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Abstract
In this research, we investigate the effect of carbon nanotubes (CNTs) as a substrate on the morphology, 
size, magnetic behavior and band gap energy (Eg) of nickel ferrite nanoparticles. Synthesis of NiFe2O4 
nanoparticles carried out using a direct co-precipitation method in aqueous solution containing carbon 
nanotubes. The samples were characterized using X-ray diffraction (XRD), scanning electron microscopy 
(SEM), transmission electron microscopy (TEM), UV-visible Spectrophotometer and vibrating sample 
magnetometer (VSM). The results showed that using the CNT as a supporter reduced the size and band 
gap energy of NiFe2O4 nanoparticles, changed the morphology of the powder from an aggregate state to a 
filament state and it increased the magnetic saturation properties of nanoparticles.
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INTRODUCTION 
Recently, a large number of studies conducted 

on the various materials at the nanodimension 
scale. The results of these studies indicated the 
chemical and physical properties of materials in 
nano-size have significant difference with the 
behavior of those materials in bulk size [1, 2]. 
The increase of surface to volume ratio in the 
nanoparticles and the appearance of quantum 
effects are the reason for this behavior [3, 4].

On the other hand, researches in recent 
years have widely focused on nanoparticles of 
MFe2O4 (M= Fe, Ni, Co, Cu, Zn,…) ferrite. These 
materials are very important and they have been 
used in various applications including sensors 
[5], magnetically guided drug delivery [6], 
physicochemical and biological applications [7, 
8], high-density data storage [9] and …, because 
of their interesting thermal, optical, electrical and 
magnetic properties [10-12]. 

There are many factors to determining the 
magnetic properties of nanoparticles, such as the 

chemical combination, the type and the degree of 
the lattice weakness, the size and shape of particle, 
the morphology of powder and the interaction of 
the nanoparticles with the substrate [13- 15]. The 
magnetic characteristics of the nanoparticles are 
controllable with changing the nanoparticle shape, 
size, their structure and composition. However, 
these factors cannot be controlled during the 
process of synthesizing nanoparticles; therefore, 
the properties of same type nanomaterials can be 
significantly different.

 In order to obtain MFe2O4 nanoparticles 
with preferable physical properties, different 
synthesis methods have been employed including 
chemical auto-combustion route [16], sol-gel [17], 
hydrothermal method [18], conventional ceramic 
process [19] and RF-sputtering [20] etc. These 
difference methods bring some changes in the 
size, morphology, the structure of nanoparticles 
and their physical and chemical properties [21, 
22]. The direct co-precipitation method has been 
attracting more attention than other common 
methods due to the lower cost and the possibility 
to control the size of nanoparticles [23]. 
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Nickel ferrite (NiFe2O4) is a cubic spinel 
structure of soft magnetic material where the 
Ni2+ ion occupies the octahedral sites and the Fe3+ 
ions occupy both the tetrahedral and octahedral 
sites. It has high magneto crystalline anisotropy, 
high saturation magnetization and unique 
magnetic structure. NiFe2O4 shows different 
types of magnetic properties like ferromagnetic, 
paramagnetic and superparamagnetic behavior, 
which depends on the size and shape of the 
particles [24]. 

Nickel ferrite (NiFe2O4) nanoparticles have 
many applications in different fields such 
as biomedical, technological and catalysis 
applications, microwave devices and ferro-fluid 
because of their low magnetic coercivity, low 
saturation magnetization and high electrical 
resistance [25].

In recent years, carbon nanotubes (CNTs) 
have generated a various research areas for their 
individual chemical and physical properties [26]. 
These materials have widespread applications in 
the composite and electronics fields, because of 
their geometric shape. So, CNTs can be used as 
a substrate for growing the nanoparticles in the 
preparation of nanocomposite powders. These 
nanocomposite powders lead to formation of a 
new group of composite materials with common 
physical and chemical behaviour of two combined 
materials [27, 28]. 

