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ABSTRACT

Purpose: The paper concerns the determination of the chemical composition and structure
of high-temperature superconducting tapes YBa,Cu30,_, — 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.

Keywords: High-temperature superconductor HTS; SEM EDX; Ball-tester
Reference to this paper should be given in the following way:

J. Jedryka, M. Szota, M. Nabiatek, K. Szota, A. kukaszewicz, Determination of chemical
composition and structure of YBa,Cuz0;, — YBCO/Cu 2G HTS superconducting tape,
Archives of Materials Science and Engineering 70/1 (2014) 14-20.

n © Copyright by International OCSCO World Press. All rights reserved. 2014



1. Introduction

Nowadays superconductors are used in many areas
of e.g. transport, medicine, allow for lossless transmission
of electricity and the production of huge magnetic fields.
They possess properties unattainable with other materials,
elements of different shapes — tape used as transformer
windings are prepared from them. Superconducting tapes
on the basis of YBa,Cu;0,, have multilayer structure.
They consist of a properly prepared metal base, buffer
layers, superconducting material and the protective layer.

The variety of substrates or layers are used depending
on the basic superconducting material. The main task of the
base material is transfer mechanical load and create the right
conditions for the application of successive layers [1-3].

To obtain the required adhesion of the other layers of
the superconducting tape and the consistency of all the
material, buffer layers are used to construct similar to the
construction of superconducting material.

Silver is most commonly used in the protective layer.
Such a layer is designed to protect superconducting layer
against environmental influences and mechanical damage.

Successive layers are applied to the substrate by
techniques of physical vapour deposition (PVD) and
chemical (CVD), vacuum deposition or metal-organic
deposition (MOD).

In Figure 1 the construction of superconducting tapes
on REBCO base is presented.
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Fig. 1. Construction of superconducting REBCO tapes [4]

The REBCO assay, RE means rare earth elements, Y is
replaced by the elements from the group as Eu, Dy, Gd, Sm
[4-5].

The most common method of producing substrates for
subsequent layers of superconducting tape is the method
RABITS (Rolling Assisted Biaxially Textured Substrates),
which allows to obtain a suitable texture of the base, which
facilitates the growth of successive layers. An alternative
for the process may be the drag combined with a biaxial

READING DIRECT: www.archivesmse.org

roll DABITS (Drawing Assisted Biaxially Textured
Substrates) [6-8].

Buffer layers and the layer of superconducting are further
imposed by some several methods e.g. ion deposition IBAD
(Ion Beam Assisted Deposition), pulsed laser deposition
PLD (Pulsed Laser Deposition) deposition of
organometallic MOD, and derivatives of the TFA-MOD
method (metal TriFluoroAcetate-Organic Deposition) and
flexible MOD (Excimer-Laser-Assisted-Metal-Organic
Deposition) are used [9-18].

2. Methodology and material

To determine the chemical composition and construction
of high-temperature superconducting tapes multi-band
superconducting YBa,Cu;07.— YBCO 2G HTS are selected.
It had the following dimensions: width — 3.6 mm, thickness
— 0.1 mm. In Figure 2 a cross section of the YBa,Cu;07., —
YBCO 2G HTS tape is presented with zoom 500x.

20 pm

Fig. 2. YBa,Cu30; coated with Cu High Temperature
Superconducting Tape, zoom 500x

For the analysis of the chemical composition a scanning
electron microscope JEOL JSM — 6610LV with micro
analyser of chemical composition EDX was used. Moreover,
the chemical composition of the superconducting layer
YBCO after removing the other layers was measured.
The next stage of the research was to determine the time
after which the superconducting layer tore. A friction
resistance test of surface was carried out using a ball-tester
by using a ceramic ball with a diameter of 20 mm. Friction
lasted 1, 2 and 3 hours. For worn areas, photographs at
a magnification of 50x, determine diameters of wipe were
prepared. Using the Pythagorean Theorem for right triangles

the depth of created wipe was designated.



