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ABSTRACT  

Objective: Compositions of CoHoxFe2-xO4 (x = 0.00 and 0.02) was prepared by standard ceramic technique using AR grade CoO2, Ho2O3 and Fe2O3. The 
samples were characterized by X-ray diffraction technique and the analysis of XRD patterns reveals the formation of single phase cubic spinel 
structure. The structural parameters like lattice constant (a), x- ray density(dx), bulk density (dB), particle size (t) and porosity (P), tetrahedral and 
octahedral bondlength (dAX and dBX), the tetrahedral edge (dAXE), and the shared and unshared octahedral edge (dBEX and dBXEU) can be calculated were 
calculated form XRD data and effect of Ho3+ doped cobalt ferrite was studied. Thus, the rare earth Ho3+ doped cobalt ferrite strongly influences the 
physical properties of cobalt ferrite. 

Materials and Methods: Present series was prepared by standard ceramic technique using AR grade CoO2, Ho2O3 and Fe2O3.  

Results: The XRD pattern shows that both the samples possess single phase cubic spinel structure. No extra peak of Ho3+ is observed for x =0.02 
sample. Lattice constant, X-ray density of Ho3+ doped cobalt ferrite is increases than that of pure cobalt ferrite.  

Conclusion: The rare earth Ho3+ doped cobalt ferrite strongly influences the physical properties of cobalt ferrite. 
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INTRODUCTION  

The most important advantage of ferrites is their degree of 
compositional variability. Most of the original intrinsic properties on 
ferrites are made on the spinel ferrites such as MFe2O4 (M is a 
divalent metal ion  Mn, Co and Ni) are used in the fabrication of 
multilayer chip inductor and surface mount devices in electronic 
products such as cellular phones, digital diaries, video camera, 
recorder and floppy devices. Which have high resistivity and low 
eddy current losses are used as inductor, memory cores, high 
frequency transformers and recording heads. The important 
electrical and magnetic properties of ferrite depend on chemical 
compositions, method of preparation and cation distribution [1-2]. 

In the family of spinel ferrites cobalt ferrite (CoFe2O4) is a unique 
ferrite having inverse spinel structure. Cobalt ferrite have regarded 
as one of the competitive candidates for high density magnetic 
recording media because of their moderate saturation magnetization, 
high coericivity, mechanical hardness and chemical stability. Cobalt 
ferrites are among the most widely used magnetic materials having 
low cost, high performance for high frequency applications [3-4]. It 
has a hard magnetic material possessing high magneto crystalline 
anisotropy, high Curie temperature, high corecivity and moderate 
saturation magnetization along with the chemical stability and 
mechanical hardness [5]. Several researchers have studied pure and 
substituted cobalt ferrite with a view to understand their basic 
properties [6]. 

Recent research shows by introducing rare earth ions into the spinel 
lattice, can lead to small changes in the structural, magnetization and 
Curie temperature of the spinel ferrite. A. A. Sattar et al. [7] has 
studied the role of rare earth doped in the mixed polycrystalline Mn-
Zn ferrite. Jing Jiang et al. [8] reported the role of Sm3+ substitution in 
magnetic properties of Zn–Cu–Cr spinel ferrites. The influence of the 
doped of Gd3+ of the structural and electrical conductivity of nickel 
ferrite has been reported by Said [9] and the doped of Y3+ of the 
structural, electrical and dielectric properties of conductivity of 
nickel ferrite has been reported by M. Ishaque [10] both have found  

 

 

 

 

that the lattice constant increases with doped rare earth contents. 
Many researchers [11-15] have studied the role of rare earth doped 
in the pure CoFe2O4 matrix but to the best of our knowledge no 
systematic report is available in the literature showing the effect of 
Ho3+ ions in the pure CoFe2O4 matrix.  

The aim of the present work is to investigate the effect of rare earth 
Ho3+ doping on the structural and magnetic properties of cobalt 
ferrite synthesized by standard ceramic technique.  

EXPERIMENTAL DETAILS 

Polycrystalline specimens of CoHoxFe2-xO4 (x = 0.00 and 0.02) were 
prepared by standard ceramic technique [16] using analytical 
reagent grade oxides (99.99%) of CoO, Fe2O3 and Ho2O3. Compounds 
were accurately weighted in molecular weight percentage with single 
pan microbalance and mixed powders were wet ground and pre-
sintered at 9500 C for 24 hours. The sintered powder is again re-
ground and pelletized. Polyvinyl alcohol was used as a binder in 
making circular pellets of 10mm diameter and 2–3mm thickness. The 
pellets were finally sintered in muffle furnace for 11800 C for 24 
hours and then slowly cooled to the room temperature. X-Ray 
diffraction patterns were taken at room temperature to confirm the 
crystal structure of the prepared samples. The XRD patterns were 
recorded in the 2 range from 200 to 800 using Cu-k radiation ( = 
1.5406 Å) with scanning rate 20 per/m [17, 18].  

