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Abstract 

The present work reports the synthesis of ferrite powders having compositions: NixCo1-xDyyFe2-yO4, y = 

0.025, x = 0, 0.1, 0.2, 0.3 and 0.4 by using nitrates of nickel, cobalt, dysprosium and, iron as starting 

materials. The preparation of ferrite powders was carried out into two steps. In first step the auto combustion 

of a gel obtained from stoichiometric mixture of starting materials with citric acid as burning agent was 

carried out. This was followed by the annealing of auto-combusted precursor at elevated temperature of 560 

oC. The resultant as-annealed powders were characterized by the using different physical techniques: 

TGA/DTA, X-ray diffraction (XRD), UV-Visible spectroscopy, and FTIR spectroscopy. The temperature of 

ferrite was confirmed by using thermal analysis: TGA/DTA studies. The structural studies by using XRD 

revealed the formation of pure ferrite powders with cubic spinel symmetry. The values of the band gap by 

using UV-Visible spectroscopy were found to be in range of 1.638 to 1.673 eV. The FTIR spectra supported 

the XRD results.    
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1. Introduction 

The magnetic materials: ferrites have number of applications in field of sensors like magnetic magneto-

electric and magneto-mechanical sensors. The cobalt and nickel based ferrites are having novel 

magnetostrictive properties. Hence, they are useful for the magneto-electric and magneto-mechanical sensors 

[1 - 6]. Further, photo-catalysis, high frequency devices, microwave devices, magnetically guided drug 

delivery are some of important applications of the spinel ferrites [7- 9]. The spinel ferrite can be made 

available for different applications by changing their properties with the help of doping these materials by 

rare-earth metals and different transition metals. The various applications of the ferrite depend on 

morphological features like size, shape and morphology of materials. Further, these morphological structural 

characteristics of ferrites are very sensitive to the method of the preparation, processing parameters, annealing 
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-sintering thermal profile, substitution different cations etc. [10 - 11]. The cation distribution at tetrahedral and 

octahedral sites of spinel structure depends upon the parameters used for processing of ferrites [11 - 12]. The 

cation distribution plays an important role in deciding the magnetic and electric properties like coercivity, 

saturation magnetization and electrical resistivity of the ferrites [13-14]. These magnetic and electric 

properties of ferrites are very useful for various applications like magnetic fluids, recording media, sensors 

and biomedical drug delivery [15-16]. The doping the spinel ferrites with rare earth ions modifies and 

improves the structural and magnetic properties of ferrites [17-18]. The ferrites doped with rare earth ions 

have number of applications in catalysis, magnetic storage and microwave devices [19-20]. The structural and 

magnetic properties of dysprosium doped ferrites are reported in literature [21-22]. However, the synthesis 

and measurement of properties of dysprosium doped ferrites are rarely studied in literature.  

The different methods: co-precipitation, thermal decomposition, hydrothermal, sonochemical, sol–gel 

etc. are reported in literature for the synthesis of pure and doped ferrites [23 - 27].  These methods require 

number of processing steps and stringent control on various processing parameter. These methods are also end 

up with the annealing of as-prepared precursor at elevated temperature. However, the auto-combustion of co-

precipitated precursor followed by annealing at elevated temperature is rather very simple and time saving 

method leading the final active material having phase purity and better stoichiometric control. In view of this, 

in present work, simple method comprising the auto-combustion of co-precipitated gel precursor followed 

annealing at elevated temperature is employed for the synthesis of dysprosium doped nickel-cobalt nano-

crystalline ferrite. The results obtained pertaining to synthesis and characterizations of dysprosium doped 

nickel-cobalt nano-crystalline ferrite are presented in this communication.     

 

2. Experimental 

2.1. Materials 

The ferric nitrate [Fe(NO3)3. 9H2O], Nickel nitrate [Ni(NO3)2.6H2O], Cobalt Nitrate [Co(NO₃)₂·6H₂O] 

and Dysprosium (III) nitrate hydrate [Dy(NO3)3.xH2O] all from Loba Chemie, Pune and 99 % pure GR grade 

chemicals are used as the starting materials in present research work as received without further any 

purification.  

