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In this work, a 1:1 molar ratio of TiO2 and barium salts was used to prepare 
a BaTiO3 nanocomposite. A precursor solution was prepared through the 
chemical precipitation method and then hydrothermally treated to achieve 
different morphologies and structural forms of the nanocomposite. X-ray 
diffraction, which was used for structural characterization, demonstrated 
that the nanocomposite had an average particle size of approximately 56 
nm and validated its crystalline nature. Surface morphology and particle 
size were assessed through scanning electron microscopy. The elemental 
composition and weight percentages of constituent elements were also 
determined by employing energy-dispersive X-ray spectroscopy to 
confirm the effective synthesis of the nanocomposite. These results were 
then compared with the anticipated theoretical values.

INTRODUCTION 
Hydrothermal synthesis is the best approach for 

regulating the properties of samples under varying 
synthesis conditions, and all of the various forms 
aid in further enhancing the necessary qualities to 
make the samples suitable for different applications 
[1,2]. The working process of the hydrothermal 
synthesis reaction comprises two components. 
The initial step involves breaking down the source 
material into an ionic form by dissolving it in a 
particular solvent [3, 4]. Crystallization occurs 
when the raw material is at its most soluble, 
and the outcome of this phenomenon provides 
the finished product its strength [5]. BaTiO3 is a 
common electrical ceramic material that can be 
employed at normal temperatures [6]. It has a 
tetragonal perovskite lattice structure and is a pure 
material that changes from an electrical state to a 

semielectric cubic state at the Curie temperature 
Tc or approximately 130 °C [7,8]. Undoped BaTiO3 
is an electrical insulator, and oxygen deficiency 
occurs at high temperatures (BaTiO3 > T) in air (in 
degrees Celsius) or in a reducing atmosphere [9]. 
Extensive research has been conducted on the use 
of BaTiO3 nanoparticles in dynamic random access 
memory, photovoltaic devices, and multilayer 
ceramic capacitors (MLCCs) [10] because of 
their high dielectric constant and photovoltaic 
properties [11]. The production of microelectronic 
devices uses BaTiO3 nanoparticles, a type of 
nanomaterial. Additionally, MLCCs are made with 
BaTiO3 nanoparticles [12]. The resultant material 
has special cohesive and preservation qualities. 
Barium nanoparticles affect ferroelectricity and 
have a precise size. [13]. Techniques used to 
create barium nanoparticles include wet chemical 
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processing, traditional solid-state processes, 
and homogeneous organization via calcination 
at temperatures higher than 700 °C. Controlling 
the size and shape of structures, electronics, and 
systems at the nanoscale level (1–100) is known 
as nanotechnology [14]. Nanoparticles, with a 
diameter of less than 100 nm, have generated 
considerable attention and controversy and 
experienced increased utilization in a number of 
industrial domains [15]. Numerous reports on 
the effective hydrothermal synthesis of BaTiO3 
with enhanced characteristics exist. Wang et al. 
(2012) investigated the mechanism underlying 
the transformation from TiO2 to BaTiO3 under 
hydrothermal conditions to gain insight into the 
dynamics of nucleation and growth [16]. Chen 
et al. (2016) fabricated lead-free BaTiO3-based 
ceramics with improved piezoelectric performance 
by optimizing hydrothermal synthesis conditions 
[17].

MATERIALS AND METHODS
Preparation of Nanoscale BaTiO3

BaTiO3 nanoparticles were produced through 
a hydrothermal method employed in the United 
States (U.S.) by using Ba(OH)2·8H2O); U.S.-based 
TiO2 (rutile or anatase); deionized water; NaOH 
for pH adjustment; a sprinkling stainless steel 
autoclave lined with Teflon; a filter or centrifuge; 
and a lab oven set at 250 °C. Ethanol or acetone 
was utilized for washing. 

Method steps
1. Preparation of the solution: Stir and dissolve 

stoichiometric Ba(OH)2
.8H2O in deionized water. 