The as-synthesized carbon nanotubes have 
no ability for growth of NiFe2O4 nanoparticles. So, 
functionalization of CNTs surface is necessary for 
nucleation and growth of nanoparticles. To do 
this, first the CNTs were oxidized using thermal 
oxidation at high temperature and then oxidized 
with mixture of several acids. Thus, the active 
functional groups such as -COOH, -C=O, -OH 
placed on the surface of CNTs [27, 29]. These 
functional groups can act as places for nucleation 
of metal ions. 

In this work, the NiFe2O4 nanoparticles and 
NiFe2O4/CNT nanocomposite are synthesis by a 
simple direct co-Precipitation method using metal 
nitrates in aqueous solution as the precursors. The 
resulted nanoparticles have a crystal sizes about 
16.4 nm and 13.1 nm in NiFe2O4 and NiFe2O4/CNT, 
respectively. The samples were characteristic by 
XRD, SEM and TEM. The magnetic and optical 
properties of prepared nanoparticles investigate 
by using a vibrating sample magnetometer (VSM) 
and UV-visible spectroscopy. 

EXPERIMENTS
Materials

In order to prepare the samples, Ni (NO3)2.6H2O 
(Merck, pure>99%), FeCl3.6H2O (Merck, 
pure>99%), carbon nanotubes CNTs, pure>97%, 
20mn˂d˂30mn, ammonium hydroxide (NH4OH), 
sulfuric acid (H2SO4) and nitric acid (HNO3) were 
used.

Functionalization of CNTs
In order to Functionalization the CNTs surface, 

the required amount of CNTs sonicated for two 
hours in a mixed solution of HNO3/H2SO4 (6M). 
The solution was stirred (1600 rpm) at 80 °C for 2 
hours. By passing the solution obtained from filter 
paper and washing with distilled water until the 
pH was adjusted to 7. Finally, the functionalized 
CNTs dried at 120 °C in an oven. 

Synthesis of NiFe2O4 nanoparticles
To prepare the NiFe2O\4` nanoparticles, first, 

0.47 gr of iron chloride and 0.24 gr of nickel nitrate 
(2 to 1 ratio of Fe3+ to Ni2+ ions) were dissolved 
in 20cc distilled water. Then, 25cc of ammonium 
hydroxide solution added to the above solution 
during stirring with magnetic stirrer (drop wise) 
and rotated the solution for half an hour. Then, 
resulted precipitate was separated from the 
solution by filtration and washed several times 
with ethanol and deionized water to reach pH = 
7. The final precipitate dried at 120° C in an oven 
for 4 h. Finally, they were calcinated at 600 °C 
under (10 % H2 and 90 % Ar) in a horizontal electric 
furnace for 2 h. 

Synthesis of NiFe2O4 / CNT nanocomposite 
The synthesis process of NiFe2O4/CNT 

nanocomposite powder carried out with the 
same weight ratio of NiFe2O4 and CNTs, similar 
to the synthesis of NiFe2O4 nanoparticles in the 
presence of carbon nanotubes. We added some 
of the functionalized CNTs into the solution of 
iron chloride and nickel nitrate. The synthesis 
process of nanocomposite continued similar to 
the synthesis of NiFe2O4 nanoparticles. 

The chemical nature and crystal structure 
have been determinate of the mean crystalline 
size of the obtained samples done using X-ray 
diffractometer (XRD, Philips, pw 1800). The 
powder morphology was determined using 
scanning electron microscopy (SEM, Philips, SE, 
15kV, 60kx). The calculations of band gap energy 
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were studied using (UV-Visible Cole Parmer 8852) 
and the study of magnetic behavior was done by a 
vibrating magnetometer (VSM, Lake-Shore model 
7400). 

