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Abstract— In this present study the Zinc Doped MnTiO3 ceramic powders were synthesized by solid state reaction route using metal 

oxides with heat treatments at and 1200
o
C for 12h. The characterizations of the ceramic samples were carried out by SEM, EDAX for 

structural studies and HIOKI 3532-50 LCR Hitester for dielectric measurements. It shows that the dielectric constant and Dielectric loss 

were increased with temperature and decreased with frequency and observed the moderate increase of dielectric constant with t he 

addition of small amount of Zinc to the Manganese Titanate ceramics. The result were discussed in this study. 

Index Terms— MnTiO3, Solid state reaction route, SEM, EDAX, Grain size, Dielectric Constant and Dielectric loss. 

——————————      —————————— 

1 INTRODUCTION 

Microwave resonators, filters, oscillators or capacitors [1-3] 

play an important role in industrial or commercial electronic 

systems. The required materials to fabricate these 

components must exhibit a high dielectric constant, a low 

dissipation factor, a small temperature coefficient of the 

dielectric constant (ε’) [4,5], and that at high and hyper 

frequencies range. Most of the known dielectrics ceramics 

suitable for those applications require high sintering 

temperatures (1200–1500°C) to get well densified materials. 

MnTiO3 ceramics [6] have the ilmenite structure, which is 

an ordered derivative of the rhombohedral structure. MnTiO3 

has much attractive material for the solar applications in 

visible spectrum because of strong absorption properties [7]. 

MnTiO3 and ZnTiO3 are the same crystal structure of 

rhombohedral symmetry with a space group R 3  and both of 

them have close ionic radii for Zinc and Manganese. So it is 

possible to substitute the Zinc ion in to the Manganese to 

form the Zinc Doped MnTiO3 which might improve the 

dielectric properties of the ceramic sample were wide 

applications in the field of Microwave dielectric resonators, 

filters and gas sensor devices [8] etc., 

2 EXPERIMENTAL DETAILS 

2.1 Materials 

Titanium dioxide (TiO2) powder (P-25), Zinc Oxide (ZnO) and 

Manganese Corbate (MnCO3) were purchased from Aldrich 

Chemical (USA) with purities above 99.9%. Poly Vinyl 

Alcohol (PVA) as binder to prepare the pellets. 

2.2 Preparation of Zinc Doped MnTiO3 Samples 

Ceramic samples were prepared by the conventional Solid 

State Reaction Route [9] from oxide powders with purities 

above 99.9%. The starting materials were mixed in ethanol by 

Ball Milling for 12h with Zirconia balls in polyethylene jars 

and dried at 150oC. The mixed powders were calcined at 

1150oC for 24h. The obtained grained powders were mixed 

with 2.5 wt% of Polyvinyl Alcohol (PVA) solution as binder 

and then pressed into discs 10mm diameter and thickness of 

2mm under hydrostatic pressure about 10Kg/cm2. The 

resultant pellets were sintered at 1200oC for 4h. 

2.3 Characterization Techniques 

The surface morphology [10-12] was examined by scanning 

electron microscopy (JEOL J. SM-35, Japan). Differential 

scanning calorimetry measurements were carried out in HT-

DSC (SDT Q 600 (TA Instruments) equipment in order to 

investigate the phase formation in Zinc doped MnTiO3. The 

porosity were measure by the Archimedes techniques [13] 

using water immersion. The dielectric constant, loss tangent, 

ac conductivity were measured using HIOKI 3532-50 LCR 

HiTester (imported from Japan) with variation of temperature 

and frequency (upto 1MHz). 
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3 RESULT AND DISCUSSION 

3.1 SEM & EDAX 

The following fig.1 depicts the scanning electron micrographs 

of Zinc doped Manganese Titanate at different Zinc 

compositions with sintering temperature of 1200oC. The grain 

size is more in the composition of Zinc at x=0.5 because of the 

atomic radii of Zinc and Manganese is almost similar nature. 

The average grain size is in the order of 1-2 μm, which was 

slightly increased with increase of composition zinc. The 

density of the compound were increased with the increase of 

zinc composition and further (i.e., x>0.5) we are under study. 

The porosity of the samples was studied with the help of 

Scanning morphology and we found that the lower porosity 

because of the density was higher at higher composition. As 

the zinc compositions were increased into the perovskite 

structure lattice promotes the grain growth. 

