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Abstract 

Microwave ferrites require high coercivity for their use as microwave absorbers. 

Strontium hexaferrite is one of the best material due to its magnetic properties , high 

coercivity, large unilateral magnetic anisotropy and very low cost in comparison to 

others make it suitable for the use as microwave components specifically microwave 

absorber .Strontium nano hexa ferrites were successfully synthesized through chemical 

co-precipitation method. The synthesized nanostructure was characterized by X-Ray 

powder diffraction(XRD) and fourier transform infrared spectroscopy (FTIR).The XRD 

result shows the shift from amorphous to crystalline after the calcination of sample at 

600
0
C.The behaviour of ferrite as microwave absorber was also studied for X band of 

frequencies. 
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1. Introduction 

Recent advancement in microwave absorber technology radar absorbing materials 

(RAM) has resulted in special materials that can potentially reduce the reflection of 

electromagnetic signal thus improve the system performance. Ferrites have been attracting 

attention of microwave researchers for their possible use in miniaturized circuits and as 

one of the electromagnetic wave absorber. The penetration of em waves is possible in 

ferrites because of their nonconducting nature. In contrast it is limited in metals because 

of the skin effect. Due to their low eddy current losses it is treated as best material for a 

variety of  electronic applications in terms of generation, conditioning, and conversion of 

power [1]. Electromagnetic wave can initiates an inter communication between the wave 

and the magnetization within ferrite [2-3].This interaction has been used to produce a 

plethora of useful devices [4].The ferrite structure can be garnet, spinel or 

magnetoplumbite which  has a close-packed structure of oxygen anions considered as its 

backbone[5]. 

 M-type hexaferrites are of interest for the use as recently, Strontium hexaferrite M 

type (SrFe12O19) have shown excellent properties in the microwave and millimetre wave 

region of the electromagnetic spectrum [6-7]. M-type hexaferrite (SrFe12O19) is an 

important ferromagnetic oxide. Due to its high corrosion resistance,high resistivity,high 

saturation magnetization and excellent chemical stability  these materials can be 

considered for their use as  permanent magnets.Their high coercivity, low cost make and 

large unilateral magnetic anisotropy make them suitable for the use as microwave 

components. Besides that they also exhibit  stable and have high electrical resistivity [8] 

[9]. Dielectric and magnetic losses of M-type hexagonal nanoferrites at microwave 
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frequencies make them a special kind of absorbing material. However, the magnetic 

losses in these materials result from absorption of moving magnetic domains and spin 

relexation at high frequency during resonance, alternating electromagnetic field. In lieu of 

these advances, it gives a clear indication that microwave device technologies is at the 

turning point for the positive change with the potential to greatly impact a wide range of 

technologies that involve the transmission ,reception and  manipulation of 

electromagnetic signals. 

Many efforts are made in order to achieve large saturation magnetisation and high  

coercivity but to increase these values we require high temperature which results in 

large particle size. Many synthesis techniques are used in order to obtain lesser 

particle size like sol-gel method, ball milling, sonochemical method, citrate gel, 

chemical co-precipitation etc. In this paper we opted for chemical co-precipitation 

as it allows the crystallization to occur at low temperature, which results in the 

formation of nano sized particles due to mixing of starting materials on ionic levels 

and thus it proves to be low cost method for the production in bulk. The effect on 

the structural properties with respect to change in calcination temperature and 

crystallinity has been examined. Particle size is also calculated and behaviour of 

nanoferrites at microwave frequencies is also studied .  

 

2. Experiment  

The polycrystalline SrFe12O19 was synthesized in aqueous media using chemical co-

precipitation method as described by (Gholam et al. 2013). The stoichiometric amont of 

of chloride compounds of sr and Fe with chemical composition SrCl2.6H2O by Fisher 

Scientifics (99% purity) and FeCl3.6H2O of (Finer chemical Ltd ) were dissolved in 

deionised water to form uniform solution. Then 10 M  alkaline  sodium hydroxide 

(NaOH) was dropwise titrated into the solution and the Ph was adjusted to 12 untill dark 

brown precipitates appears. The resulted solution was kept for aging for 24hrs.It was then 

filtered and washing was done for several times with water and lastly with ethanol. The 

resulted gel was dried in a furnace at 60
0
C overnight to remove the moisture contents 

from the product. The dried precipitates were calcined for 4 hrs at a temperature of 600
0 
C 

in air to give crystalline Sr- hexaferrite. Prepared samples were crushed to get powder 

form for characterization of samples. The formation of Sr hexaferrite was confirmed by 

Fourier Transform infrared spectroscopic studies (FTIR). Structural analysis was done 

using X-Ray diffractrometer (XPERT -PRO PW 3050/60) with CuKα radiations. The 

absorption properties were studied using microwave bench with VSWR meter. 
 

