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Nanocrystalline  Ni0.7Zn0.3Fe2O4 was prepared by solid-state reaction from stoichiometric 

mixture of ZnO, NiO, Fe2O3 powders. After preparation, it was grinded at different times. 

The X-ray powder diffractometry (XRD), transmission electron microscopy (TEM), 

Fourier transform infrared spectroscopy (FTIR) and vibrating sample magnetometer 

(VSM) were carried out to investigate the structural and magnetic properties of 

Ni0.7Zn0.3Fe2O4 compounds. The results showed that the compound has nano- structure in 

which the crystallite size decreases with increasing grinding time. The hysteresis loops at 

room temperature suggest superparamagnetic like behavior of the nanoparticles. The 

saturation magnetization decreases with increasing grinding time. The coercivity (Hc) 

increases with grinding time to a maximum value at grinding time of 30 min and then 

decreases due to transition from multi domain to single domain state.   
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1. Introduction 
 

Nanostructure mixed spinel ferrites have various applications in many areas of science and 

technology such as magnetic transformer cores, magnetic recording, spintronic devices, 

ferrofluids, targeted drug delivery, bio-sensors, and telecommunication [1–6]. The properties of 

ferrites are highly sensitive to the preparation methodology, sintering conditions and impurity 

levels present in or added to them. For various applications of ferrites, the most important 

properties are saturation magnetization, Curie temperature, permeability, resistivity and dielectric 

losses. These properties can be controlled by varying the preparation technique, by introducing 

additives or by varying the composition. Among Ni–Zn ferrite is of special interest because it can 

be considered as a mixed ferrite of Ni- and Zn-ferrites. It is well known that NiFe2O4 has inverse 

spinel structure, whereas ZnFe2O4 has normal spinel one [7]. NiFe2O4 is a ferrimagnetic while 

ZnFe2O4 is paramagnetic [7]. Ni–Zn ferrites are soft ferrimagnetic materials having low magnetic 

coercivity and high resistivity values [8] and little eddy current loss in high frequency operations 

(10–500 MHz) [9]. Its high electrical resistivity and good magnetic properties make this ferrite an 

excellent core material for power transformers in electronics, recording heads, and antenna rods, 

loading coils, microwave devices and telecommunication applications [10–12].  In this work the 

effect of grinding time on nanocrystalline Ni0.7Zn0.3Fe2O4 ferrite synthesized by standard ceramic 

technique from oxide powders is investigated. The structure and magnetic properties of prepared 

material are presented and discussed along with the formation mechanism and structural evolution 

during different times of grinding. 
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2. Experimental techniques  
 

Ni0.7Zn0.3Fe2O4 spinel ferrite was prepared using the standard ceramic technique. Pure 

oxides (NiO, ZnO and Fe2O3) of 99.9% purity were used. The powders were mixed in 

stoichiometric proportion and grinded in electric coffee grinder for different times 10, 20, 30, and 

40 min. The powder was then sintered at 800 
o
C for 8 hrs. The sintered powder was again grinded 

for 5 min and palletized. The pellets were sintered at 1100 
o
C for 8 hrs and then cooled to room 

temperature through 24 hrs. Finally the powders were grinded for different times 10, 20, 30 and 40 

min. The crystal structure of the powders was investigated by Proker D-8 X-ray diffractometer  

model PW3710 utilizing Cuk radiation (= 1.5418 Å) in the 2 range of 20–80
o
. The morphology 

of the particle was analyzed using transmission electron microscopy (JEOL 2010). Infrared 

spectroscopic analysis was carried out using Jasco 300E Fourier transform infrared spectrometer. 

Magnetic properties were studied using a Lake Shore vibrating sample magnetometer (VSM) 

model 7410 with a maximum applied magnetic field 15 kOe.  

