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Abstract  

 Y211 was added to the Y257 superconducting material at 

concentrations of 0, 0.10, and 0.20 mol using a solid-state 

reaction synthesis method. As the concentration of Y211 

increased, both the onset critical temperature and the offset 

critical temperature decreased. The synthesized samples 

contained a combination of superconducting and non-

superconducting compounds. The superconducting compound 

exhibited an orthorhombic structure with the Pmmm space 

group. Additionally, three different types of non-

superconducting compounds were identified in the samples. 

The percentage of non-superconducting compounds increased 

with the addition of Y211. The surface morphology revealed heterogeneous elements and a random distribution of grain sizes. 

The samples contained Y, Ba, Cu, and O elements without any detectable impurities. 
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Introduction  

In the past three decades, Y-based superconductors have 

been discovered in various groups [1 – 2]. The key findings 

of these discoveries were the novel critical temperature 

values and crystal structures. The conventional Y-based 

superconducting material, Y123 (YBa2Cu3O7-x), was the 

first superconductor found in 1987, exhibiting a critical 

temperature above 90 K [3]. Numerous researchers have 

conducted studies and advancements to enhance the 

superconducting properties of Y-based materials for various 

fields of application, including superconducting magnetic 

bearings [4], superconducting electric motors [5], magnetic 

separation devices [6], non-contact transport systems [7], 

and flywheel energy storage systems [8], among others. In 

2013, Kruaehong [9] successfully synthesized bulk Y-based 

superconductors of Y257 through a solid-state reaction 

method. High-purity powders of Y2O3 (99.99% purity), 

BaCO3 (99.98% purity), and CuO (99.99% purity) were used 

as starting materials. The powders were calcined and 

sintered at 1,223 K for 24 h, followed by annealing at 773 K 

for 12 h in air, and then cooled to room temperature. The 

critical temperature of the samples was measured using a 

four-probe setup, and the crystal structure was investigated 

using the powder X-ray diffraction technique with CuKα 

radiation. The X-ray diffraction patterns were analyzed 

using the FULLPROF software refinement program [10]. 

The critical temperature of the samples was measured to be 

94.97 K, and the lattice parameters of the superconducting 

samples were found to be a = 3.8108 Å, b = 3.8544 Å, and  

c = 26.4967 Å, with the Pmmm space group. The non-

superconducting samples exhibited two different space 

groups: Pccm with a = 12.9770 Å, b = 20.54780 Å, and  
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c = 11.3530 Å; and Im-3m with a = 18.2104 Å, b = 18.2104 

Å, and c = 18.2104 Å. The critical temperature of Y123 and 

Y257 remained close to each other. In recent years, a new 

Y-based superconductor, Y358 (Y3Ba5Cu8O18−x), has been 

discovered with a critical temperature above 102 K [11]. The 

lattice parameters of Y358 are a = 3.888 Å, b = 3.823 Å, and 

c = 31.013 Å, with Pmm2 symmetry, respectively. The 

critical temperature is an important physical property 

requirement that is given first consideration for applications. 

It is well-known that the second phase in Y123, Y211 

(Y2BaCuO5), can enhance the physical properties, such as 

increasing the critical current density (Jc) and high magnetic 

field (Hc). The effect of Y211 in Y123 composites has been 

studied by numerous research groups [12 – 14].  

 In this present work, we investigated the effect of 

doping the Y257 superconductors with the non-

superconducting compound (Y211, Y2BaCuO5) at ratios of 

0, 0.10, and 0.20 mol, respectively. The critical temperature 

was determined using d.c. electrical four-probe 

measurements. Structural analysis was performed using 

powder X-ray diffraction, while surface morphology and 

elemental analysis were investigated using EDX mapping 

techniques. 

Materials and Methods 

 High-purity powders of Y2O3, BaCO3, and CuO (all 

with a purity of 99.99%) were used as starting materials. The 

raw materials for Y257 and Y211 were mixed in different 

atomic ratios of 2:5:7 and 2:1:1, respectively. The mixture 

of Y257 and Y211 powders was calcined at 1,223 K for 24 

h. The calcination process was repeated twice with 

intermediate grinding of the powders. The black powder of 

Y257 and the green powder of Y211 were obtained. Y211 in 

quantities of 0 mol, 0.10 mol, and 0.20 mol were mixed with 

the black powder of Y257. The mixed powders were then 

calcined at 1,223 K and kept at that temperature for 24 h. A 

hydraulic machine was used to press the powders into pellets 

with dimensions of approximately 30 mm in diameter and 5 

mm in thickness, applying a pressure of 2,000 psi. The bulk 

samples were sintered at 1,223 K for 24 h and subsequently 

annealed at 773 K with oxygen doping in an air environment. 
 Electrical resistivity and powder X-ray diffraction 

