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Abstract  

In this work, YBa2‑xCsxCu3O7‑δ (x= 0.05, 0.1, 0.2 and 0.3 wt. %) samples were prepared by 

using solid state reaction method. Some electrical, physical and structural properties of these 

compounds were examined by using SEM (scanning electron microscopy), XRD (X-ray 

diffraction), electrical resistivity, critical current density and AC susceptibility measurements, 

respectively. On the basis of the SEM measurements, it would seem that increasing the amount 

of Cs doping, the porous structures decrease and the grain size increases up to approximately 

50 μm. Unit cell parameters were calculated by employing XRD measurements. On the basis 

of the data obtained from X-ray diffraction, Cs atoms displaced Ba atoms in the crystal 
structure. From the measurements of electrical resistivity at 80 K-120 K temperature, it was 

determined that the highest transition temperature was 91.5 K after addition of 0.05 wt. % Cs. 

The critical transition temperature was decreased by increasing the amount of Cs doping. 

Critical current density measurements on the same samples showed that as the amount of Cs 

doping increases, the values of Jc decrease. AC magnetic susceptibility measurements showed 

a sharper transition to the superconducting state in YBa2‑xCsxCu3O7‑δ (x= 0.05, 0.1, 0.2 and 0.3 

wt.%) samples with the increase in the additive amount. 
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1. Introduction 

  

The discovery of high-temperature superconductor Y–
Ba–Cu–O in 1987 has stimulated the intensity of 

scientists in development of the superconducting 

application theoretically [1]. YBa2Cu3O7-δ (YBCO) 

superconducting oxides are expected to be used in many 
technological applications such as magnetic levitation, 

high-field magnets, magnetic shields, motors and 

generators, because of their high critical current density 
(Jc) at 77 K and a high magnetic field [2]. There has been 

a considerable interest [3-4] in the preparation of good 

quality Y-Ba-Cu-O superconductors [5]. By adding 
different elements, such as Nb [6], Pr [7], Au [8], to the 

Y-Ba-Cu-O superconductor, the material is tried to be 

made more suitable for use in technological fields [9-10-

11-12]. 

 The synthesis of new ceramic materials with improved 

superconducting properties is one of the major concerns 

of today's researchers. Since the discovery of high 
temperature superconductors, many have tried to obtain 

compounds with better physical and morphological 

properties using simpler methods. The most commonly 
used chemical synthesis methods are solid state [13], 

sol-gel [14], automatic combustion [15], metal organic 

chemical vapor deposition (MOCVD) [16] and 
microwave-based methods [17]. The most commonly 

used methods can be considered as a solid state reaction 

method, melting-casting method and sol-gel (nitrate), 
thin-film method. A solid-state method is the most 

widely prefered by superconductivity research groups 

due to the ease of use and cheapness [10]. 

The aim of this study was to synthesize and characterize 

the YBCO high temperature superconductor doped with 

different Cs element percentages and to investigate the 

effects of Cs doping on the properties of these 
superconducting compounds. A solid state reaction 

method was used to prepare YBa2‑xCsxCu3O7‑δ (x= 0.05, 

0.1, 0.2 and 0.3 wt. %) superconducting compounds. We 
have studied the physical, structural and electrical 

properties of produced samples with XRD (X-ray 

powder diffraction), SEM (scanning electrical 
microscope), electrical resistivity, critical current 

density and AC susceptibility measurements. 

 

2. Materials and Methods 

 

The starting composition of YBa2‑xCsxCu3O7‑δ (x= 
0.05, 0.1, 0.2 and 0.3 wt. %) samples were prepared by 

using high purity nitrate compounds ( Y(NO3)2.6H2O, 
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Ba(NO3)2, Cu(NO)3.3H2O and Cs(NO3) ). The samples 

were subjected to calcination process for 4 h at 650 oC. 

After cooling to room temperature, the samples were 
ground for 2 h and pressed under a pressure of 440 

MPa into pellets. The samples were put into a furnace 

at room temperature. The samples were sintered at 935 
oC and attended under flowing oxygen atmosphere for 

40 h, and then cooled to room temperature. The heating 

and cooling temperature rates were chosen to be 5 
°C/min-1 and 1 °C/min-1, respectively. A schematic 

representation of sintering process is shown in Figure 

1. 