 

 

3. Results and discussion 
 

3.1. XRD analysis 

 

The XRD patterns of Ni0.7Zn0.3Fe2O4 grinded at different times 0, 10, 20, 30 and 40 min 

are shown in Fig. 1. All peaks could be indexed to a single spinel structure according to standard 

data card no. 89-4927 without any secondary phases. The crystallite size is calculated from the 

most intense peak of X-ray spectrum using the Debye-Scherrer's equation D=0.9 /βcos where  

is the corrected full width at half maximum intensity of the peak,  is the target wavelength and  

is the degree corresponding to the peak position. The crystallite size is ranging from 41.63 nm at 

zero time grinding and 28.07 nm at time 40 min. It can be noted from table 1, that the crystallite 

size decrease with increasing time of grinding as expected and as reported by others [13-15]. The 

lattice parameter is calculated from the equation 𝑎 = 𝑑 √ℎ2 + 𝑘2 + 𝑙2. The relation between 

grinding time and lattice parameter is shown in table 1. The lattice parameter deceases slowly with 

increasing the time of grinding; which can be due to decreasing in crystallite size. The X-ray 

density is calculated from the equation Dx=8M/Na
3 

where M is the molecular weight, N is 

Avogadro’s number and a is the lattice constant. The X-ray density calculated and reported in table 

1, its values increases slowly with increasing grinding time, this behavior is in well agreement with 

the change in lattice parameter.  

 

Table 1. Lattice parameter (a), crystallite size, X-ray density (Dx) and absorption bands frequency (1,  2 

and  3) for Ni0.7Zn0.3Fe2O4 as prepared and grinded at different times. 

 

X a (Å) Cry. size Dx (g/cm3)  1  1
\  2 

0 8.417 41.63 5.26  564.07 786.81 442.58 

10 min. 8.417 36.73 5.26  562.14 781.02 440.65 

20 min. 8.416 33.32 5.27  551.54 778.13 434.86 

30 min 8.409 31.18 5.28  546.74 774.27 432.94 

40 min 8.414 28.07 5.27  556.37 780.03 434.85 
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Fig. 1   X-ray diffraction patterns of  Ni0.7Zn0.3Fe2O4 grinded at different times. 

 
 

3.2. Morphology 

 

Fig. 2 shows the TEM images of Ni0.7 Zn0.3Fe2O4 grinded at 10 and 40 min.  The images 

reveal that particles are in nanometer range, nearly spherical in shape and agglomerated. The 

particles are nearly homogeneously distributed, being in the size range of 32 nm and 28 nm for 

samples grinded for 10 and 40 min respectively. The particle size decreases with increasing of 

grinding time, which supports X-ray results.   

 

 
 

 
Fig.  2  TEM micrograph of Ni0.7Zn0.3Fe2O4  grinded  at (a) 10 min.  (b) 40 min. 

 

 

3.3 Infrared (IR) spectra 

 

Fig 3 shows the typical FTIR spectra of Ni0.7 Zn0.3Fe2O4 as prepared and grinded at 0, 10, 

20, 30 and 40 min.  The most interesting part of infrared spectra, with respect to Ni–Zn ferrites is 

800–400 cm
-1 

range [16].  In this range, ferrites give rise to two most prominent absorption bands 

10

30

50

70

90

110

130

150

170

190

20 30 40 50 60 70 80

(220) 

(311) 

(222) 

(400) 
(422) 

(511) (440) 

(620) 
(533) 

C
o
u

n
ts

/S
 

2  

  0  min 

 30 min 

 10 min 

 20 min 

 40 min 



198 

 

between 800 and 400 cm
-1

, the1 band is assigned to Fe
3+

- O
2-

 and Zn
2+

-O
2-

 stretching vibrations 

inside the tetrahedral sites.  Another absorptionband2 is present. This band is assigned to Fe
3+

-

O
2-

 and Ni
2+

-O
2- 

stretching vibrations inside the octahedral sites. The higher values of 1 compared 

to2 indicate that the normal mode of vibration of the tetrahedral cluster is higher than that of the 

octahedral cluster. This is attributed to the shorter bond length of the tetrahedral cluster than that of 

the octahedral cluster [17,18]. In the present system, the band lies in the range of 665–545 cm
-1

 

and the lower band 2 lies in the range of 445–430 cm
-1

. These bands are common features for all 

ferrites [16]. A high frequency shoulder of 1
\
 at 775 cm

-1
 has been observed and its intensity 

increases with increasing grinding time. According  to  Waldron  [16], the  presence  of  divalent  

ions  on  tetrahedral sites  could  explain  the  existence  of  a  weak  shoulder  (1
\
)  near 775  cm

-1
. 

