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ABSTRACT 

Magnetic nanoparticles of CoCrFeO4 were obtained by using sol-gel auto-combustion route 

and sintered for two different times 4h and 8h. X-ray diffraction technique was employed to 

understand the crystal structure and phase formation and also to study the structural 

parameters influenced by changing the sintering conditions. X-ray data analysis confirms the 

cubic spinel structure, and the lattice parameter is observed increasing with sintering 

temperature. Crystallite size evaluated by using Scherrer equation is observed in nano-meter 

range which is confirmed by using scanning electron micrographs. Infrared spectra recorded 

in the range 300 cm
-1

 to 800 cm
-1

 shows two major absorption bands (ν1) and (ν2) which are 

related to ferrites with spinel structure. Increase in sintering temperature enhances the 

saturation magnetization (Ms), remnant magnetization (MR) and decreases the coercive field 

(Hc). Sintering conditions greatly affects the structural and magnetic parameters of the ferrites 

with spinel structure. Hence in the present study we have reported the influence of sintering 

time on the properties of Co-Cr-Fe-O ferrite nanoparticles prepared by sol-gel technique. 
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INTRODUCTION 

After the introduction of theory of ferrimagnetism by Neel [1] in 1948, many 

researchers switch their work to study the properties of ferrites from micrometer to 

nanometer scale. Since from the last few years, several researchers have reported on the 

properties of pure and doped spinel ferrite nanoparticles because of their technological 

importance [2-7]. The advancement in electronic devices prepares them to work in the 

microwave frequency region with wider range such as mobile phones, LAN (wireless) 

systems, and bluetooth technologies. Growing use of microwave based equipments increases 

the electromagnetic pollution in this range creating a serious problem which has to be solved. 

To resolve the problem regarding electromagnetic pollution, development of handy 

electromagnetic radiation absorbers will be essential and demanding [8-9]. For the fabrication 

of electromagnetic radiation absorbers, ferrites [5], conducting fibers [10], ferromagnets [11], 

and carbon nano-tubes [12] are mostly used because of their high resistivity and very low 

eddy current losses. In particular cobalt ferrite attracted much interest due to its wide use in 

the fabrication of high density magneto-optical recording materials [13]. Cobalt ferrite 

nanoparticles with spinel structure show some interesting properties over the other materials 

such as very high saturation magnetization, high coercivity, large magnetocrystalline 

anisotropy, excellent chemical stability and good mechanical hardness. Cobalt ferrite shows 

inverse spinel structure and the percentage of inversion depends on the synthesis method and 

sintering conditions [14]. The intrinsic properties of ferrites can be controlled by synthesis 

conditions. Chemical methods of ferrite synthesis are the favorable routs in order to obtain 

the homogeneous powders with nano-particle size and desirable physical and chemical 

properties. In the present investigation we attempt to study the effect of sintering temperature 

on the structural and magnetic properties of CoFeCrO4 ferrite nanoparticles synthesized by 

using sol-gel technique. 

 

MATERIALS AND METHODS 

Sample synthesis:  

The synthesis method and synthesis condition plays an important role to decide the 

structural and magnetic behaviour of ferrites. Metal nitrates of constituent elements having 

chemical formula Co(NO3)2.6H2O, Fe(NO3)3.9H2O and Cr(NO3)3.9H2O were used as starting 

materials and mixed in sufficient amount of double distilled water with their weight 

proportion in the composition. The whole mixture was placed on hot plate with magnetic 

stirrer. The mixture is stirred continuously with constant heating at 80
0
C for 2-3 hours. Citric 
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acid was used as chelating agent in the ratio with metal nitrates as 1:3 and the pH of the 

mixture was maintained at 7 by adding liquid ammonia continuously. After continuous 

heating and stirring the density of the mixture increases and it converted into sol. After some 

time the puffy sol was converted into dried gel and suddenly auto ignited which in turns 

converted the mixture into burnt ash. The ash was grinded for homogenous mixture and then 

first heat treatment was given at 600
0
C for 4 hours which produces almost the final product. 

These powders were divided into two equal parts, half is heated at 800
0
C for 4 hours and 

remaining is heated at same temperature for 8 hours.  

