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ABSTRACT 

Ni1-xZnxFe2O4 (x= 0.2, 0.4, 0.6 and 0.8) were synthesized by co-precipitation and sol-gel 

method. X-ray diffraction data of the samples prepared by co-precipitation method sintered at 773K 

shows the formation of single phase spinel oxides having average crystallite size between 12- 15 nm 

and particle size by TEM measurement is 23 nm. The samples prepared by sol-gel method having 

crystallite size between 18-28 nm and particle size is 35 nm.  X-ray diffraction pattern also shows 

that sol-gel prepared samples are more crystalline than samples prepared by co-precipitation method. 

Differential thermal analysis and thermo gravimetric measurements show that the spinel phase is 

formed around 523K. In co-precipitation I used constant PH during preparation which controlled the 

size and agglomeration of particles and in sol-gel method uncontrolled agglomeration and layer 

thickness of citrate gel may lead to large particles. 
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INTRODUCTION    
Nanosized spinal ferrite particles are soft magnetic materials having structural formula of 

MFe2O4 (M = divalent metal ion e.g. Co, Ni, Mn, Cu, Mg etc). They are one of the most attracting 

and important properties such as low melting point, high specific heat, large expansion coefficient, 

low saturation magnetic moment etc1-2. Due to these properties the spinal ferrites have many 

applications such as in catalysis, sensors, nano devices, microwave devices etc3-6 

The unit cell of spinal ferrite is composed of 32 oxygen atoms in cubic closed packed 

arrangement distribution in tetrahedral (A) and octrahedral sites (B) the type of cations and there 

distribution between to interstial sites in spinal ferrites produce many interesting magnetic properties 

magnetic nanoferrite particles have broad range applications such as catalytic applications7, drug 

delivery8, magnetic resonance imaging and sensing9.   

Doping ferrite nano crystals with various metals such as zinc, copper, cobalt, chromium, 

manganese are usually used to improve some of their electric or magnetic properties10-12. Zinc 

substitution has a remarkable influence in the magnetic properties of a nano scale system13. The 

conventional ceramics methods for the preparation of ferrite required high temperature, long time of 

heating and have higher grain size14-15. There are several experimental methods have been used in the 

production of nano particles like sol gel method16 co- precipitation17, hydrothermal method18-19, 

micro wave sintering method20, refluxing method21, reverse micelle method22, auto combustion 

method23. Out of these all methods co-precipitation and sol gel method have promising techniques 

for preparing nano ferrites in bulk scale with great homo geneous particles, the co- precipitation 

methods with constant PH has been widely used because of the high crystallinity , homo geneity and 

good textural properties of the materials produce24. The sol gel technique has become very popular 

recently for the preparation of various mixed metal oxides due to high chemical homo geneity, low 

processing temperature and the possibility of controlling the size and morphology of particles  

The Ni-Zn ferrite is a spinal with crystalline structure belonging to cubic system having large 

number of application due to its high value of magnetic permeability, high electrical resistivity, high 

Curie temperature and low power loss and high frequencies25-27. Ni-Zn ferrite with various 

composition have great application in microelectronics, magneto optics and as a micro wave device 

component28-30.It is a known fact that particle size and morphology of the nano particles may be 

controlled by the reaction condition. In the present study Ni-Zn ferrite nano particles are prepared 

through co-precipitation and sol gel methods and a comparison is made by studying their structural 

properties .The obtained nano particles are characterized by different techniques such as X-ray 

diffraction, Thermal analysis, Transmission Electron Microscope and Scanning electron microscopy.  
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EXPERIMENTAL 

Synthesis of Ni-Zn ferrite by Co-precipitation method 
Ni1-xZnxFe2O4 spinel ferrite nanocrystalline samples were prepared by co-precipitation 

method as follows. A mixed solution of stoichiometric amounts of Ni(NO3)2, Zn(NO3)2 and 

Fe(NO3)3 was prepared. This mixed solution was added drop wise from a burette into an NH4OH 

solution, maintaining the pH at ~8. The pH of the solution was kept constant by adding dilute 

NH4OH from another burette. The resultant mixture was boiled at 353K for 30 minutes and then 

allowed to settle. The precipitate was filtered, washed with de-ionized water several times and then 

dried in vacuum (0.05 Torr) at room temperature. The dried precipitate was then sintered at 

temperature 773K for 2 hrs. 