techniques were used to investigate the superconductivity 

and crystal structure of the samples. The critical temperature 

was determined by measuring the onset critical temperature 

(Tc onset) and the offset critical temperature (Tc offset). The 

resistivity as a function of temperature was measured using 

a four-probe setup within the temperature range of 77 – 120 

K, with the system cooled down using liquid nitrogen. The 

crystal structure analysis was performed using powder X-ray 

diffraction. The data were collected using a D8 Advance 

Discovery diffractometer with CuKα as the X-ray source, 

producing a monochromatic beam with a wavelength of 

1.5416 Å. The 2θ angle was examined in the range of  

10o – 90o, with a scan speed of 3.40° min and an increment 

angle of 0.02o at room temperature. The percentage 

composition of the samples, lattice parameters, and space 

group corresponding to the phase composition were 

determined using the Rietveld refinement method. The 

surface characteristics and elemental analysis were carried 

out using the FEI Quanta 400. 

Results and Discussions 

 The resistivity versus temperature measurements of the 

bulk Y257 and Y211 composite were performed using a d.c. 

electrical resistivity measurement setup, with a constant d.c. 

current of 3.18 mA m–2 and temperature measurement 

conducted using a type K thermocouple. The results are 

shown in Fig. 1. The temperature was cooled down from 

room temperature (around 300 K) to 77 K using liquid 

nitrogen. Temperature measurements were taken at intervals 

of 77 K up to 120 K. The offset critical temperature (Tc 

offset) was defined as the temperature at which the 

resistivity reached zero. The Tc offset values were measured 

as 86.35 K, 85.63 K, and 84.23 K for Y257, Y257 + 0.10 

mol, and Y257 + 0.20 mol, respectively. The onset critical 

temperature (Tc onset) is defined as the temperature at which 

a significant change occurs. The Tc onset values were 
measured as 93.98 K, 93.62 K, and 92.13 K for Y257, Y257 
+ 0.10 mol, and Y257+0.20 mol, respectively. The presence 

of the non-superconducting compound Y211 had an effect  

 
Fig. 1 Graph plot between resistivity versus temperature of 

Y257 and Y211 composite. 
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on the critical temperature of Y257. Both the Tc offset, and 

Tc onset showed a decrease. In 2000, Jezowski et al. [15] 

reported that Y211 also causes increased phonon and quasi-

particle scattering in the crystal structure, resulting in poor 

grain connectivity and a decrease in critical temperature 

when Y211 is added to the samples. 

 

 

 

Fig. 2 XRD pattern of Y257 and Y257+Y211 

superconductors. 

 The XRD patterns of the Y257 and Y211 composite 

profiles are shown in Fig. 2. The Rietveld refinement method 

was used to determine the characteristics of the 

orthorhombic structure, phase compositions, and space 

group. Our samples exhibit a polycrystalline nature with 

varying peak intensities. The raw XRD data was analyzed 

using the High X-Pert Scopus program to search for matches 

in the ICDD database. Most of the peaks corresponded to the 

spectrum of the superconducting compound, while other 

peaks corresponded to the non-superconducting compound. 

The percentages of the superconducting and non-

superconducting spectra were calculated and are shown in 

Table 1. The pure Y257 sample exhibited the highest 

percentage of the superconducting compound. With the 

addition of Y211, the percentage of the superconducting 

phase decreased. The pure Y257 sample also showed the 

presence of the non-superconducting phase, with Y211 

constituting approximately 20% of the sample. The 

occurrence of non-superconducting phases was observed in 

the samples. With the addition of Y211, two non-

superconducting compounds, BaCuO2 and Ba2Cu3O6, were 

observed. The superconducting compound exhibited an 

orthorhombic structure with Pmmm symmetry group. Y211 

and Ba2Cu3O6 also showed an orthorhombic structure with 

Pbnm and Pccm space groups, respectively, while BaCuO2 

had a cubic structure with Im-3m space group. The lattice 

parameters of the superconducting compound indicating the 

orthorhombic structure are shown in Table 2. The lattice 

parameters of the non-superconducting compounds are 

shown in Table 3.  

