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ABSTRACT
BaTiO3 (BTO) has been synthesized by sol-gel autocombustion method. The prepared nanoparticles were
sintered at 700 C for 2 hrs. The X-ray diffraction (XRD)
pattern was used to study the phase transformation and
crystal structure of BTO. All reflections XRD are
corresponding to the cubic structure of BTO indicating
polycrystalline and single phase formation BTO nanoparticles
without the formation of any other secondary phases. The
calculated lattice parameter of BTO is found to be a = 3.99 Å
and crystallite size was determined as txrd = 75 nm. Scanning
electron microscopy was used to investigate the grain size
and their morphology. The smaller crystallite size and grain
size confirmed the nano-crystalline nature of prepared BTO
powder. Spontaneous electric polarization with applied
electric field hysteresis loop was measured to investigate the
ferroelectric properties of BTO.
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INTRODUCTION
Materials possessing a large dielectric constant and
electric polarization have gained a great deal of
attention. Since the discovery of ferro-electricity in a
single crystal of Rochelle salt in 1921 [1], there have
been many attempts to find new materials which
possess a high dielectric constant and electric
polarization. The urgent demand for ceramic capacitors
with high electric polarization has been a key issue
leading to the development of ceramic capacitor
technology. High dielectric constant materials are
desirable for the miniaturization of capacitors required
for integrated circuits in electronic devices [2].
Ferroelectric materials are used in many modern
devices, such as piezoelectric actuators and electro-optic
modulators. Materials of the ABO3 family (A and B are
cations and O is oxygen), such as BaTiO3, PbTiO3 and
SrTiO3, have received a significant amount of attention
due to their ferroelectric and electro-optic properties.
BaTiO3 (BTO) is of fundamental and technological
importance due to the strong coupling of its electric
polarization to the electric field and stress field. It is a
well-studied prototype displacive ferroelectric system
offering a good platform to investigate novel effects. It
has many applications such as in ferroelectric and
multilayer ceramic capacitors (MLCC) [3–5] owing to its
high dielectric constant and tunable microwave devices,
which in turn is due to its high and field dependent
dielectric constant in its paraelectric state. Semiconducting BTO can be used for CO gas sensor by
making use of its PTCR effect [6,7].
In ferroelectric fine particles, ferroelectricity decreases
with decreasing particle grain size and disappears
below a certain critical size [8,9]. Other physicochemical
factors, such as the density, shape, presence of
impurities and structural defects, also affect this
property. During the last few years, studies to improve
the quality of perovskite powders have concerned the
sol-gel process [10] and chemical methods [11,12]. These
studied are directed mainly to the synthesis of fine
grained powders [13], thin coatings [14], and monolithic
bodies [15] of controlled particle size and morphology
ISSN 2322-0015

and with controlled final microstructure [16]. The solgel method is a chemical technique including the
following stages: mixing of metallic alkoxides
independently or in combination with acetates, oxalates
and inorganic salts; addition of distilled water under
which hydrolysis and condensation reactions take place.
These are finalized to obtain an amorphous gel under
drying and heating. This method allows additives to be
introduced into the synthesized powders in order to
modify the properties of the ceramic. The advantages of
this procedure are high purity, homogeneity and low
sintering temperatures. Dutta et al. [17] have proposed
that a relationship exists between the tetragonal BTO
and the type of counter ion used in the synthesis.
Although the exact mechanism of this process is not yet
known, the authors suggested that most soluble salts
can promote the dissolution of BTO, disturbing the
dissolution recrystallization process. Thus, a better
understanding of the structure-property relationship of
perovskite Nano crystals is highly desirable, which is
also necessary for developing high- performance
electronic devices. In this work we are reporting the
synthesis of BTO nanoparticles by low temperature solgel auto-combustion method.

