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ABSTRACT

Polycrystalline Y,BasCu,O;s5x (Y257) samples doped with cerium oxide (CeO,) at
concentrations of x = 0, 0.05, 0.10, 0.15, and 0.20 were synthesized via the solid-state
reaction method at a sintering temperature of 950 °C. X-ray diffraction analysis revealed a
mixture of superconducting and non-superconducting phases. The dominant superconducting
phase exhibited an orthorhombic crystal structure (space group Pmmm), while secondary
phases included Y,BaCuOs (Pbnm), BaCuO, (Im-3m), and Ba,CusO, (Pccm). The fraction of
the superconducting phase increased with CeO, content. Rietveld refinement indicated a
slight expansion along the c-axis with increasing cerium doping. SEM imaging showed porous
microstructures, while EDX mapping confirmed uniform elemental distribution. Electrical
resistivity measurements using the four-probe method demonstrated a gradual increase in
critical temperature (T) from 89.3 K (undoped) to 93.6 K (x = 0.20), consistent with values
for Y123-type superconductors. These findings indicate that CeO, doping enhances the

superconducting phase and improves the critical temperature of Y257 compounds.
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Introduction

Since the discovery of the high-temperature superconductor La214 with a critical
temperature of 35 K in 1986 [1], significant research has been conducted on ceramic
superconductors with transition temperatures above the boiling point of liquid nitrogen.
One of the most well-known compounds, YBa,CusO;., (Y123), has a critical temperature of
approximately 93 K [2] and has been developed into wires and tapes with high critical current
density at 77 K. Since then, numerous Y-based superconductors have been synthesized,
including YBa,Cu,Og (Y124) [3], Y,Ba,Cu,O;s (Y247) [4], and Y;BasCugOyq (Y358) [5], with critical
temperatures ranging from 30 K to over 100 K, depending on oxygen content and structural
variations. In 2010, Udomsamuthirun et al. [6] proposed a structural relationship where the
sum of Y and Ba atoms equals the number of Cu atoms, linking the number of CuO, planes
and Cu-O chains to atomic composition. Based on this principle, Kruaehong synthesized a
novel Y-based superconductor, Y257 (Y,BasCu;0;s.) [7], which exhibited a critical temperature
of approximately 93 K and an orthorhombic crystal structure with lattice parameters a =
3.8108 A, b = 3.8544 A and c = 26.4967 A. Improving the superconducting properties of
such materials, particularly critical current density (J.) and critical magnetic field (Ho), often
involves the incorporation of secondary phases. The inclusion of Y211 (Y,BaCuQOs) is known
to enhance flux pinning and increase J. [8]. Other elements such as Pt [9], Sn [10], and
BaCeO; [11] have been studied for their impact on microstructure and superconducting
performance. In particular, cerium oxide (CeO,) has been shown to improve intergranular
connectivity and critical temperature in Y123-based superconductors [12]. Cerium oxide
(CeO,) has been widely investigated because of its unique redox capability associated with
the Ce’'/Ce"" transition and its ability to create oxygen vacancies, which strongly influence
both catalytic and electronic behaviors. These properties have made CeO, highly attractive
in various fields, ranging from catalysis and energy storage to biomedical applications. In the
context of high-temperature superconductors, the incorporation of CeO, as a dopant is particularly
significant since oxygen vacancies and redox flexibility can directly affect grain connectivity,
flux pinning, and overall superconducting performance. Therefore, exploring the role of CeO,
in Y,BasCu;0;5 g (Y257) provides a promising strategy to enhance the physical properties and
stability of these superconducting materials [13].

In this study, we investigate the physical properties of Y257 (Y,BasCu;0;5,) doped with
various concentrations of cerium oxide (x = 0, 0.05, 0.10, 0.15, and 0.20). Samples were synthesized
using the solid-state reaction method and characterized for phase composition, microstructure,

elemental distribution, and superconducting transition temperature.
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Materials and Methods

Polycrystalline samples of Y,BasCu,Ce,O;5_, with cerium concentrations of x = 0,
0.05, 0.10, 0.15, and 0.20 were synthesized by the solid-state reaction method. Starting
materials included high-purity (99.99%) Y,0,, BaCOs;, CuO, and CeO, powders. Stoichiometric
amounts were thoroughly mixed in an agate mortar and calcined at 950 °C for 24 hours in
air, repeated twice to ensure homogeneity. The calcined powders were reground and
pressed into cylindrical pellets (25 mm diameter, 3 mm thickness).