 

Characterization techniques:  

Room temperature X-ray diffraction technique was employed to understand the 

crystal structure and phase formation. XRD patterns were recorded by using Cu-Kα radiations 

(λ = 1.5406 ×10
-10

 m) in the 2θ range of 20
0
 to 80

0
 with the scanning rate of 2

 
degree per min. 

the structural parameters such as lattice parameter (a), X-ray density (dX), porosity (P) and 

average crystallite size were estimated by using X-ray diffraction data. Band positions and 

force constants at tetrahedral – A and octahedral –B sites were obtained by using Infrared 

spectra recorded in the frequency range of 300 cm
-1

 to 800 cm
-1

. Morphological analysis of 

the samples was done by using scanning electron micrographs (SEM) and grain size of the 

samples was also estimated. Magnetic measurements were taken by using vibrating sample 

magnetometer (VSM) at room temperature. 

RESULTS AND DISCUSSION 

 

Fig. 1: XRD patterns of CoFeCrO4 sintered at 800
0
C for two different times. 
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Powder X-ray diffraction pattern shown in Fig. 1 shows sharp and intensive peaks 

indexed with the planes (220), (311), (222), (400), (422), (333), (440) and (433) which are 

corresponds to the standard crystal structure of the CoFe2O4 (JCPDS card No. 22-1086). An 

additional peak is observed for the sample heated for 4 hours which confirms the co-existence 

of α-Fe2O3. Secondary phase was disappears for the sample heated for 8 hours. It was 

observed that increasing the sintering time increases the phase purity of the samples.  The 

sharp and broad Bragg’a lines confirm the formation of well defined crystalline samples.  

 

Table 1: Lattice constant (a), X-ray density (dX), bulk density (dB), percentage porosity (P), 

specific surface area (s), crystallite size (t), for CoFeCrO4 samples. 

Time 
‘a’ 

(Å) 

‘V’ 

(Å3) 

‘dX’ 

(gm/cc) 

‘dB’ 

(gm/cc) 

‘P’ 

(%) 

‘t’ (nm) 

XRD SEM 

4h 8.321 576.2 5.320 4.039 31.72 15.13 45 

8h 8.330 578.0 5.304 4.101 29.31 28.67 52 

 

Lattice constant ‘a’ of CoFeCrO4 was calculated by inserting the values of 

interplanner spacing’s ‘d’ and miller indices in equation, a d N= [15] and the values are 

given in Table 1. It can be noticed that the lattice constant is affected by the sintering 

condition and it is increased with the increase in sintering time. Unit cell volume was 

calculated by using the average values of lattice constant and is given in Table 1 which shows 

the similar behaviour as of lattice constant. X-ray density of both the samples was calculated 

b using following relation,  

  x

A

nM
d

N V
=          [1] 

Where, n is number of molecules per unit cell (8 for cubic), M is molecular weight, NA is 

Avogadro’s number and V is unit cell volume. From Table 1, it is observed that X-ray density 

reduces from 5.320 gm/cc to 5.304 gm/cc as the sintering time increases from 4 hours to 8 

hours. It is also observed that the bulk density ‘dB’ calculated by using simple mass-volume 

relation increases as the sintering time increases. Calculated values of porosity are listed in 

Table 1, which shows decreasing trend with increasing time. This decrease in porosity is may 

be due to the decrease in bulk density and increase in crystallite size.   

Broad XRD lines indicate the fine crystallites with nano-size. Most intensive peak 

(311) have been used to determine the crystallite size by using the following relation [16], 
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XRD

1/ 2

C
D

B cos

λ
=

θ
         [2] 

Where C is constant (shape factor = 0.9), λ is wavelength, B1/2 is FWHM of (311) peak and θ 

is Bragg’s angle. Estimated values of average crystallite size are given in Table 1. For the 

sample sintered for 4 hours, the crystallite size was obtained 15.13 nm and for the sample 

sintered for 8 hours it is 28.67 nm. Surface morphology of the samples was studied by using 

scanning electron micrographs shown in Fig. 2. The average grain size is obtained in the 

nanometer range and the results are in good agreement with the crystallite size obtained from 

the analysis of XRD data. For the samples sintered for 4 hours, average grain size is obtained 

45 nm and it slightly increases for the samples sintered for 8 hours and is observed 52 nm. It 

is also observed that the samples are amorphous in nature and shows porous structure with 

some agglomerates particles. This agglomeration within the particles may be due to the high 

reactivity of the prepared samples with heat treatment and may also be come from the 

magneto-static interaction between the particles [17-19]. 

