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Abstract— The The nanocrystalline Ni 0.2 Cu 0.2 Co 0.6  Fe2O4 and Ni 0.2 Cu 0.6 Co 0.2  Fe2O4  has been synthesized by Sol-Gel 
auto-combustion technique by  using high purity metal nitrate and citric acid as a fuel . The prepared samples were annealed at 
400˚C for 4 hrs. Structural characterization of the annealed samples was done using X-ray diffraction method. The single phase 
formation of NiCuCoFe2O4 was confirmed by X-ray diffraction analysis. The particle size of prepared sample was confirmed 
by Scherrer’s formula. The particle size obtained from Scherrer formula is in 21 to 27 nanometer range. The effect of Particle 
size observed by substitution of Cu2+ in Ni Co. The VSM technique is used to obtain the magnetic properties of prepaired 
sample. The pallets of sample are prepared by using PVA as binder. The resistivity of the prepered sample is measured. 
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INTRODUCTION  
                

N the field of material science the materials with Magnetic 
properties have become a subject of considerable interest in 

the field of power storage devices. The material with 
magnetic property prepared in the scale of nano-size by Sol 
Gel Auto Combustion method opened new application for 
magnetic materials such as magnetic data storage in power 
electronics, ferro-fluid technology, magnetically targeted drug 
carriers in the fields of chemical science, contrast agents in 
magnetic resonance imaging in the field of medicine. Nano-
ferrites are very important magnetic materials because of their 
high resistivity and low energy losses (eddy current) and 
hence have vast technological application in the fied of 
electronics and telecommunications due to wide range of 
frequencies [1]. Recent studies have shown that the physical 
properties of nanoparticles are enhanced significantly by 
various processing technique [2]. The crystallite size, 
distribution of particle sizes and inter particle spacing having 
the greatest impact on magnetic properties. One can change 
the properties by preparing the material with different 
composition of metal nitrates having different crystalline size. 
Many wet-chemical methods are employed for the 
preparation of the nano-sized spinel ferrite. One of them is 
sol-gel auto combustion which has recently become very 
popular technique. It is a simple process, which offers 
significant saving in time and energy consumption over the 
traditional methods and requires a low sintering temperature. 
This method is used to obtain improved properties, more 
homogeneity and narrow particle distribution thereby 
influencing structural, electrical and magnetic properties of µ 

 

spinel ferrite [3]. It is well known that, some magnetic 
properties such as saturation magnetization and coercivity 
depend strongly on the particle size and microstructure of the 
materials. Therefore, it is interesting and important to develop 
techniques by which the size and shape of the particles can be 
well controlled. One of the way to prepare the nanocrystalline 
spinel ferrite material with required properties is Sol-gel auto 
combustion technique. In the present work we have 
systematically studied the effect of Cu2+ substitution on the 
structural properties of Ni0.2Co0.8-xFe2O4 samples. 

EXPERIMENTAL TECHNIQUE 

The high purity AR grade ferric nitrate (Fe(NO3)3.9H2O), Copper 
nitrate (Cu(NO3)2·6H2O), Nickel nitrate (Ni(NO3)2·6H2O),Cobalt 
nitrate(Co(NO3)2·6H2O),  citric acid (C6H8O7), ammonium 
hydroxide solution (NH4OH) were used to prepare Ni 0.2 Cu x Co 
0.8-x  Fe2O4 nanoparticles by sol-gel auto combustion synthesis 
technique. In this chemical process Citric acid  was used as a Fuel 
[7]. These nitrates and citric acid were weighed accurately to have 
proper stoichiometric proportion required in the final product. The  
mixed solutions  of all the chemicals were stirred until the 
homogeneous solution is obtained. During the stirring process 
ammonium hydroxide solution was added drop by drop to obtain 
pH of 7. The mixed solution was simultaneously heated at 100 !C 
for 3 to 4 h to form sol. The transparent sol was heated at 120!C for 
2 h for removal of water. The sol turns into a viscous brown gel. 
The temperature of the gel was further increased up to 150 !C, after 
some time combustion of the gel takes place and fine powder of   
Ni 0.2 Cu x Co 0.8-x  Fe2O4  ferrite nanoparticle was obtained. The 
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powder was dried and annealed at 400 !C for 4h . The pallets of 
sample are prepared by using PVA as binder and was dried and 
annealed at 200 !C for 2hours. 
                                          