The pellets were sintered in a horizontal tube furnace at 950 °C for 24 hours, followed
by slow cooling to 500°C and annealing for 12 hours in air. Phase identification was carried
out using powder X-ray diffraction (XRD) in the 20 range of 10° to 90°, and Rietveld refinement
was employed for lattice parameter analysis. Superconducting transition temperatures (onset
and offset) were measured using the standard four-probe method in the temperature range
of 77 K to 120 K. Microstructural and elemental analyses were performed using Scanning

Electron Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDX) with elemental
mapping.

Results and Discussion

Figure 1 presents the powder X-ray diffraction (XRD) patterns of the undoped and
CeO, doped Y257 samples, confirming the polycrystalline nature of the synthesized materials.
The diffraction patterns were analyzed using the Rietveld refinement method [14], and the
results show that the primary superconducting phase adopts an orthorhombic crystal structure
(space group Pmmm) with peaks corresponding to the Y123 phase.

The samples consisted of two distinct phases. The first and dominant phase was the
superconducting phase, with the highest content observed in the undoped sample. Interestingly,
the proportion of the superconducting phase increased with CeO, doping. Conversely, the
second phase comprised non-superconducting secondary phases, including Y,BaCuOs (Y211,
space group Pbnm), BaCuO, (space group Im-3m), and Ba,Cu,0, (space group Pccm). In the
undoped sample, the superconducting and non-superconducting phases were found in
proportions of approximately 80% and 20%, respectively. As shown in Table 1, CeO, doping
led to an increase in the superconducting phase fraction and a corresponding decrease in
non-superconducting phases.
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Figure 1 XRD patterns of the Y257 samples with varying CeO, doping.

Table 1 Percentages of the superconducting and non-superconducting phases in the Y257

samples.
Non-superconducting phases (%)
Samples Superconducting phase Y,BaCuOs, BaCuO,, Ba,Cu;0,
(%) Pbnm Im-3m Pccm
Y257 80 20 - -
Y257+0.05Ce 87 - 6 7
Y257+0.10Ce 90 10 - -
Y257+0.15Ce 92 8 - -
Y257+0.20Ce 95 - 2 3

The lattice parameters of both the superconducting and non-superconducting phases,

as presented in Tables 2 and 3, were determined using the Rietveld refinement method.

The superconducting phase exhibited an orthorhombic crystal structure. For the undoped

sample, the refined lattice parameters were a = 3.81975 A b =388523 A and c = 26.68010 A.

Upon doping with CeO,, a noticeable increase in the c-axis lattice parameter was observed,

indicating lattice expansion with higher cerium content. As shown in Table 3, the non-superconducting

phases were also characterized. The first secondary phase, Y,BaCuOs (Y211), crystallized in

the orthorhombic structure with the Pbnm space group. The second phase, BaCuO,, exhibited a

cubic structure corresponding to the Im-3m space group, while the third phase, Ba,Cu;O,

showed an orthorhombic structure with the Pccm space group. All samples, regardless of

Ce0, content, contained both superconducting and non-superconducting phases. The presence
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of non-superconducting phases is likely due to the high-temperature synthesis conditions
used during sample preparation [15]. In addition, the refined lattice parameters of these
non-superconducting phases (Table 3) reveal slight variations with CeO, doping. This suggests
that the incorporation of Ce ions not only affects the superconducting YBa,Cu;O;.§ matrix but
also induces subtle structural modifications in the secondary phases. Such variations may
influence phase stability, grain boundary formation, and ultimately the superconducting
performance of the material. Therefore, the coexistence and interaction between superconducting
and non-superconducting phases must be carefully considered when evaluating the role of
CeO, addition in optimizing the microstructural and superconducting properties of Y257
samples.

