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Abstract

The main factual reason of this work deals with
the synthesis and characterization of magnesium oxide
nanoparticles (FesO,) by a novel citrate assisted co-
precipitation method. From TG/DT analysis (as-
prepared sample) it shows that the calcination is
essential for the formation of pure Fe;O, nanoparticles.
The synthesized powders were calcinated at 400 °C for
three hours in air and were characterized by X-ray
diffraction (XRD) which confirmed the formation of
pure Fe;O, nanoparticles. The surface morphology of
ferrite oxide nanoparticles were analyzed through
FESEM and FETEM which indicate that the particles
are found crystalline and are in cubic shape. EDAX
analysis exposed the presence of Fe and O. Zeta
potential depicts the good stability of the prepared Fe;O,
nanoparticles. A good capacitance value of 183 Fg™* was
observed for the scanning rate of 2mVs™ from the CV
study exposes that the synthesized Fe;O4 nanoparticles

can be used for super capacitor application.

1. Introduction

The materials that size ranges in nanoscale are
of great importance in the areas of both fundamental and
advanced research owing to their outstanding physical
and chemical applications. In this ferrite nanoparticles
have found much attractiveness because of their
excellent electrical, magnetic, microwave devices, drug
delivery systems and gas sensor [1-4].Especially,

nanoparticlesof Fe;O, found much attention in storage

application because in recent days energy shortages
increase several fold. For which Fe;O, based
supercapacitor is an appropriate one [5]. Fe304
nanoparticles are very attractive in recent research works
because of its higher electromagnetic performance,
excellent chemical stability; mechanical hardness, high
coercivity, and moderate saturation magnetization [6,
7].Fe;sO, are of ferromagnetic in nature. Thespinel
structureof magnetite has the oxygen anions making face
center closed packed structure with iron located at the
interstitial and octahedral sites [8]. The nanoparticles
can be synthesized by various wet chemical methods,
like co-precipitation [9], hydrothermal [10], sol gel [11],
micro-emulsion [12], thermal decomposition [13] and
sono-chemical technique [14]. Apart from other type
methods,

co-precipitation'methad has greater attraction because it
can yield ultrafine, high purity and crystalline nano
particles in very less duration [15-18]. In this paper we
report the synthesis and characterization of Fe;O, nano
particles by using novel
co-precipitation method by adding citric acid as a

chelating agent.
2. Experiment and methods

For the synthesis of FesO4 nanoparticles by co-
precipitation method [19] all the chemical reagents were
bought from Merck chemicals (AR grade) of 99% pure
and used without any additional purification. For which,
0.1M Fe (NO3);-9H,0 and 0.29M of citric acid
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(CsHgO7.H,0) were dissolved in 20 ml of deionized
water separately and were added respectively under
constant stirring of 650 rpm. Appropriate amount of
sodium hydroxide (NaOH) was added as precipitating
agent to sustaina constant pH value around 9.
Subsequently, the dissolved solution was stirred for 3h
at 80 °C. Dark brown colour precipitate was formed and
it was thoroughly washed several times with deionized
water and acetone. Finally the precipitate was dried
systematicallyin the oven to form the Fe;O4 powder at
100 °C for 2 hours and it was calcinated at different
temperatures 400 °C, 600 °C and 800 °C.

Using PW3040/60 X’pert PRO powder X-ray
diffractometer with CuKo radiation (A= 1.54060A) at
40kV and 30mA the Crystalline phase of the
FesO4nanoparticles were identified. The step scans were
recorded for 20 values in the angular range from 10°to
80° through a scanning speed ofl10°min™. By using
Debye-Scherer formula the average diameter of the

crystals was calculated [20]

_ K2
_BCOSG

In whichD is the crystallite size, K (= 0.9) is a
constant associated to the shape of the crystal,A is the
wavelength of the radiation engaged, B is full width at
half maximum (FWHM) of the attained characteristic
peak in radians and © is the Bragg diffraction
angle.From the Joint Committee on Powder Diffraction
Standards (JCPDS) database the phase identification was
carried out. For studying the degradation behavior of the
as-prepared sample, TG/DTA analysis was carried out
with the help of instrument NETZSCH - STA 449 F3
JUPITER. FESEM with EDAX was recorded using a
thermal emission scanning electron microscope,
JSM6701F MODEL. Before examining, the samples
were sputtered with gold. With the help of FETEM

instrument the morphology and size determination was
accomplished using JEM 2100F. The selected area
electron diffraction (SAED) patterns were confirmed by
dispersing the sample over a carbon coated copper grid.
The mean particle size and zeta potential are resolute
using Dynamic light scattering (DLS) Zeta-sizer Nano
ZS-90. An electrochemical property of the nano particles
was examined by cyclic voltammetry (CV) model CHI
660.

