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ABSTRACT

Purpose: The paper concerns the determination of the chemical composition and structure 
of high-temperature superconducting tapes YBa2Cu3O7-x – YBCO/Cu 2G HTS.
Design/methodology/approach: Studies were carried outusing a scanning electron 
microscope with a chemical composition analyser on prepared samples of a tape. Moreover, 
an abrasion resistance test which shown resistance to friction at 1, 2 and 3 hours by using 
ball-tester was carried out.  The individual layers which are components of the test tape and 
depths of wipes which appeared after test on ball-tester were evaluated.
Findings: Studies showed a lot of information about abrasion resistance of tapes. Hourly 
friction, using ceramic ball did not result in breakthrough coating. The investigation are 
carried out for one, two and three hours. They also confirmed the chemical compositions 
provided by the manufacturer, as well as describe the individual layers of examined 
superconducting tapes.
Originality/value: Detailed studies in particular, on wear resistance of superconductors, 
which relate to the chemical composition of the tapes, and their construction carried 
out in the context of the article, may be a prelude to further research into the production 
of superconducting tapes that will show much greater resistance to abrasion. The essence 
of the problem is a construction base, in particular during the installation of such tapes, 
for example in the form of a transformer winding.
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3. Results 

The determination of chemical composition was carried 
out on the cross-section of YBa2Cu3O7-x – YBCO 2G HTS 
tape. Measurements were made for the layers which are the 
components of superconducting tapes. 

Fig. 3. Random selection of the place where the 
measurement of the point of the chemical composition on 
the cross section of YBa2Cu3O7-x – YBCO 2G HTS 
superconducting tapes coated with Cu was carried out 

Fig. 4. Random selection of the place where the 
measurement of the point of the chemical composition on 
the cross section of YBa2Cu3O7-x – YBCO 2G HTS 
superconducting tapes coated with Cu was carried out 

Figures 3 and 4 show a cross section of YBa2Cu3O7-x – 
YBCO 2G HTS tape coated with Cu, along with marked 
locations of performing measurement of the chemical 
composition. As it is apparent from the spectra of the 
radiation characteristics presented in Figures 5 and 6 the 
studied areas was copper coating by which the tape was 
coated on both sides.  

Fig. 5. Characteristic spectrum showing the chemical 
composition of the copper coating of YBa2Cu3O7-x – 
YBCO 2G HTS superconducting tapes coated with Cu 

Fig. 6. Characteristic spectrum showing the chemical 
composition of the copper coating of YBa2Cu3O7-x – 
YBCO 2G HTS superconducting tapes coated with Cu 

In Figure 7 a cross section of the YBa2Cu3O7-x – YBCO 
2G HTS tape coated with Cu with a marked place, 
performing spot metering of chemical composition is 
presented. A layer located between the copper coating and 
the superconducting layer was chosen as a test area. 

As it is apparent from the spectrum characteristic shown 
in Figure 8 the test area was a silver layer. The chemical 
composition of this layer was placed in the Table 1. 

3.  Results
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Fig. 7. Random selection of the place where the 
measurement for the chemical composition distribution of 
YBa2Cu3O7-x – YBCO 2G HTS superconducting tapes 
coated with Cu was carried out 

Fig. 8. Characteristic spectrum showing the chemical 
composition of the layers between the substrate and the 
coating copper of YBa2Cu3O7-x – YBCO 2G HTS 
superconducting tapes coated with Cu 

Table 1. 
The chemical composition of the layers between the 
substrate and the coating copper of YBa2Cu3O7-x – YBCO 
2G HTS superconducting tapes coated with Cu 

Element Type of 
study weight% atomic% 

Cu K EDS 2.51 4.19 

Ag K EDS 97.49 95.81 

The next stage of the research was to determine the 
chemical composition of a base of superconducting tapes. 
Figure 9. shows a cross-section of the tape YBa2Cu3O7-x –
YBCO 2G HTS coated with Cu, along with the selected 
place of performance, point measurement of chemical 
composition. 

Fig. 9. Random selection of the place where the 
measurement of the chemical composition distribution of 
YBa2Cu3O7-x – YBCO 2G HTS superconducting tapes 
coated with Cu was carried 

As it is apparent from the spectrum characteristics 
shown in Figure 10, the substrate has been made of 
stainless steel. The chemical composition base was placed 
in Table 2. 

