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Abstract 

   The dielectric constant and dissipation factor were determined as function 
of temperature in the range (RT-160 oC) at fixed frequencies of (0.1,1,10) 
KHz for Pure BaTiO3  sintered at (1400 oC ) and (Mn+3–doped BaTiO3) 
sintered at (1350, 1400 and 1450 oC) for four hours. The activation energies 
were calculated from the (Arrhenius-Plot) for a pure and doped samples 
sintered at the same temperature at 10 KHz. Phase identification of the pure 
and Mn-doped samples in ceramic form were determined by (XRD) using 
the standard “JCPDS files”. 

Keywords : Barium Titanate, Manganese doping, ,Dielectric Properties, Dielectric 
Loss, XRD, Arrhenius-plot, Activation  Energy, Sintering Temperature. 

I.  Introduction 
 
   Barium Titanate (BT) has become one of the most important 
electroceramics since its  discovery of its versatility in multilayer ceramic 
capacitors (MLCC), positive temperature coefficient of resistance (PTCR) 
thermistors, piezoelectric sensors, transducers, actuators, ferroelectric 
random access memories (FRAM) and electro-optic devices(1,2,3) 

It is well known that impurities or additives incorporation in BaTiO3 
(BT) even in quite small proportions may appreciably change the dielectric 
properties. 
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There are many applications for donor-doped BaTiO3 such as positive 
temperature coefficient resistor (PTCR), boundary layer capacitors, etc. 
Donor-doped BaTiO3 has been intensively studied, also Doping BT of 
hardeners (acceptors) gives higher conductivity, reduces dielectric constant, 
changes its curie temperature and other physical properties(4) 

Prior studies have tried to check the influence of doping Baruim Titanate 
Ceramics BaTiO3 by elements of the fourth period in the periodic table, 
Chromium, Cobalt and Iron(5,6,7). In this study we have tried to reach finally 
to a systematic behavior with a general relation explaining the effect of 
frequency and Temperature on the electrical properties of ferroelectric 
material BT doped with the fourth period elements which have a 
ferromagnetic property, 
In addition to our general aim we concentrate in this research to the effect 
of sintering temperature on doped-BT comparing with the other studies 
have made with other dopants. 
 

II.  Experimental Procedure 
 
The specimens used in this study were prepared from a high pure 
(BaCO3,TiO2 and Mn2O3 using conventional solid state sintering route as 
shown in Fig. 1(a). The powders in stoichiometric ratios have been prepared 
using a high sensitive four digital electronic balance. powder mixture was 
milled in (propanol-2) for five hours and then the slurry was dried in an 
oven at (1100 C) for 20 hours, then it was calcined at five different 
temperatures (600,700,800,900 and 1000 0C), for times varied between 3 to 
4 hours. The specimens were isostatically pressed without binder under a 
pressure of  90 MPa. into disks, with a diameter of (7-12 mm) and a 
thickness (0.9-2) mm size and then the doped material sintered at different 
temperatures, (1350-1400 and 1450°C) in air in a programming furnace 
with a rate of 10 degrees per min. After preparing the ceramic materials 
they were prepared for electrical measurements as shown in Fig. 1.(b), First 
by grounding and slicing them to make tablets of 0.9-2 mm thickness and 7-
12 mm diameter, then the electrodes formed by silver paste which was 
applied to both faces to measure the electrical properties. 
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-b- 
Fig. (1)-(a) Preparing the ceramic sintered tablets. (b) Preparing the tablets for the 

electrical measurements 
 
At a 0.1 KHz The dielectric constant and the loss were determined using a 
signal generator and amplifier, Griffin & George Ltd taking the frequencies 
(0.1,1,10 KHz) with the aid of The digital thermometer K type-MS6500, in 
the range between (17-160°C), to set the ac dielectric measurements, the 
digital millimeter DT9205A, was used to measure the capacitance of the 
specimens, giving the samples a very small a.c signal, The conductivity was 
measured indirectly using V-I relation with a high sensitive digital 
millimeter 3800 d. The formed specimens were heated in the -200 W- 
electric heater (Leybold-Heraeus 556-81), and a special prepared samples 
holder were made. The rates of heating were about 1.50 C/min which 
controlled using a variable rheostat connected directly to the main ac power 
which was 220V maximum. The controlled power supply and the heating 
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rates were reduced to about 0.50 C/minute near the expected transition 
temperatures.  The higher frequencies (1,10 KHz) the measurements for the 
dielectric constant and the loss both were determined by a capacitance 
bridge model (HP 4270A) with the aid of a standard  digital thermometer in 
the same range of temperatures. 
 

III.   X-ray Diffraction Measurements 
 
Using Cu K radiation with (=1.5406 0A) were carried out on the 

powders of the pure and doped raw materials calcined at different 
temperatures starting from 6000C to 10000C fig.2,3 to insure the formation 
of the material, Clearly showed that the 10000C is the best temperature 
required degree to form the pure and doped materials. 
X-ray patterns were recorded using Brukeraxs D5005 Diffractometer in a 
wide range of (200≤2≤900) at a normal speed scan for all the samples for 
the sintered specimens as shown in fig.. 4 in order to verify the formation of 
the tetragonal ferroelectric phase. 
 

