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Abstract  Nickel ferrite nanoparticles were synthesized 
by Co-precipitation method. The prepared powder was 
annealed at 500℃, 700℃ and 900℃. XRD analysis was 
used for composition and structure investigation. The 
detection and confirmation of the chemical bond in spinel 
ferrites were investigated by Fourier transmission infrared 
spectra (FTIR). Also the magnetic properties of the samples 
were measured by using a vibrating sample magnetometer 
(VSM). The XRD analysis revealed a pure ferrite phase 
with high crystallinity. The average crystallite size 
calculated by Sherrer’s equation resulted in variation 
crystallite size from 9 to 21 nm depending upon the 
annealing temperature of the samples. FTIR analysis shows 
the presence of two vibrational bonds between 400-650 cm-1 
corresponding to metal-oxygen interaction at tetrahedral and 
octahedral sites, respectively. Increasing the annealing 
temperature gave rise to the enhancement of saturation 
magnetization from 6 to 31emu/gr and the variation of 
coercivity between 2 and 80Oe. 
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1. Introduction 

Nanomaterials have received much attention due to their 
unique properties and various applications which differ from 
those bulk [1-5]. Among these, the magnetic nanomaterials 
are more attractive because of their medical, electronic and 
recording applications. These applications depend on the 
size, shape, purity and magnetic stability of these materials 
[6,7]. Spinel ferrites are a group of technologically important 
magnetic materials of current interest which have the general 
molecular formula (A2+) [B3+] O4

2- where A2+ and B3+ are 
divalent and trivalent cations, respectively, occupying the 
tetrahedral (A) and octahedral (B) interstitial positions of the 
fcc lattice formed by O2- ions. Spinel ferrites can be used as 
antenna rods [8], microwave absorbing materials [9], low  

and high frequency transformer cores [10], high density 
information storage materials [11], medical diagnostic tools 
[12], etc. 

Nickel ferrite is the most important class of spinel ferrites. 
Nickel ferrite has an inverse spinel structure in which the 
tetrahedral (A-site) are occupied by half of ferric ions and 
octahedral (B-site) by ferric and nickel ions [7]. Thus the 
compound can be represented by the formula (Fe3+) 
[Ni2+Fe3+] O4

2-. The magnetic structure is generally assumed 
to be of the Neel collinear type i.e magnetization of the A 
sublattice is antiparallel of the B sublattice. 

Ferrites are usually prepared by various preparation 
techniques such as sol–gel methods [13], sonochemical 
technique [14], hydrothermal methods [15], Co-precipitation 
[16], reverse micelles [17], etc. The preparation technique 
also plays an important role in surface properties. Among 
these methods, Co-precipitation method appears to have 
attracted much attention for preparing ferrite nanoparticles. 
The advantages of this method are high production rate, very 
small particle size, low temperature. 

2. Experimental 

2.1. Synthesis 

Nanoparticles of nickel ferrite were synthesized via 
Co-precipitation method. The starting materials were iron 
chloride hexahydrate (FeCl3.6H2O), nickel chloride 
hexahydrate (NiCl2.6H2O) and sodium hydroxide (NaOH) 
was used as the precipitating agent. All the reagents used in 
the experiments were supplied by Chem-Lab. We have used 
0.1 and 0.2 M solution from nickel and iron chloride, 
respectively. Salts dissolved in 50ml double distilled water. 
Double distilled de-ionized water was used as the solvent to 
minimize the impurities in the final product. The mixed 
solution was added to Sodium hydroxide solution (2 M) drop 
wise till PH received close to 13. The reaction was carried 
out at 80°C for 2h with vigorous mixing. The precipitated 
product was centrifuged at 3200 rpm and the products 
were washed with deionized water for several times. Then 
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powders dried at 60°C for 24h.The obtained powders were 
annealed at 500 and 700 and 900°C for 2 h by using a 
furnace. 

