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Abstract

Samples of BaTi1l-xRxO3 (where R= Mn; x =0, 0.2, 0.4, 0.6,0.8,) have
been synthesized by solid-state reaction technique. No phase change in the
crystal structure has been observed with Mn doping in barium titanate up to x
= 0.8, however a decrease in crystallite size, lattice strain, c/a ratio and grain
size has been found with Mn doping. The different results presented may be
related to, and are explained by, the grain size and its distribution in the
ceramic bulk. Mn doping in BaTiOs exhibit many interesting features, such as
shift in transition temperature, increasing diffuse phase transition and
decreasing dielectric constant. The evolution from a normal ferroelectric phase
transition to a diffuse phase transition has been observed with increasing Mn
concentrations. The dielectric study of samples poled in magnetic field
suggests that Tc and maximum dielectric constant increase with increasing
magnetic poling strength along with decreasing nature of diffusivity thus
showing multiferroic nature.

INTRODUCTION

Multiferroics are known as materials exhibiting coupled electrical, magnetic, and
structural order parameters, which can have simultaneously the ferroelectricity (with
spontaneously ordered electric dipole moments), ferromagnetism (with
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spontaneously ordered magnetic moments), and ferroelasticity (with spontaneously
ordered strain arrangements). They are currently promising candidates applicable
to electronic devices of high-speed nonvolatile memories, microelectro-mechanical
systems, pyroelectric detectors, memory-cell capacitors, transducers, actuators,
dielectric resonators, electromagnetic-interference filters, and so forth [1-12].
BaTiOz has a general ABOs type structure where A and B are cations of different
sizes, with the 6 fold coordinate B cation in the middle, the 12 fold coordinate A
cation in the corner and the anion, commonly oxygen, in the centre of the face. The
packing of the ions can be thought of as the A and O ions together forming close-
packed array. The phase of BaTiOz at room temperature is tetragonal and it
transforms to cubic phase above 130°C. It also exists in orthorhombic phase at 0°C
and in rhombohedral phase below -90°C. Above 146001C, BaTiOs exits in hexagonal
phase . Although the primitive cube is the idealized structure, differences in radius
between the A and B cations can alter the structure to a number of different so-called
distortions, of which tilting is the most common one. With perovskite tilt the BOe
octahedron twists along one or more axes to accommodate the difference. The
ferroelectric properties of ABOs type perovskite ceramics (here barium titanate) can
be efficiently controlled by doping with different doping elements.

Mn doped barium titanate materials in the bulk form are still explored over a wide
range of compositions and controlled ion substitutions. Few reports are available on
this issue where the micro-structural changes in Mn doped barium titanate2, dielectric
characteristics of Mn-ion doped BaTiOs nanoparticles’®> (Mn is doped at Ti-site),
exaggerated grain growth in Mn doped BaTiOs (Mn concentration ~0.5 mol%) to
study hexagonal phase in BaTiOs dielectric characteristics of BT co-doped!? with Mn
, electrical transport properties of Mn doped BT at high temperature!, valence change
and phase stability of Mn doped BT annealed in O; and H; are discussed®. In this
paper, the synthesis, characterization and dielectric properties of Mn-doped BT have
been studied and the effect of magnetic field on the dielectric properties of BNT has
been analyzed.

SYNTHETIC PROCEDURE

BaTi1l-xRxO3 (where R= Mn; x =0, 0.2, 0.4, 0.6,0.8,0.10) were prepared by
conventional method based on solid state reaction of mixed oxides, using required
amount of analytical grade reagents BaCOsz, TiO2, MnO as starting materials. The
weighed individual reagents were homogeneously mixed in acetone media. The well-
mixed powder was then calcined at 1200°C for 2 h, in alumina crucible. Calcined
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powder was pressed into cylindrical pellets of 1-2 mm thick and 8 mm diameter at a
pressure of ~31.2 x 10° Pa, using uniaxial hydraulic press. These pellets were then
sintered at 1250°C for 5 h. Crystal structure and phase identification of the powder of
sintered pellets was carried out by X-ray diffractometer (Brucker D8 Advance) using
Cu-K, radiation (. = 1.5418 A), the microstructure and the composition analysis were
investigated using field emission scanning electron microscope (FE-SEM) with
energy dispersion X-ray spectroscope attached (FEI, Quanta 200). The compositional
analysis was carried out at different spots on the samples by applying accelerating
potentials of 15 kV and 20 kV. Sintered pellets were polished and flat surface were
coated with high purity silver paste and then dried at 120°C for 30 min, before taking
electrical measurements. Dielectric measurements were conducted on an automated
HIOKI 3532-50 Hi Tester, LCR meter. Dielectric permittivity were acquired in the
frequency range 100 Hz - 1 MHz as a function of temperature (T) in a temperature
range 35-200°C, where the sample undergoes the ferroelectric to paraelectric phase
transition.

