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In this study, Barium Zirconium Titanate (BaZrxTi1xO3) (where x=0.1 and 0.2) structures were
synthesized using starting materials of barium acetate, titanium (triethanolaminato) isopropoxide
(80% wi/w in isopropanol), and Zr(1\V)propoxide (70% 1-propanol solution) through the Pechini
method. The significance of this synthesis lies in its novel application of commercially available,
air-stable organic titanate precursors. The BZT structures were characterized using X-ray
diffraction (XRD), Fourier Transform Infrared spectroscopy (FT-IR), Thermal Gravimetric
Analysis (TGA), and Scanning Electron Microscopy with Energy Dispersive X-ray (SEM-EDX)
analyses. XRD patterns of the resultant samples, taken after calcination processes at temperatures
ranging from 800°C to 1200 °C, support the hypothesis that zirconium is integrated into the
structure. SEM results demonstrated that as the amount of Zr increased, the grain size of BZT
decreased, with BZT2 particles exhibiting a spherical morphology. The grain sizes of the BZT2
sample ranged approximately from 180 to 50 nm. Furthermore, EDX analyses confirmed the

substitution of Zr within the BZT structure.

1. Introduction

The remarkable optical and electrical properties of lead-
based perovskites have attained great success, but the
instability and toxicity of Pb-based perovskites keep them
out of commercial applications. This concern for
environmental safety has significantly shifted towards
lead-free materials.

Barium titanate is recognized as the most prominent and
environmentally friendly ferroelectric ceramic within the
perovskite family. Among the most appealing systems
derived from this perovskite family are barium zirconium
titanate, barium strontium titanate, and dopped metals of
BT systems.

Barium zirconate titanate systems (BZT) are among the
most significant of these, and they are noted for their
extensive applications in the production of energy-
consuming devices in areas such as electronics and
communications. By focusing on lead-free materials like
BZT, we can contribute to the global effort for
environmental safety. [1-4]. Barium zirconium titanates
are recognized as excellent materials for dielectrics used in
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industrial micro-electro-mechanical systems, capacitors,
and dynamic random-access memory systems. [5, 6]. BZT
ceramic materials are commonly expected to be promising
for piezoelectric actuators and sensors [7]. BZT systems
originated from barium titanate (BT) and barium zirconate
(BZ) lattices, where zirconium replacements to titanium
lattices have been stated to enhance dielectric and
piezoelectric properties [8-11]. The replacement of Ti** by
stable and large cations like Zr** leads to the diffuse phase
transition. It has been stated that Zr** substitution in the
Ti* region is a helpful way to lower the Curie temperature.
Compared to Ti#, the Zr** ion is larger and is more stable.
By replacing titanium(lV) with zirconium(lV), the
perovskite lattice becomes more expansive, and the
leakage current is reduced because of electron jumping
between Ti** and Ti® [12, 13]. The substitution of Zr**
ions significantly improves the basic properties of barium
titanate [14]. Barium Zirconium Titanate (BZT) ceramics
have outstanding dielectric properties, including improved
leakage current, low dielectric loss, dielectric constant, and
lowered transition temperature. These features of BZT
open various potential applications, from actuators and
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capacitors to sensors, tunable microwave devices, and
antennas. The promising properties of BZT suggest a
bright future for its use in various electronic and
communication devices. [3, 9, 15, 16]. However, while the
product is being developed, obtaining a homogeneous, fine
particle-size material should be at the forefront. Under
common preparation conditions, these materials usually
have heating, calcining, and sintering at high temperatures
[11]. To date, many techniques have been developed for
synthesizing barium zirconium titanates. These synthesis
techniques are divided into three groups: solid state, liquid
state, and gas state. While solid-state methods are used for
bulk material synthesis, liquid-state techniques have
gained importance for nanomaterial production [17].

Barium zirconium titanate is traditionally synthesized
through a solid-state reaction involving barium carbonate,
titanium(IV) oxide, and zirconium(IV) oxide at elevated
temperatures [18, 19]. This conventional approach is
inadequate because of issues related to the milling process
and contamination during the sintering and calcination
stages. Liquid state techniques frequently used in
synthesizing barium zirconium titanate are solid state,
auto-combustion, sol-gel, Pechini, and co-precipitation
[20-23]. Among these, the Pechini method is preferred due
to its simplicity, homogeneous distribution, complex
oxide, and nanometric product formation [10, 24, 25]. In
the previous investigation, the synthesis of nano-scale
round-shaped barium titanate via the Pechini technique
using an organic titanate complex of triethanolaminato
was reported by Aktas [26].

