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Abstract:  

Strontium hexaferrite (SrFe12O19) powder was 

synthesized in presence of Calotropis Gigantea 

(crown) flowers extract. The stoichiometric 

proportion of strontium nitrate and ferric nitrate were 

added one by one in crown flowers extract and heated 

at 650º C for 6 hrs to obtain Strontium hexaferrite 

powder. Structural properties of calcined powder 
were investigated using FTIR and XRD analysis. 

FTIR study reveals the formation of ferrite phase. 

XRD analysis shows presence of M and α-Fe2O3 

phases. The real and imaginary part of dielectric 

constant is measured at  room temperature between 

20 Hz to 2 MHz frequency. The dielectric behaviour 

of prepared strontium hexaferrite powder is described 

using Maxwell-Wagner bilayer model and Koop’s 

theory. 
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1. Introduction 

 
The M type strontium hexaferrites are suitable 

magnetic materials for permanent magnets, due to 

their distinct magnetic properties like high Curie 

temperature, large value of magnetocrystalline 

anisotropy constant, high permeability, excellent 

chemical stability and corrosion resistance [1-4]. The 

M type hexagonal ferrites possess magnetoplumbite  
crystal structure and  can be considered as a 

superposition of spinel and hexagonal layers made up 

of  Fe6O8
+2 and MeFe6O11

-2 (where Me represents 

bivalent metal ions like Ba, Sr, Pb or Ca) . The M type 

of strontium hexaferrite has 24 Fe+3 ions per unit cell 

and they are arranged among five different interstitial 

sites: three on octahedral sites 12k, 2a and 4f2, one at 

tetrahedral site 4f1 and rest of one at 

trigonalbipyramidal site 2b. The three octahedral sites 

have parallel spins; whereas the tetrahedral and 

bipyramidal sites have anti-parallel spins.  

 

 

 

Hexaferrites can be prepared by variety of physical 

and chemical methods. Several methods like co 

precipitation [5], microemulsion [6],  hydrothermal 

synthesis [7] sol gel [8,9], salt-melt  [10], ion 

exchange [11], citrate synthesis [12], glass 

crystallization [13, 14]  have been proposed to prepare 
hexaferrites. In the current study, we report the 

structural and dielectric properties of SrFe12O19 

powder; synthesized using  Calotropis Gigantea 

flowers extract and heated at 650º C for 6 hrs. 

 

2. Experimental Procedure 

 
The fresh flowers of Calotropis Gigantea were 

collected from the outside of Nirma University 

campus, Ahmedabad and then washed with normal 

water followed by double distilled water. 30 g of 

Crown flowers were cut into fine pieces and then 

boiled in 100 ml de-ionized water for 15 min. and 
cooled to room temperature.  The mixture was filtered 

and used as flowers extract. Stochiometric proportion 

of strontium nitrate [Sr(NO3)2, Sigma- Aldrich, ≥
9.995 % ] and iron (III) nitrate nonahydrate 

[Fe(NO3)3.9H2O, Sigma-Aldrich, ≥ 98 % ] were 

taken and dissolved one by one in to flowers extract 

and mixture was rigorously stirred for one hour at 

room temperature. The homogenous mixture so 

obtained was kept in oil bath at 100º C under 
continuous stirring till the brownish color dried 

precursors were obtained. The dried precursors were 

preheated at 500º C for 4 hrs and then calcined in 

presence of air at 650º C for 6 hrs inside a muffle 

furnace to obtain SrFe12O19 powder. 
 

3. Results and Discussion 

 

3.1 FTIR Analysis 
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Figure 1. FTIR spectrum of SrFe12O19 powder 

synthesized in presence of Crown flowers extract and 

heated at 650º C for 6 hrs. 
 

Figure 1 shows the FTIR spectrum of SrFe12O19 

powder recorded between the wavenumber 4000 cm-1 

to 400 cm-1. The first absorption band near 3400 cm-1 

represents the presence of  O-H vibrations [15] and 

other strong absorption band at 1400 cm-1 corresponds 

to the presence of small amount of residual carbon 

[16]. The characteristic absorption bands of the ferrite 

phase (Fe-O stretching vibrations) are found between 

600 to 400 cm-1 [17].   

