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Abstract: Ni0.2Co0.8Fe2-xLaxO4 (x = 0.02, 0.06, 0.10) nano ferrites have been synthesized 
by Sol-gel auto combustion method using urea as a fuel. The sample calcinations have been 
performed at 800 oC for 4 hours. The synthesized samples were subjected to study X-ray 
diffraction spectroscopy (XRD) for structural investigations. All the samples were found to 
constitute Face Centered Cubic (FCC) spinel structure belonging to the Fd3m space group. 
The XRD results show the single cubical phase formation in the heated samples. Energy-
dispersive X-ray spectra confirmed the presence of Ni, Co, La Fe and O elements with no 
existence of any impurity. The average crystallite size was decreased by varying the 
concentration of La from 10 to 8 nm. The Field Emission Gun Scanning Electron 
microscopy (FEG-SEM) and Field Emission Gun transmission electron microscopy (FEG-
TEM) have given the morphological study of the samples. It is also found that the value of 
the lattice constant decreases with increases in La concentration. The magnetic properties 
of the samples were investigated by using a vibrating sample magnetometer (VSM). The 
results obtained from VSM show that the value of both magnetization (Ms) and coercivity 
(Hc) decreases with an increase in diamagnetic La concentration. 
Keywords: Spinel ferrites, Sol-gel, SEM, TEM, VSM. 
 

 
Introduction 

The physical, electrical and magnetic 
properties of ferrites enable their use in various 
types of technologies. Spinel ferrite nanoparticle 
materials are highly preferred in engineering and 
technology applications, like biomedecine, 
pharmaceuticals, sensors, magnetic resonance 
imaging, drug delivery, microwaves, high-
frequency devices, information storage and 
electronic chips [1, 2, 3, 4]. The structure and 
electromagnetic properties of nano-spinel ferrites 
can be modified by the substitution of different 
cations. Rare earth substitutions are highly 
valuable for reducing the particle size and 
intensification of the lattice parameter [5]. In this 

respect, substituting rare earth (RE) cations into 
the spinel ferrite structure plays an important 
role in enhancing the dielectric, magnetic and 
electric properties due to the Fe–Fe interactions 
caused by the spin coupling effect of 3d 
electrons [6]. Therefore, when rare earth and iron 
interactions (3d–4f coupling) of the spinel 
ferrites occur, they can vary the structural, 
electrical, spectral and magnetic properties of 
spinel ferrites. In our study, structural changes, 
such as decreases in lattice constant due to the 
transfer of an equivalent number of Fe3+ ions 
(0.64 Å ) from tetrahedral (A) site to octahedral 
[B] site to relax strain at the octahedral site, are 
observed. Magnetic parameters, such as 
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coercivity (Hc), saturation magnetization (Ms) 
and retentivity (Mr), decrease with an increase in 
La concentration. Different RE substitutions 
have proven to have different results on the 
ferrite structure [7,8,9]. Some researchers have 
investigated the effects of La substitution into 
cobalt-doped nickel ferrite [10-14]. 

Materials and Methods 
Nano-sized ferrite particles with the 

composition Ni0.2 Co0.8 Fe2-xLaxO4 (x = 0.02, 
0.06, 0.10) were prepared using sol-gel auto 
combustion method using urea as a fuel. The 
high-purity AR grade ferric nitrate 
(Fe(NO3)3.9H2O), Nickle nitrate 
(Ni(NO3)2.6H2O), Cobalt nitrate (Co(NO3)2. 
6H2O), Lanthanum nitrate (La(NO3)3.6H2O) are 
dissolved in distilled water. This solution was 
then heated at 800 C for 4 to 5 hrs, to form sol to 
viscous brown gel. After that, it was kept in a 
microwave oven ( Model IFB 17 PM – MEC1); 
within 2 to 3 min. auto combustion takes place 
and yields fine powder of Ni0.2 Co0.8 Fe2-xLaxO4 
ferrite nanoparticles. The powder was sintered at 
8000 C for 4 hrs. 

Results and Discussion 
X-ray Diffraction Analysis 

The X-ray diffraction pattern for Ni0.2 Co0.8 
Fe2-xLaxO4 (x = 0.02, 0.06, 0.10) synthesized by 
sol-gel auto combustion method is shown in Fig. 
1. The XRD pattern confirmed the formation of 
single-phase cubic spinel with space group 
Fd3m, which is in agreement with ICSD 174321. 
Measurements were performed using Cu K 
radiation having a wavelength,  = 1.5406 Å. 
Fig. 1 shows that the most intense diffraction 
peak (311) is slightly shifted towards a higher 
angle with increasing La substitution. The peak 
shift towards a higher angle can be attributed to a 
decrease in lattice parameter the reason behind 
which is that the lattice parameter is inversely 
proportional to the diffraction angle sin  When .ߠ
the diffracting angle () increases, lattice 
constant (a) goes on decreasing. 

The broadening of XRD peaks is related to 
the nano-sized particle and lattice strain. The 
value of lattice constant ‘a’ and particle size for 
each sample are given in (Table 1). 

