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ABSTRACT 
 

ddddddddThis research investigates physical and electrical properties of Mn1-xMgxFe2O4 ceramics were prepared by co–precipitation 

method. The ratio values of doping were varied with x = 0.3, 0.4 and 0.5. Mn1-xMgxFe2O4 ceramics were calcined at 1100 
o
C and 

sintered at 1200 
o
C, 1300

o
C and 1400 

o
C respectively. The effects of Mg content and sintered temperatures on the phase formation by 

XRD, morphology by SEM and electrical properties were investigated. 

dddddddd The study found at ratio of x = 0.3 sintered at 1400
 o
C. The sample had maximumed of density at 3.58 g/cm

3
. The XRD 

analysis of the as synthesized powders confirm the formation of the single phase MnMgFe 2O4 cubic spinel structure. The 

microstructure exhibited a rectangular square grain in all samples. The average grain size of  the ceramics increased from 7.7 µm to 

13.7 µm. The dielectric constant and dielectric loss value increases when increases temperature .  
ddddddddKeywords: MgMnFe2O4 ;Ferrite ; Co–precipitation ; Dielectric constant ; Grain 

 

 

Introduction 

กกกกกกกก The dielectric material is a kind of half conductor, its property is to contain electric particle which is called cap acitance. 

When we give the electric field to dielectric the polarization will happen. The dielectric material was first discovered in 1921.  The 

barium titanate (BaTiO3) is the material which is used to be an electric particle container because of its high with relative [1] besides  

this, there are many groups of dielectric material which is similar to barium titanate such as lead titanate, (PbTi03), lead zirconium 

titanate (PZT), lead tantanium zirconium titanate,(PLZT) and lead magnesium niobate (PMN) [2]. The dielectric material is adapted to 

use in the industrial and electronic widely.  For example a diode transistor electric particle is made of dielectric material. This 

material usually composes of lead (Pb), it causes the evaporating (PbO) the oxide of burning lead while producing or destroying the 

material procedure which can be harmful to humans and environment widely. The researcher is interested in studying and 

developing the dielectric material with lead-free ceramics to replace the lead-based ceramics. The manganese magnesium ferrite 

ceramic (Mn1-xMgxFe204) that has a structure as spinal cubic (A
2+
B

3+
O4) and can show the property of electricity at the high 

temperature. It is suitable for applying to use in electronic with high frequency as an electric particle and a resistor [3, 4, 5]. 

ddddddddSo from the problems above, the researcher tries to synthesis the manganese magnesium ferrite ceramic                      

(Mn1-xMgxFe204) in order to study and develop the leadless dielectric material to be used in the near future, according to study the 

effect of Mg content, sintered temperatures that effects the physical and electrical properties of ceramics.
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Experimental procedure 

กกกกกกกกMn1-xMgxFe2O4 (MMF) ceramics were prepared by 

co-precipitation method (x = 0.3, 0.4 and 0.5). Raw materials 

of Mn(NO3)2 (99.0%) , Mg(NO3)2 (99.0%) and Fe(NO3)3 (98.0%) 

were mixed in their respective stoichiometry.                 

The precipitation was carried out using drop wise of NaOH 

solution under constant stirring. The pH of the solution was 

constantly monitored as the NaOH solution was added. The 

precipitate was washed by double distilled water many times 

to remove NaOH (pH ≈ 7). The sample powders were dried 

and calcined at 1100
 o
C for 2 h. Thereafter; calcined powders 

were remixed and pressed into 13.1 mm-diameter pellets and 

sintered 1200
 o

C 1300 
o
C and 1400 

o
C for            

4..h..respectively.…The…phase…formation of MMF powders 

and ceramics were analyzed and identified by X-ray 

diffractionใ ( XRD, Philip PW 30 40 /6 0 X’PertใPro). The 

microstructures of the specimens were observed by   

scanning…electron…microscopy..(SEM, LEO1450VP).    The…. 

densities….of…. the….sintered……pellets…...were  measured  

by the Archimedes method . Dielectric properties were 

measured by the precision impedance analyzer (Agilent 

4263B) at 1 kHz.  

 

Results and discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 1.  X-ray diffraction patterns of the Mn1-XMgxFe2O4         

(x = 0.3, 0.4 and 0.5) sintered at 1200
 o
C 1300

 o
C and 1400 

o
C 

for 4 h. 