2.2. Characterization 

X-ray diffractometer (XRD) patterns were obtained using 
a PW 1800 (Philips, Netherland) with Cu-Kα radiation (λ= 
0.154 nm) in the 2θ range of 20–80°. Fourier transform 
infrared spectroscopy (FTIR, Nicolet Magna, IR560, USA) 
studies were carried out on the samples to examine the 
compositional characteristics. Magnetic properties of 
samples were obtained using Vibrating Sample 
Magnetometer (VSM, Meghnatis Daghigh Kavir Co, Iran). 

3. Results and Discussion 

Figure.1 shows the XRD pattern of as-prepared and 
annealed nickel ferrite nanoparticles. Formation of single 
phase cubic spinel NiFe2O4 nanoparticles in all the samples 
was confirmed. The average crystallite size was calculated 
by using the Scherrer’s formula [18]: 

0.9

cos
D

λ
β θ

=                 (1) 

Where λ  is the X-ray wavelength (λ= 0.154 nm for 
CuKα), β is the full width at half maximum, θ  is the 
Bragg angle. The measurement was performed in the step 
range of 0.02 degrees from 20° to 80°. The crystallite sizes 
of the samples are summarized in table 1. 

 

Figure 1.  X-ray diffraction patterns for NiFe2O4 nanoparticles (a) 
as-prepared and annealed at (b) 500℃, (c) 700℃ and (d) 900℃. 

Figure 1 (a) reveals evidence of an amorphous phase. 
According to the Figure 1, it is clear that by increasing in 
annealing temperature the reflection peaks become sharper 
and narrower. X-Ray pattern illustrates the evolution of 
crystallinity of the stoichiometric Ni-ferrite with increasing 
annealing temperature. Increasing the annealing temperature 
improves the samples crystallization and thus increases the 
grain size. So the grains become larger as the annealing 
temperature increases. The nanometer size grains possess a 
large overall surface area which means that their total surface 
energy is also high. However the energy can be minimized 
when the annealing process was carried out, thus allowing 
the grains to agglomerate. Further increasing the annealing 
temperature reduced the surface energy of the grains and 
thus allowed them to become more agglomerate [18]. The 
diffraction peaks correspond to (220), (311), (400), (422), 
(511) and (440) planes which related to spinel structure 
(JCPDS, Card No.10-325). The annealed samples at 500, 
700, and 900℃ show average crystallite sizes of 9, 14 and 21 
nm, respectively. Increase in the annealing temperature 
yields a growth of the larger grain size of Ni ferrite particles. 
It was reported that annealing process generally decreases 
lattice defects and strains. However, it can also cause 
coalescence of smaller grains that result in increasing the 
average grain size of the nanoparticles [19]. The observed 
increase in average crystallite size with annealing 
temperature is most likely due to the fact that higher 
annealing temperature and time enhances the coalescence 
process resulting in an increase in the grain size. Thus, it 
appears that particle size may be controlled either by varying 
the annealing temperature of the sample or the annealing 
time during the synthesis process [20]. 

Lattice constant was calculated by using the following 
equation [18] 

2 2 2

hkl
a d h k l= + +           (2) 

Where dhkl is the inter plane spacing; h, k, and l are the 
Miller indices of the crystal planes. The calculated 
parameters for all samples are given in table 1, which are in 
close agreement with standard data (8.34 Å) [21]. 

The X-ray density of NiFe2O4 nanoparticles is calculated 
using the formula [18] 

3

8
x

M
P

Na
=              (3) 

and it is given in table 1. Where M is the molecular weight of 
the sample, N the Avogadro’s number (per mol) and a the 
lattice constant. 
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Table 1.  Average crystallite sizes, lattice parameters and X-Ray density calculated from XRD results and magnetic properties measured from VSM 

technique at room temperature for nickel ferrite nanoparticles annealed at 500, 700 and 900 C
 . 