Synthesis of Ni-Zn ferrite by Sol-gel method 
Ni1-xZnxFe2O4 spinel ferrite nanocrystalline samples were prepared by Sol-gel method as 

follows. Stoichiometric amount of Ferric nitrate Zinc nitrate and Nickel nitrate was dissolved in 

deionised water and mixed with an aqueous solution of citric acid in 1:1 molar ratio of cation to citric 

acid. To this solution ammonia solution is added until a clear solution was obtained. The resulting 

homogeneous solution was refluxed at 353K for 1 hour and then kept in the oven at 373K for 2 

hours. A viscous liquid gel was formed which was dried at 473K in the oven. During drying, the gel 

became a fluffy mass, which was heated for 2 hrs at 773K. 

Instruments and analysis 
X-ray diffraction analyses of the sample was carried out with a Bruker diffraction unit (model 

PM 1710) using CoK (=1.79 Å) radiation with a Ni filter. The dhkl values corresponding to the 

2hkl values obtained from diffractograms were calculated from Bragg’s equation n= 2 dhklSinhkl 

and compared with JCPDS data file. The crystallite size of the nanocrystalline samples were 

determined from X-ray line broadening analyses applying Scherrer formula, considering the half 

width (1/2) of the peak with highest intensity .The lattice parameter a of the ferrite samples were 

determined by the equation 1/d2=1/a2(h2+k2+l2) 

Thermal analysis of all the Ni1-xZnxFe2O4 precursor samples (x=0.2, 0.4, 0.6, and 0.8) were 

carried out with a Thermal Analyzer (Perkin Elmer Pyris Diamond TG-DTA) in the temperature 

region 303K-973K in air by recording DTA and TG curves. A linear rate of heating of 100C/min. 

was maintained during all the measurements. 

Microstructural analyses were carried out using a transmission electron microscope (TEM) 

(Model JEM 2100F) operating at a voltage of 200KV and scanning electron microscope (SEM) 

(Model ZEISS EVO 60 ) Operating at a maximum acceleration voltage of 30KV .The samples for 
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TEM measurements were prepared from a suspension of finely powdered samples in absolute 

alcohol. An optimum ratio of alcohol to the powdered samples was maintained to get a slightly 

turbid suspension. The suspension was agitated in an ultrasonic bath to avoid agglomeration of the 

particles. A drop of the suspension was carefully placed on a carbon coated copper grid, dried for 

half an hour in air, and then loaded into the microscope for analyses.  

 

RESULT AND DISCUSSION 
The XRD patterns in Fig.1 A show that all the Ni1-xZnxFe2O4 (x=0.2, 0.4, 0.6 and 0.8) 

samples prepared by Co-precipitation method and, Fig.1 B for Ni1-xZnxFe2O4 (x=0.2, 0.4, 0.6 and 

0.8) samples prepared by Sol-gel method sintered at temperatures 773K are single phase spinel 

oxides. The figure however, show that the lines in the XRD patterns of samples sintered at 773 K, 

are not very sharp as is expected for nanocrystalline samples. The average crystallite size of these 

samples prepared by Co-precipitation method were found to be in the range of 12nm to 15 nm where 

as the range is 17 nm to 28 nm for sample prepared by Sol-gel method. Their lattice parameter and 

crystallite size values of these samples are shown in Table 1 A and B.  It is observed that the lattice 

parameter a increases linearly with increase in zinc content as shown in table 1. The reason for this 

increase of lattice parameter values may be due to the larger ionic radii of Zn+2 (88 pm) as compared 

to Ni+2 (83 pm). These results indicate that the Ni1-xZnxFe2O4 (x=0.2, 0.4, 0.6 and 0.8) samples 

nanocrystalline samples prepared by co-precipitation and Sol-gel method followed by sintering at 

773 K are nanocrystalline spinel ferrites. Although in the X-ray diffraction peaks of the samples 

prepared by Co-precipitation method are broadened and their intensity is weaker than that of sample 

prepared by Sol-gel method. 

 
Table 1A: Chemical composition, sintering temperature, lattice parameter and crystallite size of Ni1-xZnxFe2O4 

samples by co-precipitation method. 

 

Ni1-xZnxFe2O4 
Sintering 

temperature(K) 
LatticeParameter 

(Å) 
Crystallite size 

(nm) 

X=0.8 773 8.42 14.69 
X=0.6 773 8.38 12.57 
X=0.4 773 8.34 12.30 
X=0.2 773 8.30 12.07 
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Table 1B: Chemical composition, sintering temperature, lattice parameter and crystallite size of Ni1-xZnxFe2O4 

samples prepared by sol-gel method. 

