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Abstract: High-temperature superconductor Bi2Sr2CaCu2O8+δ (Bi-2212) was 
successfully prepared using a thermal treatment method, starting with nitrate-
based precursors. This study focused on how different sintering temperatures 
affect the material’s critical temperature, Tc. The process began with a pre-
calcination step at 600 °C for 12 hours, followed by calcination at 820 °C for 24 
hours. After that, the powder was pressed into pellets and sintered at 830 °C, 
840 °C, 850 °C, and 860 °C, each for 24 hours. The Tc-onset values increased with 
sintering temperature, reaching 50 K at 830 °C, 65 K at 840 °C, and 78 K at 850 °C. 
SEM images showed closely packed, flake-like grains around 2 μm in size, while 
XRD analysis confirmed that the sample sintered at 850 °C had the highest Bi-2212 
phases as a major phase. Thus, this work outlines the practical steps of the thermal 
treatment approach and shows how adjusting the sintering temperature can 
significantly influence the superconducting performance and phase formation of 
Bi-2212. 
 
Keywords: Bi2Sr2CaCu2O8+δ; Critical temperature; Phase formation; Sintering; 
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Introduction  
 

Bismuth-based high-temperature superconductors 
(BSCCO), particularly the Bi2Sr2CaCu2O8+x (Bi-2212) 
phase, have gained significant attention due to their 
relatively high critical temperature, Tc and potential for 
practical applications such as superconducting DC 
cables, superconducting energy storage systems (SMES), 
magnetic levitation trains and superconducting 
tokamak magnet systems (Adetokun et al., 2022; Cheng 
et al., 2021; Matsushita et al., 2021; Zhai et al., 2022). In 
the late 1980s, Bi-2212 exhibited a Tc-onset around 95 K and 
has been extensively studied for its layered perovskite 
structure and superconducting properties (Dogruer et 

al., 2021; Kechik et al., 2008; Maeda et al., 1993). Its ability 
to carry high current densities and compatibility with 
various fabrication techniques make it a promising 
candidate for technological applications(Abdullah et al., 
2023; Sharma et al., 2013; Siregar et al., 2021). 

The superconducting properties of Bi-2212 are 
highly sensitive to processing conditions, particularly 
the sintering temperature (Sukor et al., 2024). Variations 
in sintering temperature can influence phase formation, 
grain connectivity, and oxygen content, all of which are 
critical factors affecting Tc-onset and overall 
superconducting performance (Tsukamoto et al., 1994). 
Previous studies have demonstrated that optimizing the 
sintering temperature can enhance the phase purity and 
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crystallinity of Bi-2212, leading to improved 
superconducting characteristics (Arlina et al., 2015). 
However, achieving the optimal balance between these 
factors remains a challenge. 

Therefore, this study aims to investigate the effects 
of different sintering temperatures on the 
superconducting properties of Bi-2212 superconductors. 
By systematically varying the sintering temperature and 
analyzing the resulting structural and superconducting 
characteristics, we seek to identify the optimal 
conditions for maximizing Tc-onset and phase purity. The 
thermal treatment method will be employed for sample 
preparation, which has been used in producing BSCCO 
and REBCO superconductors, thus offering advantages 
such as better homogeneity and lower processing 
temperatures compared to conventional solid-state 
methods (Dzul-Kifli et al., 2022; Kamarudin et al., 2022; 
Dihom et al., 2017). Understanding the relationship 
between sintering temperature and superconducting 
properties is crucial for advancing the practical 
applications of Bi-2212 superconductors. 
 