RESULT AND DISCUSSIONS 
Fig. 1 shows the IR spectroscopy, the  peak at 560 A gives the 
confirmation of Ni  Cu Co metal formation. Fig. 2  shows the 
X-ray diffraction pattern of Ni 0.2 Cu 0.2 Co 0.6  Fe2O4 and Ni 0.2 

Cu 0.6 Co 0.2  Fe2O4. These compositions exhibit single phase 
cubic spinel structure and exclude the presence of any 
secondary phase. All the reflections are slightly broader and 
less intense which indicate the nanocrystalline nature of the 
samples. The analysis of X-ray diffraction pattern revealed 
that all the samples under investigation possess single phase 
cubic spinel structure. Using the XRD data, the inter-planar 
spacing ‘d’ values for all the reflections were determined 
using Bragg’s law. It is observed that due to the concentration 
of Cu2+ ions in place of Ni  Co  ions the Bragg’s angle shifts 
towards higher angle and thereby interplanar spacing ‘d’ 
values decreases. The lattice constant is found to decrease 
with increase in Cu2+ substitution Ni Co. The variations in 
lattice constant as a function of copper substitution Ni Co can 
be understood on the basis of the ionic radius of the 
substituted cations. The resistivity mesaured for the pallet of 
Ni 0.2 Cu 0.2 Co 0.6  Fe2O4  is about 5.233 MΩ-m and the 
resistivity for the pallet of Ni 0.2 Cu 0.6 Co 0.2  Fe2O4 is very 
very high which is increasing due to increase of Cu2+ 
substitution Ni Co. It is observed that all the peaks in the 
pattern belong to the spinel structure and it is confirmed that 
the samples have pure spinel phase[8]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Table 1 

 

Composition (X) Average Grain Size 
(nm) 

Lattices Constant(oA) 

Ni 0.2 Cu 0.2 Co 0.6 Fe2O4 26.6594 8.3555 
Ni 0.2 Cu 0.6 Co 0.2  Fe2O4 21.5694 8.3489 

 
 
 
 
 
 

 
 
 
 
 
 
 
Table 2  Magnetic Properties of  I- Ni 0.2 Cu 0.6 Co 0.2  Fe2O4  

and II- of Ni 0.2 Cu 0.2 Co 0.6  Fe2O4    
 

CONCLUSION 
This The nanocrystalline Ni 0.2 Cu 0.2 Co 0.6  Fe2O4 and Ni 0.2 

Cu 0.6 Co 0.2  Fe2O4  have been successfully prepared by sol-
gel auto combustion technique. The magnetic property 
decreases with increase of Cu+2 substitution Ni Co and 
material goes towards soft to hard ferrite. All the prepared 
samples show the single phase cubic spinel structure of the 
samples. The particle grain size obtained from X-ray 
diffraction data decreases with increase in Cu+2 substitution 
Ni Co. The resistivity increases with increase in Cu+2 
substitution Ni Co. 
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Composition X Hc in 
Oe 

Mr 
emu/gm 

Ms emu/gm 

Ni 0.2 Cu 0.2 Co 0.6  Fe2O4 173.944 30.2061 50.4215 
Ni 0.2 Cu 0.6 Co 0.2  Fe2O4 84.950 25.2824 41.7757 