Fig. 10. Characteristic spectrum showing the chemical 
composition of a base of YBa2Cu3O7-x – YBCO 2G HTS 
superconducting tapes coated with Cu 
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Table 2. 
Chemical composition of YBa2Cu3O7-x – YBCO 2G HTS 
superconducitng tape base coated with Cu 

Element Type of 
study weight% atomic% 

C K EDS 5.21 22.40 
Cr K EDS 15.46 15.36 
Fe K EDS 4.61 4.26 
Ni K EDS 54.84 48.24 
Mo L EDS 16.18 8.71 
W M EDS 3.71 1.04 

In order to investigate the chemical composition of the 
layers beneath the copper and silver layers it was necessary 
to remove them. Below them there was the structure which 
is shown in Figure 11 and had strong texture. 

Fig. 11. Randomly selected area in which measurement of 
the chemical composition distribution layer for super-
conducting tapes YBa2Cu3O7-x – YBCO 2G HTS coated 
with Cu was carried out 

The spectrum characteristics shown in Figure 12 shows 
that the area of study was the layer of superconducting 
because signals were received from Y, Ba, Cu, and O. A 
peak from Mg comes from the buffer layer and the peaks 
from Fe, Ni, Cr, Al, Mo, and C informed about signals 
coming from the ground of superconducting tapes. The 
chemical composition of a superconducting layer is shown 
in Table 3. 

Fig. 12. Characteristic spectrum showing the chemical 
composition of the layers of YBa2Cu3O7-x – YBCO 2G 
HTS superconducting tapes coated with Cu 

Table 3. 
Chemical composition of YBa2Cu3O7-x – YBCO 2G HTS 
superconducting layer coated with Cu 

Element Type of 
study weight% atomic% 

C K EDS 13.34 34.64 
O K EDS 15.49 30.20 

Mg K EDS 1.41 1.81 
Al K EDS 2.33 2.69 
Cr K EDS 8.33 5.00 
Fe K EDS 2.06 1.15 
Ni K EDS 24.66 13.10 
Cu K EDS 10.30 5.06 
Y L EDS 6.81 2.39 

Mo L EDS 5.02 1.63 
Ba L EDS 10.25 2.33 

The analyses of the chemical composition shows that 
the YBa2Cu3O7-x – YBCO 2G HTS superconducting tape 
has a layered structure. The components of the tape are: the 
substrate, the buffer layer, a layer of superconducting and 
protective coating. The coating is applied on both sides. 
Corrosion-resistant steels where the main components are 
Fe, Cr, Ni and Mo are used as a base. The alloying 
additives such as Co, W, Mn, Al and Si were also detected. 
As buffer layers MgO is used and  as a coating to protect 
the superconductor from influence of the environment Cu 
is used. It was also the existence of the silver layer between 
the superconducting phase and a copper coating. The 
purpose of the layer is to increase the electrical 
conductivity of the system.  
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The next stage of the research was to determine the 
resistance to friction. In Figure 13 the surface of the 
YBa2Cu3O7-x – YBCO 2G HTS tape after one hour of 
friction is shown. Then, there was no breakdown of the 
protective coating. The diameter of the wipe was 1020 
microns and 13 microns of its depth. 

Fig. 13. A wipe made on the surface of the YBa2Cu3O7-x –
YBCO 2G HTS high temperature superconducting tape 
coated with Cu, after 1 hour 

After two hours of study, the diameter of the resulting 
wipe reaches 1717 microns, and the depth of 36.9 mm.  
As it is apparent from Figure 14, there was a breakthrough 
of the copper coating and the silver layer and the 
superconducting layer can be seen. 

Fig. 14. A wipe made on the surface of the high 
temperature YBa2Cu3O7-x – YBCO 2G HTS superconducting 
tape coated with Cu, after 2 hours 

After three hours the diameter of the resulting wipe 
reaches 1919 microns, and its depth - 46.1 mm. as it is 
apparent from Figure 15, there was breakthrough to the 
substrate.

Fig. 15. A wipe made on the surface of the YBa2Cu3O7-x –
YBCO 2G HTS high temperature superconducting tape 
coated with Cu, after 3 hours 

Analysing the photograph wipe, presented in Figure 15 
all the layers making up the test tape namely: copper 
coating, a layer of silver, superconducting layer and buffer, 
and the substrate may be observed. 

4. Conclusions

The tested YBa2Cu3O7-x – 2G YBCO HTS super-
conducting tape has layered structure. 
The components of the tape are: copper coating applied 
to both sides, a silver layer, a layer of superconducting 
and buffer and the substrate. 
Silver layer between the copper layer and the 
superconducting layer is applied in order to increase the 
electrical conductivity of the system. 
Hourly friction, using ceramic ball did not result in 
breakthrough coating. 
After two hours of friction, a puncture of the protective 
layer appeared. 
After three hours of friction, piercing appeared, to the 
substrate of YBa2Cu3O7-x – YBCO 2G HTS high 
temperature superconducting tape. 

4.  Conclusions
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Wipe diameter after three hours of friction was 1919 
microns and its depth 46.1 mm. 
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