RESULTS AND DISCUSSION

X-ray diffraction (XRD) pattern of powder of all the sintered samples show that
diffraction peaks occurred at slightly smaller angles when the specimens were doped
with Mn ion and, although appreciable scatter existed in the c-axis values, the data did
seem to indicate a lengthening of the a-axis and shortening of the c-axis to produce a
more cubic structure with little change in cell volume. At first sight the XRD patterns
of higher concentration of Mn*2 doped BT samples, could be thought that the patterns
fit well with the peak position of Standard BT cube phase since splitting of cubic
peak at 20=43.654 into tetragonal peaks (002) at 26 = 44.853 and (200) at 26 =
45.339 is not observed. However, from a more careful examination of the patterns, it
is evidenced that the broadening of the peaks of a same diagram does not increase
regularly with Bragg angle 6, i.e., does not obey to the Scherrer’s equation®®. This
observation suggests that the lattices of the studied structures, initially cubic, have
undergone a low tetragonal deformation. But the specimens do not show any phase
involving the Mno compound up to x = 0.6 The linear particle size (L) and lattice
strain () was calculated using following Scherrer’s equation'® and data is given in
Table 1. p1/2 cosd = KML+n sing where K = 0.89, B2 is full width at half maxima.
The lattice strain was calculated from slope of v siné versus P12 cos 0 plot. From the
data it is observed that Mn doping decreases the crystallite size, unit cell parameters
and lattice stain in BT, which may be due to replacement of large ionic radii of Ba
(re?* = 1.35A) ion by smaller ionic radii Mn (re?* = 0.69A) ion.
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Table 1: Structural and dielectric properties of Bai-xMnxTiO3

X 0 0.2 0.4 0.6
a (A) 4.1120 4.1002 3.9960 3.9997
c(A) 4.1130 4.1099 4.0120 40134
cla 1.0024 1.0023 1.0040 1.0034
C_rystalllte 33 32 30 29
size (nm)
Lattice strain 0.0173 0.0170 0.0102 0.0099
Grain size 3.2 2.8 1.05 0.99
(km)
Y 1.23 1.26 1.29 1.39
d 30.10 36.25 40.79 46.10

The FE-SEM images of BauxyMnyTiOs for x = 0, 0.2, 0.4, 0.6,0.8 respectively are
shown in Fig. 1. From the SEM micrographs it is clear that grain distribution was
uniform with least possibility of porosity throughout the sample’s surface. Also the
edges of the grains are not so sharp, which confirms the melting like nature of
sample(Fig. 1 a-d), moreover this melting look was found to increase with Mn doping
in BT. The average grain size was determined by classical linear interception method
and the data is presented in Table 1. From the data it is found that grain size decrease

with Mn doping..
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Fig. 1: FE-SEM images of Ba1.xMn xTiO3 (a) x = 0.0, (b) x=0.2, (c) x =0.4, (d) x =
0.6and (e) x=0.8

The variation of dielectric constant as a function of temperature for different Mn
doped BT compositions at 1 kHz frequency show that the dielectric constant increases
gradually with increasing temperature up to the transition temperature (T¢) and then it
decreases. Here the region around dielectric peak is broadened which is one of the
most important characteristics of disordered perovskite structure with diffuse phase
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transition. This broadening is considered to be due to compositional fluctuations®. The
position of transition temperature (T¢) found to shift towards lower temperature side
with increase in the Mn concentration. It was also observed that dielectric peak
maxima decreases with Mn doping, in general the c/a ratio indicates tetragonality
distortion®  i.e., higher the c/a ratio higher will be tetragonality distortion and hence
high will be dielectric constant.

CONCLUSIONS

The system BaixMnyTiOz where x = 0, 0.2, 0.4, 0.6and ,0.8 was prepared by solid
state reaction method. No phase change in the crystal structure was observed with Mn
doping in BT, however a decrease in crystallite size, lattice strain, c/a ratio and grain
size was found with Ni doping. All the different results presented may be related to,
and are explained by, the grain size and its distribution in the ceramic bulk. Mn
doping in BaTiOz exhibit many interesting features, such as shift in transition
temperature, increasing diffuse phase transition and decreasing dielectric constant.
The evolution from a normal ferroelectric phase transition to a diffuse phase transition
was observed with increasing Mn concentrations. The dielectric study of samples
poled in magnetic field suggests that T and maximum dielectric constant increase
with increasing magnetic poling strength along with decreasing nature of diffusivity.
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