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Abstract: This study presents a comparative analysis of the structural and 
superconducting properties of YBa₂Cu₃O₇−δ (Y-123) and Y₂Ba₄Cu₇O₁₅−δ (Y-247) 
superconductors synthesised via a thermal treatment method at 980 °C. Metal nitrates 
were used as starting precursors, with polyvinylpyrrolidone (PVP) serving as a capping 
agent to enhance dispersion and control microstructure. X-ray diffraction (XRD) 
confirmed that Y-123 and Y-247 were the dominant phases in their respective samples, 
although minor peaks of BaCuO₂ were detected, indicating the presence of secondary 
phases. Scanning electron microscopy (SEM) revealed that Y-247 exhibited larger grain 
morphology and higher porosity than Y-123, suggesting that the chosen sintering 
temperature exceeds the thermal stability range for the Y-247 phase. Electrical resistivity 
measurements showed a single superconducting transition for both samples, with Y-123 
exhibiting a sharper transition width (ΔTc = 8.1 K) compared to Y-247, indicating better 
grain connectivity and phase uniformity. Energy dispersive X-ray spectroscopy (EDX) 
supported the elemental presence of Y, Ba, Cu, and O in both samples, though variations 
in stoichiometry were attributed to secondary phases. The observed expansion in the c-
axis lattice of Y-247, combined with its higher porosity, points to oxygen loss during 
sintering, which contributes to the reduced superconducting performance. Overall, the 
results confirm that both Y-123 and Y-247 can be successfully synthesised using a simple 
and environmentally friendly thermal treatment method. However, Y-123 exhibits better 
structural integrity and superconducting performance at the high sintering temperature 
of 980 °C, making it a more promising candidate for large-scale production of bulk high-
temperature superconductors. 
 
Keywords: Microstructural; Phase formation; Superconducting transition width; Y-123; 
Y-247 

  

Introduction  
  

Yttrium Barium Copper Oxide (YBCO) 
superconductors are a widely studied family of high-
temperature superconducting materials, valued for their 
potential in a range of practical applications, including 

power transmission, magnetic levitation systems, 
superconducting magnets, and energy storage 
technologies (Awang Kechik et al., 2009; Bahboh et al., 
2019; Dihom et al., 2019; Khalid et al., 2020; Mohd Hapipi 
et al., 2017; Yap, Awang Kechik, Mohamed, et al., 2025). 
Their ability to conduct electrical current without 
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resistance at liquid nitrogen temperatures (77K) makes 
them highly attractive for both industrial 
implementation and fundamental research (Bahboh et 
al., 2019; Kamarudin et al., 2021; Kamarudin et al., 2024; 
Mikheenko et al., 2010; Mohd Yusuf et al., 2019). Among 
the various rare-earth barium copper oxides, YBCO 
compounds have received particular attention due to 
their relatively high critical temperatures and their 
potential for large-scale synthesis and processing (Yap, 
Awang Kechik, et al., 2024). 

Within this system, YBa₂Cu₃O₇₋δ (Y-123) and 
Y₂Ba₄Cu₇O₁₅₋δ (Y-247) represent two of the most 
investigated phases, each with distinct structural and 
superconducting characteristics. Y-123 typically adopts 
an orthorhombic crystal structure that contains single 
copper-oxygen chains, and it is known for its high 
critical temperature, often exceeding 90 K. However, it 
is also known to be sensitive to thermal fluctuations, 
which can lead to oxygen loss and reduced phase 
stability. In contrast, Y-247 comprises alternating 
structural units of Y-123, incorporating both single and 
double Cu–O chains (Kandyel et al., 2013). This more 
complex arrangement contributes to improved thermal 
and oxygen stability (Anand et al., 2004), and may 
enhance flux pinning behavior. Despite these 
advantages, the synthesis of high-purity Y-247 remains 
more challenging, often requiring high oxygen pressures 
or multiple processing steps (Nawazish et al., 2002). As 
a result, its study has been more limited compared to Y-
123, especially in terms of scalable production routes. 

The synthesis method used to prepare bulk Y-123 
and Y-247 superconductors plays a critical role in 
determining their structural integrity and overall 
performance  (Arebat et al., 2025; Mohamed Arebat et al., 
2025). Common fabrication techniques include solid-
state reaction (Barood et al., 2024), co-precipitation 
(Hapipi et al., 2018; Hapipi et al., 2019), and thermal 
treatment (Dzul-Kifli et al., 2022; Tan et al., 2023; Yap et 
al., 2023), which can significantly influence phase 
composition and microstructural development. Among 
these, thermal treatment has emerged as a promising 
approach for producing fine, homogeneous 
superconducting powders, particularly when sintering 
conditions are carefully optimized (Sah et al., 2024; Yap, 
Kechik, Shariff, et al., 2024). The sintering temperature, 
in particular, is a key parameter, as YBCO phases are 
known to be highly sensitive to thermal variations, 
which can directly impact both crystal structure and 
superconducting behavior (Yap, Kechik, Khoerunnisa, 
et al., 2024). 