Add the TiO2 powder while aggressively stirring.
2. Optional pH adjustment: If required, 

add NaOH to increase alkalinity for improved 
crystallization.

3. Hydrothermal treatment: Place the mixture 
in an autoclave lined with Teflon. Warm to 180 

 

 

Fig. 1. XRD spectra of nanoscale BaTiO3 synthesized through the hydrothermal method. 

hkl I% d-A 2θ 
100 Medium 3.99 22.2 
110 Strong 2.84 31.5 
111 Medium 2.31 38.8 
200 Strong 2.00 45.3 
210 Medium 1.80 50.8 
300 Weak 1.34 70.2 

 
 

Table 1. Representative Miller indices.
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°C–220 °C for 12–24 h to enable the production of 
nanoparticles under intense pressure.

The autoclave should be allowed to naturally 
cool to ambient temperature.

4. Product collection: Remove the autoclave 
and collect the white precipitate. Clean using 
ethanol and deionized water. Centrifugation or 
filtration can be used to separate the product.

5. Drying: Bake the cleaned product at 60 °C–80 
°C for several hours.

6. Calcination: Calcinate for 2–4 h at 600 °C to 
improve crystallinity and eliminate residue.

BaTiO3 is a fine, white nanopowder that ranges in 
size from 20 nm to 100 nm depending on synthesis 
conditions. Final tests for characterization included 
X-ray diffractometry (XRD), scanning electron 

 

 

 

 
 Fig. 2. SEM images of nanoscale BaTiO3 nanopowder prepared through the hydrothermal method 

under different magnifications.
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microscopy (SEM), and energy-dispersive X-ray 
spectroscopy (EDX).

RESULTS AND DISCUSSION 
The XRD pattern of nanoscale BaTiO3 produced 

through the hydrothermal method is displayed 
in Fig. 1. The XRD pattern seen in Fig. 1 attests to 
the crystalline structure of the produced BaTiO3 
nanoparticles. High crystallinity is indicated by 
strong and prominent peaks. The successful 
production of the target phase is confirmed given 
that the peak positions are in good agreement 
with those in the typical diffraction pattern of 
cubic or tetragonal perovskite BaTiO3. Considering 
the absence of visible impurity peaks, the product 
is a pure phase. As is typical of the (110) plane of 
BaTiO3, the strongest peak arises at approximately 
2θ ≈ 31°. Additional noteworthy peaks matching 
known crystallographic planes of the perovskite 

structure support the effective synthesis of 
nanoscale BaTiO3. Peak splitting in tetragonal 
BaTiO3 occurs close to 2θ = 45° and 65° because 
of anisotropic lattice constants (a ≠ c). Single 
symmetric peaks (a = b = c) are present in cubic 
BaTiO3. The presence of the intended phase 
is confirmed when these peaks are compared 
with those in typical JCPDS cards (such as No. 
05-0626). Broadened peaks imply particle sizes 
on the nanoscale, whereas sharp peaks indicate 
high crystallinity. Crystallite size is calculated by 
applying the [18] Scherrer equation below:

D = (k λ)/(βCos θ)

where is the form factor (≈0.9), D is the size of 
the crystallite, λ is the X-ray wavelength (1.5406 
Å for Cu Kα), β is the full width at half maximum 
in radians, and θ is the Bragg angle. Wide XRD 

 

 

 
 Fig. 3. EDX images of BaTiO3 prepared through the hydrothermal technique. Various colors indicate 

compounds with the O element. 
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peaks indicate small crystal sizes that are usually 
between 20 and 65 nm.