Annealing 

Temperature ( )C  

Average 
crystallite size 

( )nm  

Lattice 
constant 

( )A  

X-Ray density 

3( )kg
cm

 

Saturation Magnetization 

( )s
emuM

gr
 

Coercivity 

( )cH Oe  

500 9 8.48 5.10 6 2 

700 14 8.41 5.23 21 9 

900 21 8.40 5.25 31 80 

 

FESEM image was used to characterize the morphology 
of annealed nickel ferrite at 900℃ which was shown in 
Figure 2. Micrograph confirms the formation of spherical 
particles for NiFe2O4. 

 

Figure 2.  FESEM image of NiFe2O4 nanoparticles, which annealed at 
900°C. 

 

Figure 3.  FTIR spectra of a) as-preparedb) annealed at 900℃ NiFe2O4 
nanoparticles. 

The FTIR spectrum of as-prepared Nickel ferrite and 
annealed at 900℃ are presented in Figure 3. It shows the two 
principle absorption bands in the range of 400-650 cm-1 in 
which the first band is around 440 cm-1 and the second band 

is around 636 cm-1, attributed to the long bond length of 
oxygen-metal ions in the octahedral sites and the shorter 
bond length of oxygen-metal ions in the tetrahedral sites in 
the spinel structure, respectively [22]. 

The band around 1600 cm-1 corresponds to bending mode 
of H2O molecules [23]. The absorption broadband at 3400 
cm-1 represents a stretching mode of H2O molecules and OH 
groups [24]. It is clear that after annealing, O-H bonds were 
vanishing in annealed sample. 

The magnetic properties of as-prepared and annealed 
samples have been characterized at room temperature using a 
vibrating sample magnetometer (VSM) and the magnetic 
hysteresis loops are shown in Figure 4. These curves are 
typical for a soft magnetic material and indicate hysteresis 
ferromagnetism. It can be seen from Figure 4 that the 
increase in annealing temperature resulted in an increase in 
both the saturation magnetization (Ms) and coercivity (Hc) of 
samples. It is found that the increase tendency of Ms and Hc 
are consistent with the improvement of crystallinity of the 
samples. The saturation magnetization increases rapidly 
from 2 to 31 emu/g with increasing annealing temperature, 
as shown in Figure 4. However, the coercivity increases with 
annealing temperature to 80 Oe. In case of nickel ferrite any 
configurations of Ni2+ and Fe3+ ions in both octahedral and 
tetrahedral sites tend to increase the net magnetization per 
formula unit [25]. 

 

Figure 4.  Magnetization curves as a function of magnetic field for 
NiFe2O4 nanoparticles (a) as prepared and annealed at (b) 500℃, (c) 700℃, 
and (d) 900℃. 
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These changes might be due to the variation in size, 
distribution of ions, canting effect and shape of nanoparticles. 
The dependence of the magnetization and magnetic 
momentom to the grain size is explained on the basis of 
changes in the exchange interaction between tetrahedral and 
octahedral sub-lattices [26]. Four factors, namely 
super-exchange interaction, magneto crystalline anisotropy, 
canting effect and dipolar interactions between the projected 
moments on the surface of the nanoparticles should be 
considered [27,26]. On the other hand, the variation of Hc 
with particle size can be explained on the basis of the domain 
structure, critical diameter and anisotropy of the crystal [28–
30]. 

4. Conclusions 

The XRD studies of the Co-precipitation synthesized 
NiFe2O4 showed that samples have the spinel structure and 
the X-ray data agreed well with the reported data [31]. It 
was observed that the grain size changes with increasing of 
annealing temperature. Crystallinity of samples and the 
average crystallite size was increased by the annealing 
process. Magnetic studies showed that the saturation 
magnetization and coercivity of the nanosized NiFe2O4 
increased as the grain size increased. The magnetization of 
the annealed samples increased with the annealing 
temperature. It is apparent that enhancement of annealing 
temperature cause to increase of crystallite size and 
magnetization of nanopowders. 
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