 
Fig. 1.  IR spectra of Ni0.2CuxCo0.8 - x Fe2O4. as-burnt powder  

Ni0.2 Cu0.2 Co0.6 Fe2O4 

Ni0.2 Cu0.6 Co0.2 Fe2O4 

Fig. (2) X-ray diffraction pattern of Ni 0.2 Cu 0.2 Co 0.6 Fe2O4 
     and Ni 0.2 Cu 0.6 Co 0.2 Fe2O4    
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the greatest impact on magnetic properties. One can change 
the properties by preparing the material with different 
composition of metal nitrates having different crystalline size. 
Many wet-chemical methods are employed for the 
preparation of the nano-sized spinel ferrite. One of them is 
sol-gel auto combustion which has recently become very 
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significant saving in time and energy consumption over the 
traditional methods and requires a low sintering temperature. 
This method is used to obtain improved properties, more 
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spinel ferrite [3]. It is well known that, some magnetic 
properties such as saturation magnetization and coercivity 
depend strongly on the particle size and microstructure of the 
materials. Therefore, it is interesting and important to develop 
techniques by which the size and shape of the particles can be 
well controlled. One of the way to prepare the nanocrystalline 
spinel ferrite material with required properties is Sol-gel auto 
combustion technique. In the present work we have 
systematically studied the effect of Cu2+ substitution on the 
structural properties of Ni0.2Co0.8-xFe2O4 samples. 
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nitrate(Co(NO3)2·6H2O),  citric acid (C6H8O7), ammonium 
hydroxide solution (NH4OH) were used to prepare Ni 0.2 Cu x Co 
0.8-x  Fe2O4 nanoparticles by sol-gel auto combustion synthesis 
technique. In this chemical process Citric acid  was used as a Fuel 
[7]. These nitrates and citric acid were weighed accurately to have 
proper stoichiometric proportion required in the final product. The  
mixed solutions  of all the chemicals were stirred until the 
homogeneous solution is obtained. During the stirring process 
ammonium hydroxide solution was added drop by drop to obtain 
pH of 7. The mixed solution was simultaneously heated at 100 !C 
for 3 to 4 h to form sol. The transparent sol was heated at 120!C for 
2 h for removal of water. The sol turns into a viscous brown gel. 
The temperature of the gel was further increased up to 150 !C, after 
some time combustion of the gel takes place and fine powder of   
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cubic spinel structure and exclude the presence of any 
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that all the samples under investigation possess single phase 
cubic spinel structure. Using the XRD data, the inter-planar 
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using Bragg’s law. It is observed that due to the concentration 
of Cu2+ ions in place of Ni  Co  ions the Bragg’s angle shifts 
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values decreases. The lattice constant is found to decrease 
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lattice constant as a function of copper substitution Ni Co can 
be understood on the basis of the ionic radius of the 
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Abstract: In this research paper the dielectric properties such as Ddielectric loss (tan δ), AC conductivity, Dielectric 
constant (real part ε’ and imaginary part ε”) and dielectric loss tangent (tan δ) are reported for the series [Cox 
Ni(constant) Cu0.8-x Fe2O4] where constant=0.2 with x=0.2, 0.4 and 0.6 of ferrites,  prepared by Sol-Gel auto-
combustion technique by  using high purity metal nitrate, double distilled water and citric acid as a catalyst. The 
variation in the real part  of dielectric constant(ε’) , imaginary part of dielectric constant ( ε”) ,  dielectric loss tangent 
(tan δ)and AC conductivity are studied at room temperature in the frequency range of 100 Hz to 5 MHz. Structural 
characterization of the annealed samples was done with the help of X-ray diffraction method. The particle size and 
single phase formation of CoNiCuFe2O4 ferrite was confirmed by X-ray diffraction analysis. The particle size of 
prepared sample was confirmed by Scherer’s formula. The effect on Particle size (t) and lattice constant (Å) is 
observed due to substitution of Co2+ in Ni Cu. The impedance meter (LCR meter) is used to obtain the Dielectric 
properties of prepared pallets. The variations in the structural and dielectric properties of the prepared ferrite 
material are discussed.  

