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Abstract: This study investigates the influence of sintering temperatures on the mechanical properties of Ba1-xSrxTiO3 
ceramics. Ba1-xSrxTiO3(x=0.2) ceramics are synthesized via Sol-Gel and sintered at varying temperatures. We use the 
appropriate testing methods to describe mechanical qualities like hardness, fracture toughness, and elastic modulus.  The 
results show that the mechanical behavior changes a lot when the sintering temperature changes. This shows how important 
processing conditions are for customizing the mechanical performance of Ba1-xSrxTiO3 ceramics that could be used in 
advanced electronic and structural materials. XRD pattern exhibited a tetragonal phase, and the crystal size increased with 
increasing sintering temperature. The BST sample's surface morphology appears uniform and homogeneous, with moderate 
sintering temperatures. High Sintering Temperature, and higher density as the material achieves better grain growth and 
packing, reducing porosity. High Sintering Temperature increases mechanical strength due to improved densification and 
reduced porosity, producing higher hardness because of increased density and larger, well-formed grains and improved 
fracture toughness as the material becomes denser and grain boundaries are better formed, enhancing crack resistance. 
Also, (c/a ratio) was found to decrease with an increase in sintering temperatures. 
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1 Introduction  

Ba1-xSrxTiO3 ceramics have received considerable interest 
due to their varied uses in electronic devices, capacitors, and 
structural materials because of their remarkable dielectric and 
ferroelectric properties [1][2][3]. A comprehensive 
comprehension of the impact of manufacturing parameters, 
such as the sintering temperature, on the mechanical behavior 
of these ceramics is essential for their functionality in a variety 
of applications [4][5][6]. The sintering temperature is an 
important factor in ceramic processing because it affects the 
growth of grains, the development of microstructures, and the 
formation of defects [7][6]. These changes have a direct effect 
on mechanical traits like hardness, fracture toughness, and 
elastic modulus [8][9]. 
Ba1-xSrxTiO3 (BST) compounds, which are part of the 
perovskite family, have a diverse range of uses in different 
disciplines because of their outstanding dielectric and 
ferroelectric properties [10]. The composition and processing 
conditions, particularly the sintering temperature, significantly 
influence the tuning of these properties [11][12]. Among the 
primary elements determining these qualities, sintering 
temperature stands out as a critical parameter controlling the 
microstructure and, as a result, the material's mechanical 
behavior [13][14]. 
This study examines the influence of sintering temperatures 

ranging from 1000°C to 1400°C on the mechanical 
characteristics of BST ceramics. The primary objective is to 
analyze how different sintering temperatures affect the 
mechanical properties of BST ceramics. Understanding these 
relationships is essential for optimizing the material's 
performance in practical applications. This research aims to 
provide insights into how variations in sintering temperature 
affect the mechanical characteristics of BST ceramics, thereby 
contributing to the broader understanding and enhancement of 
their functional properties [15]. Understanding how variations 
in sintering temperature influence the mechanical performance 
of BST ceramics is essential for optimizing their structural 
integrity and reliability in practical applications [16][17]. 
This work aims to understand thoroughly the effects of 
sintering conditions and mechanical properties (such as elastic 
modulus, attenuation, and velocity of ultrasonic waves) of 
Ba(1-x)Sr(x)TiO3ceramics  sintered at 1000 to 1400°C for 3h. 
X-ray diffraction and ultrasonic techniques (at a frequency of 2 
MHz) were used to characterize the structure and phase 
transitions of the prepared BST ceramics. 

2. Experimental procedures     
Ba0.8Sr0.2TiO3 ceramics were prepared by the new method 
called the sol-gel method. The   Barium acetate, strontium 
acetate, and Ti isoproxide (IV) were mixed in the appropriate 
molar ratios (1:1).  First, the Ba and Sr acetate solution was 
mixed and stirred at 60°C. Second, the Ti isopropoxde with 2-
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methanol was mixed and added to the first solution.  The 
mixture solution was calcined at 700°C for 3  h  in open air.  
The produced fine powders were pressed into disc-shaped 
pellets (D:10 mm and Th: 2 mm) at an isostatic pressure of 12 
tons. The pelletized samples were sintered at different sintering 
temperatures.   
Characterization: 
“X-ray powder diffraction (XRD) was conducted using Cu Ka 
(k = 1.54056 A) radiation at 40 kV and 40 mA. The 
microstructure was visualized using scanning electron 
microscopy (FESEM, JSM EMP-800, JEOL, Japan) [12]. The 
ultrasonic wave velocities 𝑣(in  ms-1)  propagated in the 
samples and attenuation α(dB/cm)  were measured at room 
temperature,  using pulse-echo technique  MATEC  Model 
MBS8000  DSP  (ultrasonic digital signal processing)  system 
with  2  MHz resonating.  

