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ARTICLE INFO ABSTRACT

Keywords: Biy/3CusTi4O12 (BCTO) ceramic was synthesized by the semi-wet route using metal nitrate solutions and solid
Ceramic TiO, powder in a stoichiometric ratio. Fourier transform infrared (FTIR) study of BCTO precursor powder and
Synthesis calcined ceramic showed the presence of alcoholic functional groups and the stretching band of Ti-O and Cu-O

Structural properties

' ! respectively. X-ray diffraction (XRD), scanning electron microscope (SEM) and energy dispersive x-ray
Magnetic properties

spectroscopy (EDX) were employed to characterize the structure, surface morphology and purity of the sintered
BCTO ceramic respectively. X-ray diffraction study confirmed the single phase formation of BCTO ceramic at
1073 K. The average dimension of grains calculated by SEM and AFM was found to be in the range of 0.73 +
0.2 um with clear grain boundaries. Magnetic property was investigated over a wide temperature range 2-300 K
at a magnetic field of 7 tesla. The Curie temperature was calculated by zero field cooled (M%) and field cooled
(M"©) magnetization at 100 Oe applied field which was found to be 125 K. The sintered BCTO ceramic shows
high dielectric constant (£'=2.9x10%) at 323 K and 100 Hz.

1. Introduction

The high dielectric permittivity materials exhibit potential techno-
logical applications, such as in capacitance-based components like
capacitors, resonator, filters and other electronic devices [1-3]. The
complex perovskite material like CaCusTi4O;> (CCTO) has attracted
much attention during the last few years due to its excellent dielectric
properties. It exhibits a very high value of dielectric constant (&' ~10%)
over a wide temperature range (100-600K) [4,5]. However, the
dielectric loss (tan §) of the CCTO ceramic is relatively high. As we
know, the dielectric loss is closely related to the mechanism of the
dielectric response which is explained by impedance spectroscopy
measurement. Sinclair et al. demonstrated that the CCTO ceramic
was electrically heterogeneous and consists of semiconducting grains
and insulating grain boundaries [6]. The high dielectric constant of
CCTO ceramic thus resulted from the internal barrier-layer capacitance
(IBLC) effect. Undoped and doped CCTO ceramics were synthesized for
the first time by the semi-wet route at a lower temperature in our
laboratory and reported in different journals [7—11]. The semi-wet
route in fact is a modified chemical method for the preparation of
ACu3TisO12 (A=Ca, Biy/s, Layss, Yo 3 etc.) type of ceramics. In this
method, nitrate solution of constituent ions is mixed with solid TiO»
which is of low cost and insoluble in solvents whereas in a sol-gel
method solutions of constituents ions are mixed with expensive
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titanium isopropoxide [Ti(OR),4].

In the light of the above-mentioned literature Biy/3CusTisO12
(BCTO) is an analogous to ACu3Ti4O1> type ceramic having body-
centered cubic structure. Which has attracted us to investigate the
dielectric properties of the BCTO ceramic. As compared to CCTO, very
little work has been carried out on the BCTO ceramic [12,13]. LIU et al.
synthesized BCTO ceramic by conventional solid state reaction and got
dielectric constant 1750 at room temperature and at 100 kHz [14]. Y.Q.
Tan et al. have synthesized a series of the BCTO ceramics by
conventional solid state reaction technique under different sintering
temperature condition varying from 1253 to 1313 K for 10 h and
observed that its microstructure was insensitive to the sintering
temperature condition [15]. In the present study, BCTO ceramic was
synthesized by a semi-wet route at a relatively low temperature as
compared to conventional solid state ceramic method. Its microstruc-
ture, dielectric and magnetic properties were reported.

2. Experimental
2.1. Synthesis
Biy/3CusTisO12 (BCTO) ceramic was synthesized by the semi-wet

route. In this method chemicals bismuth nitrate, Bi(NOs)3-5H>0
(99.5%, Merck, India), copper nitrate, Cu(NO3)>-3H,O (99.8%,
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Merck, India) and titanium oxide, TiO» (99.9%, Merck, India) were
taken in stoichiometric molar ratio. Solutions of Bi(NO3)3;-5H,O and
Cu(NO3)»-3H,0 were prepared using distilled water. Both the solutions
were mixed together in a beaker and solid TiO, was added in the
solution. Calculated amount of citric acid (99.5%, Merck, India)
equivalent to metal ions was dissolved in distilled water and mixed
with the solution. The resulting solution was heated on a hot plate
using magnetic stirrer at 343-353 K to evaporate water. The residual
mass was dried at 373-393 K in hot air oven. The BCTO dry powder
was calcined at 1073 K for 6 h in a muffle furnace and ground into a
fine powder using a mortar and pestle. Cylindrical pellets
(13.8 mmx1.00 mm) were made using a hydraulic press applying
pressure of 4 tons for 1 min. The pellets were sintered at1173 K for 8 h.