From Table 2, the position of 1 and 2 bands shift toward lower frequency with increasing 

grinding time. The shifts in the band arises from the change in the bond length due to cation 

redistribution, that causes variations in the cation–oxygen bond length for the octahedral and 

tetrahedral groups [19,20]. Furthermore, the bands corresponding to 3400, 2920, 1600 and 1050 

cm
-1 

represent the stretching and bending vibrations of H–O–H and indicate the presence of free or 

absorbed water [18,21]. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3) Infrared spectra of  Ni0.7Zn0.3Fe2O4  grinded at different times. 

 

 

3.4 Magnetic properties 

 

The magnetic hysteresis loops for Ni0.7Zn0.3Fe2O4 as prepared and grinded at different 

times are given in Fig 4.  It  is  clear that, the  hysteresis  loop  areas  are  very  narrow  with low 

values of coercivity (Hc)  and remnant magnetization (Mr) which  suggest superparamagnetic-like 

behavior of the nanoparticles. Generally superparamagnetism occurs when the ferromagnetic or 

ferrimagnetic material is composed of very small crystallites. If the temperature is above the 

blocking temperature, thermal energy is sufficient to change the direction of magnetization of the 

entire crystallite. Thus, the hysteresis loops display a remnant magnetization and the coercivity is 

very small close to zero. This phenomenon is often observed when the magnetic particle size 

decreases to nano-structure and the magnetic anisotropy energy that keeps the magnetic moment 

along certain directions is comparable to the thermal fluctuation energy. It can be seen from Fig. 5 

that the saturation magnetization value decreases with the decreasing crystallite sizes. [22]. The 

lower value of saturation magnetization of nanocrystalline ferrites is attributed to surface effects 

that are due to finite-size scaling of nanocrystallites, which in turn leads to a noncollinearity of 
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magnetic moments on their surface [23,24]. This can be explained in terms of the core–shell of the 

nanoparticles consisting of ferrimagnetic aligned core spins and a spin glass-like surface layer. The 

spin disorder from the surface of the nanoparticles may essentially modify the magnetic properties 

of these materials, especially when the surface/volume ratio is large [25]. Magnetic properties of 

ferrites are also  a strongly dependent on the cation distribution between tetrahedral (A) and 

octahedral (B) sites. In mixed Ni–Zn nanoferrites, it has also been reported that some Zn
2+

 ions 

which normally have strong preference to occupy tetrahedral (A) sites may go into octahedral [B] 

sites and similarly some Ni 
2+

 ion which should go into octahedral [B] sites may also occupy 

tetrahedral (A) sites [26-28]. Fig. 5 shows the relation between the coercivity (Hc) and grinding 

time.  The coercivity increases with increasing grinding time up to t=30 min and then decreases. 

This means that the coercivity increases with decreasing crystallite size up to critical size and then 

decrease. The increase in HC   with decreasing crystallite size happened in multi domain to reach 

max value of the transition from multi domain to single domain, where the crystallite size 

decreases below a critical diameter Ds. The coercivity is supposed to vary in the single domain 

case, according to the relation [29]. 

 

 
 

In multidomain case when the particle diameter is above Ds the coercivity changes as [30] 

 

 
 

Where D is particle diameter and g, h, a, b are constants. 

 

 
Fig. 4. Hysteresis loops of   Ni0.7Zn0.3Fe2O4   grinded at different times. 
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Fig. 5  Saturation magnetization (Ms), remnant magnetization (Mr) and coercive field (Hc) 

of  Ni0.7Zn0.3Fe2O4 grinded at different times. 

 
 
4. Conclusion 
 

X-ray diffraction analysis revealed the formation of Ni0.7Zn0.3Fe2O4 single phase cubic 

spinel structure of the nanoferrites. The crystallite size calculations showed that they decreased 

with grinding time. TEM observations revealed that the powders consisted of nanoparticles nearly 

spherical in shape and agglomerated. The  IR   spectra  show  two  main  absorption bands  υ1 

(≈575 cm
-1

)  and  υ2 (≈ 430  cm
-1

)  and  a  shoulder near 750 cm
-1

. Room temperature hysteresis 

loops reveal superparamagnetic like behavior of the nanoparticles. The saturation magnetization 

(Ms) is found to be decreasing with grinding time, while the coercivity (Hc) increased with 

grinding time to a maximum value and then decreased due to transition from multi domain to 
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single domain state. The properties are suggested that it suitable in target drug delivery 

application. 
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