This study concentrates on synthesizing homogeneous
BZT structures at reduced temperatures, employing stable
precursor materials, including barium acetate, zirconium
propoxide, and an organic titanium complex. Furthermore,
the use of Ti(IV) (triethanolaminato) isopropoxide as a
starting material for synthesizing TiO,, BaTiOs, and metal
titanates has been documented in a limited number of
studies. [27-30]. Upadhyay and co-workers prepared
spherical and cubic nanoparticles of BaTiOs; via Ti-
triethanolamine isopropoxide and barium hydroxide in
MeOH solution [27]. As an alternative to metallic
alkoxides, using metal complexes in liquid-phase reactions
allows for obtaining nano-scale structures. In the present
work, (BaZrTiix0s3) (x=0.1 (BZT1l), x=0.2 BZT2)
structures were synthesized via the Pechini technique.
However, no literature has been published on synthesizing
BZT with a titanium triethanolaminato complex.

The primary advantage of this synthesis lies in its
unique utilization of a commercially available, air-stable
organic titanate precursor, marking a significant
advancement in the field. The characterization and phase
formation of the prepared BZT1 and BZT2 samples are
elucidated through TGA, FTIR, XRD, and SEM analyses.
The structural properties and morphology of the samples

are also studied. The results obtained from XRD and SEM
indicated a correlated increase in mole fraction, influenced
by higher calcination temperatures and reduced grain size.

2. Experimental
2.1 Materials and Method

Barium acetate; (Ba(CH3;COO),, 99 %, Sigma-Aldrich),
Zirconium(IV)propoxide solution (Zr(OCH2CH>CHs)s4, 70
wt.% in 1-propanol, Aldrich), titanium (triethanolaminato)
isopropoxide solution (80 wt.% in isopropanol, Sigma
Aldrich), citric acid (CeHsO7, > 99.5%, Sigma-Aldrich),
ethylene glycol (C2HsO2, 99.8%, Sigma-Aldrich) and were
used as starting materials. The BZT powders were
characterized utilizing X-ray diffraction (XRD) with a
PANalytical Empyrean diffractometer operating within a 26
range of 10 ° to 80 °, at a scan speed of 0.05 ° s !, employing
L =1.5406 A Cu Ko radiation. The phase identification was
conducted using the Match! Program (Version 3, Crystal
Impact). [31]. The FT-IR spectra of the powders were
obtained using an FT-IR spectrometer (Spectrum BX Perkin
Elmer), scanning from 4000 cm-1 to 400 cm-1 with the KBr
disc method. The Spectragryph Software for Optical
Spectroscopy Version 1.2.16.1 was examined for spectrum
graphs. [32]. TGA analysis instrument SII 7300 Perkin
Elmer thermal analyzer was used to understand the thermal
stability of samples. A Zeiss Gemini 500 microscope was
employed to analyze the morphology of the BZT structure.
The analysis of the elemental composition of the BZT
samples was conducted utilizing EDX.

2.2 Synthesis of Barium Zirconium Titanate samples

Ba(zro_lTio,g)o:g (BZT].) and Ba(zro,zTio,g)Os (BZTZ)
samples were synthesized using the Pechini technique. The
experimental pathway is presented in Figure 1.

Iyzor TE (Titanium

Barium acetate triethanolaminato Z1(1V) propoxide

1sopropoxide solution)

v

Metal-citrate solution

v

Polimeric resin

Dried powder

'

