtGONF. The SEM images of GO, GONF and rGONF
were shown in Fig. 3. The obtained surface images clearly
indicate increase of porosity as decreasing particle size
along with significant difference in surface morphology due
to the formation of GONF and rGONF from GO. The
obtained porous surface morphology is favorable for surface
interface studies such as adsorption. Hence, the prepared
GONF and rGONF can be used as adsorbents.

In order to check the water treatment performance,
As(V) batch adsorption studies were performed using the
prepared GONF and rGONF at pH 2.0. The effect of
contact time for adsorption of As(V) onto rGONF and
GONF was investigated to evaluate the equilibrium point.
Fig. 4 showed the adsorption of As(V) at different time
intervals with 7 mg/L initial metal ion concentration at pH
2.0 and 298 K. From the results, it can be clearly observed

[ISSN : 2374-1724]

Publication Date: 18 April, 2016

that the As(V) adsorption was very rapid during the first 20
min, and then slowly increased and reached an equilibrium
at 150 min. The initial very fast adsorption of As(V) can be
explained by that GONF and rGONF have more freely
available reactive sites with high surface area and relatively
large pore sizes.

In order to check sorption mechasim of As(V) on to
GONF and rGONF Pseduo-first and second-order kinetics
models applied to the above kinetic data and the results
confirmed that the sorption of As(V) was rate-limiting
pseudo-second-kinetics. The Langmuir and Freundlich
isotherm models were applied to the adsorption data and the
results shown in the Tabe 1. The obtained results observed
that the sorption data was well tune with Langmuir isotherm
indicated that the As(V) sorption was monolayer on
homogeneous surface of GONF and rGONF at room
temperature. The sorption capacity of rGONF (106.38 mg/g)
was higher than GONF (81.30 mg/g) for As(V). As
increasing the temperature from 293 to 323 #2K, the
sorption was decreased. The influence of sorption with
solution pH and spectral characterization of loaded GONF-
As(V) or rGONF-As(V) were further confirmed that the
sorption occurred through an inner sphere surface
complexation by chemical interactions.

V. Conclusions

The prepared GONF and rGONF nanocomposites were
confirmed by means of instrumental techniques, XRD, FT-
IR, SEM and BET results. The size of GONF (44.12 nm) is
decreased by the formation of rGONF (34.46 nm). The
sorption kinetics was rate-limiting kinetics. The sorption of
GONF is 81.38, where rGONF (106.38 mg/g) is almost
three times more than the GONF.
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Fig.4. Contact time effect on adsorption of As(V) on to
GONF and rGONF at pH 2.0, and room temperature.

TABLE . Isotherm parameters of As(V) sorption onto rGONF and GONF .

Adsorbent Langmuir Freundlich
Qm, KL, Rz KF, mg n R2
mg/g L mg gt (L
1 mg_
l)lln
GONF 81.30 0.57 0.998 | 25.92 1.86 0.943
rGONF 106.38 0.27 0.999 | 79.72 1.804 | 0.956
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