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Abstract
Two samples of M type nano Barium Hexaferritewith composition 
BaFe12O19 were synthesized using chemical co-precipitation 
method. These samples were calcined at 200°C, 400°C and 600°C 
each for 4 hours in a muffle furnace. X-Ray Diffraction (XRD) 
analysis was done for both the samples calcinated at 200°C, 400°C 
and 600°C. The size of crystallite was calculated using X-Ray 
Diffraction (XRD) analysis and Scherrer’s equation. It was found 
that the size of crystallite in sample 1 increased with increase in 
calcination temperature however in sample 2, the size of crystallite 
increased when the calcination temperature was increased from 
200°C to 400°C but the size of crystallite decreased when the 
calcination was done at 600°C. The increase in size of crystallite 
could be due to the thermal expansion of the crystallite. The X-Ray 
Diffraction (XRD) analysis and results have been given in detail 
in the paper.
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I. Introduction
Ferrites have wide range of applications in microwave devices. 
Microwave components such as isolators, circulators, phase 
shifters and many other devices are made by using ferrites [1]. 
These ferrites are made of bulk materials. But now researchers 
have been showing great interest towards the enhanced optical, 
electronic and magnetic properties of barium nano-ferrites which 
often differ from the bulk. M type Barium hexaferrites, BaFe12O19 
are widely used in electronic applications such as cores of inductor, 
transformers, permanent magnets and tape recorders [2]. Ferrites 
are ferromagnetic oxides having dielectric and magnetic properties 
suitable for microwave applications. Ferrites have very high 
resistivity and low magnetic losses which make them suitable 
for use as microwave absorbers. 
This research work includes the synthesis of Barium Hexaferrites 
and characterization using X-Ray Diffractometer. In order to study 
the effect of heat treatment on crystallite size, the samples are 
calcined at different temperatures.
Further the techniques of preparation strongly influence its electric 
and magnetic properties. Various methods for preparation of 
nanoparticles include sol-gel method, chemical co-precipitation, hot 
spraying, energy milling, micro-emulsion method, hydrothermal 
process, low temperature combustion method [3]. Among all 
above mentioned techniques chemical co-precipitation method 
is simple and reliable method that results in fine grain sizes with 
lesser chances of contamination [4].

II. Experimental Details

A. Synthesis of BaFe12O19
In accordance to the chemical equation given below, Barium 

chloride (BaCl2.2H2O) (Fisher Scientific, Purity min. 99%) and 
Ferric chloride anhydrous (FeCl3) (SD Fine Chemical, Purity min. 
97%) were used as precursors.
12FeCl3+BaCl2.2H2O+ 38NaOH  
                                 38NaCl+BaFe12O19+21H2O
The stoichiometric amount of these precursors were put into 100ml 
of distilled water to get homogeneous aqueous solution. Sodium 
hydroxide (NaOH) (Finer chemical Ltd., purity min 97%) 10M 
was preparedusing 500ml of distilled water. 
NaOH solution was added dropwise to the homogeneous aqueous 
solution of barium chloride and ferric chloride at room temperature 
and continuous stirring was done. The stirring was maintained at 
room temperature until the pH value of 12.6 was achieved. It was 
observed that brown precipitates were formed which settled at the 
bottom of the flask. The precipitates were filtered out and washed 
several times with the mixture of distilled water and ethanol (1:1) 
to remove the excess of NaCl and other by-products.
Further, the precipitates were oven dried at 100°C for 8 hours to 
remove water and properly grinded to obtain fine powder. The 
sample so obtained was named as Barium1 and divided into three 
parts to carry out the calcination at 200°C, 400°C and 600°C for 
4 hours each in a muffle furnace followed by cooling down to 
room temperature and grinded again to obtain ultrafine powder. 
The steps followed in Chemical Co-precipitation method can be 
summarized in the following figure.

Fig 1: Flow Diagram for Synthesizing Nano Barium Hexaferrites
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However to compare the results, same precursors with changed 
molarities were now used to synthesize another sample named as 
Barium2. So in accordance with the equation as mentioned above, 
Barium Chloride and Ferric Chloride were taken and dissolved 
in 100ml of distilled water. The titration is carried out using 10M 
NaOH. The process of washing and drying was kept the same 
and the calcination is done at 200°C, 400°C and 600°C for 4 
hours each. 

B. X-Ray Diffraction Analysis
X-ray Diffraction is the most useful analysis for determining the 
crystallite structure and the size of nano-particles. PAN analytical 
(Netherlands) X-ray diffractometer model X-PERT-PRO was used 
for obtaining the X-Ray diffraction data. The specimen length 
taken was 10mm and the measurements were made at room 
temperature.
In order to calculate the crystallite size, the Scherrerformula given 
in equation 1 is used.
τ = kλ/βcosθ     (1)
τ = Average Crystallite Size
β = Line Broadening in radians
θ = Bragg angle
λ = X-Ray wavelength= 0.154
k = 0.94 ( Scherrer constant)

To calculate the value of , following equation is used
βdegree = √(FWHM)2-(0.045)2   (2)

The values of FWHM (Full Width Half Maximum) and 2θ are 
taken from the diffractometer analysis data.

Convert βdegree to βradian using equation 3.

  (3)

III. Results and Discussion
The following figures show the recorded diffractograms for both 
the samples of Barium Hexaferrites.

Fig. 2: XRD patterns of Barium1

Fig. 3: XRD Patterns of Barium2

As shown, the XRD patterns of both the samples of BaFe12O19  with 
major peaks at  = 32.2°, 31.92°, 31.88° for Barium1 and = 31.87°, 
31.89°, 31.895°for Barium2 for different calcination temperatures 
match well with the published data for BaM in standard JCPDS 
file [4-5] (27-1029). This shows that nano-particles of Barium 
Hexaferrites have been successfully synthesized by chemical co-
precipitation method. The crystallite size was obtained from the 
obtained results using equation 1. Table 1 and Table 2 shows the 
crystallite size for Barium1 and Barium2 respectively at different 
calcination temperatures. The tables were generated using the 
National Instruments tool  LabVIEW 2011.

Table 1: Crystallite size calculations of Barium1

Temperature 
(°C)

FWHM 2𝞱 𝞃(nm)

200 0.167300 32.200 53.574753
400 0.100400 31.925 96.1195
600 0.083600 31.8809 122.429

Table 2: Crystallite size calculations of Barium2

Temperature
(°C)

FWHM 2𝞱 𝞃(nm)

200 0.167300 31.8733 53.5308
400 0.081600 31.8975 126.724
600 0.1338 31.8958 68.458

It has been observed that the crystallite size for Barium1 increases 
when the calcination is done for the same time at higher temperature. 
However for Barium2, the crystallite size increased when the 
calcination was done for the same time at 200°C to 400°C but 
decreased when the calcination was done at 600°C for the same 
time. This could be due to some contamination which might have 
taken place during the synthesis process.
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IV. Conclusion
Two samples of nano Barium Hexaferrites have been synthesized 
using chemical co-precipitation method. The size of the crystallite 
was in the nm range. The effect of calcination temperature on 
the crystallite size has also been investigated and it is concluded 
that the size of crystallite increases with increase in calcination 
temperature which could be due to the thermal expansion of the 
crystallite.
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