Table 2 Lattice parameters of the superconducting phase (Y,BasCu;0;s.).

lattice parameters

Samples a(h) bA) c(®)
3.81975 3.88523 26.68010
Y257
0.00004 0.00005 0.00013
3.82093 3.88584 26.77332
Y257+0.05Ce
0.00005 0.00006 0.00014
3.82020 3.88733 26.87624
Y257+0.10Ce
0.00007 0.00007 0.00022
3.82364 3.88552 2687762
Y257+0.15Ce
0.00009 0.00007 0.00022
3.82432 3.88542 26.88885
Y257+0.20Ce
0.00013 0.00013 0.00085
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Table 3 Lattice parameters of the non-superconducting phases present in the Y257 samples.

lattice parameters of the non-superconducting phases

Samnples - - - - - - - - -
a(A) b(A) c(A) a(A) b(A) c(A) a(A) b(A) c(A)
12.17288  5.66052  7.14736  18.31059 18.31059 18.31059 13.04278  20.64500 11.42713
vesr 0.00086 0.00043  0.00048 0.00018 0.00018 0.00018 0.00034 0.00043 0.00029
12.18020  5.64675  7.14424  18.30278 18.30278 18.30278 13.02821 20.63465 11.43390
¥257+0.05Ce 0.00103 0.00059  0.00087 0.00018 0.00018 0.00018 0.00024 0.00035 0.00032
12.19054  5.65528  7.12745  18.30574 18.30574  18.30574 13.03613  20.63683 11.42859
¥251+0.10Ce 0.00078 0.00035  0.00035 0.00022 0.00022 0.00022 0.00026 0.00037 0.00030
12.18649 565848  7.12734  18.29214 18.29214  18.29214 13.04461 20.65713 11.44278
¥2570.15Ce 0.00041 0.00014  0.00018 0.00022 0.00022 0.00022 0.00024 0.00037 0.00023
12.13285  5.68731  7.15800  18.35197 18.35197 18.35197 13.04029  20.56614 11.41454
¥257+0.20Ce 0.00049 0.00044  0.00025 0.00524 0.00524 0.00524 0.00030 0.00048 0.00026

The surface morphology of the samples was examined using Scanning Electron
Microscopy (SEM) with a magnification of 2,000x. The SEM images revealed that both undoped
and CeO, doped Y257 superconductors exhibited inhomogeneous and porous surface textures.
The surfaces typically displayed pebble-like grain morphology, which is a common feature
of polycrystalline ceramic superconductors synthesized via solid-state reaction.

Figures 2 to 6 display the Scanning Electron Microscopy (SEM) images of the Y257
samples doped with varying concentrations of CeO,, observed at a magnification of 2,000x.
The micrographs reveal the characteristic surface morphology and grain structure of polycrystalline
ceramic superconductors synthesized via the solid-state reaction method. In Figure 2, corresponding
to the undoped Y257 sample, the surface appears inhomogeneous with irregularly shaped
grains and a significant presence of pores. The grain boundaries are distinct, indicating weak
intergranular connectivity, which is a common limitation in undoped high-temperature
superconductors. As the CeO, doping level increases from 0.05 to 0.20 mol (Figures 3 to 6),
a noticeable improvement in surface morphology is observed. The grain structure becomes
more densely packed, and the porosity visibly decreases. The grains appear more uniformly
distributed, with enhanced contact between adjacent grains. This microstructural evolution
suggests improved grain growth and sintering, facilitated by the presence of cerium oxide
during the thermal processing stage. The reduction in porosity and improved grain connectivity
are crucial for enhancing the superconducting properties of the material. These improvements
contribute to the increased critical temperature (T.) and reduced weak-link behavior at
grain boundaries. The SEM analysis thus supports the positive role of CeO, in promoting

densification and enhancing the overall microstructural integrity of Y257 ceramics.
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Figure 4 SEM micrograph of Y257 doped with 0.10 mol CeO,.
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Figure 5 SEM micrograph of Y257 doped with 0.15 mol CeO,.

Figure 6 SEM micrograph of Y257 doped with 0.20 mol CeO..

Elemental analysis was performed using Energy Dispersive X-ray Spectroscopy (EDS)
in mapping mode. The EDS maps showed that the undoped sample contained uniformly
distributed elements of yttrium (Y), barium (Ba), copper (Cu), and oxygen (O). In CeO,-
doped samples, cerium (Ce) was also detected and found to be homogeneously
distributed throughout the matrix, indicating successful incorporation of Ce into the Y257
structure.

