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Abstract 

Substituted M-type Hexaferrites are ferrimagnetic materials that are hard ferrites. In the 

current study, structural properties of these Hexaferrites are studied and reported. A series of 

Aluminum substituted Hexaferrite samples, with composition CaFe12-xAlxO19  (0 ≤ x ≤ 4), have 

been prepared by solution combustion and hydrothermal synthesis using metal nitrates. Samples 

are characterized by X-ray diffraction (XRD). Lattice parameters „a‟ and „c‟ were calculated and 

found to be varying with increasing Al content. The same variation is found with grain size too. 

Similar effect has been observed with synthesis method. The XRD data of all the samples 

prepared in both methods have confirmed the formation of single-phase M-type hexagonal 

ferrites with the space group of P63/mmc. The particle size is calculated using Sherrer‟s formula 

and confirmed as nanoparticles. 
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INTRODUCTION 

Ferrimagnetic materials are usually known as Ferrites. The magnetic behavior exhibited 

by these materials is called ferrimagnetism [1-4]. With the discovery of hexagonal ferrites [5], 

there has been an extensive study of ferrimagnetism of such compounds because of their 

applications in the field of material science as permanent magnets, microwave devices so on and 

so forth.Substituted hexaferrites belonging to the family of magnetoplumbitewith general formula 

, where M is usually barium, strontium, Calcium or Lead, are interesting and attracting 

researchers due to their specific magnetic behavior. The basic structure consists of 38 oxygen ions 

occupying the interstitial sites forming a close packed hexagonal structure. 24 ferric ions occupy 

five different locations in the unit cell in which ,  and  are octahedral,  is tetrahedral 

and  is bi-pyramidal sites. The magnetic nature of magnetoplumbites is determined by the 

substituted trivalent ions for ferric ions, which occupy different sites in the structure (6-10). The 

 ions when replaced partially by other trivalent metal ions, the magnetic properties of the 

calcium ferrite under go changes [11,12]. 
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To prepare Hexagonal ferrite nanoparticles, various synthesis methods such as chemical 

co-precipitation [13], hydrothermal [14], sol-gel [15,16], combustion [17] etc. have been 

developed. Selection of synthesis method to prepare required compound in nano size plays a 

major roll to enhance properties. In the present work, Calcium hexaferrites doped with trivalent 

Al ions synthesized in two different methods visualized solution combustion and hydrothermal 

methods. Their structural properties are studied and reported. 

 

MATERIALS AND METHODS 

Calcium ferrites substituted with  ions were synthesized in two different methods 

such as Combustion synthesis and hydrothermal synthesis methods.  

 

A. Combustion Synthesis 

The AR grade calcium nitrate , iron nitrate , aluminum 

nitrate  were the raw components used. ODH ( ) was used as fuel. 

Stoichiometric amount of metal nitrates along with ODH were dissolved completely in double 

distilled water. After stirring continuously for about 20 min with the help of magnetic stirrer, the 

solution was kept in a muffle furnace preheated at 300°C. As water evaporates, aqueous solution 

got transformed to wet gel. When the temperature was further increased, the solution ignited at 

430°C, by consuming flammable substances with evolution of large amount of gases. The flame 

persisted for about a minute leaving behind a residual loose, pores, and highly friable substance. 

These samples were calcined at 900°C for 3 h and allowed to cool gradually. 

 

B. Hydrothermal synthesis 

To prepare samples in hydrothermal method, the stoichiometric quantities of the AR 

grade , ,  and  were used as reactants. 

The reactants were dissolved in deionized water under vigorous stirring. The solution was poured 

into Teflon liner held in a stainless steel autoclave, sealed and kept in the oven at 160°C. Same 

temperature was maintained for 18 hours. After cooling the autoclave to room temperature in 

natural process, the precipitate obtained was separated by centrifugation gives the Calcium 

ferrite, ionic state of sodium nitrate and water. By repeatedly washing with ethanol and deionized 

water in sequence removes the sodium and nitrate ions. Then the solution was dried in air at 

80°C for 3 h.  

 

RESULTS AND DISCUSSION 

The phase identification of the sample was performed by PANalyticalX‟pert Pro 

diffractometer with Cu-Kα radiation  (λ=1.5405Å) in angular steps of 0.02°.  Figure 1 and 2 

illustrate the XRD pattern of the samples. X-ray diffraction studies confirm the formation of 

hexaferrites with the space group P63/mmc (JCPDS No. 49-1586). The average crystallite size of 

the powders was measured by X-ray line-broadening technique employing the Scherrer formula  

 
Where D is average size of the crystallite, k is Scherrer constant (k=0.9), λ is wavelength 

of radiation (1.5405A°), β is full width at half maximum height (FWHM) measured in radians and 

θ corresponds to the peak. 
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The highest intensity diffraction peaks of the samples have been found at (107) 

orientation for all the samples. There is a minor shift in peak position with the increase in  

atoms. Other peaks were found with the orientations as shown in Figures 1 and 2. Due to the 

small ionic radius of (0.54 Å) ion than (0.65 Å),lattice parameters „a‟, „c‟ and volume 

of the cell show decrease with increase in aluminum content. There is slight variation with 

method of preparation. Calculated values are given in table 1 and 2. 

 
Figure 1: XRD pattern of  prepared by Combustion Synthesis. 

 

 
Figure 2: XRD pattern of  prepared by Hydrothermal Synthesis. 

 

Table 1: Structural parameters the samples prepared in combustion synthesis 

 

Sample 

Grain size 

„D‟ nm 

Lattice parameters Volume of the 

cell „V‟  „a‟ Å „c‟ Å 

 
33 6.049 22.051 699.49 

 
30 6.010 22.033 689.83 

 
32 6.004 22.006 687.57 

 
31 5.998 21.935 684.08 

 
24 5.986 21.917 680.61 
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Table 2: Structural parameters the samples prepared in hydrothermal synthesis 

 

Sample 

Grain size 

„D‟ nm 

Lattice parameters Volume of the 

cell „V‟  „a‟ Å „c‟ Å 

 
41 5.998 22.856 712.08 

 
35 5.995 22.851 711.22 

 
21 5.993 22.844 710.52 

 
20 5.806 22.394 653.74 

 
38 5.816 22.368 655.23 

From these values it is clear that volume of unit cell is less for the samples prepared by 

combustion synthesis. The particle size is in the range of 24 Å to 33Å for samples prepared in 

combustion synthesis whereas for the samples prepared in hydrothermal synthesis it is in the 

range of 20 Å to 41 Å. This may be due to the high temperature developed in the autoclave 

because of high pressure. From this it is evident that combustion synthesis is more suitable than 

hydrothermal synthesis to prepare substituted calcium hexaferrites. 

 

CONCLUSION 

Calcium hexaferrites substituted with of aluminum were synthesized in two different 

synthesis methods, known as solution combustion synthesis and hydrothermal synthesis to attain 

enhanced structural properties. XRD analysis confirmed the formation of single-phase M-type 

hexagonal ferrites in both methods. The space group of synthesized samples is found to be 

P63/mmc. The average particle size is found to be in the Nano range in both synthesis 

methods.From these studies it we can conclude that combustion synthesis is more suitable than 

hydrothermal synthesis to prepare substituted calcium hexaferrites. 
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