Heat treatment

Figure 1. Synthesis pathway of BZT powders using the Pechini
method.
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The synthesis procedure is given for Ba(Zro1Tios)Os
(BZT1). In the first stage, the metallic citrate solutions were
prepared wusing barium acetate (4.0g, 15.66mmol),
titanium(IV) (triethanolaminato) isopropoxide (4.45 g, 14.09
mmol), Zr(1V)propoxide (in 70 % 1-propanol, 0.7 mL, 1.56
mmol), citric acid (13.53 g, 70 mmol) and ethylene glycol
(17.46 mL, 313.2 mmol). The molar ratio is Ba/ (Zro1Tiog)/
citric acid/ ethylene glycol = 1/ 1/ 4.5/ 20. The solution was
maintained at 125 °C for 2 hours to produce a clear, pale-
yellow gel. Subsequently, this gel was heated at 135 °Cin a
vacuum oven for 24 hours. The resulting powder underwent
a two-step heating process: initially, it was treated at 400 °C
for 4 hours to eliminate organic residues, followed by
treatment at temperatures ranging from 800 to 1200 °C for
an additional 4 hours at a heating rate of 5 °C per minute,
before being allowed to cool to room temperature. The
synthesis of Ba(Zro2Tios)Os (BZT2) was prepared in the
same pathway using the appropriate stoichiometric ratio.

3. Results and Discussion
3.1 TGA and FTIR Analysis

The thermal analysis of the BZT1 precursor, which was
acquired at a temperature of 135 °C and subsequently dried,
was conducted using TGA with a heating rate of 10 °C per
minute, extending to a maximum temperature of 1400 °C.
The TGA curve for BZT1 (refer to Figure 2) indicates an
initial mass loss of 9% within the temperature range of 25 °C
to 200 °C, which is attributable to the moisture and volatiles
adsorbed by the sample [33]. The subsequent mass loss
observed between 200 °C and 550 °C is associated with the
dehydration of organic molecules [23]. Ultimately, in the
temperature range of 1050 °C to 1400 °C, the weight of the
powder remains relatively stable. Following calcination at
1050 °C, a residue comprising 16.5% was obtained. A
comparable scenario is evident in the TGA curve for BZT2
(as illustrated in Figure 2), where the weight of the powder
also remains nearly constant between 1060 °C and 1400 °C.
Notably, after calcination at 1060 °C, the residue for BZT2
was approximately 14%.
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Figure 2. TGA plot of as-prepared BZT1 and BZT2 precursors.

The FTIR analyses were employed to determine the
vibration peaks of zirconium and titanium oxygen bonds.
Figure 3 illustrates the FT-IR spectrum of the BZT powders
calcined at 1200 °C. In the FTIR spectrum of BZT1 and
BZT2, the vibration bands between 500-600 cm can be
assigned to Ti-O and Zr-O stretching vibrations [34]. The
absorption bands at 574 cm™ and 531 cm™ are assigned to
Ti-O and Zr-O vibration bands of MOg (M=Ti or Zr) in
BZT2. In BZT1, with a smaller amount of Zr doped, a single
broad stretching vibration peak was observed at 537 cm™.

3.2 XRD Analysis and Temperature-dependent Phase
Evolution

In this study, the structure of Zr-substituted BT has been
investigated to understand the structural shift by adding Zr
in BT. The resulting powder sample was heated at
5 °C/min at calcination temperatures of 800°C to 1200 °C.
The XRD pattern of BZT1 powder obtained by the Pechini
method at 800 °C is shown in Figure 4. BaCOs; was
typically observed due to the open-air system. The peaks
were observed for the BT, BZ, and Zr-doped BZT samples
at 800 °C.
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Figure 3. FTIR spectrum of BZT1 and BZT2 samples prepared at
1200 °C.

* BaTiO,

BaZrO;

BaCOs

Figure 4. XRD pattern of BaZro.1TiosO3 sample calcined at
800 °C. (JCPDS n0.79-2263 BaTiOs3 (BT), JCPDS no. 74-1299
BazZrOs3 (BZ))
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Due to the inability of Zirconium to diffuse, it is
imperative to elevate the calcination temperature to attain
a greater Zr content. Consequently, a single phase was
successfully achieved at elevated temperatures of 900°C,
1000 °C, and 1200 °C, as illustrated in Figures 5 and
Figure 6. BZT1 and BZT2 were obtained at 1000 °C and
1200 °C respectively. The diffraction peaks of BZT1 and
BZT2 exhibit a shift towards lower angles, while the full
width at half maximum (FWHM) of the XRD peaks
increases with the augmentation of zirconium content. At
BZT2, the reflection peaks shifted towards lower 20,
suggesting that the Zr** ion is substituted to the Ti-site. The
shift of 110 diffraction peak values for BZT1 and BZT2
are given in Table 1.

Table 1. The shift of 110 peaks is a result of the temperature
variation.