Keywords – Sol-gel auto-combustion X-ray diffraction, Impedance meter (LCR meter), FT-IR,  

I.  INTRODUCTION 
 
The ferrite nanoparticle are popular in various fields of electronics and communication Engineering because the 
ferrite material is having excellent and very  different properties especially in electric, di-electric and magnetic 
properties that are sensibly different from the properties of the other bulk materials. Ferrite nanoparticles are 
very use full in the area where minimization of eddy current loss, magnetic loss is important and magnetic field 
dependent properties plays very important role.    
The ferrite performs a better response at high frequencies because ferrite nanoparticles are having very high 
electrical resistivity and due to this Ferrite is used as best core material in the transformers and power supply for 
frequencies from few kilo Hertz to a few Mega Hertz. Ferrite is having high stability, low cost, light weight and 
lowest volume therefore it is more popular.  These are intensively studied due to their technological applications 
in microwave industries such as Radar Absorbing Material (RAM), satellite communication, microwave dark 
room and protection of living animals from the harm of microwave [1–7]. 

II. EXPERIMENTAL 

2.1 Synthesis 

The high purity AR grade ferric nitrate [Fe(NO3)3.9H2O)], Copper nitrate [Cu (NO3)2 .6H2O], Nickel nitrate 
[Ni(NO3)2.6H2O],Cobalt nitrate [Co(NO3)2.6H2O],  citric acid (C6H8O7), ammonium hydroxide solution 
(NH4OH) and double distilled water were used to prepare the series [Cox Ni(constant) Cu0.8-x Fe2O4] where 
constant=0.2 with x=0.2, 0.4 and 0.6 of ferrite nanoparticles by sol-gel auto combustion synthesis technique. In 
this chemical process Citric acid was used as a Fuel. These nitrates and citric acid were weighed accurately to 
have proper stoichiometric proportion required in the final product and all metal nitrates are dissolved in 
deionized water to form mixed solution. The mixed solutions of all the chemicals were stirred by using magnetic 
stirrer until the homogeneous solution is obtained. During the stirring process ammonium hydroxide solution 
was added drop by drop to obtain pH of 7. The mixed solution was simultaneously heated at 100 °C for 2 hours 
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to 4 hours such that formation of gel takes place. The transparent solution was heated at 100°C for 2 hours to 4 
hours for removal of water and solution turns into a viscous brown gel. The temperature of the gel was further 
increased up to 150 °C, after some time combustion of the gel takes place and fine powder of [Cox Ni(constant) 
Cu0.8-x Fe2O4] ferrite nanoparticle was obtained. The same procedure is repeated for three times for X=0.2, x=0.4 
and x=0.6, such that three ferrite materials are prepared. Three ferrite materials represented by the symbol D, E, 
and A are [(Co0.2Ni.0.2 Cu.0.6)Fe2O4], [(Co0.4Ni.0.2 Cu.0.4)Fe2O4] and [(Co0.6Ni.0.2 Cu.0.2)Fe2O4] respectively.  
The powder was dried and annealed at 400 °C for 4h in furnace having super kanthal (MoSi2) heating elements 
and alumina insulation boards as chamber walls.  The pallets of sample are prepared by using binder polyvinyl 
alcohol (PVA) and it was pressed at 60 kg/cm3 for one min and was dried and annealed at 200 °C for 2 hours. 
The diameter of pallet is 10mm and thickness is 2mm. Three pallets of ferrite materials are prepared for 
represented by D, E, and A are [(Co0.2Ni.0.2 Cu.0.6)Fe2O4], [(Co0.4Ni.0.2 Cu.0.4)Fe2O4] and [(Co0.6Ni.0.2 Cu.0.2)Fe2O4] 
respectively.  

 
2.2  Characterization 
 The phase analysis and gross structural analysis is done by using X-ray diffractometer (Cu Kα1 
radiation=1.5418 Å) and confirmation of single phase spinal structure is done. The average particle size of 
prepared powder has been calculated using Scherrer formula  

t = 0.9 λ /β cos θ     -----------------(1) 
Where; λ = Wave length of X-rays. 
t = Particle size. 

 θ = Bragg’s angle. 
 β = Full Width Half Maxima of the recorded peak θ and it is corrected for    
                   instrumental broadening. 
  The lattice parameter (a) is calculated from X-ray diffraction data by using formula 1/d2 =1/a2* (h2 
+k2+ l2). It is observe that Average Grain Size t (nm) and Lattices Constant a (Å)   decreases with increase of 
Ni2+ substitution of in Cu Co as shown in Table 1.         