2.2. Characterization

The crystalline phase of the sintered sample was identified by X-ray
diffractometer (Rigaku Miniflex 600, Japan) using CuKa, X-ray source
with a wavelength of 1.54 A. The FTIR spectra of dry and calcined
powder of BCTO were recorded by ATR-FTIR (Bruker, ALPHA model)
spectrophotometer in the frequency range from 2500 ecm™ to 300 cm™!
with 4 em™! spectral resolution, using KBr pellets. The microstructures
of its fractured surfaces were examined by using a scanning electron
microscope (ZEISS, model EVO18 research, Germany). The elemental
analysis of the sintered sample of BCTO was performed by EDX
(Oxford instrument; USA) attached to SEM. The surface morphology
and thickness of BCTO ceramic was examined using atomic force
microscopy (NTEGRA Prima, Germany). Temperature and the field-
dependent dc magnetization of BCTO ceramic was carried out by using
quantum design magnetic property measurement system (MPMS-3),
over a temperature range 2—-300 K at a magnetic field of 7tesla. The
temperature variation of field cooled (FC) and zero field cooled (ZFC)
magnetization at 100 Oe applied field were carried out using SQUID
VSM dc magnetometer. The dielectric data of BCTO ceramic were
collected using the LCR meter (PSM 1735, Newton 4thLtd, U.K.) with
the variation of frequency (100 Hz—-5 MHz) and temperature (300-
500 K).

3. Results and discussion
3.1. Microstructural studies

Fig. 1 shows XRD patterns of BCTO powder calcined at 873 K and
1073 K for 6 h and sintered pellet at 1173 K for 8 h. From the XRD
pattern, it was observed that few secondary phases such as BisTi3015,
CuO and TiO, were present in the BCTO powder calcined at 873 K for
6 h (Fig. 1a). The single phase of BCTO was formed at 1073 K as shown
in Fig. 1(b). The XRD pattern for pellet sintered at 1173 K also shows
the single phase of BCTO in Fig. 1(c). XRD pattern was indexed on the
bases of a body-centered cubic structure of BCTO ceramic. The lattice
parameter and unit cell volume of the BCTO ceramic were determined
by least squares refinement method using ‘cel’ software. The value of
lattice parameter and unit cell volume of BCTO ceramic was found to
be 7.4164 A and 407.9160 A3, respectively. The crystallite size of the
BCTO ceramic was determined using the Scherrer formula [16].

D =kMp cos O 1

where D is the crystallite size, A is the wavelength of X-ray, k is a
constant taken as 0.89, 0 is the Bragg angle of the peaks and f3 is the full
width at half maximum (FWHM) of the peak. The peak broadening due
to the instrument was corrected with the data of the standard sample.
The crystallite size of BCTO ceramic was calculated by using corrected
value of B in the above equation. The average crystallite size of the
BCTO ceramic was found to be 35.90 nm. Fig. 2 shows the FTIR
spectrum of BCTO dry precursor and calcined powder at 1073 K for
6 h. Most of the citrate group disintegrates during the combustion
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Fig. 1. XRD patterns of BCTO Ceramic calcined at (a) 873 K for 6 h (b) 1073 K for 6 h
and (c) Sintered at 1173 K for 8 h.

process. The peak observed at 1637 cm™' in the dry precursor and
calcined powder could be assigned to the OH vibrational mode of the
absorbed water molecule [17]. The nitrate band at 1384 cm™! appeared
for the dry precursor powder. The peaks observed at 495 cm™ and
744 cm™ for the calcined powder were due to bending and stretching
mode of Ti-O-Ti [18]. In the low-frequency region, the peak in between
585 and 525 cm™! was indicated to the Cu-O stretching vibration
[19,20]. Fig. 3(a) shows microstructure of fracture surface of BCTO
ceramic sintered at 1173 K for 8 h, reveals a broad distribution of
spherical and faceted grains. The SEM picture showed some degree of
porosity which may be due to an evolution of some significant gasses
during the combustion of citrate-nitrate precursor gel [21]. The average
grain size of the BCTO ceramic was found to be in the range of 0.73 £
0.2 um. To cheek the purity of synthesized pellet, the chemical
composition was determined by EDX analysis. Fig. 3(b) shows the
EDX spectrum of BCTO ceramic sintered at 1173 K for 8 h which
confirmed the presence of Bi, Cu, Ti and O elements. Their atomic
percentages were found to be 3.66, 15.10, 21.59 and 59.65 respectively.
The chemical compositions of the elements were consistent with BCTO
ceramic and no evidence for secondary phase formation was observed.
This observation was also supported by XRD result. The AFM image of
BCTO ceramic sintered at 1173 K for 8 h was examined. Fig. 4(a)
shows the surface morphology of grains and grain boundary for a two-
dimensional image of BCTO ceramic. The AFM image of BCTO ceramic
exhibits compact structure with granular morphology, buffer layer,
plates like grains and clear grain boundary [22]. Fig. 4(b) shows three-
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Fig. 2. FITR spectra for the BCTO ceramic (a) Dry powder (b) calcined at 1073 K for 6 h.
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