 

Figure 1. Flow Chart for Method of Preparation 
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3. Results and Discussion 
 

3.1. FTIR (Fourier Transform Infrared Spectroscopy) 

Fourier Transform infrared spectroscopic studies (FTIR) were done in order to 

determine ferrite formation of samples. FTIR spectra of both samples i.e. with and 

without calcination were accomplished for range 4000 - 400 cm
-1

 (wave number). The 

powder synthesized was mixed with KBr, pelletized and FTIR spectra were recorded 

using Perkin Elmer-USA FTIR spectrometer. The transmittance in hexaferrite powder 

was decreased as fringing fields were absorbed by them. The FTIR spectra of strontium 

hexaferrite powders show three signature transmittance peaks of hexaferrite at ~ 408 cm
-1

, 

481cm
-1 

and 534cm
-1

 which are same when compared with other published works [10]. 

 

 

Figure 2. FTIR-spectrum of Calcined Powder 

3.2. XRD (X-Ray Diffraction) 

Phase identification  and structure analysis was done  at Punjab university on PAN 

analytical (Netherlands) X-ray Diffractometer model X-PERT PRO with wavelength (λ) 

= 1.54 °A for CuKᾱ with scattering angle range (°2Theta) of 20° to 80° with a scan rate of 

0.0170°/sec and specimen length of 10mm .  

The particle size d is calculated from the broadening of the X-ray line, using Scherre's 

equation (1) 

 

𝑑 =
𝑘𝜆

𝛽𝐶𝑜𝑠𝜃
      (1) 

Where λ is the wavelength of X-rays, k is the shape factor and can be taken ~ 0.9. 𝛽 is 

FWHM (full width at half - maximum ) expressed in units of 2θ and θ is the Bragg angle. 

The X-Ray diffraction pattern for calcined and non calcined sample  is recorded and 

analyzed .Fig 3 & 4 represents XRD pattern of strontium hexaferrite both without and 

with calcinations respectively. All the peaks are identified and matched with JCPDS data. 

The standard data used for indexing is JCPDS 84-1531. 

The pattern shows peak formation and broadening after calcinations of the sample 

which confirms nano size formation of the sample. The average crystallite size as 

calculated using the Scherrer equation (1) for major peaks at  2θ  = 33.1786, 35.6684  was 

≤50nm. 
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Figure 3. XRD Pattern For Synthesized Sample a) Without Calcinations b) 
With Calcination At 6000C 

3.3. Microwave Absorption of Hexaferrite Nanomaterial 

In order to analyze the microwave behavior of strontium hexaferrite as low 

transmittance and high absorbance was observed using microwave bench and VSWR 

meter. In X band a good amount of absorbance was recorded due to insertion of strontium 

hexaferrite powder. The sample was inserted in the microwave bench using cellophane 

tape. The microwave bench was initially set for minimum loss which was measured using 

VSWR meter. Then the cellophane tape was used as an obstruction in the path and 

insertion loss was measured which was negligible. The sample holder was made using 

cellophane tape in which powdered sample was adjusted and then it was inserted in the 

waveguide and loss was investigated on VSWR meter. The sample proportion was 

increased by 100 mg in every step and 10 such reading were noted .Fig 5 shows the 

arrangement of microwave bench for observing absorption loss in the waveguide due to 

the presence of powdered hexaferrite sample. From the readings of the VSWR meter a 

graph was plotted which indicate the increase in absorption level with the increase in 

quantity of sample as indicated in Figure 6. 

 

 

Figure 4.  Microwave Bench Setup for the Measurement of Microwave 
Absorption 

 

Figure 5. Microwave Absorption Vs wt. of Nanoferrite Powder 
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4. Conclusion 

It has been investigated that the chemical co-precipitation method for synthesis of 

strontium hexaferrite nanomaterial is an efficient and easier technique. The synthesis 

process has been first carried out without calcination of sample and then with calcination. 

The XRD pattern of these samples reveals the transformation from amorphous to 

crystalline structure. The average particle size of the synthesized strontium nano 

hexaferrite is 44nm. The findings of the waveguide experiment carried out shows that the 

strontium hexaferrite nano material is efficient absorbers for electromagnetic waves in X 

band. 
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