In this study, we present a comparative 
characterisation of Y-123 and Y-247 superconductors 
synthesised under identical conditions using a thermal 
treatment method at 980 oC. Metal nitrates were selected 
as precursor materials, while polyvinylpyrrolidone 
(PVP) was incorporated as a capping agent to improve 

dispersion and control the reaction environment. This 
synthesis approach offers a simpler, more 
environmentally sustainable alternative to conventional 
methods involving high-pressure oxygenation or toxic 
solvents. The primary aim of this work is to evaluate the 
influence of a high sintering temperature of 980 oC on 
the structural, microstructural, and superconducting 
properties of Y-123 and Y-247 compounds. Structural 
characterisation was conducted using X-ray diffraction, 
while scanning electron microscopy and four-point 
probe measurements were used to assess grain 
morphology and critical temperature, respectively. The 
findings offer new insight into the influence of synthesis 
conditions on each phase and assess the viability of 
thermal treatment as a green, scalable method for 
producing high-quality YBCO superconductors. 
 
Method  
 
Sample Preparation:  

All metal nitrate chemicals used were of high purity 
(99.9%). The starting materials included yttrium(III) 
nitrate hexahydrate (99.9%), barium nitrate (99.9%), and 
copper(II) nitrate hemi-(pentahydrate) (98.0–102.0%). 
Polyvinyl pyrrolidone (PVP) was added as a capping 
agent, and deionised water was used as the solvent. The 
solution was stirred using a magnetic stirrer at 850 rpm 
for 2 hours at 80 °C. A light green solution was obtained, 
which was then dried at 110 °C for 24 hours. After 
drying, the resulting dark green lumps were ground and 
pre-calcined at 600 °C for 4 hours. The grey powder 
formed was then reground and calcined at 910 °C for 24 
hours. The calcined powder was ground once more and 
pressed into pellets using a hydraulic press under 
uniform pressure. Finally, the pellets were sintered at 
980 °C for 24 hours. 
 
Sample Characterization: 

All samples were characterised using an X-ray 
diffractometer (XRD) to identify the crystalline phases 
present in the Y-123 and Y-247 systems. Phase 
identification and crystallographic orientation were 
analysed using X’Pert Graphics software, with CuKα 
radiation (λ = 1.5406 Å) in the 2θ range of 20° to 80°. The 
superconducting transition temperature (Tc) was 
measured using a custom-built four-point probe (4PP) 
setup. The microstructural properties of the samples 
were examined using a LEO 1455 VP scanning electron 
microscope (SEM) equipped with an energy-dispersive 
X-ray (EDX) spectrometer. Prior to imaging, the samples 
were coated with a thin gold layer to minimise 
electrostatic charging. SEM analysis was carried out at 
an accelerating voltage of 20 kV under various 
magnifications. EDX was used to determine the 
elemental composition of selected regions. Grain size 
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and porosity were quantitatively analysed from the SEM 
micrographs using ImageJ software. 
 
Results and Discussion 
 
Phase Formation and Crystal Structure 

Based on the XRD results presented in Figure 1, the 
major diffraction peaks observed correspond to the Y-
123 and Y-247 phases for their respective samples. Both 
samples exhibit an orthorhombic crystal system, 
confirming the successful formation of the intended 
superconducting phases. As shown in Figure 1, the peak 
intensities and phase formations varying for both Y-123 
and Y-247 samples. The highest intensity peak for Y-247 
is located at the (013) plane, whereas for Y-123, the most 
intense peak is observed at the (103) plane. 
Comparatively, the main peak of Y-123, located at 2θ = 
32.91°, exhibits a higher intensity than the main peak of 
Y-247 at 2θ = 32.76°. While Y-123 and Y-247 are the 
dominant phases in their respective samples, minor 
peaks corresponding to barium copper oxide (BaCuO₂) 
were also detected, indicating the presence of a 
secondary phase at low intensity. 
 

 
Figure 1. XRD pattern of pure Y-123 and pure Y-247 which 

sintered at temperature 980 oC for 24 hours. 
 