 
FIG. 1. XRD pattern of Ni0.2 Co0.8 Fe2-xLaxO4. 

 

TABLE 1. Average particle size (D) and lattice constant (a). 
Composition ( X) Average particle size (D) nm Lattice constant (a) Å 

X = 0.02 10.34 8.48024 
X = 0.06 11.89 8.47431 
X = 0.10 8.56 8.46290 

Note: Variation of average particle size (D) and lattice constant (a) of Ni0.2 Co0.8 Fe2-xLaxO4. 
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Morphological Analysis 
The Field Emission Gun scanning electron 

microscopy (FEG-SEM) of Ni0.2 Co0.8 Fe2-xLaxO4 
(x = 0.02, 0.06, 0.10) nanoparticles is shown in 
Fig 2. The image exhibits a higher 
agglomeration cubic shape with an average grain 
size of 39 nm. The existence of agglomeration 
may be due to the interaction between the 
magnetic particles [12]. 

 

The EDX spectrum confirmed the existence 
of Ni, Co, Fe, La and O in composition X = 0.02, 
0.06 and 0.10, as shown in Fig 3. The EDX 
spectra illustrate that La peak intensities increase 
with an increase in La content. The TEM pattern 
of Ni0.2 Co0.8 Fe2-x LaxO4 (x = 0.02) nanoparticles 
is shown in Fig. 4. The image confirms the cubic 
spinel structure. Fig 5 shows the Selected Area 
Electron Diffraction (SAED) image which also 
confirms the formation of poly-nanocrystalline 
form. 

 
FIG 2. Field emission gun scanning electron microscopy ( FEG- SEM) of Ni0.2Co 0.8Fe2-x LaxO4 for different 

concentrations of X. 
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FIG. 3. EDX of Ni0.2 Co0.8 Fe2-xLaxO4 for different concentrations of X. 

 
FIG. 4. The field emission gun transmission electron microscopy ( FEG- TEM) of Ni0.2 Co0.8 Fe2-x LaxO4 for     

(X = 0.02). 
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FIG. 5. The SAED image of Ni0.2 Co0.8 Fe2-xLaxO4 for (X = 0.02). 

 
Magnetic Properties 

At room temperature, magnetization as a 
function of the applied magnetic field is shown 
in Fig. 6 for different samples. All samples show 
a typical magnetic characteristic of ferrites with 
a difference in the value of saturation 
magnetization (Ms). The saturation 
magnetization value (Ms) and coercivity (Hc) 
have been found to decrease with the increase in 
La concentration. In the rare-earth substituted 
ferrites, the rare-earth ions have a strong 
preference for the octahedral lattice site (B) of 
the spinel lattice. Neel has explained the 
magnetic behavior of these spinels based on the 

exchange interaction that occurs between metal 
ions at A & B sites spinel. Fig. 7a and Fig. 7b 
show tetrahedral A sites and octahedral B sites, 
respectively. [15-18]. It was expected that a 
fraction of La ion enters into octahedral sites and 
creates distortions as well as a decrease in lattice 
constant. This is in agreement with the findings 
in this work (Table1). Thus, the observable 
decreases in coercivity (Hc) and saturation 
magnetization (Ms) may be attributed to the 
larger lattice distortion and smaller crystalline 
size. The values of saturation magnetization 
(Ms), coercivity (Hc) and retentivity (Mr) for all 
three samples are tabulated in (Table 2). 

 
FIG. 6. Hysteresis loop for Ni0.2 Co0.8 Fe2-x LaxO4. 



Article  Nagpure et al. 

 26

 
FIG. 7.  (a) Tetrahedral (A) sites and (b) Octahedral (B) sites. 

 

TABLE 2. Values of coercivity (HC), retentivity (Mr) and saturation magnetization (Ms) for Ni0.2 Co0.8 
Fe2-xLaxO4.  

Composition (X) HC (G) Mr (emu/gm) Ms (emu/gm) 
X = 0.02 1366.2 20.92 58.58 
X = 0.06 1105.0 19.67 53.34 
X = 0.10 1031.6 13.75 48.36 

 
Conclusion 

In this work, a series of Ni0.2Co0.8Fe2-x LaxO4  
( X = 0.02, 0.06 and 0.10) powders and sintered 
samples were successively prepared by sol-gel 
auto combustion method using oxide as 
precursor and urea as fuel. The structural 
properties were investigated by XRD. XRD 
confirmed the formation of the FCC spinel phase 
for all the samples. The EDX spectrum shows 
that no additional impurity is present in the 
sample. It also shows that the lattice constant ‘a’ 
decreases with the increase in La concentration. 

The particle size calculated from X-ray 
diffraction is approximately constant. The SAED 
image also confirms the formation of a poly-
nanocrystalline sample. Further, La-substituted 
NiCoFe2O4 ferrite shows a definite hysteresis 
loop at room temperature. The presence of non-
magnetic La in NiCOFe2O4 ferrite results in a 
reduction of coercivity (Hc), saturation 
magnetization (Ms) and retentivity (Mr), which 
could be due to dilution in the magnetic 
interaction.  
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