Method 
 
Bi-2212 samples were prepared using the thermal 

treatment method with metal nitrate based on the 
desired stoichiometric equation of a 2:2:1:2 ratio. The 
mixed powder was weighed and dissolved in 100 ml of 
deionised water with 3g of polyvinyl pyrrolidone (PVP) 
which acts as a stabilizer (Zahari et al., 2017). Then, the 
mixed solution was stirred using a magnetic stirrer with 
850 revolutions per minute (rpm) at 80 °C for 2 hours. 
The mixed solution was poured into the glass petri dish 
and dried in an oven for 2 hours at 90 °C until it turned 
into a green solid-like texture. The mixed powders were 
ground in a mortar and pestle to ensure the 
homogeneity of the powders for 2 hours. Then, the 
obtained powders underwent a calcination process 
twice at 600 °C and 850 °C for 4 hours and 24 hours, 
respectively, with intermediate grinding. The powdered 
samples obtained from the calcination process were 
pressed into a circular pellet of 1 g with a 13 mm 
diameter and 5 mm thickness. In this study, the sintering 
temperature of Bi2212 sample pellets was varied to find 
the optimum sintering temperature of Bi2212 samples. 
Thus, the sintering temperatures were varied at 830 °C, 
840 °C, 850 °C and 860 °C for 24 hours with the heating 
rate of 2 °C/h. Then, the obtained Bi2212 samples were 
measured using several characterisations. The phase 
formation of Bi2212 was analysed using PAN Analytical 
X’Pert Pro MPD X-Ray Diffractometer (Philips) with 
CuKβ radiation over angle 2θ = 20 ° - 80 °. The surface 
morphology and topography of Bi2212 samples were 
observed through a scanning electron microscope 

(SEM). Lastly, the resistivity of the Bi2212 samples was 
determined at different sintering temperatures by using 
the four-point probe (4pp).  
 

Result and Discussion 
 

Thermogravimetric analysis (TGA) was conducted 
to investigate the thermal decomposition behaviour of 
the BSCCO sample. Based on the TGA results, the 
appropriate calcination and sintering temperatures can 
be identified. As illustrated in Figure 1, the data strongly 
suggest that the optimal sintering temperature is above 
835 °C. It was observed that a significant weight loss 
occurred during the initial stage, primarily due to the 
decomposition of the sample's constituents. 
Approximately 45% of weight loss, from 100% to around 
55%, occurs in the first interval (Drop 1), which is mainly 
attributed to the evaporation of water at 100 °C. In the 
subsequent intervals, additional mass losses can be 
linked to the removal of residual water and the 
decomposition of minor impurities. 

During the second stage (Drop 2), which occurs 
within the 200–400 °C range, copper nitrate begins to 
decompose into copper oxide, accounting for roughly 
10% of the total weight loss. In the third stage (Drop 3), 
between 400–600 °C, bismuth nitrate undergoes 
decomposition to form bismuth oxide, contributing to a 
further weight reduction of approximately 5–8%. 
Finally, in the fourth interval (Drop 4), spanning from 
600–800 °C, additional decomposition of bismuth nitrate 
and calcium nitrate takes place, resulting in the 
formation of bismuth oxide and calcium oxide, 
respectively. These thermal decomposition behaviors 
are consistent with those reported by the previous report 
(Abdullah et al., 2023; Kavitha et al., 2024; Sekkina & 
Elsabawy, 2002). 

All samples were characterized by using XRD for 
phase formation identification to find the intensity over 
2θ (°) = 20° - 80°. The XRD patterns were matched with 
the same ICSD, which are standard data files, and the 
analysis of the peaks that exist in those patterns was 
analysed by using X’Pert Highscore Plus software. From 
Figure 2, it shows that the XRD patterns for all sintering 
temperatures are almost the similar. Even though the 
samples were sintered with different sintering 
temperatures, the structures of all samples are the same, 
which are single phase and orthorhombic. From the 
plotted graphs below, the main peaks for all samples are 
the Bi-2212 phases. This proved that all samples are Bi-
2212 bulk. From Table 1, it can be observed that the Bi-
2201 phases decrease with sintering temperature up to 
850 °C. This is due to the further formation of Bi-2212 
phases as sintering temperature increases.  
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Figure 1. Graph of weight loss against temperature for the 

powder sample before the calcination process. 