 In Fig. 3, the SEM micrographs of the samples are 

shown. The samples were examined at high magnifications 

of ×5,000. The SEM images captured the different 

morphologies of the a and b planes. The pure Y257 sample 

exhibited a crack-free surface with large pores. However, 

with the addition of Y211, the presence of pores and cracks 

on the surface decreased. All three samples showed 

variations in grain size and orientation, indicating a lack of 

uniformity. The interpretation of the SEM images aligns 

with the findings reported by Imagawa and Shiohara [16] in 

1996. The SEM images were obtained using backscattered 

electron imaging. The elementary analysis was conducted 

using Energy Dispersive X-ray Spectroscopy. The results 

showed that the samples contained varying amounts of Y, 

Ba, Cu, and O, without any impurities. The scale bar in the 

SEM analysis was set to 10 μm and was used to measure the 

results shown in the micrographs. The addition of Y211 

improved the grain size of the Y257 superconductors, with 

higher concentrations of Y211 resulting in larger grain sizes. 
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 The addition of Y211 to Y257 affected the critical 

temperature values of Tc offset and Tc onset. Both Tc values 

shifted to lower temperatures. Furthermore, the addition of 

Y211 resulted in a decrease in the c-lattice parameter and a 

reduction in the proportion of superconducting compound in 

pure Y257. The presence of Y211 led to an improvement in 

surface smoothness and density, as well as the formation of 

larger grain sizes. The presence of large grain sizes can result 

in a decrease in weak links and an increase in critical current 

density [17], as well as the trapping of high critical magnetic 

fields [18]. 

Conclusion 

 The Y257 superconducting material and the Y211 non-

superconducting material were synthesized through a solid-

state reaction. The samples were calcined and sintered at 

1,223 K. The Y211 powder was mixed with the Y257 

superconductor in concentrations of 0, 0.10, and 0.20 mol. 

The resulting pellets of the mixed samples were analyzed 

using four-probe measurements to determine the critical 

temperature. The crystal structure of the samples was 

examined using powder X-ray diffraction, and phase 

compositions, lattice parameters, and space groups were 

determined through Rietveld refinement. The addition of 

 

Fig.3 SEM micrographs of Y257 and Y211 composite. 

Table 1 The percentage of composite compound. 

Samples 

 

Superconducting 

Compound 

Non-superconducting Compound 

(Y2BaCuO5), 

Pbnm 

BaCuO2, 

Im-3m 

Ba2Cu3O6,  

Pccm 

Y257 80 20 - - 

Y257+0.10 mol Y211 70 10 5 15 

Y257+0.20 mol Y211 65 10 15 10 

 

Table 2 The lattice parameter of the superconducting compound with Pmmm space group. 

Samples 

 

Lattice constant 

a(Å) b(Å) c(Å) 

Y257 3.80 3.87 26.55 

Y257+0.10 mol Y211 3.80 3.87 26.33 

Y257+0.20 mol Y211 3.80 3.88 26.31 

 

Table 3 The lattice parameter of the non-superconducting compound. 

 

Samples 

Non-superconducting compound 

Y211(Y2BaCuO5), 

Pbnm 

 BaCuO2, 

Im-3m 

 Ba2Cu3O6, 

Pccm 

a(Å) b(Å) c(Å)  a(Å) b(Å) c(Å)  a(Å) b(Å) c(Å) 

Y257 7.20 12.18 5.64  - - -  - -  

Y257+0.10 mol Y211 7.23 12.28 5.70  18.21 18.21 18.21  13.08 20.73 11.12 

Y257+0.20 mol Y211 7.23 12.23 5.52  18.41 18.41 18.41  13.01 20.45 11.14 
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Y211 resulted in a decrease in the critical temperature values 

of Tc offset (K) and Tc onset. The samples contained two 

compounds. The first compound was a superconducting 

compound with an orthorhombic structure and a Pmmm 

symmetry space group. The second compound was a non-

superconducting compound, which had three different types. 

The first type was Y211, which had an orthorhombic 

structure with a Pbnm space group. The second type was 

BaCuO2, which had a cubic structure with an Im-3m space 

group. Finally, the Ba2Cu3O6 compound had an 

orthorhombic structure with a Pccm space group. The 

percentage of the superconducting compound decreased 

with increasing Y211 concentration. The surface 

morphology exhibited inhomogeneity with random pore 

distribution and random orientation of grain sizes. The 

samples were composed of the elements Y, Ba, Cu, and O, 

and no impurities were detected. 
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