RESULT AND DISCUSSION 
 
Structural analysis 
Figure 1 represents the X-ray diffraction pattern (XRD) of pure 
(x=0.00) and Ho3+ doped cobalt ferrite (CoHoxFe2-xO4 with x = 0.02) 
recorded at room temperature and 2θ range 200-800. It is evident 
from XRD pattern that both the samples (x= 0.0 and 0.02) possesses 
single phase cubic spinel structure. No extra peak of Ho3+ is observed 
for x =0.02 sample. It is observed that the pure CoFe2O4 (x=0.00) 
shows the spinel phase matched with standard pattern (ICSD00-001-
1121) [19]. Similar reports of XRD pattern are available in the 
literature [20-25].  
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Fig. 1: XRD patterns of CoHoxFe2-xO4. 

Using XRD data the lattice constant (a) was calculated using standard 
relation [26, 27] for cubic spinel structure. Fig 2 shows that the 
values of lattice constant are given increases than that of pure cobalt 
ferrite. This observed behavior of lattice constant is attributed to the 
large difference between ionic radii of Fe3+ (0.645 Å) and Ho3+ (1.04 
Å). The replacement of Fe3+ ions by Ho3+ ions causes the increase in 
lattice constant of Ho3+ doped cobalt ferrite. Our results on lattice 
constant are in full agreement with those reported in the literature 
[26, 27].  
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Fig. 2 :  Molecular weight (M) and Lattice constant (a)  of CoFe2-

xHoxO4 system. 

The X-ray density (dx) was calculated from the XRD data using the 
relation discussed elsewhere [28]. The X-ray density (dx) was 
calculated using the equation.  
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Where ‘Z’ is number of molecules per unit cell. (For spinel system Z= 
8), ‘M’ is the molar mass of the ferrite, ‘Na’ is the Avogadro’s number 
and ‘a3’ is the unit cell volume computed from the values of lattice 
constant. X-ray density (dx) increases almost linearly with the Ho3+ 
doped because the Fe3+ ions on the octahedral sites are being 
replaced by the larger mass Ho3+ doped ions. Fig 3 shows that the 
bulk density of the samples was measured by using Archimedes 
principle. 
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Fig 3: X- ray density (dx) and bulk density (dB) of CoFe2-xHoxO4 

system. 

The porosity of the samples was calculated by using the following 
relation and values are tabulated in Table 1.  
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where dB is the bulk density and dx is X-ray density. The particle size 
‘t’ of each sample was determined by considering full width at half 
maximum (FWHM) of most intense peak (311) by using Scherer 
formula [30] and values are given in Table 1. It is observed that Table 
1 that the particle size pure and Ho3+ doped cobalt ferrite is almost 
same and is in micrometer range.  

The particle size‘t’ of sample was determined by most intense peak 
(311) by using the relation 
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Where  the full width at half maximum (FWHM) and λ is wavelength 
of the target material. The particle size values are given in Fig 4. It is 
observed that the particle size of Ho3+ doped is smaller than CoFe2O4.  
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Fig 4:  Particle size (t) and Porosity (P) of CoFe2-xHoxO4 system. 

Fig 5: shows that the values of the tetrahedral and 
octahedral bondlength (dAX and dBX),  
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Fig. 5: Tetrahedral bond (dAX) and octahedral bond (dBX) of 
CoFe2-xHoxO4 system. 
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The tetrahedral edge (dAXE), and the shared and unshared octahedral 
edge (dBEX and dBXEU) can be calculated according Eqs (4)  (8). Using 
the value of the lattice parameter ‘a’ (Å) and the oxygen position 
parameter ‘u’ (u=0.381 Å).  

Table 2: Tetra edge (dAXE) and octa edge (dBXC) of CoFe2-xHoxO4 

system. 

CoFe2-xHoxO4 dAXE (Ǻ) 
dBXE (Ǻ) 

(Shared) (Unshared) 

x=0.00 3.103 2.819 2.963 
x=0.02 3.105 2.820 2.964 

 
The value of the bondlength of the tetrahedral and octahedral sites 
are shown in Table 2, It is seen that the all values are depend on the 
lattice parameter so, the lattice parameter increases, then the edge 
and the bondlength of the tetrahedral and octahedral sites are 
increases. 
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The distance between magnetic ions (hopping length) in the 
tetrahedral sites is given by Eqs (9) (10). 
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where ‘a’ is the lattice constant, the value Hopping length (LA, LB) are 
shown in Fig 6, Hopping length (LA, LB) values are depend on the 
lattice parameter so, the lattice parameter increases so the Hopping 
length (LA, LB) also increases. 
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Fig 6: Hopping length (LA, LB) of CoFe2-xHoxO4 system. 

CONCLUSION 
 
Compositions of CoHoxFe2-xO4 (x = 0.00 and 0.02) was prepared by 
standard ceramic technique. The XRD pattern that both the samples 
possesses single phase cubic spinel structure. No extra peak of Ho3+ is 
observed for x =0.02 sample. Lattice constant, X-ray density of Ho3+ 
doped cobalt ferrite is increases than that of pure cobalt ferrite. The 
values of the tetrahedral and octahedral bondlength, the tetrahedral 
edge, and the shared and unshared octahedral edge, Hopping length 
(LA, LB) values are depend on the lattice parameter so, the lattice 
parameter increases so the all these values are also increases. 
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