RESULTS AND DISCUSSION
Fig. 1 shows the X-ray diffraction pattern of 

NiFe2O4 nanoparticle powders and NiFe2O4/CNT 
nanocomposites. According to the Fig. (1a), (2 2 
0), (3 1 1), (2 2 2), (4 0 0), (4 2 2), (5 1 1), (4 4 0) and 
(5 3 3) peaks at 2θ= 30.47ο, 35.81ο, 37.47ο, 43.42ο, 
53.6ο, 57.37 ο, 63.06 ο, and 74.57ο are depends on 
the NiFe2O4 nanoparticles with the Fd3m space 
group and cubic spinel structure (JCPDF Card 
No: 10-0325). The NiFe2O4/CNT nanocomposite 
has a new peak (002) at 2θ=26ο in addition to 
the peaks related to pure NiFe2O4 nanoparticles 
which this peak is due to graphite structure of 
CNTs (Fig. (1b))[26]. Comparison of the obtained 
XRD pattern shows that the peak width of NiFe2O4 
nanoparticles increased with the presence of 
CNTs. Therefore, the average size of particle has 
decreased. The average crystal size calculated 
from the highest peaks associated with NiFe2O4 
nanoparticles, using the Scherrer’s equation (

θβ
λ

cos
KD = ), where β is the width of the peak 

at its half intensity, K is the so-called shape factor, 
which usually takes a value of about 0.9, and λ is 
the wavelength of the X-ray source [30]. For pure 
NiFe2O4 and NiFe2O4/CNT nanocomposite powder, 
the average size of crystals was 16.4 and 13.1 nm, 
respectively. The results show that the presence of 
carbon nanotubes in the process of synthesizing of 
NiFe2O4 nanoparticles, the size of nanocrystals has 
significantly decreased. 

Fig. 2 shows the SEM images of pure NiFe2O4 
nanoparticles and NiFe2O4/CNT nanocomposite 
powder, respectively. As we can see form Fig. 
2(a), the pure NiFe2O4 nanoparticles are stick 
together and the larger grains created. Such 
sticking particles can be having a negative effect 
on the physical behavior of the crystals. However, 
the presence of carbon nanotube as a substrate 
significantly decreases the amount of sticking 
and agglomeration of the nanoparticles in the 
nanocomposite powder (Fig. (2b)). The image 
shows all of the nanoparticles are synthesized on 
the surface of carbon nanotubes with uniform 
coating and the nano-narrow strands of NiFe2O4/
CNT have been formed. Reducing in the mass of 
the nanoparticles and forming strands can have 
a significant effect on the physical behavior of 
nanoparticles.

Fig. 3 shows TEM images and histograms of 
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Fig 1: XRD spectra resulting from (a) NiFe2O4 pure nanoparticles, (b) NiFe2O4/CNT nanocomposite powder.
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pure NiFe2O4 nanoparticles and NiFe2O4/CNT 
nanocomposite powder, respectively. From Fig. 
3(a), we see that calcination at 600 ◦C causes the 
pure NiFe2O4 nanoparticles coalescence and grate 
grains created. However, as shown in Fig. 3(b), 
the NiFe2O4 nanoparticles on the surface of CNTs 
at the same calcination conditions have limited 
agglomeration and the size of coalesced particles 
is smaller than if the nanoparticles were alone. 

The histograms related to nanoparticles size are 
show in the Fig. 3, and the average size of NiFe2O4 
particles in pure nanoparticles and NiFe2O4/CNT 
nanocomposite equals to 16.2 and 11.74 nm, 
respectively. Therefore, CNTs as an appropriate 
substrate prevent the NiFe2O4 nanoparticles from 
coalescence and the nanoparticles have a uniform 
distribution of particle size. 

To study the effect of presence of carbon 

 

 

Fig. 2 

  

Fig 2: SEM images of (a) pure nanoparticles of NiFe2O4 and (b) NiFe2O4/CNT nanocomposite powder calcinated at 600 °C.

 

Fig. 3 

  

Fig 3: TEM images and histograms of (a) pure nanoparticles of NiFe2O4 and (b) NiFe2O4/CNT nanocomposite powder calcinated at 
600 °C.
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Fig. 4 

  

Fig 4: The UV-Visible absorbance spectrum obtained from (a) the pure NiFe2O4 nanoparticles, (b) the NiFe2O4/CNT nanocomposite 
powder and (c, d) plotting the graph (αħω)2 according to (ħω) of the above examples.