 

2.2. Synthesis of ferrite powder 

In the present work, the five different ferrite powders with compositions, NixCo1-xDyyFe2-yO4 where y = 

0.025, and x = 0, 0.1, 0.2, 0.3, 0.4 were prepared by using the auto-combustion method. For the preparation of 

NixCo1-xDyyFe2-yO4 with x = 0.0 and y = 0.025, the stoichiometric amount molar solutions of Fe(NO3)3.9H2O, 

Ni(NO3)2.6H2O, Co(NO₃)₂·6H₂O and Dy(NO3)3.xH2O were prepared in double distilled water. Then all 

solutions were mixed together in equal amounts to obtain the resultant solution. To this final solution the citric 

acid was added as burning agent. The resultant solution was heated on magnetic stirrer at 80 oC with 
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continuous stirring. During this heating, the pH of the solution was maintained at ~ 7.0 by adding ammonia 

drop by drop. After small amount of vapors starts coming solution, the temperature of magnetic stirrer was 

increased to and maintained at 100 oC. The solution was heated on magnetic stirrer at 100 oC with continuous 

stirring for 4 hr. Then solution was found to be converted into viscous gel. Due to constant heating, viscous 

gel became concentrated and thick and finally at particular moment sudden combustion of thick gel was 

occurred resulting into fluffy black powder within two min. The fluffy black powder was crushed thoroughly 

in agate mortar to get fine powder. This fine powder was then heated at 560 oC for 4 hr in air ambient to 

obtain the desired composition of ferrite powder. This temperature of annealing of precursor powder was 

obtained from the TGA/DTA studies. The same procedure was strictly followed to obtain the other desired 

compositions: NixCo1-xDyyFe2-yO4 where, x = 0.1, 0.2, 0.3, 0.4 and y = 0.025 of ferrite powders.  

 

2.3. Characterization of powders 

The as-heated resultant ferrite powders were characterized by using different physical techniques. The 

X-ray diffraction (XRD) patterns of resultant powders recorded by using XRD machine Rigaku, MiniFlex 600 

System, Japan, CuKα radiation, λ = 1.5406 Å were used for the structural analysis. The optical spectra 

recorded by using the UV-Visible spectrophotometer, UV -2600 Shimadzu, Japan were used to find band gap.  

 

3. Results and discussion 

3.1. Thermo-gravimetric (TGA) analysis  

The thermo-gravimetric (TGA) analysis was done to understand weight losses at different endothermic 

and exothermic reactions leading to the stable material. The TGA analysis was also done to obtain the 

temperature of formation of ferrite powder from the as-combusted precursor. For this purpose, the as-

combusted fluffy black powder precursor was subjected for the TGA analysis. For instance, the only one 

precursor with x = 0.4 and y = 0.025 was taken for TFGA studies. The fig. 1 shows the TGA/DTA plots for 

the plots for as-combusted fluffy black powder precursor (x = 0.4, y = 0.025). 
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Fig. 1 TGA/DTA plots for as-combusted fluffy black powder precursor (x = 0.4, y = 0.025) 

 

From TGA plot, it is clear that initial weight loss upto 334.48 oC temperature is 2.63 %. This loss may 

correspond to removal of the adsorbed water molecules. From 334.48 to 540 oC, the weight loss = 1.35 % is 

observed. This weight loss might be due to removal of the trapped gas molecules corresponding to carbon and 

nitrogen. The weight from 540 to 830 oC weight loss is also very small equal to 1.36 %. This weight can be 

assigned to removal residual carbon generated during the auto-combustion of fuel. The temperature above 560 

oC no significant weight loss is observed. Hence 560 0C is considered as the temperature for the conversion of 

auto-combusted precursor into the final ferrite powder. 

 

3.2. X-ray diffraction (XRD) analysis 

From the TGA analysis the temperature of formation of the ferrite powder from the auto-combusted 

precursor is around 560 oC for the composition NixCo1-xDyyFe2-yO4 (y = 0.025, and x = 0.4). Hence, for all 

remaining composition NixCo1-xDyyFe2-yO4 (y = 0.025, and x = 0, 0.1, 0.2, and 0.3) the temperature of 

formation of ferrite powder is considered as 560 oC. The fig. 2 shows the XRD patterns for as-heated ferrite 

powders: NixCo1-xDyyFe2-yO4 (with y = 0.025, and x = 0, 0.1, 0.2, 0.3, 0.4. 
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Fig. 2 XRD patterns (left) and slow scans (right) for as-heated ferrite powders:                          NixCo1-

xDyyFe2-yO4 (with y = 0.025 and x = 0, 0.1, 0.2, 0.3 and 0.4 

 

All X-ray diffraction patterns for different ferrite powders: NixCo1-xDyyFe2-yO4 (with y = 0.025, and x = 0, 0.1, 

0.2, 0.3, 0.4 show the same diffraction peaks. All XRD patterns are found to be matching with the each other. 