 
The phases of Bi-2212 increase from a sintering 

temperature of 830 °C to 840 °C, meanwhile, then the Bi-
2212 phases decrease at a sintering temperature of 850 
°C due to the new formation of Bi-2223 phases. Thus, the 
increase in sintering temperature from 830 °C to 850 °C 
will affect the phase formation of the BSCCO structure. 
Nevertheless, the lattice parameters of Bi-2212 at 850 °C 
were a = 5.371 Å, b = 33.87 Å and c = 4.844 Å as tabulated 
in Table 1. This demonstrated that the size and shape of 
the unit cell of a crystal lattice,  and also indicates that 
the Bi-2212 samples are orthorhombic, as the crystal 
system of orthorhombic is a ≠ b ≠ c, where the axes are 
preserved. 
 
Table 1. The lattice parameter for all samples at different 
sintering temperatures. 

Samples 
Lattice Parameter Volume of 

cell (Å3) a (Å) b (Å) c (Å) 

830 °C 5.39 30.84 5.40 897.49200 
840 °C 5.40 30.84 5.40 900.38740 
850 °C 5.37 33.87 4.84 881.14990 

 
Figure 3 presents the superconducting transition Tc-

onset at which the resistance drops to zero, and the Tc-offset 
along with the transition width ΔTc for samples sintered 
at temperatures ranging from 830 °C to 850 °C. As 
tabulated in Table 2, the Tc-onset values for the samples 
sintered at 830 °C, 840 °C, and 850 °C are 50 K, 65 K, and 
78 K, respectively. These results indicate a clear trend 
where Tc-onset increases with higher sintering 
temperatures. Notably, the highest Tc-onset of 78 K was 
achieved at a sintering temperature of 850 °C, which 
closely approaches the theoretical critical temperature of 
Bi-2212, reported as 80 K (Khalil & Sedky, 2005; 
Sugawara et al., 2018). The enhancement in Tc-onset with 
increasing sintering temperature can be attributed to the 
improvement of the crystallinity and grain connectivity 

within the Bi-2212 phase (Sharma et al., 2013). A good 
grain alignment and densification reduce weak-link 
behavior at grain boundaries, facilitating more efficient 
superconducting current pathways and thereby 
improving the Tc-onset values (Arlina et al., 2015).  
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Figure 2. The graph of XRD patterns with different sintering 

temperatures of 830 °C, 840 °C and 850°C. 

 
Also, the increase in sintering temperatures can 

lead to an increase in the oxygen content within the 
crystal lattice (Hapipi et al., 2018). The oxygen content 
plays a crucial role in determining the carrier 
concentration in cuprate superconductors. Thus, an 
optimal oxygen content will help to enhance the hole 
doping in the CuO₂ planes, which is essential for 
achieving higher superconducting transition 
temperatures (Kameli et al., 2006). Studies have shown 
that annealing Bi-2212 samples at higher temperatures 
can increase Tc-onset by improving oxygen ordering and 
reducing structural defects (Tsukamoto et al., 1994). 
Moreover, the elimination of secondary phases and 
impurities at higher sintering temperatures contributes 
to the purity and homogeneity of the superconducting 
phase. The presence of non-superconducting secondary 
phases can disrupt the superconducting network, 
leading to reduced Tc-onset values. Therefore, higher 
sintering temperatures facilitate the formation of a more 
homogeneous Bi-2212 phase, which is conducive to 
higher Tc-onset. Nevertheless, these findings are consistent 
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with previous studies that have reported similar 
enhancements in Tc-onset with increased sintering or 
annealing temperatures (Arlina et al., 2015). 
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Figure 3. Graph of resistance against temperature at different 

sintering temperatures. 

 
Table 2. Variation of Tc-onset (K), Tc-offset (K) and transition 
range, ΔTc for Bi-2212 phase with sintering temperature 
830 °C, 840 °C and 850 °C. 