nanotubes on the band gap energy of NiFe2O4 
nanoparticles, two UV-Visible powder samples 
were prepared. The UV-Visible absorption 
spectrum of NiFe2O4 nanoparticles and of 
NiFe2O4/CNT nanocomposite shown in Fig. 4(a) 
and 4(b), respectively and their plotting graph 
for calculation of band gap energy are shown in 
Fig. 4(c) and 4(d)). We used the Talk relation (

)()( g
n EBh −= ωωα 

 
) to determine the 

band gap energy of samples [31]. The amount 
of band gap energy and the type of electronic 
transition can be determined by plotting the 
variation diagram (αħω) n in terms of the energy 
of the incident photon (ħω) and by extrapolating 
the linear section of the graphs. The power of n 
depends on the type of electronic transition in the 
k space. Its value is n=1, 2, 3, ... for direct transition 

and n= 2
1

,
 2
3

,
 2
5

, ... for the indirect transition. In 

this study, the absorption graph for the obtained 
samples with n =2, shows a better linearity than 
other potentials. Therefore, the nickel ferrite 
nanoparticles have a direct dominant electronic 

transition. By extrapolating the linear section of the 
graph (αħω)2 according to (ħω), the value of band 
gap energy for pure NiFe2O4 nanoparticles is  2.62 
eV (Fig 4(c)) and the NiFe2O4/CNT nanocomposite 
powder has two different values about  1.68 eV 
and 1.92 eV ( Fig 4(d)).

According to the band gap energy theory, 
that has an inverse relationship with particle size. 
Reduction in amount of band gap energy due to 
the decrease of the size of NiFe2O4 nanoparticles 
in the presence of CNTs is contrast with band gap 
energy theory. Such result can be due to various 
factors, such as electron interactions between 
carbon atoms with metal nanoparticles atoms or 
tension in nanoparticles because of the presence 
of carbon nanotubes, which results in the 
formation of energy levels between strips or the 
quantum size effects due to the very small nature 
of nanoparticles [27, 28].

To study the effect of carbon nanotube 
as a substrate on the magnetic behavior of 
nanoparticles, hysteresis loops obtained from the 
samples. Fig. 5 shows the VSM spectrum of NiFe2O4 
nanoparticles and NiFe2O4/CNT nanocomposite 
powder. According to the computed hysteresis 
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loop from the pure NiFe2O4, sample fig. 5(a) and 
the NiFe2O4/CNT nanocomposite powder fig. 
5(b), their coercivity was 65.13 Oe and 180.65 
Oe, their saturation magnetization was 27.03 
emu/g and 32.83 emu/g and their magnetic 
residual was the values of 1.29 emu/g and 3.18 
emu/g, respectively. Increasing the saturation 
magnetization in the presence of carbon 
nanotubes can be result of changes in the size of 
nanoparticles, intrinsic tension caused by changes 
in network parameters or formation of a common 
bond between nanoparticles with carbon atoms 
and supercomputing overlap between them. 
Therefore, magnetism related to the size of the 
particles and in a certain magnetic field, smaller 
particles would have more magnetism. In addition, 
the amounts of force and coercivity directly related 
to the size of the nanoparticles. By reducing the 
size of the nanoparticles, the coercivity increased, 
so that after reaching a maximum value, it tends 
to zero.

CONCLUSION
In this study, we studied the effects of CNTs 

as a substrate on the structure, band gap energy 
and magnetic properties of NiFe2O4 nanoparticles. 
NiFe2O4 nanoparticles powder and NiFe2O4/
CNT nanocomposites have prepared by direct 
precipitation method in aqueous solution. The 
results showed that the size of nanoparticles 
decreased in the presence of carbon nanotubes, 
while changed the morphology of the powder 
from aggregation to filament condition. Regarding 

the linearity of the variation diagram (αħω)2, in 
terms of hω, the dominant transition in NiFe2O4 
nanoparticles is direct type and changing of 
band gap energy values in the presence CNTs is 
contrast with the band gap energy theory. The 
presence of the carbon nanotubes also has the 
effect of changing the magnetic behavior of 
NiFe2O4nanoparticles, which increases the amount 
of magnetic saturation and magnetic residual 
content.
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