Ni1-xZnxFe2O4 
Sintering 

temperature(K) 

Lattice Parameter 

(Å) 

Crystallite size 

(nm) 

X=0.8 773 8.41 28.43 
X=0.6 773 8.37 19.45 
X=0.4 773 8.33 17.45 
X=0.2 773 8.30 18.26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 A. XRD patterns of Ni1-xZnxFe2O4                             Fig. 1 B. XRD patterns of Ni1-xZnxFe2O4 

 samples nanocrystalline samples                                          samples nanocrystalline samples prepared 
             prepared by co-precipitation method                                     by Sol-gel method 
 

Fig 2 A  shows the thermograms (DTA and TG curves) of the Ni1-xZnxFe2O4 precursor 

sample prepared by Co-precipitation method in the temperature region 303K to 923K. DTA curve 

shows the presence of one endothermic(373K) and one exothermic peak (423K) and TG curve shows 

that both the DTA peaks are accompanied with weight loss. The first endothermic peaks appear to be 

due to loss of adsorbed surface water. On further heating, appearance of an exothermic peak in the 

DTA plot, accompanied with large weight loss in TG is probably due to decomposition of the metal 

hydroxide and formation of Nickel Zinc ferrite. Formation of the ferrite in the temperature at 573K is 

confirmed from the XRD patterns of the samples. The small continuous weight loss in TG above 

773K appears to be due to loss of the tightly bound water (grain boundary water) present in the 

sample31. 
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Fig. 2 A. DTA and TG curves of Ni0.2Zn0.8Fe2O4                      Fig. 2 B. DTA and TG curves of Ni0.2Zn0.8Fe2O4 
Precursor sample prepared by co-precipitation              prepared by Sol-Gel method 
Method  
 

The DTA/TG curve of citrate precursor fluffy mass are shown in Fig 2 B. In Fig. 2 B DTA 

curve shows the presence of one exothermic peaks with large weight loss in TG is probably due to 

decomposition of metal citrate precursor due to formation and crystallization of the ferrite phase, 

which is complete by 723K. Formation of the ferrite around this temperature is confirmed by XRD 

data. 

Figure3A and 3B indicates the TEM micrographs of the Ni0.8Zn0.2Fe2O4 and Ni0.2Zn0.8Fe2O4 

samples prepared by the Co-precipitation method, having a considerably large surface area. The 

particle sizes of these samples are 23nm and 26 nm respectively derived TEM micrographs. Figure 

3C indicate the TEM micrographs of the Ni0.4Zn0.6Fe2O4 sample prepared by the Sol-gel method, 

having particle size 35nm derived TEM micrographs. The particle size derived from TEM 

micrographs is greater than the crystallite size estimated from the XRD data. This is indicative of the 

fact that every particle is formed by the aggregation of a large number of crystallites or grains. 
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Fig.3A: TEM of Ni0.2Zn0.8Fe2O4 prepared                 Fig. 4A: SAED patter of Ni0.2Zn0.8Fe2O4 prepared 

by co-precipitation method    by co-precipitation method 
 

  

 

 

 

 

 

                       

 
Fig. 3B: TEM of Ni0.8Zn0.2Fe2O4 prepared                       Fig. 3C: TEM of  Ni0.4Zn0.6Fe2O4 prepared 

by co-precipitation method                      by sol-gel method 
              

The selected-area electron diffraction (SAED) pattern of the Nickel zinc ferrite is shown in 

figure 4A. The ED pattern consists of concentric rings with spots over the rings. This feature 

indicates the samples are crystalline in nature32-33. Most important thing is that the nanoparticles 

synthesized by sol-gel are more crystalline as compared to co-precipitated particles. This may be 

attributed to that in co-precipitation we used constant PH during preparation which controlled the size 

and agglomeration of particles. However, in sol-gel method uncontrolled agglomeration and layer 

thickness of citrate gel may lead to large particles24. 
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Fig.5A: SEM of Ni0.2Zn0.8Fe2O4 prepared                        Fig.5C: SEM of  Ni0.4Zn0.6Fe2O4 prepared by 

by co-precipitation method                                            co-precipitation method 
 

  

 

 

 

 

 

Conclusion 

 

 
Fig.5B: SEM of Ni0.4Zn0.6Fe2O4 prepared by          Fig.5D: SEM of Ni0.2Zn0.8Fe2O4 prepared by 

sol-gel method                         sol-gel method 
 

The SEM photograph of Ni-Zn ferrite samples (figure 5 A & B) reveals that sample exhibit a 

compact arrangement of homogeneous nano particles with roughly spherical shape.  

 

CONCLUSION 
From these results it may be concluded that Ni1-xZnxFe2O4 (x=0.2, 0.4, 0.6 and 0.8) samples 

prepared by sol-gel method are more crystalline and have larger particle size than the samples 

prepared by co-precipitation method. TEM micrographs of Ni-Zn ferrite samples prepared by sol-gel 

method have large particle size due to uncontrolled agglomeration and layer thickness of citrate gel, 

where as the samples prepared by co-precipitation method have small particle size and less 

agglomeration. 
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