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Abstract.  Ni0.60Zn0.40Fe2O4 ferrite was prepared via microwave assisted combustion method and sintered at three 
different temperatures (1100, 1200 &1300 oC). The lattice constant and bulk density increases whereas the porosity 
decreases (from 12% to 8% at 1100 to 1300 oC) with increasing sintering temperature. High saturation magnetization 
value (72.9 emu/g) is observed for the sample sintered at 1200 oC. Room temperature Mössbauer spectroscopy provided 
information on the magnetic phase and amount of Fe at A and B site in the lattice. Isomer shift (�) values show that iron 
is in high spin Fe+3 states.  Quadrupole splitting (Δ) values show the cubic symmetry at A-sites, possibility of local 
distortion at octahedral site and increase in hyperfine field with sintering temperature.  
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INTRODUCTION 

   NiZn ferrite form an important class of magnetic 
materials used in many technological especially high 
frequency [1]. The properties of ferrites are very 
sensitive to the method of preparation, amount and 
type of substitution, sintering temperature, sintering 
time and rate of sintering. The present investigation 
reports effect of sintering on lattice constant, density, 
saturation magnetization and Mössbauer hyperfine 
parameters of Ni0.60Zn0.40Fe2O4 ferrite sintered at 1100, 
1200  and 1300 °C for 4 hours. 

EXPERIMENTAL 

   Nanoparticles Ni0.60Zn0.40Fe2O4 were prepared via 
microwave assisted combustion method using 
corresponding metal salts in stoichiometric proportions 
and mixture of nitrilotriacetate and hydrazine.  The 
obtained powder was pressed into pallet and sintered 
for 4 hours at 1100, 1200 and 1300°C at heating rate of 
5°C per minute. X-ray diffraction (XRD) patterns were 
recorded on a Rigaku X-ray diffractometer using Cu-

K� radiation. Saturation magnetization was measured 
using automated high field Hysteresis loop tracer. 
Room temperature Mössbauer spectra were recorded 
with a conventional spectrometer operated in constant 
acceleration mode in transmission geometry using 
57Co (Rh) �-ray source of 50mCi. The calibration of 
the velocity scale was done using 57Fe metal foil.   

RESULTS AND DISCUSSION  

   The positions of peaks in X-ray diffraction patterns 
(shown in Fig. 1(X)) comply with the peaks reported 
in JCPDS file no 8-234 and it confirms the single 
phase cubic spinel structure. The increase in sharpness 
and intensity of the peaks with sintering temperature 
shows improvement in crystallinity of samples. Lattice 
constant varies as 8.4041, 8.4355 and 8.4385Å for 
1100, 1200 and 1300 °C, respectively and are in good 
agreement with reported literature [2]. The linear 
increase in lattice constant with sintering temperature 
indicates lattice expansion. Bulk density was measured 
using Archimedes principle and densification increases 
with increase in sintering temperature as expected, 
whereas, porosity decreases. Saturation magnetization 
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(Ms) was observed to be 71.3, 72.9 and 72.2 emu/g for 
samples sintered at 1100oC, 1200oC and1300oC 
respectively.  Magnetization normally increases with 
sintering temperature due to increase in size of 
particles. However in our case maximum Ms is 
observed for 1200oC sample and it decreases for 1300 
°C.  This decrease may be due to observed lattice 
expansion leading to weakening of superexchange 
interaction and it may be dominating over size effect. 
Hysteresis loop for sample sintered at 1200oC is shown 
in figure 1(Y). 

  
FIGURE 1.(X)  XRD patterns of Ni0.60Zn0.40Fe2O4 sintered 
at (a)1100, (b)1200, (c)1300 °C.(Y) Hysteresis loop for 
sample sintered at 1200oC. 
       Room temperature Mössbauer spectra can be 
fitted with four magnetic sextets shown in Fig. 2 
(various parameters are given in Table1) which arises 
due to Zeeman splitting. One of the sextets is 
corresponding to Fe3+ ions on the A-site, and other 
three sextets are corresponding to Fe3+ ions on the B-
site. The results of isomer shift (0.09-0.27mm/s) shows 
all the components are due to Fe+3 ions. The 
quadrupole splitting (Δ) values are low, indicating 
cubic symmetry at A-sites. However, higher Δ (0.31 - 
0.38 mm/s) values are observed for some components 
due to more distortion at octahedral site. Typical line 
width is about 0.5 mm/s and greater in observed in 
some sextets are reflection of certain degree of 
disorder, due to surface effects and structural straining  
 
TABLE 1.  The hyperfine Field (Hhf), isomer shift (�), 
quadrupole splitting (�), linewidth (�) and areas of 
tetrahedral (A) and octahedral (B) sites of Fe3+ ions. 

S.Tem 
°C 

Site   (Hhf) 
T           

(ΔΔΔΔ) 
mm/s     

(δδδδ) 
mm/s     

(ΓΓΓΓ) 
mm/s     

Area 
(%) 

1100 

A 46.38     -0.09      0.151     0.158 34.1 
B1 46.46     0.358     0.239     0.112  6.2       
B2 43.29 0.010 0.226 0.593 28.1 
B3 38.47 -0.03 0.245 0.733 31.6 

1200 

A 46.50 -0.14 0.151 0.345 26.8 
B1 46.60 0.317 0.189 0.084 13.8 
B2 43.40 0.036 0.216 0.508 20.1 
B3 38.96 -0.01 0.269 0.820 39.3 

1300 

A 46.54 0.064 0.097 0.343 31.9 
B1 46.67 0.385 0.111 0.132   8.3 
B2 43.87 0.004 0.164 0.627 23.7 
B3 39.13 -0.03 0.207 0.690 36.1 

 
FIGURE 2. Room temperature Mössbauer spectra of 

Ni0.60Zn0.40Fe2O4 sintered at (a)1100, (b)1200, (c) 1300 °C. 
 

 [3]. The hyperfine field (Hhf) values of both A and B 
sites increases with increasing sintering temperature, 
indicating that the particles are more magnetically 
ordered at higher temperature sintering. The observed 
ratio of area of Fe at A-site to Fe at B-site for sample 
sintered at 1300 °C was 0.47 and is close to 0.43 for 
ideal bulk sample.  

CONCLUSION 

Porosity decreases with sintering temperature and 
highest bulk density of 92% is observed for sample 
sintered at 1300 °C. The optimum sintering 
temperature for maximum saturation magnetization 
was found to be 1200 °C. Saturation magnetization 
was higher compared to some of the reported results. 
Mössbauer spectra show homogeneous ferrimagnetic 
phase for all three samples at different sintered 
temperatures. Larger variation in hyperfine field at the 
B-site indicates random distribution of number of non 
magnetic Zn2+ ions neighbors for Fe at B-site. 
Population of Fe ions at A and B site for sample at 
1300 °C is close to that of ideal bulk sample.  
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