3. Results and Discussion 
Finding the sweet spot for BaSrTiO₃ sintering temperature 
involves juggling densification, grain development, and 
optimizing mechanical properties. When the temperature is too 
high, it can cause grain growth and compromise mechanical 
qualities; when the temperature is too low, densification is 
inadequate. Ultimately, the sintering temperature is crucial in 
establishing the mechanical characteristics of BaSrTiO₃ as 
shown in Fig. 1. By manipulating the sintering temperature, it 
is possible to customize the density, grain size, hardness, 
fracture toughness, dielectric characteristics, and mechanical 
strength of the material to fulfill specific application demands. 
The densification factor exhibited a positive correlation with 
temperature, increasing until it reached its maximum 
concentration. A positive densification factor indicates that 
ceramics shrink during the sintering process. 

 
Fig. 1: The sintering temperature vs density of Ba0.8Sr0.2TiO3  

The density of BaSrTiO₃ (barium strontium titanate) is 
strongly influenced by sintering temperature. Generally, as the 
sintering temperature increases, the density of the material also 
increases. This relationship is due to the processes of 
densification and grain growth that occur during sintering.  
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		          (1) 

“Where 𝜌" represented the density of green pellets, 𝜌#	  
theoretical density and 𝜌$  is the measured density” 
The shrinking measurement checked the diameters of both 
pre-sintering samples  
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“Where do and ds are the diameter of the green and sintered 
pellets, respectively” 

4. Microstructural Evolution 
4.1 Morphology and Surface Characteristics 
Fig. 2 displays the FESEM picture of the BaTiO3 ceramic 
system at various sintering temperatures. The BaTiO3 
ceramic, heated to 1150 °C, exhibits an open structure due to 
the loose packing of particles. This makes the ceramic less 
dense. At a temperature of 1200 °C, the particles start to form 
bonds, but the density of pores remains high. At a temperature 
of 1250 °C, the particles coalesced, and no empty spaces were 
detected. Nevertheless, the surface microstructure and the 
particle boundaries remain ambiguous. At a sintering 
temperature of 1300 °C, the pores are nearly eliminated, 
resulting in a strongly bonded grain boundary and the 
formation of a high-density ceramic.  
As the temperature continues to rise until it reaches 1400 °C, 
the grain size increases, and holes appear around the edge and 
inside the seed. The morphology and surface features of the 
material significantly determine the mechanical properties of 
Ba0.8Sr0.2TiO3 (BST) ceramics. Differences in the 
temperature during the sintering process control these 
qualities. Field emission scanning electron microscopy 
(FESEM) pictures showed that the sintering temperature had a 
big effect on the size and spread of the grains. Lower sintering 
temperatures, between 1000°C and 1200°C, resulted in smaller 
and more evenly distributed grains in BST ceramics (Fig. 2). 
As the temperature of the sintering rose to 1400 °C, grain 
growth was seen. 

 
Fig. 2: Images of FESEM for surface morphology Ba0.8Sr0.2TiO2 
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4.2 Phase Composition  

X-ray diffraction (XRD) analysis validated the phase purity 
and crystallinity of BST ceramics across various sintering 
temperatures. There were unique peaks that corresponded 
to the creation of specific phases, such as tetragonal and 
cubic phases, at different temperatures (Fig. 3) Illustration. 
Ceramics with Ba1-xSrxTiO3 (x=0.2) X-ray diffraction 
patterns Fig. 3 depicts the indexing of all the peaks. These 
indices relate to the reflections of the various 
polycrystalline orientations, with the 110 indices being the 
high-intensity main peak. It shows that as the sintering 
temperatures increased from 1000 to 1400°C, the peak 
positions at 2θ° angles 31.83251°, 31.88799°, and 
32.06737° were confirmed by a closer examination of the 
110 peaks for all samples. Scherrer's equation is used to 
estimate the crystallite size D (hkl) by referring to the 
broadening of the x-ray line's half-width. The table below 
lists the evolution of crystal structure, lattice parameters, 
and crystallite size obtained from XRD data.Table 1 shows 
that increasing the sintering temperatures leads to an 
increase in both lattice parameters and crystallite size. The 
crystal structure showed tetragonal phases for all tested 
samples and the tetragonality ratio (c/a) decreased as the 
sintering temperature increased as reported [12]. 