The dielectric constant (ε’) , dielectric loss tangent (tan δ) and  AC conductivity (σac) of prepared 
samples were measured in  the frequency range of 100 Hz to 5 MHz by using digital LCR meter of precision 
impedance analyser at room temperature. The data of digital LCR meter provides the information of frequency 
(f), Series Capacitance (Cs), Parallel  Capacitance (Cp), Quality factor (Q) , by using the this date along with 
thickness of pellet, d=0.002 meter, Diameter of pellet= 10 millimetre and Area of pellet = π r2 = 3.14*.005*.005 
meter2=0.0000785 meter2,  the calculations for dielectric constant (ε’) , imaginary part ( ε”) of dielectric 
constant and dielectric loss tangent (tan δ) are completed by using the following equations. The logarithm of 
frequency (Log10 f) is taken in to consideration while plotting the graph of (Log10 f) verses any other parameter. 

Dielectric constant (Real Part) = έ = Cp*d/ε0*A   ------------ (2) 
Dielectric constant (Imaginary Part) = ε״ = (tan δ)* ε' ------------ (3) 
Dielectric loss tangent= (tan δ) = 1/Q = ε״ / ε'  ------------ (4) 

 
III. RESULTS AND DISCUSSIONS 

3.1: Structural analysis.  
 

The XRD pattern of as-synthesized ferrite material of [(Co0.2Ni.0.2 Cu.0.6)Fe2O4] is shown in Fig.1. The 
highest intensity peaks in all three specimens are observed at (311) and other peaks (220), (400), (422) and 
(440). The average grain (crystallite) size for all the composites is calculated using Scherer’s formula with 
respect to the high intense peak plane (311) and Lattices Constant  a (Å) is calculated by using the formula 1/d2 
=1/a2 * (h2 +k2+ l2). It is observed that due to the increase concentration of Co2+ ions in NiCu the Bragg’s angle 
shifts towards lower angle and thereby interplaner spacing’s (d) values increases. The grain (crystallite) size for 
all the composites is found in the range of 23.71 nanometer to 28.45 nanometer. The XRD pattern contains no 
secondary peaks and it gives the confirmation about pure spinal structure of sample.  
 The lattice constant is found to increase with increase in Co2+ concentration x. The variations in lattice 
constant as a function of Cobalt concentration x can be understood on the basis of the ionic radius of the 
substituted cations. Since the ionic radius of Co2+ ions (0.745Å) is greater than that of Cu2+ ions (0.73Å), the 
substitution is expected to increase the lattice constant with increase in cobalt concentration    x. When the larger 
cobalt ions enters at that time lattice unit cell expands while preserving overall symmetry this is true as long as 
the lattice constant increases with substituent concentration of cobalt.  

The values of lattice constant obtained from XRD data by varying cobalt concentration x are given in 
Table 1. It can be seen from Table 1 that, the lattice constant and particle size (t) increases with increase of 
cobalt concentration x and obeys Vegard’s law [08-14]. Fig.2. Shows that particle size (t) increases with 
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increase of Co2+ concentration in [(Cox Ni(constant) Cu0.8-x)Fe2O4] and Fig.3. Shows that lattice constant (Å) also 
increases with increase of Co2+ concentration in [(Cox Ni(constant) Cu0.8-x)Fe2O4].   

 
 3.2: Dielectric properties.  
 

The effect of Co2+ concentration x on the dielectric properties of [(Co0.2Ni.0.2 Cu.0.6)Fe2O4], [(Co0.4Ni.0.2 
Cu.0.4)Fe2O4] and [(Co0.6Ni.0.2 Cu.0.2)Fe2O4]  have been studied by using LCR meter (impedance analyzer)  in 
frequency range of 100 Hz–5 MHz.  

The Fig. 4 shows that the dielectric loss (tan δ) decreases as the frequency of the applied AC electric 
field increases because the jumping frequency of charge carriers cannot follow the frequency of the applied field 
after certain frequency. It is also observed that dielectric loss (tan δ) rapidly decreases at lower frequencies and 
remains constant at higher frequencies. 