METHODOLOGY
The powders of BTO were synthesized by sol-gel autocombustion. Analytical grade citric acid Titanium
butoxide Ti(OC4H9)4 (99.5% pure) was diluted in
absolute ethanol (99.5% pure) and barium acetate
(Ba(OOCCH3)2) were dissolved in acetic acid. These
solutions were mixed together and then stirred in order
to make them homogeneous. Reaction procedure was
carried out in air atmosphere without protection of inert
gases. The molar ratio of metal nitrates to citric acid was
taken as 1:3. The metal nitrates were dissolved together
in a minimum amount of double distilled water to get a
clear solution. An aqueous solution of citric acid was
mixed with metal nitrates solution, then ammonia
solution was slowly added to adjust the pH at 7. The
mixed solution was kept on to a hot plate with
continuous stirring at 90 ºC. During evaporation, the
http://www.irjse.in

Gaikwad et al., 2018

43

solution became viscous and finally formed a very
viscous brown gel. When finally all water molecules
were removed from the mixture, the viscous gel began
frothing. After few minutes, the gel automatically
ignited and burnt with glowing flints. The
decomposition reaction would not stop before the
whole citrate complex was consumed. The autocombustion was completed within a minute, yielding
the brown-colored ashes termed as a precursor. The as
prepared powder then annealed at 700 ºC for 2 h.
The samples were powdered for X-ray investigations.
Part of the powder was X-ray examined by Phillips Xray diffractometer (Model 3710) using Cu-K radiation
(=1.5405Å). Surface morphology and grain size were
observed using scanning electron microscope (SEM,
JEOL JSM-6300). Ferroelectric properties of BTO sample
was studied by using P-E hysteresis loop tracer system.

RESULTS AND DISCUSSIONS
The structure and phase purity of the samples were
confirmed by analyzing the observed powder X-ray
diffraction patterns. Figure 1 represents X-ray powder
diffraction patterns of BTO nanoparticle sample. It seen
that crystallized BTO phase can be obtained at heating
temperature 700◦C for 2 hrs, indicating that single phase
of BTO presented in the prepared pure samples. It is
evident that peaks at 2 = 22.21, 31.58, 38.92, 45.31,
50.73, 56.11, 66.08, 70.48 and 74.86, 79.23◦ indexed as (1 0
0), (1 1 0), (1 1 1), (2 0 0), (2 1 0), (2 1 1), (2 2 0), (2 2 1) and
(3 0 1) diffraction line of cubic phase appeared,
respectively.
The lattice parameter ‘a’ was calculated using the
following equation [18],

a = d (h 2 + k 2 + l 2 )

(1)

where, d is the inter-planer spacing and (hkl) is the index
of the XRD reflection peak. The calculated lattice
constant is a = 3.99 Å, revealing the crystal structure to
be cubic.

Fig. 1: XRD pattern of BaTiO3 nanoparticles prepared
by sol-gel auto-combustion method and sintered at 700
C for 2 hr.
The average crystallite diameter ‘DXRD’ of powder
estimated from the most intense (311) peak of XRD and
using the Scherrer method [18],

D XRD =

C
B1 / 2 cos 

(2)

where B1/2 is the full width of half maximum in (2),  is
the corresponding Bragg angle and C = 0.9. The
calculated crystallite size is 75 ±5 nm, confirming the
nanoparticle formation of BTO sample synthesized by
sol-gel method. The bulk density (dB) measured using
the formula

dB =

m
r 2 h

(3)

where m is mass, r is the radius and h is the height of
the pellet. The percentage porosity is calculated using
following the relation,

 d − dB 
  100
P =  X
 dX 

(4)

where dx and dB are the X-ray density and bulk density
respectively. It is observed that the bulk density is 5.3
g/cm3 whereas percentage porosity is 15%.
The surface and grain morphology of the prepared
sample is studied by scanning electron microscopy
(SEM). Scanning electron micrographs (SEM) of the
surfaces of the BTO sample is shown in Fig. 2, which is
characterized by a typical porous structure and small
rounded grains. It can be observed from the SEM
images that the prepared samples are amorphous and
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porous in nature. The particles were well distributed
and slightly agglomerated. The observed grain size is
around 150 ±5 nm.

nm which confirm the nanocrystalline nature of
prepared BaTiO3 powder. Using scanning electron
microscopy the grain size and morphology is
investigated. Ferroelectric properties of BaTiO3 are
studied by using P-E loops.
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Fig. 3: Polarization (P) versus electric field (E)
hysteresis loop of BaTiO3 nanoparticle prepared by
sol-gel auto-combustion method and sintered at 700 C
for 2 hr.
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