 

.Fig 1. Show XRD patterns of the Mn1-XMgxFe2O4 

six characteristic peaks at 30.27
o
 35.53

o
 43.16

o
 53.29

o
 56.97

o
 

and 62.50
o
 corresponding to the crystal planes of a pure 

MnFe2O4 (ICDD 00-010-0319) and MgFe2O4 (ICDD 00-001-1114) 

with a cubic spinal structure and no characteristic peak of 

impurities are detected in the XRD pattern. Fig 2. Shows 

SEM micrographs of the MMF ceramics (x = 0.3, 0.4 and 0.5) 

sintered at 1200 
o
C 1300 

o
C and 1400 

o
C for 4 h. The 

microstructure of MMF ceramics had exhibited a rectangular 

square grain in all samples and some pore exist in grain 

boundary. The average grain size increased from 7.7 µm to 

13.7 µm and the density of the ceramics increased with 

decreasing Mg content. It is shown that clear grain boundary 

and uniformly distributed grain size could enhance the 

density of the MMF ceramics and may be advantageous to 

the electrical properties [6]. 

 
 

Fig 3. Density of the Mn1-XMgxFe2O4 (x = 0.3, 0.4 and 0.5) 

sintered at 1200
 o
C 1300

 o
C and 1400 

o
C for 4 h. 

 
 

 
 
Fig 4. Temperature dependence of dielectric constant of the 

Mn1-XMgxFe2O4 (x = 0.3, 0.4 and 0.5) sintered at 1200
 o
C 1300

 o
C 

and 1400 
o
C for 4 h measured at 1 kHz. 
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Fig 3.. Shows density of the MMF ceramics         

(x = 0.3, 0.4 and 0.5) sintered at 1200 
o
C 1300 

o
C and 1400 

o
C 

for 4 h. The density increased with increasing sintering 

temperatures and increased with decreasing Mg content, 

and reached a maximum value of 3.58 g/cm
3
 with x = 0.3 

sintered at 1400 
o
C. Because the sintered temperature causes 

the microstructure is homogeneous and no pore exists in the 

grain boundary this is consistent with Fig 2.  

Temperature dependence of dielectric constant for 

the MMF ceramics is show in Fig 4. The dielectric constant  

value increased with increasing temperature for all 

compositions and reached a maximum value with x = 0.3 

sintered at 1400
 o
C. It found that the dielectric constant, this 

is consistent with the density values.  

 

Conclusion 

 Mn1-xMgxFe2O4 (MMF) ceramics were prepared by 

co-precipitation method (x = 0.3, 0.4 and 0.5). XRD results 

revealed that all the samples are polycrystalline and cubic 

spinel structure. SEM result shows rectangular square grain 

in all samples. The dielectric constant value increases when  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

increase temperature. For x = 0.3 sintered at 1400
o
C the 

results indicate a maximum in dielectric constant.  Our work 

provides a new way for designing lead-free materials with 

dielectric materials. 

 

Acknowledgements 

ddddddddThis work was financially supported by Rajabhat 

Maha Sarakham University. Thank also to Program of 

Physics, Faculty of Science and Technology, Rajabhat Maha 

Sarakham University for supporting facilities.  

 

References 

[1] G.H Haertling, Ferroelectric ceramics: History and 

Technology,.J..Am..Ceram..Soc., 82 (1999) 797-818. 

[2] Theerachai Bongkarn, Suphornphun Chootin, Supree 

Pinitsoontorn, Santi Maensiri. Excellent piezoelectric and 

ferroelectric properties of KNLNTS ceramics with Fe2O3 

doping synthesized by the solid state combustion technique. 

Journal of Alloys and Compounds 682 (2016) 14 – 21. 

(ค) (ฉ) 
(ฌ) 

Fig 2.  SEM micrographs of the Mn1-xMgxFe2O4 ceramics (a) x = 0. 3;1200 
o
C  (b) x = 0. 4;1200 

o
C  (c) x = 0. 5; 1200 

o
C         

(d) x = 0.3;1300 
o
C  (e) x = 0.4;1300

 o
C (f) x = 0.5;1300

 o
C (g) x = 0.3;1400

 o
C (h) x = 0.4;1400

 o
C and (i) x = 0.5;1400

 o
C 



[3] S.F. Mansour and Elkestawy. A comparative study of 

electric properties of nano-structured and bulk Mn–Mg spinel 

ferrite. Ceramics International 37 (2011) 1175–1180. 

[4] S.B. Patil, R.P. Patil, J.S. Ghodake ,B.K. Chougule. 

Temperature and frequency dependent dielectric properties  

of Ni–Mg–Zn–Co ferrites. Journal of Magnetism and 

Magnetic Materials 350 (2014) 179–182. 

[5] U.R. Ghodake, Rahul.C. Kambale, S.S. Suryavanshi. Effect 

of Mn
2+
 substitution on structural, electrical transport and 

dielectric properties of Mg-Zn ferrites. Ceramics International 

43 (2017) 1129–1134. 

[6] Wei Li, Zhijun Xu, Ruiqing Chu, Peng Fu, Guozhong 

Zang. Enhanced ferroelectric properties in (Ba1-xCax)(Ti0.94 

Sn0.06)O3 lead-free ceramics. Journal of the European Ceramic 

Society..32..(2012)..517–520. 

 

 

 