Analysis of BaTiO3 Nanoparticles via SEM 
Fig. 2 evidently shows that the nanoparticles 

are usually spherical, quasispherical, or 
pseudocubic in shape. Their edges may be 
faceted or smooth depending on the synthesis 
conditions and crystallinity. Naturally occurring 
agglomeration may cause some particles to 
group together. Spherical or pseudocubic shapes 
signify a uniform and regulated crystal formation, 
which is frequently achieved under appropriate 
hydrothermal conditions. On average, particles 
should be between 56 and 68 nm in size. Size 
was estimated on the basis of the SEM scale 
bar. Unexpectedly large particles could be a 
sign of inadequate dispersion or agglomeration. 
Uniformly small particle sizes indicate regulated 
crystal formation and efficient nucleation during 
hydrothermal synthesis. van der Waals forces and 
surface energy cause nanoparticles to tend to 
aggregate. In the SEM image, agglomerates may 
appear as irregular forms or dense clusters. Poor 

synthesis is not always the cause of agglomeration, 
which is common. Using dispersants or surfactants 
can typically reduce agglomeration. The 
homogeneous distribution of particles across the 
image indicates good dispersion and constant 
synthesis conditions. Inhomogeneity could 
indicate temperature gradients throughout the 
process, inadequate mixing, or an imbalance in 
pH. A homogeneous image verifies consistent 
particle production and repeatability across the 
sample. Semispherical BaTiO3 nanoparticles with 
an average particle size of approximately 50 
nm are visible in the SEM image. Although high 
surface energy causes the particles to clump 
together, their homogeneous morphology shows 
that in accordance with [19], the hydrothermal 
synthesis was successful. The image suggests good 
crystallinity and size distribution.

EDX Analysis
Fig. 3 illustrates the EDX spectra of the BaTiO3 

nanoparticles. EDX was conducted to determine 
the elemental makeup of the produced BaTiO3 
nanoparticles. EDX is usually performed in 

 
Fig. 4: EDX spectra of BaTiO3.

Element Atomic % Atomic % Error Weight % Weight % Error 
O 66.8 1.1 25.1 0.4 
Ti 15.3 0.4 17.2 0.4 
Ba 17.9 0.3 57.7 0.8 

 

Table 2. Elemental weight percentage and atomic percentage provided by EDX software. The approximate 
atomic ratio for stoichiometric BaTiO3 should be close.
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conjunction with SEM. The following components 
constitute the optimal BaTiO3 compound: O, 
Ti, and Ba. Additional peaks can be a sign of 
impurities (from contamination or precursors), 
residues (such as C from sample preparation or 
coating), and substrate elements (such as Si if on 
a silicon wafer). The presence of the key peaks Ba 
Lα or Mα (~4.5–5.2 keV) verifies that Ba has been 
incorporated into the perovskite lattice and is 
present. Ti Kα (~4.5 keV) verifies that Ti is present 
in the anticipated oxidation state. Given that O Kα 
(~0.5 keV) corresponds to oxygen, the compound’s 
oxide structure is confirmed to be in conformity 
with that reported in [20]. Fig. 4 shows EDX 
spectra of powdered BaTiO3 prepared through a 
hydrothermal process.

CONCLUSION
1. The XRD pattern confirmed the formation of 

perovskite BaTiO3. Peak splitting is an important 
indicator of the tetragonal phase. Wide peaks 
suggest a nanocrystalline structure. A good match 
with JCPDS demonstrates that the intended 
structure was successfully synthesized. These 
observations corroborate the XRD results for the 
crystalline structure of the BaTiO3 powder and 
validate its nanoscale nature.

2. SEM images of the produced BaTiO3 
nanoparticles reveal a homogeneous shape with 
abundant spherical or polyhedral particles. The 
successful production of the nanomaterial is 
indicated by the observed particle size, which is in 
the nanometer range (between 50 and 100 nm). 
Given their high surface energy, nanomaterials 
frequently exhibit some degree of agglomeration. 
The particles’ smooth and thick surface suggest 
good crystallinity and consistent development 
throughout the hydrothermal process.

3. The presence of O, Ti, and Ba peaks in EDX 
spectra indicates that BaTiO3 was successfully 
formed. The absence of unanticipated components 
suggests excellent purity. Atomic ratios close to the 
expected stoichiometry support proper synthesis.
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