3. Results

The determination of chemical composition was carried
out on the cross-section of YBa,Cu;0;, — YBCO 2G HTS
tape. Measurements were made for the layers which are the
components of superconducting tapes.

i
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Fig. 3. Random selection of the place where the
measurement of the point of the chemical composition on
the cross section of YBa,Cu;O,, — YBCO 2G HTS
superconducting tapes coated with Cu was carried out
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Fig. 4. Random selection of the place where the
measurement of the point of the chemical composition on
the cross section of YBa,Cu;O;, — YBCO 2G HTS
superconducting tapes coated with Cu was carried out
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Figures 3 and 4 show a cross section of YBa,Cuz;O7~ —
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.

Spectrum 1
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Fig. 5. Characteristic spectrum showing the chemical
composition of the copper coating of YBa,Cu;O,, —
YBCO 2G HTS superconducting tapes coated with Cu

Spectrum 4
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Fig. 6. Characteristic spectrum showing the chemical
composition of the copper coating of YBa,Cu;O,, —
YBCO 2G HTS superconducting tapes coated with Cu

In Figure 7 a cross section of the YBa,Cu;07,, — 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.
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Spectrum 1
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Fig. 7. Random selection of the place where the
measurement for the chemical composition distribution of
YBa,Cu;07x — YBCO 2G HTS superconducting tapes
coated with Cu was carried out

Spectrum 1
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Fig. 8. Characteristic spectrum showing the chemical
composition of the layers between the substrate and the
coating copper of YBa,Cu;0;, — YBCO 2G HTS
superconducting tapes coated with Cu

Table 1.

The chemical composition of the layers between the
substrate and the coating copper of YBa,Cu;07,,— YBCO
2G HTS superconducting tapes coated with Cu

Element Type of weight% atomic%
study
CuK EDS 2.51 4.19
AgK EDS 97.49 95.81
Volume 70 Issue 1 November 2014

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 YBa,Cu;07., —
YBCO 2G HTS coated with Cu, along with the selected
place of performance, point measurement of chemical
composition.

? 50um x

Fig. 9. Random selection of the place where the
measurement of the chemical composition distribution of
YBa,Cu;07 — 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.

Spectrum 3

Fig. 10. Characteristic spectrum showing the chemical
composition of a base of YBa,Cu;0,, — YBCO 2G HTS

superconducting tapes coated with Cu



Table 2.
Chemical composition of YBa,Cu;0,, — YBCO 2G HTS
superconducitng tape base coated with Cu

Type of

Element weight% atomic%
study

CK EDS 5.21 22.40
CrK 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
WM 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.

S pectrum 1
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Fig. 11. Randomly selected area in which measurement of
the chemical composition distribution layer for super-
conducting tapes YBa,Cu;0,4x — 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.
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Spectrum 1
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Fig. 12. Characteristic spectrum showing the chemical
composition of the layers of YBa,Cu;O0; — YBCO 2G
HTS superconducting tapes coated with Cu

Table 3.
Chemical composition of YBa,Cu;0,, — YBCO 2G HTS
superconducting layer coated with Cu

Element Type of weight% atomic%
study

CK EDS 13.34 34.64
oK EDS 15.49 30.20
Mg K EDS 1.41 1.81
AlK EDS 233 2.69
CrK EDS 8.33 5.00
Fe K EDS 2.06 1.15
Ni K EDS 24.66 13.10
CuK EDS 10.30 5.06
YL EDS 6.81 2.39
Mo L EDS 5.02 1.63
BaL EDS 10.25 233

The analyses of the chemical composition shows that
the YBa,Cu3;074 — 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
YBa,Cu3;07x — 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 YBa,Cu;0,.—
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 YBa,Cu;0;,— YBCO 2G HTS superconducting
tape coated with Cu, after 2 hours
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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 YBa,Cu;0;, —
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

e The tested YBa,Cu;0,, — 2G YBCO HTS super-
conducting tape has layered structure.

e The components of the tape are: copper coating applied
to both sides, a silver layer, a layer of superconducting
and buffer and the substrate.

e Silver layer between the copper layer and the
superconducting layer is applied in order to increase the
electrical conductivity of the system.

o Hourly friction, using ceramic ball did not result in
breakthrough coating.

e After two hours of friction, a puncture of the protective
layer appeared.

e After three hours of friction, piercing appeared, to the
substrate of YBa,Cu;0,, — YBCO 2G HTS high

temperature superconducting tape.



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