Table 1 presents the lattice parameters and unit cell 
volumes obtained for the Y-123 and Y-247 samples. A 
significant difference in the lattice constants is observed 
between the two phases, particularly along the c-axis, 
where Y-247 exhibits a substantially larger value 
compared to Y-123. As a result, the unit cell volume and 
orthorhombicity of Y-247 are markedly higher, with 
the c-axis lattice parameter being approximately four 
times greater than that of Y-123. The higher 
orthorhombicity value observed in Y-123 indicates a 
greater oxygen content, which corresponds to an 
increased hole concentration when compared to Y-247. 

Table 1. The lattice constants for sample Y-123 and Y-
247. 

 
Sample 

 
Lattice Constant 

 
Orthorh

ombicity 

Volume 
of unit 

cell (106 

pm3) 
 a (Å)  b (Å) c (Å)   

YBCO-123 3.832 3.883 11.670 0.006611 173.646 
YBCO-247 3.808 3.834 50.679 0.003402 739.901 
 

Table 2 summaries the volume fraction, crystallite 
size, and lattice strain of the phases present in the Y-123 
and Y-247 samples. The Y-123 sample exhibited a higher 
volume fraction of the Y-123 phase (85.4%), indicating a 
more concentrated and dominant phase compared to the 
Y-247 phase in the Y-247 sample. In contrast, Y-247 
showed a higher volume fraction of the secondary 
phase, BaCuO2, than Y-123. The crystallite size of the Y-
123 phase was found to be larger than that of Y-247, 
while the lattice strain displayed an inverse trend. The 
higher lattice strain observed in Y-247 may be attributed 
to increased lattice distortion, possibly caused by the 
higher concentration of BaCuO2 in the sample. 
 
Table 2. Volume fraction, crystallite size and lattice 
strain of the phases present on sample for Y-123 and Y-
247. 

 
Sample 

Volume fraction (%) Crystallite  
size (Å) 

Lattice 
strain (%) 

Y-123 Y-247 BaCuO2   
YBCO-123 85.4 - 14.6 663 0.192 
YBCO-247 - 81.4 18.6 528 0.239 
 

Figures 2, 3, and 4 present scanning electron 
microscopy (SEM) images of the surfaces of Y-123 and 
Y-247 superconducting bulk samples at magnifications 
of 1500×, 3000×, and 5000×, respectively. Both samples 
exhibit thin, plate-like grains arranged in compact 
layers; however, the grain size in the Y-123 sample 
appears noticeably smaller than that of Y-247. In Figure 
2, dark voids observed in the micrograph indicate the 
presence of porosity. A comparison of Figures 2 and 3 
clearly reveals that the Y-247 sample contains a greater 
degree of porosity than Y-123. This difference in 
microstructure may be attributed to the use of a sintering 
temperature that exceeds the optimal range for Y-247, 
which is typically around 810 oC, as reported by Guo and 
colleagues in 1995 (Guo et al., 1995). Although the 
findings in this study differ from some previous reports, 
the observed reduction in grain size in both YBCO 
samples could be associated with the presence of 
secondary phases such as BaCuO₂, which may disrupt 
normal grain growth during sintering.  
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Figure 2. SEM micrographs for sample (a) Y-123 and (b) Y-247 at 1500x magnification on surface morphology. 

 

 
Figure 3. SEM micrographs for sample (a) Y-123 and (b) Y-247 at 3000x magnification on surface morphology. 

 

 
Figure 4. SEM micrographs for sample (a) Y-123 and (b) Y-247 

at 5000x magnification on surface morphology 
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Table 3 presents the SEM results illustrating the 
effect of the sintering process on grain size in two 
different superconducting samples. Grain size 
measurements were obtained by averaging multiple 
values across representative regions of the 
microstructure. The average grain size for the Y-123 
sample was found to be approximately 0.201 
micrometres, which is smaller than that of Y-247, 
recorded at around 0.298 micrometres. In comparison to 
earlier studies that employed the thermal treatment 
method, larger grain sizes were reported—0.65 
micrometres for Y-123 and 0.76 micrometres for Y-247 
(Dihom et al., 2017). The reduction in grain size observed 
in this study may be attributed to the presence of 
secondary phases such as BaCuO₂, which can disrupt 
uniform grain growth. 

As observed in Figures 2, 3, and 4, the Y-247 sample 
exhibits a greater degree of porosity compared to Y-123. 
This increased porosity likely contributes to the 
suppression of the Tc in the Y-247 sample, which 
measured lower than the expected value of 96 K. The 
open porous structure may facilitate oxygen loss during 
sintering, leading to oxygen deficiency in the lattice. This 

effect is further supported by data in Table 1, which 
shows that the c-axis lattice parameter exhibits more 
noticeable variation compared to the a and b axes. It is 
well established that oxygen loss causes expansion along 
the c-axis and an increase in unit cell volume, both of 
which are associated with a decrease in Tc (Khalida et al., 
2013). 