 The Zig Zag behaviour in the low frequency region of Dielectric loss curve is observed as shown in 
Fig. 4. This peak in the Dielectric loss curve is observed when the hopping frequency of the electron between 
Fe2+ –Fe3+ ions matches with the frequency of the externally applied electric field. It is expected that the peak 
may be observable in lower frequency range. 

The Fig. 5 shows that the variation in the dielectric constant (έ) with increase in the frequency and it is 
observed that dielectric constant (έ) of all spinel ferrite samples rapidly decreases at lower frequencies and 
remains constant at higher frequencies.  

The Fig. 6 shows that the Imaginary Part of Dielectric constant (ε״) also decreases rapidly at lower 
frequency and remains constant at higher frequencies. Similar results were observed by several other 
investigators [15-19]. The values of the average dielectric constant and average dielectric loss of the samples are 
listed in Table 2.  

According to Koop’s the decrease in dielectric constant for increase in frequency can be expressed by 
considering the solid as composed of well conducting grains which is separated by the poorly conducting grain 
boundaries. According to Koop’s, at lower frequencies, the resistivity is high and the principal effect is of the 
grain boundaries (low resistivity regions). Therefore, the energy required for electron hopping between Fe2+ and 
Fe3+ at the grain boundaries is higher and the energy losses (tan δ and ε′′) are larger [20-25]. 

The rapid decrease of dielectric constant at lower frequencies is explained on the basis of space charge 
polarization. According to Maxwell and Wagner two-layer model, the space charge polarization is produced in a 
di-electric material due to the presence of higher conductivity phases (grains) in the insulating matrix (grain 
boundaries). When an external electric field is applied, the electrons reach the grain boundary through hopping. 
If the resistance of the grain boundary is high, the electrons pile up at the grain boundaries and produces 
polarization. This is called space charge polarization. The assembly of space charge carriers in a dielectric 
material takes a finite time to line up their axes parallel to the alternating electric field. If the frequency of the 
external electric field reversal increases, a point is reached where the space charge carriers cannot keep up with 
the external electric field and the alternation of their direction lags behind that of the field [26-29]. In Fig. 7, FT-
IR peaks at 3148.22 cm -1 , 2983.34 cm -1 ,1644.98 cm -1  and 1024.02 cm -1 gives the confirmation of Fe2O4.. 
 
3.3: AC conductivity (σ) at different concentration of Co2+ ions. 
 
 It is observed that the AC conductivity remains almost constant in the low frequency region and 
increases abruptly in the high frequency region Fig. 8. It is well known that the mechanism of the electrical 
conduction is the same as that of the dielectric polarization.  

The increase in the AC conductivity with frequency is also understood by the hopping model. As the 
frequency of the applied electric field increases, the hopping frequency of electrons between Fe3+ –Fe2+ ions at 
adjacent octahedral site also increases, leading to increase in the conductivity. 

From Fig. 8. it is observed that for x=0.2 (sample D) graph shown by square dots (Black) is having the 
minimum AC Conductivity and AC Conductivity increases due increase in substation of Co2+, x=0.4 and x=0.6 
which is shown by circular red dots (sample E) and by triangular blue dots (sample A) respectively.  

It shows that the AC conductivity increases with increase in x substitution of Co2+. With the increase in 
the concentration of Co2+ ions (x), the hopping action of charge carriers increases due to the increased 
concentration of Fe3+ ions at B-site. Table 3, shows the values of AC Conductivity for Co2+ concentration x at 5 
MHz [30-34]. 

 

 
IV. FIGURES AND TABLES 

 
Table 1 
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Variation of Particle size (t) and Lattices Constant (Å) for due to Substitution of Co2+ in  
[(CoxNi(constant) Cu0.8-x)Fe2O4]. 