IV.   Results and Discussion 
 
As a general behavior of the Baruim Titanate doped with Mn+3 there is a 
clear decrease in the dielectric constant for the whole samples sintered at 
different temperatures when the measurements were taken at 100 Hz as it is 
showed in Fig. 5. 
 

 
 

Fig.2 XRD for the Mn-doped sample as a powder calcined at different temperatures. 
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Fig. 3 The XRD for the pure BT sample as a powder calcined at different temperatures. 
 

 
 

Fig.4 The XRD pattern for the Mn-doped BT sample sintered at 14000C 
 
 
 
 
 
 
 
 
 
 



 Study of  The Dielectric Properties of  
The Ferroelectric Mn+3-Doped BaTiO3 

38 
 

 

 
 
Fig.5 The Dielectric constant as a function of temperature for the high pure sample and the 

doped samples sintered at different temperatures measured at 100 Hz. 
 
   As we increase the frequency up to one and 10 KHz fig. 6 shows that a 
very high dielectric constant could be achieved at RT which was about 
3500 at 1KHz and it is increased up to 5800 which was more than the 
maximum value for the same sample measured at 100 Hz and even at curie 
point a very high value (15000) was achieved at 10KHz, which indicate that 
the Mn+3 doped ferroelectric material better to be used in the development 
of Multilayer Ceramic Capacitors (MLCC) which used in the audio 
frequency ranges. 
 

 
Fig..6 Dielectric constant as a function of temperature for a doped sample sintered at 

14500C measured at (0.1,1,10) KHz. 
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    The general behavior of the loss as it is showed in Fig.7 shows that there 
is a constant loss up to about 500 C then a broaden peak which reach up to 5 
at their minima -which could be approved that it is the curie points of the 
samples- increased finally linearly in the paraelectric region. 
 

 
Figure.7 Tan (δ) versus T for all samples sintered at different temperatures measured at 

100Hz . 
 

The loss in the doped samples was smaller than that for the high pure BT, 
which is another good characteristic of doping the BT with Mn+3.  

the most stable loss at RT was achieved for the samples sintered at 
14000C, but the smallest loss up 500C was got with the doped sample which 
was sintered at 1400 0C. 
The curie constants for two doped samples sintered at (13500C,14500C) 
were calculated from the linear paraelectric region in the plot of inverse of 
the dielectric constant versus temperature as showed in fig.. 8.which is a 
prove of curie-wise law for the two doped samples sintered at 13500C and 
14500 C, the two curves show linear regions for the two samples, the curves 
also show a more stable RT region for the sample sintered at 13500 C. 
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Fig.8 Curie-Weiss law for two doped samples doped at two different temperatures. 
 
    The Curie-Weiss law characterizes the permittivity of samples doped at 
different temperatures as shown in fig. 9, the slopes of the linear regions in 
fig..8 were taken in order to get the curie constants which for the two 
samples were the same "5×105 0C", i.e. the sintered temperature has no 
effect on the curie constants for the Mn+3 Barium Titanate, and the values 
fit with these mentioned before in the literatures. 
 
 

 
 
Fig.9 the curie constant was calculated for the two doped samples where K was measured 

at 1 KHz. 
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-b- 
 
Fig.11 (a,b) activation energy in the paraelectric region for the pure and the doped sample 

both sintered at 1400 0C measured at 10kHz. 
 

TABLE I. 
The activation Energy for the pure and Mn-doped sample both sintered at 14000C at 10 

KHz 

 
activation 
Energy 

Pure-
BaTiO3

Ba Ti0.9 Mn0.1 
O3 

part-1 0.326 eV 0.333 eV 
part-2 0.527 eV 0.518 eV 

 
It is clearly that the conductivity of the Mn-doped BT sample was higher 

than that for the pure sample at all the points except at Curie point where 
both of the samples intersect together. 

 
The curves also show a constant resistively for both samples up to about 
800C starting to increase slowly up to Curie point. it is clear from the two 
activation energies in table one that the sintered temperature has no effect 
on the value of the curie constants because the two activation energies of 
the doped and the undoped sample were the same. 
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Conclusion 
 
     Doping Barium Titanate with Mn+3 decreases both the room temperature 
dielectric constant ‘K’, and the maximum ‘K’ at curie point, and the best 
sintering temperature was at 14000C were the highest ‘K’ at RT which 
reaches about 2900 and at curie point which reaches 6500, and at this 
temperature the longest stable range (500-12000C) has been achieved. 
doping BT with Mn+3 decreases the tangent loss the lowest loss energy was 
also with the sample sintered at 14000C. The dielectric constant 'K' was 
increasing with frequency at RT as well as at Curie point. also it is found 
that the sintered temperature has no effect on the value of the curie 
constants. 
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