3. Results and Discussion
3.1. X-ray Diffraction

The as-synthesized and calcinated samples were

examined using XRD pattern which is shown in Fig.1.

As-synthesized

1‘0 2‘0 36 4‘0 5‘0 BID 7‘0 80
2 Theta (degree)

Fig.1XRD Spectra of. FesO, nano particles as-synthesized
and calcinated at different temperatures

For as-synthesized sample it doesn’t show any peaks and
specify that calcination is needed to stabilizing the
particle size and preventing their agglomeration
[21].The XRD pattern of all calcinated samples exhibit
the reflections with hkl values of (111), (220), (311),
(400), (440), (422), (511) and (440) planes indicate the
cubic phase with space group Fd3m [22]. The attained
XRD peaks arevery well matched with the standard
characteristics peaks of the cubic spinel lattice of Fe;0O,
reported in JCPDS card no # 79 - 0417 [23]. The lattice
parameter ‘a’ can be obtained by using the relation a=
dra (h*+K*+1%)"? and the value is found to be 8.390. The
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obtained peak in the present study clearly indicates the
development of pure Fe;O, nanoparticle without any
other external impurities. A similar result was reported
by Ghandooret.al., [23] for the preparation of Fe;O,
nanoparticles by co-precipitation method. The improved
crystalline size with heat treatment is clearly indicating
the essential of calcination also the as-prepared sample
doesn’t show any peak. From the Debye Scherer’s
formula the crystalline size were calculate for different
calcination 400 °C, 600 °C and 800 °C and found to be
19 nm, 28nm and 36nm respectively. This result also
show the particle size grows with increasing
temperatures indicating the growth of Fe30,

nanoparticles.
3.2 TG/DT analysis

Simultaneous thermo gravimetric analysis
(TGA) and differential thermal (DTA) analysis of the as-
prepared Fe;O4was performed from room temperature to
850 °C. Fig. 2 represents the TGA and DTA curves of

Fes04 nanoparticles.
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Fig. 2 TGA/DTA analysis of Fe3O, nano particles

The decomposition of the chelating agent, citric
acid, is predictable and happens in three major stages
namely dehydration, decomposition of the anhydrous
precursor and decomposition of organic precursors.
Asimilar trend was reported by Catalano et.al, for the

synthesis of Fe;O, nanoparticles [24]. In which it was

clearly detected three major weight losses from the TG
analysis in the range 35 °C to 850 °C. The first stage of
weight loss is observed at a temperature below 97°C
(3%) due to desorption of water. The next second stage
weight loss is attained in the range from 97 °C to 290 °C
(9 %) as a result of decomposition of organic templates.
The final weight loss of (17%) is observed between
290°Cand 410°C due to crystallization of the final
product. No weight loss is found beyond 410°C
representing the formation of pure Fe;O4 nanoparticles.
The similar trend was clearly exposed by DTA where no
change in peak beyond 410 °C confirms the formation of

pure FesO4nanoparticles.

3.3 Dynamic light scattering (DLS) and Zeta
Potential

The size distribution (Zeta size) and the stability
of the particle by zeta potential was studied for the
FesO4sample calcinated at 600 °Cof pH 9 shown in
Fig.3. From which in Fig.3 (a) depicts the Z-average
value for theFe;O4nanoparticles as 227 nm. This greater
size is owing to insolubility and aggregation of the

sample in water.
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Fig.3 (a) Zeta sizer and Fig.3 (b) Zeta potntial of
FesO4 nano particles calcinated at

600°C

Fig.3 (b) shows the result of the Zeta potential -31.3mV
reveals the good stability of
synthesizedFesO4nanoparticles. This result was in line
with Catalano et.al.[24].

3.4 Field Emission Scanning Electron Microscope
(FESEM) with EDAX

Fig. 4 (a), (b) and (c) represents the
FESEM image of Fe;O,sample calcinated at 600 °C.
FESEM image reveals the cubic shape ofFe;O4sample

with some agglomeration.