In all XRD pattern, peaks corresponding to only spinel phase are observed. This indicates the formation of the 

phase pure ferrite with spinel symmetry all the resultant powders.  The fig. 2 (right) shows the slow scan of 

the (311) reflections of all XRD patterns of the as-heated ferrite powders: NixCo1-xDyyFe2-yO4 (with y = 0.025 

and x = 0, 0.1, 0.2, 0.3 and 0.4. The (311) reflection is found to be shifted on the higher angle side. The shift 

in the diffraction angle is found to be increasing with increasing the concentration of Ni in ferrite phase. It 

indicates the insertion of Ni at lattice side of Co. All above XRD observation clearly indicates the formation 

of phase pure NixCo1-xDyyFe2-yO4 ferrite powder in present work. The values of crystallite size for resultant 

ferrite powders are obtained by using Debye-Scherrer relation:  

 

𝐷 =  
0.9 

𝛽𝑐𝑜𝑠𝜃
                               - (1) 

where,  = 1.54 Ao,  = full width at half maximum and  = Bragg’s diffraction angle. The data for crystallite 

size for resultant ferrite powders is given in Table 1. 
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Table 1 Data for average crystallite size  

Composition, x Average crystallite size (nm) 

0.0 24.76 

0.1 25.87 

0.2 38.69 

0.3 33.18 

0.4 29.26 

 

The average crystallite size is found to be between 24.76 to 38.69 nm. It confirms that ferrites powders are 

nanocrystalline.  

 

3.3. UV-visible analysis  

Fig. 3 shows UV-visible absorbance spectra for as-heated ferrite powders: NixCo1-xDyyFe2-yO4 (with y = 0.025 

and x = 0, 0.1, 0.2, 0.3 and 0.4. The band gap energy (Eg) is calculated using formula, 

𝐸𝑔 =  
12400

𝜆
                                                         - (2)   

Where,  = wavelength in Ao. Table 2 gives the data for the band gap energy for all ferrite powders. The band 

gap energy (Eg) is found to be in the range of 1.638 to 1.673 eV indicating thereby semiconductor nature of 

result ferrite powder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 UV-visible absorbance spectra for as-heated ferrite powders: NixCo1-xDyyFe2-yO4 (with y = 0.025 and x 

= 0, 0.1, 0.2, 0.3 and 0.4 
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Table 2 Data for band gap energy  

Composition  x Wavelength  0A Band gap energy (ev) 

0.0 7461 1.661 

0.1 7504 1.652 

0.2 7408 1.673 

0.3 7486 1.656 

0.4 7567 1.638 

 

3.4. FTIR analysis  

Fig. 4 shows the FTIR transmission spectra for as-heated ferrite powders: NixCo1-xDyyFe2-yO4 (with y = 

0.025 and x = 0, 0.1, 0.2, 0.3 and 0.4. From fig. 4, it is clear that, in all FTIR spectra two absorption bands at 

565 cm-1 and 662 cm-1 are seen. These two bands are due to the metal-oxygen vibration in Co3O4 spinel oxide. 

These two bands can be assigned to the stretching vibration of Co-O or Ni-O. Further, the first band at 565 

cm-1 is associated with OB3 vibrations in the spinel lattice. In this case the B indicates the Co3+ ions in an 

octahedral hole [28 -29]. 
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Fig. 4 FTIR transmission spectra for as-heated ferrite powders: NixCo1-xDyyFe2-yO4 (with y = 0.025 and x = 0, 

0.1, 0.2, 0.3 and 0.4 

 

The second band 662 cm-1 is due to the ABO3 vibration. In this case the A denotes Co2+ ions in a tetrahedral 

hole.  All spectra in the fig. 3 also show the three bands at 578, 617 and 645 cm-1. These three bands can 

attributed to the stretching vibration of the Fe-O bond in the tetrahedral site [28 -29]. Thus FTIR analysis 

indicates the formation of phase pure ferrite powder in present work. 
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4. Conclusions 

The auto-combustion of co-precipitated gel precursor followed annealing the auto-combusted precursor 

at elevated temperature is easy and simple processing route for the preparation of ferrite powders. It requires 

less instrumentation and control over the processing parameter. The method is useful for doping the nickel-

cobalt based ferrites. In present work, the cobalt and dysprosium doped nickel ferrite powder processed by 

using this method is found to be nanocrystalline and phase pure with cubic spinel symmetry.          
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