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Abstract: MgDy0.03Fe1.97O4 ferrite material prepared by chemical combustion method. Frequency and 

thermal variation of complex permeability and loss tangent of the prepared ferrite materials was studied by 

using a Hioki LCR-Q meter. The real part of initial permeability increases where as imaginary part of initial 

permeability and loss factor of the ferrites material decreases with increasing frequency. Also the 

permeability of the resulting ferrites increases while loss factor decreases with increasing sintering 

temperature. The microwave absorption properties of dysprosium substituted magnesium ferrite have been 

carried out by using Field Fox vector network analyzer in frequency range 2MHz to 6GHz.The prepared 

ferrite material shows reflection loss of -17.15dB and voltage standing wave ratio (VSWR) is 1.37 at 4.08 

GHz.  
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1. Introduction 

Magnesium ferrite is soft magnetic semiconducting materials have number of applications in 

magnetic technology, adsorption sensors and catalysis [1]. The performance of magnesium ferrites at higher 

frequencies is good due to its high resistivity, low magnetic and electric losses [2, 3]. Effect of rare earth ion 

doping into spinel structure produces structural distortions which induces strains and hence modifies its 

magnetic as well as electrical properties [4-7]. Recently researchers have synthesized nano-sized ferrite 

material due to its important structural, electrical and magnetic properties for different applications in 

sensors,magnetic storage, electronic and microwave devices. 

V. Naidu etal [8, 9] have been reported physical properties of metal ion substitutions such as Sm-Gd, 

Ce-Gd on magnesium ferrite. The structural and magnetic properties of dysprosium substituted magnesium 

ferrite were reported by Bamzai etal [10]. They have studied magnetic hysteresis loop and explain the 

ferromagnetic nature of dysprosium doped magnesium ferrite. Rezlescu etal [11] have studied the effect of 

rare earth ions on magnetic and electrical properties of nickel zinc ferrite. They have showed that the 

substitutions of iron ions by rare earth ions provide clearly improved temperature characteristics of the 

initial permeability. A. Loganathan etal [12] prepared pure and Sr-substituted MgFe2O4 by co-precipitation 

method and showed that structural, optical and magnetic properties of prepared ferrite strongly dependent 

on calcination temperature. Juhua Luo etal [13] studied magnetic and microwave absorption properties of 

rare earth ions doped strontium ferrite. They have shown that Er doped strontium ferrite got better 

microwave absorption performance at frequency 13.8GHz. Alagarsamy etal [14] synthesized Mg doped 

ferrite with Samarium, Dysprosium through sol-gel method.  They have showed that prepared ferrite 

material used for microstrip patch antenna had an acceptable microwave performance with VSWR ≤ 2, 

return loss of 9.799 dB at frequency 3.5 GHz.  The main objective of present work to study frequency and 

thermal variation of permeability as well as microwave absorption performance of dysprosium substituted 

magnesium ferrite material. 

2. Experimental 

The composition MgDy0.03Fe1.97O4 was synthesized by chemical auto combustion route, in which 

metal nitrates are used as an oxidizing agent and fuel glycine as a reducing agent [15].The as-burnt powder 

was mixed with small amount of polyvinyl alcohol and uniaxially pressed at 6 tones/inch to form torroid 

shaped sample with inner diameter 1cm, outer diameter 2cm and thickness 15mm. The samples were 

sintered at 9500C and 10500C for 1hour respectively. Powders acquired after combustion and sintering were 

characterized by X-ray powder diffraction using an X-ray diffractometer. The microstructural aspects were 

studied with a scanning electron microscope. The initial permeability and complex permeability with 

temperature and frequency variation were calculated by using Ls and Q factor values obtained from Hioki 
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(3532-50) LCR-Q meter. For study of microwave absorber properties, the prepared Mg-Dy ferrite powder 

were punched in to a rectangular shape with length 3 cm, breadth 2.5 cm and thickness 2 mm [16,17]. The 

scattering parameters such as reflection of wave for ferrite material were measured using Field Fox vector 

network analyzer in frequency range 2MHz to 6GHz. 

 

3. Result and discussion 

The X-ray diffraction pattern of the MgDy0.03Fe1.97O4 sintered at 10500C is as shown in figure 1. 

 
Figure 1: XRD pattern of MgDy0.03Fe1.97O4 for sintering temperature 1050oC 

 

All peaks of the XRD pattern of sample can be clearly indexed, which correspond to cubic spinel structure. 

Microstructural analysis represents the grain growth of the sample, which influences the magnetic properties 

of the materials. From microphotographs, it  is seen that ferrite sintered at 10500C have a more spherical 

morphological grains as compared to that the ferrite sintered at 9500C is as shown in figure 2.  

 

      
(a)          (b) 

Figure 2: SEM photographs of MgDy0.03Fe1.97O4 for sintering temperature (a)9500C and   (b)10500C 

 

It is clear that the ferrite is well prepared with fine and spherical grains at sintering temperature 10500C. So 

that improve the initial permeability of prepared sample sintered at 1050oC and may be used in the magnetic 

devices.  

The variation of initial permeability (µi) and its real (µ'), imaginary (µ") parts with frequency for the 

composition MgDy0.03Fe1.97O4 sintered at temperatures 9500C and 10500C are shown in figure 3, 4 and 5.  

 
Figure.3: Variation of initial permeability (µi) for MgDy0.03Fe1.97O4 with frequency 
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Figure 4 Variation of real part of initial permeability (µ') for MgDy0.03Fe1.97O4 with frequency 

 

 
Figure 5.Variation of imaginary part of initial permeability (µ") for MgDy0.03Fe1.97O4 with frequency. 