Figure 1. Schematic drawing of sintering process for the 

samples preparation. 

The morphology of all superconducting samples are 
examined by using scanning electron microscope ( 

Model Jeol JSM 5600 ). X-ray diffraction data were 

recorded using a Rigaku diffractometer with Cu-Kα 
radiation over the range 2θ = 10o – 60o. The lattice 

parameters of superconducting samples were estimated 

by utilizing X-ray diffraction measurements. The 

superconducting transition temperature (Tc) and 
critical current density of samples was determined by 

a standart four-probe method [18]. Magnetic 

measurements were performed using a 7130 AC 
susceptometer of Lake Shore at temperature range of 

40 K-100 K with a fixed magnetic field (80 m/A) and 

fixed frequency (111 Hz). 

3.   Results and Discussion 

SEM images of the samples are shown in Figure 2. In 

the light of SEM analysis, it has been detected that the 
average particle size boosts as the amount of the 

addition grows [19, 20, 21]. The particles in the sample 

with 0.05 Cs addition are by and large circular and 

have 10 – 15 μm while the particles in the sample with 
0.1 Cs addition are in the shape of a rectangular prism 

and their particle height can extend up to 30 μm. As 

illustrated in the Fig. 2, the particle height can reach up 

to 50 μm in the samples which assume 0.2 and 0.3 

addition rate and their width is about 10 μm on average. 

Furthermore, it can be inferred that the gaps among the 
particles have vanished to a great extent unlike first 

two samples, which leads to better contact among the 

particles [22]. As a result, it is contemplated that it will 
end in higher values of critical current density 

compared those of others. It is believed that to be 

increased the formation of liquid phase in the YBaCuO 
with Cs addition and it has also lead to remarkable 

growth in the grains. 

 

Figure 2. SEM micrographs of YBa2‑xCsxCu3O7‑δ (x= 0.05, 

0.1, 0.2 and 0.3 wt. %) a) 0.05 Cs b) 0.1 Cs c) 0.2 Cs d) 0.3 

Cs. 

The XRD patterns of YBa2‑xCsxCu3O7‑δ (x=0, 0.05, 0.1, 

0.2 and 0.3 wt. %) are shown in Figure 3. All samples 

have the YBa2‑xCsxCu3O7‑δ (x= 0.05, 0.1, 0.2 and 0.3 
wt. %) phase which is responsible of the 

superconducting state. As seen in Figure 3, it is 

understood that the samples completed the structural 
phase formation as a result of annealing and all the 

peaks obtained are compatible with the literature [23, 

24, 25]. As can inferred from the figure, there appeared 
no superconductor phase and peaks belonging to 

tetragonal phase with low oxygen level. The (103), 

(113) and (123) peaks are seemed to decrease with 

increasing of Cs addition. Peaks such as (003), (004), 
(005) and (006) at the direction of c axis appear 

noticeably. That demonstrates that particles on the 

samples acquire acceleration throughout c axis as the 
amount of the addition increases. On the basis of 

ASTM data, no characteristic Cs peak has been 

observed as a result of comparison and contrast of 

characteristic peaks belonging to Cs with sample 
peaks. Such a portrait proves the fact that all Cs atoms 

replacing Ba atoms have largely occupied the spaces of 

Ba atoms bearing a crystal structure. 
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Figure 3. The X-ray diffraction patterns of 

YBa2‑xCsxCu3O7‑δ (x= 0, 0.05, 0.1, 0.2 and 0.3 wt. %). 

 
Figure 4. The lattice parameters of YBa2‑xCsxCu3O7‑δ (x= 

0.05, 0.1, 0.2 and 0.3 wt. %). 

The lattice parameters obtained from X-ray diffraction 
of the samples and are plotted in Figure 4. The a 

parameter is found to increase continuously and the c 

parameter decrease with increasing of Cs 
concentration. It is estimated that this is caused by the 

fact that the ionic radius of Cs entering instead of Ba is 

larger, due to the O (5) gaps, the a axis expands a little 

and thus the c axis is slightly contracted [26]. It is 

thought that there is not much change in the b 

parameter due to the O (1) ions located in the b axis. 