 
Table 3. The average size of the grains for both samples 
Y-123 and Y-247. 
Sample Average Size (µm) 
YBCO-123 0.201 
YBCO-247 0.298 
 

Table 4 presents the EDX spectra results for Y-123 
and Y-247 phases sintered at a high temperature of 980 
oC. Peaks corresponding to the elemental composition of 
yttrium (Y), barium (Ba), copper (Cu), and oxygen (O) 
were successfully detected in both samples as shown in 
Figure 5. However, accurate interpretation of the 
elemental ratios in Y-123 and Y-247 was affected by the 
presence of secondary phases, such as BaCuO₂, which 
were confirmed through XRD analysis. 

 

  
Figure 5. The EDX spectra line for (a) Y-123 and (b) Y-247 sintered at 980 oC. 

 
Table 4. The ratio of YBa2Cu3O7-x and Y2Ba4Cu7O15-x 
atomic percentage at same sintering condition and 
temperature. 
Sample Y (%) Ba (%) Cu (%) O (%) Ratio 
Y-123 19.93 42.47 26.98 10.62 1: 2.13: 1.35: 0.53 
Y-247 17.61 42.99 25.86 13.53 1: 2.44: 1.47: 0.76 
 
Electrical transport properties 

Figure 6 presents the normalised resistivity 
measurements for the Y-123 and Y-247 samples. Both 
samples exhibit a single sharp transition from the onset 
(Tc-onset) to the offset (Tc-offset) of superconductivity. This 
indicates that the grain connectivity in both samples 
remains reasonably intact, despite the presence of 
secondary phases such as BaCuO₂ in relatively high 
volume fractions, as reported in Table 2. 
 

 
Figure 6. The four point probe results that show transition 
temperature of the Y-123 and Y-247 that sintered at 980 oC 

 

The Tc of the Y-123 and Y-247 samples were 
determined from resistivity measurements, as 
summarised in Table 5.  
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Table 5. The variations of transition temperature (Tc) 
and the transition temperature range of both samples 
that sintered at same temperature and condition. 

Sample Tc-onset (K) Tc-offset (K) Temperature range  
(Δ Tc) 

Y-123 91.5  83.4  8.1 
Y-247 92.2  83.2  9.0 
 
For the Y-123 sample, the onset and offset of the 
superconducting transition occurred at 91.5 K and 83.4 
K, respectively. In comparison, the Y-247 sample 
exhibited a higher Tc-onset, but a broader transition width 
(ΔTc), indicating a less sharp transition. A narrower 
superconducting transition range reflects stronger grain 
connectivity and superior superconducting behavior 
(Yap, Awang Kechik, Alhadei Mohamed, et al., 2025; 
Yap, Awang Kechik, et al., 2024). Based on this criterion, 
Y-123 demonstrates better superconducting 
performance than Y-247. These findings are consistent 
with previous work by X. Guo et al., who reported a Tc 
of approximately 96 K for Y-247 and around 92 K for Y-
123 (Guo et al., 1995). However, the present study 
suggests that the sintering temperature of 980 oC is more 
favourable for Y-123, whereas Y-247 appears to degrade 
under these conditions. The apparent reduction in Tc for 
Y-247 in this work may be attributed to its porous 
microstructure, which can lead to the loss of vital oxygen 
during high-temperature sintering. As shown in Table 1, 
the c-axis lattice parameter exhibited a more pronounced 
change than the a and b axes, which aligns with findings 
by Khalida et al. (2013) , who reported that oxygen 
deficiency results in lattice expansion along the c-axis 
and a corresponding decline in Tc (Khalida et al., 2013). 
 
Conclusion  
 

In this study, bulk Y-123 and Y-247 
superconductors were successfully synthesised via a 
thermal treatment method using metal nitrates as 
precursors and polyvinylpyrrolidone (PVP) as a capping 
agent. The results demonstrate that sintering at a high 
temperature of 980 oC significantly influences the 
structural, microstructural, and superconducting 
properties of both materials. XRD analysis confirmed the 
dominant phase formation of Y-123 and Y-247 in their 
respective samples, along with the presence of 
secondary phases such as BaCuO₂. SEM characterisation 
revealed that Y-247 exhibits a higher degree of porosity 
and larger grain size compared to Y-123, likely due to 
structural instability at elevated temperatures. Electrical 
resistivity measurements further showed that Y-123 
displayed a narrower superconducting transition width 
(ΔTc = 8.1 K), indicating better grain connectivity and 
phase homogeneity under high-temperature sintering. 
Overall, the findings suggest that Y-123 is more 
thermally stable and better suited for synthesis at 980 oC 

than Y-247, making it a more favourable candidate for 
high-temperature processing in practical applications. 
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