Temperature 
(°C) 

Tc-onset (K) 
Tc-offset 

(K) 
Transition 
width, ΔTc 

Grain 
size 

(μm) 

830 50.00 40.00 10.00 1.369 
840 65.00 31.25 33.75 1.992 
850 78.00 48.00 30.00 2.227 

 
All samples prepared were then further closely 

viewed on the cross-section with magnification of 5000x. 
From the SEM micrograph shown in Figure 4, the grain 
size for the Bi-2212 samples was observed. The grain size 
was measured using the ImageJ software, and the 
average particle size of all samples was tabulated in 
Table 2. It was observed that the micrograph of the 
sample sintered at 830 °C showed that the grains were 
plate-like in form, strongly anisotropic and in a wide 
range of distribution. Also, the average grain size of the 
sample was observed, which is about ~1.37 μm. As 
sintering temperature increases up to 840 °C, the average 
grain size is about ~1.99 μm, and the shape becomes 
more irregular and larger. It shows that the average 
grain size is at its largest, which is about ~2.23 μm, when 
the sample is sintered at a temperature of 850 °C, and as 
the sintering temperature increases, the shape becomes 
more irregular and stronger as the grains become well-
connected to each other. These results were reported 
similarly to the previous study (Abdullah et al., 2023). 
The increase in  the sintering temperature from 820 °C 
up until 860 °C for 24 hours will increase the grain size 
of the Bi-2212 microstructure (Darsono et al., 2015). 

In addition, from the SEM images, it can be 
observed that as sintering temperature increases, the 
grain boundaries between the grains decrease; thus, the 
particle size becomes larger and increases the average 
size of the grains (Abdullah et al., 2023). The grains 
become well connected to each other, and the phase of 
samples Bi-2212 starts to form well as the sintering 
temperature increases. For EDX analysis, four small 
areas were randomly picked on the image of the SEM 
with a magnification of 5000x for every sample. Figure 5 

presents the results of EDX spectra for Bi-2212 phases 
sintered at different sintering temperatures of 830 °C, 
840 °C and 850 °C, respectively. From the figure, the real 
composition of Bi, Sr, Ca, Cu and O is displayed, 
neglecting the possibility of any impurity’s existence in 
the samples. Table 3 tabulates the ratio of the Bi-2212 
phase at different sintering temperatures. It was 
observed that the ratio of Br: Sr: Ca: Cu is approximately 
2:2:1:2 for all samples. In addition, the presence of the Bi-
2212 phase as a major phase being produced was proved 
for samples heated at 830 °C to 850 °C.  
 

 
 

 

 
Figure 4. SEM image of Bi-2212 sintered at different sintering 

temperatures: a) 830 °C, b) 840 °C and c) 850 °C. 

 

(a) 

(b) 

(c) 
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Figure 5. EDX analysis for Bi-2212 samples at different 

sintering temperatures (a) 830 °C, (b) 840 °C and (c) 850 °C. 

 
Table 3. The ratio for the Bi-2212 phase at different 
sintering temperatures. 
Temperature 
(°C) 

Bi Sr Ca Cu O Ratio 

830 11.6 8.7 4.4 12.5 62.9 1.9: 2.0: 0.9: 2.0: 3.6 
840 13.5 11.2 4.5 17.6 53.2 2.0: 1.7: 1.0: 2.6: 7.9 
850 9.3 7.7 3.4 10.7 52.5 1.7: 2.2: 0.6: 2.0: 9.8 

 
Conclusion  

 
In this study, the effects of different sintering 

temperatures on the superconducting properties of Bi-
2212 samples prepared via the thermal treatment 
method were systematically investigated. The analysis 
of the structural and electrical properties revealed that 
sintering temperature plays a crucial role in enhancing 
phase formation, grain connectivity, and 
superconducting properties of Tc values. From the 
study, Bi-2212 samples sintered at 850 °C exhibited the 
most favourable superconducting performance, with a 
sharp transition and the highest Tc-onset value was 
observed. This suggests that 850 °C is the optimal 
sintering temperature for achieving a well-formed Bi-
2212 phase with improved superconducting 
characteristics. The thermal treatment method has 
proven to be effective for synthesizing high-quality Bi-
2212 superconductors. These findings provide valuable 
insights for optimizing the processing conditions of 
BSCCO materials, which are essential for their potential 

application in superconducting devices and energy-
related technologies. In conclusion, these findings 
confirm that careful control of sintering temperature is 
essential to enhance the superconducting performance 
of BSCCO materials.  
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