 
Fig. 3: XRD pattern for Ba0.8Sr0.2TiO3 with different 
sintering temperatures  

Table 1: The sintering temperatures vs lattice parameters, 
crystallite size and Tetragonality 
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1000 3.9771 3.9885 Tetragonal 1.0038 64.08 22.78 
1200 3.97815 3.9922 Tetragonal 1.003531 63.89 32.11 
1400 3.97872 3.9941 Tetragonal 1.00286 63.82 36.60 

5. Mechanical Properties 
Indentation tests revealed variations in the hardness and 
fracture toughness of BST ceramics as a function of 
sintering temperature. Generally, higher sintering 

temperatures led to increased hardness due to improved 
densification and grain growth, whereas fracture toughness 
showed a more complex relationship influenced by 
microstructural features (Fig. 5). The ultrasonic wave 
velocities 𝑣 were calculated by taking the elapsed time 
between the initiation and the receipt of the pulse appearing 
on the screen. It can be calculated using the following 
equation: 

𝜈 = ./
∆#

             (3) 

“Where 𝑥 is the sample thickness and ∆𝑡 is the time 
interval. The measurements were repeated three times to 
check the reproducibility of the data. The estimated 
accuracy of the velocity measurement is about 0.04%. The 
values of elastic moduli;  namely  longitudinal  modulus  
(L),  shear  modulus (G),  Young's  modulus  (E),  bulk  
modulus  (B), and  Poisson's  ratio  (σ)  were  obtained  
from  the longitudinal  (VL)2  and  shear  (VS  )2    
ultrasonic  velocities  and  calculated  from  the  following 
equations:”[7]   

𝐿 = 𝜌𝜈1.            (4) 

𝐺 = 𝜌𝜈2.             (5) 

E=3(51-63)
(1-3)

            (6) 

Table 2: The sintering temperatures vs the mechanical 
properties (L, G, and E), particle size 
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1000 5.83 634.56 4.17 7.56 2.22 78.71 
1200 5.89 1178.89 11.45 14.78 4.67 132.11 
1400 5.93 1278.57 16.34 18.98 6.98 141.60 

 
Fig. 4: Elastic Moduli E, G, L vs sintering temperatures 

Effects of Sintering Temperature An increase in the 
sintering temperature can cause changes in the material's 
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microstructure, including changes in grain size and 
porosity. In general, greater sintering temperatures tend to 
decrease porosity and increase grain size, which ultimately 
leads to an increase in the longitudinal modulus. Increased 
density and uniformity in a structure typically lead to 
increased stiffness in the direction of the applied force. 
Longitudinal Modulus (L): Increases with higher sintering 
temperature due to reduced porosity and increased grain 
size. Shear Modulus (G): Increases with higher sintering 
temperature as the material becomes denser and more 
homogeneous. Young’s Modulus (E): Typically increases 
with higher sintering temperature due to improved 
structural integrity and stiffness. Bulk Modulus (B): 
Increases with higher sintering temperature as the material 
becomes more dense and less compressible. 

6. Conclusion 

The observed changes in morphology and surface 
characteristics underscore the intricate relationship between 
processing parameters (sintering temperature) and the 
microstructural evolution of BST ceramics. Higher 
temperatures significantly impact mechanical properties 
such as hardness, fracture toughness, and flexural strength. 
Understanding these relationships is crucial for tailoring 
BST ceramics with optimized mechanical performance for 
diverse applications in electronics, telecommunications, 
and beyond. Overall, the results highlight the importance of 
precise control over sintering parameters to achieve desired 
microstructural features and mechanical properties in Bai-
xSrxTiO3 ceramics, paving the way for further 
advancements in materials design and application-specific 
optimizations. This structured approach integrates both 
results and discussion, emphasizing the interplay between 
sintering temperature and mechanical properties of BST 
ceramics. 
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