 

 3.2 XRD Analysis 

 
Figure 2. X-ray diffraction pattern of SrFe12O19 powder 

synthesized in presence of Crown flowers extract and 

heated at 650º C for 6 hrs. 

Bruker D Z Phaser diffractometer (PW 1830, Cu- Kα 

radiation- λ=1.5405 Ǻ) with the scan rate of 2º /min 

was used to study structural properties. Figure 2 

shows the XRD pattern of SrFe12O19 powder recorded 

at room temperature. The obtained peaks in  XRD 

patterns were identified using Powder-X software. 

The diffraction peaks corresponding to the planes 

[006], [107], [108], [205], [301], [218], [21 10] 

matched with M-type hexagonal crystal structure 

(PDF # 801198, a = 5.883 Å, c = 23.039 Å,  Vcell = 

690.64 Å3), while the diffraction peaks corresponding 
to the planes [110], [024], [220] matched with α-

Fe2O3 crystal structure (CAS registry No. 1309-37-1). 

Three peaks at 2θ ~ 52.191°, 64.015°, 71.920° remain 

unidentified. 

Equations (1) and (2) were used to calculate the cell 

parameters (a, c) and unit cell volume (Vcell) 

respectively.  

 

For hexagonal crystal structure a = b ≠ c and 𝛼 = 𝛽 = 

90° and γ = 120° 
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Where dhkl is d-separation of the lines in XRD pattern 

and h,k,l are Miller indices.  
 

   𝑉𝑐𝑒𝑙𝑙 =  
√3

2
𝑎2𝑐                                  (2) 

 

Debye Scherrer’s equation (Eq.3) [18] was used to 

calculate the average crystalline size (Dxrd) of 

SrFe12O19 powder. The strongest Bragg’s peak (111) 

was considered.  
 





cos
9.0XRDD

                                (3)

 

Where 

 λ -  wavelenght of X-rays (1.5405 Ǻ) ; 

θ - Bragg‘s angle of diffraction;  
β - the line broadning at half of the maximum intensity 

(FWHM), after substracting the instrumental line  

broadening, in radians.  

Lattice parameters, unit cell volume, ratio (c/a) and 

crystalline size of SrFe12O19 powder are listed in Table 

1. 

 
Table 1. Lattice parameters (a, c), unit cell volume (Vcell) 
and crystallite size (DXRD) of SrFe12O19 powder synthesized 
in presence of Crown flowers extract and heated at 650º C 

for 6 hrs. 
 
 

 

SrFe12O19 powder 

Lattice parameters a (Å) = 5.883 

c (Å) = 23.039 

(c/a) ratio 3.916 

Cell Volume Vcell (Å3) 690.64 

Crystallite Size DXRD (nm) 20.67 ± 1.03 

 

3.3 Dielectric Measurements 
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 Figure 3(a,b). Frequency dependent real dielectric 

constant (ɛ′) and imaginary dielectric constant (ɛ") of 

SrFe12O19 powder synthesized in presence of Crown 

flowers extract and heated at 650º C for 6 hrs. 

 
The dielectric measurements of SrFe12O19 powder 

synthesized in presence of Crown flowers extract and 

heated at 650º C for 6 hrs were carried out at room 

temperature on Agilent Precision LCR meter (Model 

No. E4980A) over the frequency range 20 Hz to 2 

MHz. Figure 3 (a, b) shows change in real and 

imaginary part of dielectric constant with frequency at 

room temperature. The larger values of dielectric 
constant are observed at lower frequencies. Figure 3 

(a, b) reveals that both   real as well as imaginary part 

of dielectric constants decrease  with the increase of  

frequency and remain almost constant at higher 

frequencies. Larger values of dielectric constant 

below 100 HZ frequency are due to presence of 

inhomogeneity in the sample arising from grain 

boundary defects, dislocations, voids, Fe+2 ions, etc. 