800 °C 900 °C 1000 °C 1200 °C
Bz 30.29 30.19 - -
BT 31.41 31.48 - -
BZT1 - - 30.77 31.29
BZ 30.26 30.24 - -
BT 3141 31.38 - -
BZT2 - 31.19 31.19
Irel.
31107 1200 °C
31.19°
1 31.38° 900 °C
1 31410 - 800 °C
30.26

30.00 40,00 50.00 60.00 70.00
Cu-Kal (1.540598 A)

Figure 5. XRD patterns of BZT1 powder after calcination at
800°, 900°C, 1000° C and 1200° C.
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1200°C

1 31.29°
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71 31.48°
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3141°
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20,00 30,00 40,00 50,00 60,00 70,00
Cu-Kal (1.540598 A)

Figure 6. XRD patterns of BZT2 powder after calcination at 800°,
900°C, 1000° C and 1200° C.
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3.3 EDX and SEM Analysis

EDX analysis was conducted on Barium Zirconate
Titanate (BZT) samples to elucidate their chemical
composition. The resulting spectrum indicates the presence
of the element’s barium, zirconium, titanium, and oxygen. It
was observed that the percentage elemental values closely
corresponded to both the calculated and experimental values.
The EDX analysis, as illustrated in Figure 7, demonstrates
that the obtained BZT powders were nearly identical to the
intended stoichiometry during preparation, and no traces of
any extraneous elements were detected.

SEM images of BZT1 and BZT?2 are presented in Figure
8. This figure illustrates the microstructures of the BZT1 and
BZT2 samples that have been calcined at 1200 °C. It is
evident that zirconium substitutions significantly influence
the morphology and grain size of the samples. Observations
indicate that the average grain sizes decrease from 200-120
nm to 180-50 nm as the Zr fraction is increased. Similar
findings were reported by Reda and colleagues [35]. The
reduction in grain size can be ascribed to a decreased grain
growth rate during calcination, which results from the slow
atomic diffusion of Zr ions. The grain morphology of the
BZT1 samples transforms from blocky and various
pentagonal and partially irregular shapes to more rounded
configurations, as evidenced in the structure of BZT2.

Waeight % Atomic % Error % Weight % Atomic 9% Error %
OK 24.27 65.74 10 OK 21.89 62.46 10.02
BZT1 zrL 4.09 1.94 8.14 BZT2 ZeL 7,59 3.79 5.39
55.21 17.43 3.74 BalL 53.72 17.85 2.86
16.43 14.87 2.52 TiK 16.80 16.02 2.71
Ti
Ti Ba Ba
2 Zr Ba i
o e ga T (e} Ti
Ba
e zr Ba ga :] Ba Zr Ba
- -~ N - D —— — -~ o
00 13 26 39 52 65 78 13 26 39 5.2 6.5 78
keV, Energy

Figure 7. EDX spectrum of BZT1 and BZT2 samples calcined at 1200 °C



Pelin Sozen Aktas, International Advanced Researches and Engineering Journal 09(01): 043-049, 2025

047

306 m

Figure 8. The SEM micrograph of BZT1 (a, b, ¢) and BZT2 (d, e, f) samples calcined at 1200 °C.

4. Conclusion

In the present study, barium zirconium titanates (BaZrTi
1-x, Where x = 0.1, 0.2) with varying zirconium contents were
synthesized utilizing the Pechini method. The titanium
source employed was titanium  (triethanolaminato)
isopropoxide, noted for its stability in atmospheric
conditions, economic viability, and commercial availability.
This precursor offers several advantages over other titanium
sources, including titanium chloride or propoxide, typically
employed in liquid-phase synthesis methods.

The phase evolution is monitored through XRD
measurements, and the results confirm establishing a single
BZT form at temperatures exceeding 1000°C. The
calcination of samples at 1200°C allowed the Zr** ions to
diffuse into the lattice structure of barium titanate. The

results from XRD and SEM indicated a rise in mole fraction,
which is influenced by the elevated calcination temperature
and the reduction in grain size. Also, XRD results
demonstrated Zr ions successfully incorporated into lattice
structure as confirmed by shifts at 26. It is observed that the
average grain size decreased from 200-120 nm for BZT1 to
180-50 nm for BZT2 with increasing the Zr fraction.
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