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ABSTRACT
In this research, cobalt ferrite powders (CoFe;04) and cobalt ferrite/reduced graphene oxide composite (CoFe,O4/RGO)
were synthesized by the co-precipitation method. The phase structure, morphology, magnetic properties, and microwave
absorption properties of the produced samples were investigated through various techniques. X-ray diffraction test
indicated the successful formation of pure CoFe,O4 and its composites with RGO. According to the Scanning electron
microscopy (SEM) images, most pure and composite samples’ particles were formed in a semi-spherical shape. The
VNA test results showed the saturation magnetization of CoFe>O4 and the composite containing 5 wt.% and 10 wt.% of
RGO, 71.6, 56, and 37 emu/g, respectively. Also, the network analyzer results demonstrated the maximum reflective
losses in the X-band range due to the impact of microwaves on CoFe,;O4 te was -5.5 db. This amount reached 21.5 dB
with the addition of 10 wt.% RGO. Also, the wave input increased from 41% for the pure CoFe;O4to 99.5% for the

sample containing 10 wt.% RGO.

Keywords: Cobalt ferrite, Reduced graphene oxide, Composite, Reflective losses

1- INTRODUCTION

To date, the expeditious enhancement of the
technology has been led to the extensively
utilizing of electronic communication devices.
Even though the considerable advantages had
brought by technology facilities, it also hampers
human life and takes severe tolls and their health,
to some extent, difficulties like electromagnetic
(EM) radiations pollution [1-3]. A great deal of
study has been done in order to overcome these
problems. In this framework, producing the
materials with EM waves' absorbing properties
seems a great strategy. On the other hand,
Graphene and its related materials, having unique
properties, show higher wave absorption
properties combined with magnetic spinel ferrites
besides the low cost and light-weighting [4,5]. In
a study by Wren et al. [6], cobalt ferrite composite
was synthesized with RGO wusing nitrate
precursors by hydrothermal method. They also
used a cyanate ester resin substrate to investigate
the microwave absorption properties in the X
band (8-2.12-2.4 GHz). The highest reflective

*: physicplasma2011@gmail.com

losses in thickness of 1.25 mm and the frequency
of 11.8 GHz reached -21.8 dB. In another study
by Lee et al. [7], the composite structure of cobalt
ferrite with RGO was formed by polyol method
using chloride precursors and its electromagnetic
wave absorption properties were investigated. In
this study, the results showed that the maximum
reflective losses in the X band due to the impact
of microwaves on cobalt ferrite was -5.5 dB. This
amount reached -21.5 dB with addition of 10
wt.% reached graphene oxide. The wave input
also increased from 41% for the ferrite sample to
99.5% for the sample containing 10 wt.%
regenerated graphene oxide

2- MATERIALS AND METHODS

In this study, iron chloride and cobalt chloride
were used as sources of iron and cobalt ions and
sodium hydroxide as a reducing agent according
to the Table 1. Cobalt ferrite nanoparticles were
synthesized by the co-precipitation method at 80
°C under different conditions. The composite was
synthesized by RGO. Phase composition analysis
of the synthesized powder was performed using
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Table 1. Specifications of raw materials used in this

research.
Manufacturer Purity  Molecular Precursor
(%) weight
Merck 99 270.3 FeCl3.6H20
Merck 98 237.9 CoCl2.6H20
Merck 98 40 NaOH
Pishgaman
Nanomaterials 99 - GO

Company of Iran

X-ray diffraction device (XRD, Philips PW-3170)
in the range of 10-100 degrees using CuKa
radiation with a wavelength of 1.54 angstroms. In
order to investigate the amount of microwave
absorption in the X band (8-12 GHz), the Agilent
8510C Vector Network Analyzer (VNA) of Imam
Hossein University was used. To perform Raman
spectroscopy, FIRSTGUARD-RIGAKU device
located in the laboratory of Taban Insurance
Company was used. Field scanning -electron
microscope model Hitachi S4160, chemical
analysis, and energy separation type metering
were used to study the microstructure, particle
size, and morphology of powder.

3- RESULTS AND DISCUSSION

3-1- Phase composition analysis

Figure 1 shows the XRD patterns for S1, S2, and
S3 samples. The pattern of S1 showed that single-
phase cobalt ferrite was completely formed
without any impurities. The peak essentially
represented the RGO, which had a graphite-like
structure [8]. This peak was sharpened by
increasing the percentage of GO from 5 wt.% to
10 wt.%.

3-2- Morphological studies

Figure 2 shows the FESEM images of S1, S2, and
S3 samples. As can be seen, the S1 specimen was
composed of agglomerates formed by the fusion
of nanometer-sized particles [9].

Also, the average particle size was obtained to
be 50 nm. According to the images of S2 and S3
samples, cobalt ferrite particles were distributed
on RGO plates. Such a distribution of fine and
spherical particles is due to the presence of
graphene plates as these plates prevent the
overgrowth of cobalt ferrite nanoparticles.

3-3- Investigation of magnetic properties of
products
The residual magnetic loops and the magnetic

Intensity [a.u]

10 2‘0 3‘0 4‘0 5‘0 ()ID 7‘0 SID 9‘0 100
2 Theta [deg.]
Figure 1. XRD patterns of S1, S2, and S3 samples

Figure 2. FESEM images of S1, S2, and S3 samples

properties of the samples are shown in Figure 3
and Table 2, respectively. As can be seen, the
saturation magnetization for sample S1 was
equivalent to 71 emu/g and less than that of cobalt
ferrite in the bulk state (about 80 emu/g) [9].
Figure 1 shows that the composite has been
successfully synthesized in the presence of the
reduced graphene oxide. FESEM images showed
that cobalt ferrite was composed of agglomerates
formed by the fusion of nanometer-sized particles
(50 nm). For composite samples, cobalt ferrite
particles were also distributed on RGO plates.
Such a distribution of fine, spherical particles was
due to the presence of graphene plates. The results
of the magnetometer test of the vibrating sample
showed the saturation magnetization of CoFe;O4
and the composite containing 5 wt.% and 10 wt.%
of the reduced graphene oxide, 71.6, 56, and 37
emu/g, respectively. This decrease in values can
be related to the presence of graphene as a non-
magnetic phase that caused a decrease in
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Table 2. Magnetic properties of all samples.

M;
(emu/g) M(emu/g) He(Oe)  Sample
28 71 689 31
18 56 500 S
8 37 372 3
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Figure 3. Magnetic waste rings of samples.

Table 3. Atomic percentage of elements in sample S3.
Atomic percentage of elements in the

composite (at. %) Element
chemical mixture Point 2 Point 1
14.3 12.9 13.5 Co
28.6 21.6 26.5 Fe
57.1 37.2 36.5 (6)

saturation magnetization. Finally, the results of
the network analyzer showed that the maximum
reflective losses in the X band due to the impact
of microwave on cobalt ferrite was -5.5 dB, which
was reduced to 21.5-dB by adding 10 wt.%
reduced graphene oxide. The wave input also
increased from 41% for the ferrite sample to
99.5% for the sample containing 10 wt.% reduced
graphene oxide. the percentage of elements has
been calculated according to the chemical
composition of cobalt ferriteAccording to Table 3.
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