 

Fig. 2: SEM images of CoCrFeO4 sintered for (A) 4h and (B) 8h. 

 

Ion jump lengths (hopping lengths) of the samples are calculated by using the following 

relations [20],  

A

a 3
L

4
=          [3] 

B

a 2
L

4
=          [4] 

Table 2 shows the calculated values of ion jump lengths and it can be seen that hopping 

lengths slightly increases with the increase in sintering temperature. This behaviour of 

hopping lengths is in accordance with the lattice parameter. The results are can also be 

explained on the basis of cation distribution over tetrahedral A-site and octahedral B-site. 
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Table 2: Hopping lengths (LA and LB), absorption bands (ν1 and ν2), saturation 

magnetization (MS), remnant magnetization (Mr), remnant ratio (Mr/Ms) and coercivity (HC) 

for CoFeCrO4 samples 

Time 
‘LA’ 

(Å) 

‘LB’ 

 (Å3) 

Absorption bands ‘MS’  

(emu/gm) 

‘Mr’  

(emu/gm) 
(Mr/MS) 

‘HC’ 

(Oe)  νννν1 (cm-1) νννν1 (cm-1) 

4h 3.603 2.942 617.3 492.5 10.52 6.58 0.625 1471 

8h 3.607 2.945 617.8 361.5 15.03 9.04 0.601 1132 

 

Infrared spectra of all the samples recorded at room temperature in the range 300 cm
-1

 

to 800 cm
-1

 are illustrated in Fig. 3 which shows two major absorption bands ν1 and ν2. The 

higher frequency band ν1 is observed near 600 cm
-1

 while the lower absorption band ν2 is 

observed near 400 cm
-1

. For the sample sintered for 8 hours the higher frequency band 

slightly shifted towards lower frequency and the lower frequency band shifted towards lower 

frequency region. Values of band positions ν1 and ν2 are listed in Table 2. The difference in 

band positions is related to the stretching vibrations occurred between the metal cations and 

oxygen atoms due to the interactions at tetrahedral – A and octahedral – B sites [21]. 

 

Fig. 3: Infrared spectra of CoCrFeO4 

 

Fig. 4 shows the magnetic hysteresis curves for CoFeCrO4 sintered at 800
0
C for at 

two different times 4h and 8h. The maximum field of 15kOe is applied for all the samples. 

The hysteresis loops exhibits a wide cycle and gives high saturation magnetization which is 

the indication of formation of hard ferrites. Increasing sintering time for Co-Fe-Cr ferrites 

increases the loop height and decreases the loop width.  
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Fig. 4: Hysteresis loops of CoCrFeO4 

 

The values of saturation magnetization (MS), coercivity (HC) and remnant 

magnetization (Mr) obtained from the analysis of hysteresis loops are given in Table 2. 

Sintering conditions affects on the magnetic behaviour of the samples, and the saturation 

magnetization slightly increases with the increase in sintering time. Similarly the remnant 

magnetization varies from 6.58 emu/gm to 9.04 emu/gm.  

Coercivity of the magnetic materials is closely related to the magneto-crystalline 

anisotropy and saturation magnetization by the following relation [22], 

 C SH M
K

2
=          [5] 

From equation 5 it can be seen that coercivity is inversely proportional to saturation 

magnetization and hence it shows opposite behaviour. For the samples sintered for 4 hours, 

coercivity is observed 1471 Oe and for the samples sintered for 8 hours it reduces to 1132 Oe. 

The variation in coercivity shows a size dependent behaviour which can be attributed to the 

combination of surface effect and surface anisotropy [23]. 

 

CONCLUSIONS: 

Nanocrystalline powder of CoCrFeO4 was successfully obtained by sol-gel technique. 

X-ray diffraction analysis confirms the cubic spinel structure of the samples. The sample 

sintered for 8 hours gives pure phase of the sample. Lattice parameter increases with the 

increase in sintering time. Grain size obtained from SEM images is observed in the nano-

meter range which is in analogues with the results obtained from XRD analysis. Saturation 

magnetization increases and coercivity decreases with the increase in sintering time.  
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