Ferrite Sample Particle Size t (nm) Lattices Constant   (Å)   
(D)  x=0.2 23.71 8.315 
(E) x=0.4 25.75 8.377 
(A) x=0.6 28.45 8.417 

 
Table 2 

Variation of Dielectric Constant and Dielectric loss of [(CoxNi(constant) Cu0.8-x)Fe2O4]. 
Variation in Dielectric Constant and Dielectric loss of D, E and A 

Sample Name Avg. Dielectric Constant  Avg. Dielectric loss 
D    [(Co0.2 Ni.0.2 Cu.0.6)Fe2O4] 40.372577 1.191974 
E     [(Co0.4Ni.0.2 Cu.0.4)Fe2O4] 88.997411                       1.342013                            
A     [(Co0.6 Ni.0.2 Cu.0.2)Fe2O4] 52.907096 0.701638 
 

Table 3 
 Variation in AC Conductivity of [(CoxNi(constant) Cu0.8-x)Fe2O4]. 
[Cox (Ni(constant) Cu0.8-x)Fe2O4] , Ni =constant=0.2 

x AC Conductivity at 5 MHz 
(D) For x=0.2 0.00206424 
(E) For x=0.4 0.00259871 
(A) For x=0.6 0.00265852 

 
 

 
Fig.1: XRD pattern of sample D , [(Co0.2Ni.0.2 Cu.0.6)Fe2O4]. 

 

 
Fig. 2: Particle size (t) verses Co2+ substitution x in SET-II (D, E, A). 
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Fig. 3: Lattices Constant   verses Co2+ substitution x in SET-II (D, E, A). 

 

 

 
Fig. 4: Variation in dielectric loss (tan δ) with increase in frequency of ferrite sample D, E and A. 

 
Fig. 5: Variation in Real Part of Dielectric constant (έ) with increase in frequency  

of ferrite sample D, E and A. 
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Fig. 6: Variation in imaginary part of Dielectric Constant (ε״) with increase in frequency  

of ferrite sample D, E and A. 

 

 

Fig.7: FTIR graph for SET-II (E), [(4Co0.4Ni.0.2 Cu.0.) Fe2O4] 

 

Fig. 8: AC Conductivity of ferrite sample D, E and A. 

 
 

V. CONCLUSIONS 
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The nanocrystalline ferrite samples [(Co0.2Ni.0.2 Cu.0.6)Fe2O4], [(Co0.4Ni.0.2 Cu.0.4)Fe2O4] and [(Co0.6Ni.0.2 
Cu.0.2)Fe2O4]  have been successfully prepared by sol-gel auto combustion technique. All the prepared samples 
show the single phase cubic spinel structure of the samples. The particle grain size obtained from X-ray 
diffraction data increases with increase in Co+2 substitutions Ni Cu. It clearly shows that the size of the ferrite 
particles was in the nanometer range. The particle size and nanostructure of the sample was examined by XRD. 
FTIR also gives the confirmation of spinnel ferrite. Measurement of the dielectric constant and dielectric loss in 
the 100 Hz–5 MHz frequency range showed higher magnitude, at lower frequencies, decreasing with increase in 
frequency, essentially becoming constant above 4 MHz. The AC conductivity (σ) increases with increase in x 
substitution of Co2+. 
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V.S.I. The Expert of the institute explained about the life cycle, habit habitat of 

the earthworms and he showed the vermicomposting unit to rear earthworms 

Further the expert elaborated the techniques how to establish vermicomposting 

unit and how to maintain earthworms. Besides these he also told the role of 

earthworm in agro-ecosystem. Through this visit student came to know the steps 

and techniques in vermicomposting. 
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th
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S.Y.B.Sc. (Zoology) students). Total 46 Students of S.Y.B.Sc (Zoology) 

accompanied with Dr. Mujeeb Shaikh and Dr. Kalim Shaikh visited to CBRTI. 

At the CBRTI the trainer of the Institute, Mr.  Pokle demonstrated the 

equipment beekeeping and he also explained the techniques to handle the live 

bee in bee boxes. Further Mr. Pokle showed the equipment to process the honey 

and bee wax. Students also experience more about beekeeping by seeing some 

video in theatre inside CBRTI. Mr. Pokle told about the economic importance 

of beekeeping and how one can start beekeeping as business, He also told about 

the assistance that is being provided by CBRTI to start beekeeping at your own.  

Hence, through this visit students experience the beekeeping practices other that 
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