 
 

 

 

 

Fig 1. Shows the Scanning Electron Micrographs of ZnxMn1-XTiO3 at   (a) 

x=0.1, (b) x= 0.3 & (c) x= 0.5 

The EDAX analysis at x=0.1 for ZnxMn1-xTiO3 was depicted in 

the following fig. 2. From the EDA studies, we found that the 

elemental composition of the each element in the sample and 

the samples were well stochiometric which were shown in 

table 1. At the remaining compositions of zinc were observed 

with similar results but we go for high composition of zinc 

the Titanium ions will be dominated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig.2. Shows the EDAX Data Analysis for ZnxMn1-X TiO3 at x=0.1 
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Table 1. Shows the Chemical composition of the sample at x=0.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Dielectric Measurements 

For dielectric measurements the powder form of the sample is 

grained for 12h  and taken 1 gram of the sample then add 

small amount of PVA as a binder and prepare the pellet by 

pellet making machine with diameter 1.2cm and thickness 

2mm with the application of hydraulic pressure of 10 Tons. 

These pellets were sintered at 1200oC for 4h. Then these 

pellets were used for the dielectric measurements with the 

help of HIOKI 3532-50 LCR Hitester (Imported from Japan) at 

different frequencies and different temperatures. 

From fig. 3, the dielectric constant variation with 

frequency and we found that the dielectric constant is 

maximum at composition x=0.3 and the decreased at all 

frequencies because which might be the smaller ionic 

polarizability of manganese than that of zinc. 
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Fig.3. Shows the Dielectric Constant Variation with 

Composition of Zinc in MnTiO3 

The dielectric constant variation with temperature of 

ZnxMn1-xTiO3(x=0.1, 0.3 & 0.5) at different frequencies are 

shown in fig.4. From fig.4(a), the dielectric constant 

variation with temperature at different frequencies with 

the composition of zinc x=0.1 and we observed that the 

dielectric constant were increased with temperature and 

decreased with frequency because of the off-center ion 

displacement of  the  Zn2+ at A site in the manganese 

titanate ceramics. 
 

Element Weight% Atomic% 

O K 46.22 74.56 

Ti K 28.26 15.23 

Mn K 1.94 0.91 

Zn K 23.58 9.31 

Totals 100.00  



International Journal of Scientific & Engineering Research, Volume 4, Issue 4, April-2013                                                                    741 
ISSN 2229-5518 

 

IJSER © 2013 

http://www.ijser.org  

 

300 400 500 600

0

20

40

60

D
ie

le
c
tr

ic
 C

o
n

s
ta

n
t

Temperature(K)

 1KHz

 10KHz

 100KHz

 1MHz

 

300 400 500 600

0

20

40

60

D
ie

le
c
tr

ic
 c

o
n

s
ta

n
t

Temperature(K)

 1KHz

 10KHz

 100KHz

 1MHz

 

300 400 500 600

0

10

20

30

D
ie

le
c
tr

ic
 c

o
n

s
ta

n
t

Temperature(K)

 1KHz

 10KHz

 100KHz

 1MHz

 

Fig.4. Shows the Variation of Dielectric Constant vs. Temperature of 

ZnxMn1-XTiO3 at (a) x=0.1, (b) x=0.3 & (c) x=0.5 

 
The dielectric losses of the material were studied with 

respect to temperature at different frequencies which are 

shown in fig.5. Fig.5.a shows that a small hump at 370Kwere 

observed and then further increased with respect to 

temperature at all frequencies. Similar results were observed 

when x=0.3 and x=0.5 also, which were shown in fig.5.b.and 

5.c. The dielectric loss tangent (δ) was relatively high because 

of the magneto resistive effect of manganese content. 

(a) 

(b) 

(c) 
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Fig.5. Shows the Variation of Dielectric Loss Vs. Temperature of ZnxMn1-

XTiO3 (a) x=0.1, (b) x= 0.3 & (c) x=0.5 

4 CONCLUSIONS 

The dielectric characteristics and microstructure were 

investigated as function of Zn content. The dielectric constant 

was affected because of the Zinc composition in the 

manganese titanate ceramic sample. Therefore the dielectric 

constant were increased with temperature and decreased 

with frequency. When the composition x=0.3 the maximum 

dielectric constant were observed and then decreased slightly 

as the composition were increased are reported. The dielectric 

loss were increased with temperature and decreased with 

frequency.   From SEM morphology we found that, the grain 

growth were increased when the composition were increased. 

Finally with the substitution of Zinc ion into the Manganese 

ion, it enhances the dielectric properties of the ceramic 

samples. 
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