X

Fig.4 of Fe3O4 nano particles calcinated at
600 °C with different magnifications (a), (b) and (c). Fig.3
and (d) Corresponding EDAX

This result is in line with Qing Liet.al, for the
preparation of Fe;O, nanoparticles [25].EDAX analysis
the reveals the chemical composition of the material it is
shown in Fig. 4 (d) from which it was clearly observed
that the synthesized material has only Fe and O. Also it
clearly exposed that the synthesized sample is pure
without any other impurities except the gold peak.The
occurrence of gold peak is due to the thin coating on the

sample surface to make it conducting, which is essential
to record the FESEM.

3.5 Field
Microscope (FETEM) with SAED

Emission  Transmission  Electron

The individual particles size, morphology and
structure of FesO, nanoparticles were easily visualized
with the help of FETEM. Fig.5 (a) and (b) depicts the
FETEM images of Fe;0, nanoparticlescalcinated at 600
°C. It confirms the detailed morphology of the sample
and exposed its cubic nature. A similar result was
reported by YunjiEomet.al.,for the preparation of Fe;O,
nanoparticles [26].The selected area electron diffraction
(SAED) pattern of the cubic shaped Fe;O, nanoparticles

is shown in Fig.5 (c).

Fig.5 FETEM of Fe;O4nano particles calcinated at

600 °C with different magnification (a) and (b); (c)

Corresponding SAED; Fig.5 (d) Particle size
measured using image j viewer software

2 3 a4 5 & 7
Selected Particles

a8 1w

Graph.1 Average Particle size using image j viewer
software from FETEM
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All spots are recognized as the diffractions from cubic
Fes04, which discloses the crystalline nature of NiFe;04
nanostructure. With the help of “image j viewer” [27]
software the individual particle size was calculated and
it was shown in Fig. 5 (d) and graph 1; which is closely

agree with the XRD result.
3.6 Cyclic Voltammetry (CV)

The CV curve of Fe;O.electrode was
noted at different scan rate of 2, 3, 5, 10, 20, 30, 50 and
100 mVs™ were shown in Fig.6 (a). The shape of the CV
curves is an ideal rectangular shape observed at 2mV s™.
Further increasing the scan rate the observed pattern of
the CV curve is transformed and it confirms the pseudo-
capacitive nature of the material. The specific
capacitances (SC) values of FezO4electrode can be
calculated by using the formula [28].

Q
Cs =
S Av.m

In which, Cs is the specific capacitance, Q the anodic
and cathodic charges on each scanning, m is the mass of

the electrode material (mg) and Av is the scan rate (mVs’

1).
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Fig. 6 (a) CV pattern of FesO4nano particles
calcinated at 600 °C for different scan rates and Fig.
(b) Different Scan rate and their Specific
Capacitance values

Electrochemical measurements was done in 0.2 M tetra
butyl ammonium perchlorate with a standard three
electrode configuration containing of a sample (working
electrode), an Ag/AgCI (reference electrode) and a high
platinum wire (counter electrode)[29]. The scan rate is
varied from 2mV s to 100mVs™ and its corresponding
capacitance value decreased from 183 Fg'to

7 Fg'respectively is illustrated in Fig 6(b) and table 1.

Fe3O, (Calcinated at 600 °C)
Scan Specific
Rate(mVs'l) Capacitlance(Fg'

)
2 183
3 151
5 110

10 93
20 74
30 51
50 32

100 7

Table.1 shows the different scan rate and their
specific capacitance value

From this it was clearly understandable that the
lower specific capacitance values observed for higher
scan rates indicate that the ionic diffusion takes place

only for outer surfaces. A higher capacitance value of
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183Fg™ for the scan rate 2mV s suggests that the
prepared sample of Fes;Oznanoparticles can be used as
supercapacitor. In the present study the highest value
183Fg™ was very much greater than that of the super

capacitance reported by Jun Puet. al.,[30].
Conclusion

FesOznanoparticles were prepared by a simple
high yielding and low-cost co-precipitation method. The
structural, compositional and capacitive behaviors of the
synthesized products werethoroughly studied. XRD
study  discloses the resultant  product was
FesO4nanoparticles and the particle size got altered with
the calcinated temperature. No weight loss was noticed
from 410°C in TGA and the corresponding peak at 410
°C in DTA study confirmed the formation of Fe;0,. The
FESEM and FETEM images confirmed that the particles
were in cubic shape. EDAX confirmed the elemental
composition of Fes;Oznanoparticles were Fe and O
without any other impurities. The particle size observed
from FETEM analysis agrees very well with the particle
size calculated from XRD. The zeta potential value
exposed that the synthesized FesOjnano particles have
good stability. From CV study, higher capacitance value
of 183Fg"' was detected for Fe;Osnanoparticles
calcinated at 600°C recommended for super capacitance

application.
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