 
Figure 5. The electrical resistivity measurements of 

YBa2‑xCsxCu3O7‑δ (x= 0.05, 0.1, 0.2 and 0.3 wt. %).  

Figure 5 is shown that electrical resistivity 

measurement of YBa2‑xCsxCu3O7‑δ (x=0, 0.05, 0.1, 0.2 

and 0.3 wt. %).  As can be deduced from the figure, 
there happens a slight decrease in the resistance values 

in the normal zone the amount of the addition 

increases. It has been observed that superconductor 
transition (ΔTc) is too sharp (app. 1.5 K). On the other 

hand, in the sample with 0.05 Cs addition its 91.5 K 

value decreases to 90 K in the sample in which the 

addition amount grows up to 0.3 in terms of weight. 
That effect may be traced from the graphic of the 

chance of normalized impedance by heat illustrated in 

the Fig. 5. The study by M. Ausloos and his colleagues 
in which they replaced Ba with 0.05 Cs reported the 

critical transition heat as 80 K [27]. Whereas, 91.5 K 

heat was measured in the sample which we 

manufactured using the same addition.  

Critical current density measurements were conducted 

applying 5 μA current through standard four-probe 

method. Figure 6 shows the measurement results. On 
the basis of measurements, it has been perceived that Jc 

values increase as the amount of the addition increases. 

While Jc is about 40-55 A/cm2 in the samples with low 
addition, it moves to its maximum value, that is 160 

A/cm2, in the sample with 0.3 Cs addition. It is 

estimated that the increase in the contact among the 
particles due to the decrease in the porosity and the 

increase in the particle size lead to such a change as can 

be inferred upon the analysis of SEM images. 
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Figure 6. The critical current density Jc of YBa2‑xCsxCu3O7‑δ 

(x= 0.05, 0.1, 0.2 and 0.3 wt. %). 

Figure 7 shows the AC magnetic measurements at the 

temperature range of 40-100 K. As mentioned in the 

literature [28, 29, 30], coupling diamagnetic shielding 
seems clearly in relatively more granular the samples. 

In the samples where the Cs additive ratio is 0.2 and 

0.3, the grain effect decreases considerably and the 
material passes into superconductivity more sharply. 

 
Fıgure 7. AC magnetic susceptibility of YBa2‑xCsxCu3O7‑δ 

(x= 0.05, 0.1, 0.2 and 0.3 wt. %). 

4. Conclusions 

In summary, Cs-added YBCO compounds were 
produced using the compounds of nitrated unlike 

conventional samples and we have identified some 

electrical, physical and structural properties of Cs-

added YBaCuO superconducting samples. Scanning 
electron microscopy (SEM) images were obtained for 

annealed (at 935oC for 40 h) samples. It can be seen 

that the porous structure in the samples has decreased 

with the increasing of the amount of the additive. 

According to XRD measurements, (001) peak in the 
grains of all superconducting samples was observed to 

be significantly with the increasing of the amount of 

the additive. There appeared no superconductor phase 
and peaks belonging to tetragonal phase with low 

oxygen level. So it is appeared that the samples were 

completed the structural phase formation. By 
calculating the lattice parameters, it is observed a 

significant decrease in the lattice parameter c. This is 

estimated to cause the Cs atoms settle in the place of 

Ba atoms. The electrical resistivity measurement 
shows the resistivity of the samples and it is observed 

to occur in a slight decrease with increasing the amount 

of contribution. The study by M. Ausloos and his 
colleagues in which they replaced Ba with 0.05 Cs 

reported the critical transition heat as 80 K [26]. 

Whereas, 91.5 K heat was measured in the sample 
which we manufactured using the same addition. 

According to the results of the AC magnetic 

susceptibility measurements, as the amount of additive 

increased, it was seen that there was a visible decrease 
towards the ideal value of -1 in the real part of magnetic 

susceptibility. Cs addition enhances the formation of 

liquid phase in the YBCO superconducting compounds 
and as a consequence, it is believed that the coarse-
grained structure emerged. 
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