[19]. Reduction in dielectric constant at lower 

frequencies can be explained by Koop’s and Maxwell- 

Wagner interfacial theory [20]. As per this theory; the 

dielectric material consists of a conducting layer 
(grains) seperated by the non comducting layer (grain 

boundaries) The direct contact of dielectric mateirals 

with   atmosphere results in the formation of grain 

boundaries during the heating  process [21]. The 

charge carriers move toward the grain boundaries by 

the hopping process during the conduction 

phenomena. High resistance at grain boundaries 

results in the accumulation of charge carriers near the 

grain boundaries and produces the polarization of the 

material, which increases the dielctric constant [22].  

At higher frequecy, lower value of  resistance 

decreases the polarization, which leads to the decrease 

in dielectric constant. 
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Figure 4. Variation of dielectric loss tangent (tan δ) with 

frequency of SrFe12O19 powder synthesized in with  

Crown flowers extract and heated at 650º C for 6 hrs. 

 

The alternating field at higher frequencies  cannot 

effect the hopping phenomena because of the small 

relaxation time. These resist the flow of charge 

carriers approaching towards grain boundaries and 

decrease the polarization effect.  The dielectric loss 

tangent (tan δ) values were calculated using the 

relation [23]. 
 

    ɛ" = ɛ′(tan 𝛿)                                       (4) 

Where (ɛ′) and (ɛ") are real and imaginary part of 

dielectric constant. It is  clear from Figure 4 that (tan 

δ) is observed to be decrasing with increasing  applied  

frequency. At higher frequencies, polarization lags 

behind the applied electric field resulting  in  the piling 
up of charge carriers near the grain boundaries. The 

increase in charge carriers near the grian boundaries 

resist the movement of dipoles, which decreases the 

dielectric loss tangent   at higher frequencies. 
The dielectric loss tangent for hexaferrite depends on 

variety of factors like stochiometry, structure, number 

of charge carriers etc. which again depends on the 

method of preparation and calcination temperature of 

the mateirals [24]. The materials with higher value of 

conductance exhibits higher dielectric losses and vice 

versa [25]. In present case, the dielectric loss tangent 

is observed to be decreasing at lower frequencies and 
then it increases (Figure 4) between frequency ranges 

of  30 kHz to 500 kHz.  The broadening in the 

dissipation curve with the increase of frequency is due 

to the orientation of the dipoles with the alternating 

field as reported earlier [26] 
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Figure 5.  AC conductivity (σac) variation with frequency 

of SrFe12O19 powder synthesized in presence of Crown 

flowers extract and heated at 650º C for 6 hrs. 

 
Variation of Ac conductivity with frequency range of  
20 Hz to 2 MHz is shown in Figure 5. The AC 

conductivity was calculated using the formula (5) 

𝜎𝑎𝑐 =  𝜔𝜀0𝜀′(tan 𝛿)                                                 (5) 

Where (𝜔)  is   angular frequency   and  𝜀0   is 

permittivity in free space.                                                                                         

The increase  in the value of AC conductivity is 

observed with the increase in externally applied 

frequency. There is sudden increase in the value of  
AC conductivity is observed  above  frequency > 100 

kHz. As discussed in the dielectric constant 

characteristics the grains boundaries are more 

effective than grains at lower frequencies. It means 

that the conduction mechanisms are mainly controlled 

by the volume of grain boundaries. The motion of 

charge carries is affected by the grain boundaries in 

lower frequency region due to the low conductivity. 

Due to the higher resitance of grain boundaries, the 

grain boundareis act as a barriers to the conduction of 

material. An increase in the frequency, inceases the 

hopping of electrons therby increasing the conduction 
mechanism. 

4. Conclusions 

Strontium hexaferrite (SrFe12O19) powder has been 

sucessfully synthesized in presence of  Crown flowers 

extract. The powder heated at 650º C for 6 hrs  shows 

the presence of M and α- Fe2O3 phases in XRD 
analysis, FTIR study also reveals the formation of 

ferrite phase. The frequency dependent dielectric 

constants were observed to be decreasing with the 

increase in frequency; this behavior is explained by 

Maxwell- Wagner bilayer model and Koop’s theory. 

The dielectric relaxation is observed and the 

broadening in the dissipation curve with the increase 

of frequency is due to the orientation of the dipoles 

with an applied alternating field. 
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