Figures 7 to 11 present the Energy Dispersive X-ray Spectroscopy (EDS) elemental
mapping results for the undoped and CeO,doped Y257 samples. The analysis was
performed to investigate the spatial distribution of key elements within the samples and
confirm the incorporation of Ce into the host matrix. In Figure 7, representing the undoped
Y257 sample, the elements Y (yttrium), Ba (barium), Cu (copper), and O (oxygen) are
uniformly distributed throughout the sample, indicating good compositional homogeneity.
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This uniform distribution confirms that the solid-state reaction method effectively

produced a well-mixed ceramic material. In the CeO,-doped samples (Figures 8 to 11), the
elemental maps clearly show the presence of cerium (Ce) in addition to Y, Ba, Cu, and O.
Cerium is evenly distributed across the sample surface, with no observable clustering or
phase segregation. This homogeneity suggests successful substitution or incorporation of Ce
into the Y257 crystal lattice or at interstitial sites, without forming Ce-rich secondary phases.
The uniform distribution of Ce supports the hypothesis that cerium doping enhances the
superconducting phase content and improves grain connectivity. These EDS results are
consistent with the observed increase in critical temperature and superconducting
performance with higher CeO, concentrations.

¥ Lal Ba La! Cu Kal O Kal

Figure 7 EDX elemental mapping of undoped Y257.

¥ Lal

CJ ol

datal ok

Figure 8 EDX mapping of Y257+0.05Ce.

Ba Lal Cu Kol O Kol Crlu'

Figure 9 EDX mapping of Y257+0.10Ce.
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¥ Lal Ba Lal Cu Kal

Figure 11 EDX mapping of Y257+0.20Ce.
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Figure 10 EDX mapping of Y257+0.15Ce.
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The critical temperatures of the samples were determined using the standard four-
probe resistivity measurement technique. For the undoped Y257 sample, the onset critical
temperature (T. onset) and offset critical temperature (T, offset) were found to be 92.65 K
and 85.98 K, respectively. With the introduction of CeO, doping, a gradual increase in both
T.onset and T, offsetwas observed, indicating a positive effect of cerium content on the
superconducting transition. Specifically, the average critical temperature increased from
89.35 K in the undoped sample to 93.6 K at a doping level of x = 0.20 )as shown in Table .(4

Table 4 presents the onset and offset critical temperatures for all samples. The onset
critical temperature is defined as the temperature at which the sample begins to deviate from
the normal resistive state, while the offset critical temperature corresponds to the temperature
at which zero resistivity is achieved. The difference between these two temperatures (AT)
provides insight into the transition width and superconducting homogeneity of the material.
An increase in AT, with higher CeO, content suggests improved grain connectivity but also
indicates the possible presence of minor non-superconducting secondary phases. CeO, doped
Y257samples exhibit enhanced superconducting properties, with higher average critical
temperatures and broadened transition widths [16]. All samples show T, values within the
typical range for YBa,Cu,0_s, (Y(123, around 93K, confirming that CeO, doping can effectively

improve the superconducting performance of Y257 ceramics.
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Table 4 lists the onset and offset critical temperatures for each sample.

Samples T, offset (K) T, onset (K) AT, T. average
Y257 85.98 92.65 6.67 89.315
Y257+0.05Ce 87.35 93.47 6.12 90.410
Y257+0.10Ce 87.49 95.65 8.16 91.570
Y257+0.15Ce 88.32 96.41 8.09 92.365
Y257+0.20Ce 89.35 97.94 8.59 93.645
Conclusion

Cerium-doped Y257 (Y,BasCu;Ce0;5.,) superconductors were successfully synthesized
by the solid-state reaction method. XRD and Rietveld refinement confirmed the presence
of an orthorhombic superconducting phase and secondary non-superconducting phases.
Increasing CeO, content led to a higher fraction of the superconducting phase and a slight
expansion of the c-axis lattice parameter. SEM and EDX analyses showed porous microstructures
and homogeneously distributed elements. Electrical measurements revealed a progressive
increase in critical temperature with cerium doping, maintaining values within the range typical
of Y123 superconductors. These results demonstrate that CeO, doping can enhance the
superconducting performance of Y257 compounds.Building on these findings, a potential
avenue for further improving superconducting properties is through additional CeO, doping,
which may introduce more flux pinning centers and further increase the critical current
density (J) and critical magnetic field (H). Future studies exploring this approach could

provide practical strategies for enhancing Y257 superconductors.
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