 
Figure 6.Variation of loss factor for MgDy0.03Fe1.97O4 with frequency 

 

From figure 4, it is seen that initially real part of permeability increases with frequency and then its 

value almost remains constant between the frequency range10KHz to 1MHz, then again increases for higher 

frequencies. While imaginary part of initial permeability initially gradually decreases and then its value 

remains constant between the frequency range150KHz to 6MHz is as shown in figure 5. Also from figure 3 

and 4, it is seen that the permeability increases with increasing sintering temperature [18].During sintering 

process, the rare earth ions enter partially into lattice and hence form an isolating thin layer around the 

grains; reduces number of inner pores [12]. Increasing sintering temperature causes decreasing magnetic 

anisotropy there by reducing the internal stresses and crystal anisotropy, so that permeability increases with 

increase in sintering temperature [19, 20].Variation of loss factor with frequency for the composition 

MgDy0.03Fe1.97O4 sintered at temperatures 9500C and 10500C are shown in figure 6. It is observed that, the 

loss factor initially decreases suddenly with increase in frequency upto 100KHz, and above it loss factor 

remains constant with increasing frequency. Loss factors at different frequencies of the samples under 

investigation are presented in the Table 1. It is revealed that, loss factor decreases with increasing sintering 

temperature. 
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Table 1: Frequency dependence initial permeability, real part of permeability, imaginary part of permeability and loss factor (LF) 

at temperature (a) 950oCand (b) 1050oC for the  MgDy0.03Fe1.97O4ferrite. 

(a) 

Frequency µi µ' µ" LF*10-3 

2 KHz 16.20 5.22 15.34 181.53 

10 KHz 16.15 13.77 8.45 37.99 

100 KHz 16.07 16.03 1.11 4.32 

1 MHz 15.91 15.90 0.35 1.37 

5 MHz 20.07 15.91 0.49 1.22 
(b) 

Frequency µi µ' µ" LF *10-3 

2 KHz 19.24 9.14 16.93 96.24 

10 KHz 19.19 17.92 6.87 19.96 

100 KHz 19.10 19.08 0.86 2.36 

1 MHz 18.92 18.92 0.32 0.90 

5 MHz 23.74 23.73 0.30 0.54 

 

Thermal variation of initial permeability and complex permeability of MgDy0.03Fe1.97O4 are shown in 

figure 7, 8 and 9. From this figures, it is found that the value of permeability slightly increases with 

increasing temperature but near to Curie temperature permeability suddenly increases and at Curie 

temperature sharp decrease in permeability is observed.  It represents that, the prepared material changes its 

ferromagnetic state to paramagnetic state at Curie temperature. Sharp decrease at Curie temperature 

indicates more homogeneity of prepared material with single cubic phase. It is also confirmed from XRD 

analysis that prepared material is cubic single phase. Curie temperature of MgDy0.03Fe1.97O4 sintered at 

temperatures 9500C and 10500C is nearly about 3100C. It is seen that with increase in sintering temperature, 

there is no any remarkable trend obtained in Curie temperature. Such type of behavior also explained in 

substitutions of iron ions by rare earth ions in nickel zinc ferrite [11].Variation of loss factor with 

temperature for MgDy0.03Fe1.97O4 sintered at temperatures 9500C and 10500C are shown in figure 10. From 

this figure, it is clear that loss factor remains constant with increasing temperature but at Curie temperature 

loss factor suddenly increases. Hence it is seen that for low loss factor the ferrite material must be used in 

below its Curie temperature value.  

 
Figure 7 Thermal variation of initial permeability (µi)of MgDy0.03Fe1.97O4 
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Figure 8.Thermal variation of real part of initial permeability (µ') of MgDy0.03Fe1.97O4 
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Figure 9.Thermal variation of imaginary part of initial permeability (µ") of MgDy0.03Fe1.97O4 

 

 
Figure 10. Thermal variation of loss factor for MgDy0.03Fe1.97O4 

 

The frequency dependence reflection of wave and VSWR for MgDy0.03Fe1.97O4 ferrite material is as 

shown in figure 11 and 12.Electromagnetic wave absorber can transform the undesired waves into heat; 

hence it is used as to reduce serious electromagnetic interference problem [16]. The prepared ferrite material 

MgDy0.03Fe1.97O4 shows reflection coefficient -17.15 dB and VSWR is 1.37 at 4.08 GHz. Similar type of 

behavior explained in Mg doped ferrite with Samarium, Dysprosium synthesized by sol-gel method [14]. 

Thus it is found that prepared material of MgDy0.03Fe1.97O4 exhibited the best electromagnetic absorbing 

performance at 4.08GHz. 

 
Figure 11. Frequency dependence reflection coefficient for MgDy0.03Fe1.97O4 

 

 
Figure 12. Frequency dependence VSWR for MgDy0.03Fe1.97O4 
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4. Conclusion 

Ferrite material with chemical formula of MgDy0.03Fe1.97O4, were successfully synthesized by a 

chemical combustion route. The X-ray diffraction confirmed formation of cubic single phase ferrite 

material. Microstructural analysis represents the grain growth of the ferrites with increasing sintering 

temperature. The MgDy0.03Fe1.97O4 powder prepared at sintering temperature 10500C exhibit good crystal 

structure and improved initial permeability. The initial permeability was found to increase and loss factor 

decreases at higher frequency. It is observed that loss factor decreases with increasing frequency as well as 

temperature. A good quality absorber should have a large reflection coefficient. The results showed that the 

prepared ferrite material have VSWR is 1.37 and return lossof -17.15 dB at frequency 4.08 GHz. Hence this 

ferrite material used as an electromagnetic wave absorber at frequency 4.08 GHz. 
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