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Abstract: The preparation of Lag 4Srq¢TiO; (LSTO) buffer layer and YBa,Cu;0,_5 (YBCO) superconducting thick film by a low cost
technology was studied. The crystal orientation of LSTO and YBCO films was detected by X-ray diffraction, the conductivity of
LSTO film and superconductivity of YBCO coating were investigated by standard four-probe method. Excellent in-plane alignment,
smooth and dense LSTO buffer layer was successfully prepared on textured Ni-W taps by metal organic deposition (MOD). YBCO
thick film was fabricated by electrophoretic deposition (EPD). The effects of applied voltage and deposition time on the YBCO
coatings properties were studied. The results show that the critical current density of the YBCO coating deposited under 138 V for 35

min was about 600 A/cm’ (0 T, 77 K).
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1 Introduction

Due to their high transition temperature 7., high
critical current density J. and upper magnetic field H,,
the high temperature superconducting (HTS) materials
hold great promise for wide commercial applications.
Among the superconducting materials, YBCO is one of
the greatest interests in the scientific community for its
future technological application. Since the discovery of
YBCO in the late 1980s, researchers have been looking
for ways to produce affordable flexible conducting wire
[1,2]. Numerous fabrication techniques of high
temperature superconducting films had been studied
extensively over the past few decades. Magnetron
sputtering, metal organic chemical vapour deposition,
pulsed laser deposition and physical vapour deposition
are common approaches. However, the extensive
applications were limited by the expensive apparatus,
which makes them impractical for low cost application.
Metal organic deposition (MOD) was more practical for
application due to many advantages, such as low cost,
precise controllability of the chemical stoichiometric and
easy application to large substrates [3—5]. In particular,
the electrophoretic deposition (EPD) technique has some
outstanding features. It can be used to prepare ceramic

materials into desired shapes and large scale, meanwhile,
the thickness of film could be easily controlled.
Moreover, it is high productivity and low cost [6—8].

SATO et al [9] investigated the effect of YBCO
particle size reduction on crack formation, and the results
showed that reduction in the particle size could
effectively minimize deposit cracks and improve the
YBCO film morphology. MgB, superconducting films
were prepared on stainless steel substrates via EPD
approach, various deposition parameters were optimized,
and the MgB, films showed the superconducting
transition in the range of 38.5-39 K [10]. DUSOULIER
et al [11] deeply investigated the YBCO particles
chemical instability in the process of YBCO via EPD
process. Based on their results, pair particle potentials
were calculated and different charging mechanisms of
YBCO film surfaces in acetone were proposed. However,
there was no related report about the preparation of
YBCO film on Ni-W metal tapes via EPD process.

The YBCO film was fabricated on buffered Ni-W
metal tapes by EPD process for the first time in this work.
The aim of this work is to explore a low cost preparation
technology for the coated conductor. First, Lag 4Sr¢TiO;
(LSTO) conductive buffer layer was prepared on the
Ni—W substrate by MOD method, and then YBCO
superconductive film was fabricated on the LSTO
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buffer layer/Ni-W composite structure via EPD

approach.
2 Experimental

2.1 Pretreatment of metal tapes

Textured Ni—W tapes were cut into pieces with a
size of 10 mmx5 mmx0.1 mm as metal substrates. As the
compounds of some elements, such as oxygen, chlorine
and carbon, may be adsorbed on the surface of the metal
substrates, it is necessary to clean the metal substrates
beforehand [12]. The substrates were cleaned by an
ultrasonic apparatus in the solutions of 30% NaOH, 10%
acetone and deionized water, respectively.

2.2 Preparation of LSTO films

In order to avoid the reaction or inter-diffusion, a
buffer layer should be introduced between Ni—-W
substrate and YBCO superconductive layer. In this study,
LSTO conductive buffer layer was prepared on the
Ni—W substrate by MOD method. The preparation of the
precursor solution was carried out under atmospheric
conditions. In the process of preparing LSTO precursor
solution, tetrabutyl titanate (Ci4H304Ti), lanthanum
acetate (La(CH;COO);1.5H,0), and strontium acetate
((C,H;30,),Sr) were used as raw materials, acetic acid
and methanol were used as solvent. Spin coating method
was used to coat LSTO thin film on the textured Ni-W
substrate, and the coated LSTO thin film was annealed at
950 °C for 2 h under the mixture of argon and hydrogen
(Ar—4%H,).

2.3 Preparation of YBCO powder

In this study, the YBCO powder was prepared by
chemical solution-sinter method. A mixture of yttrium
acetate, barium acetate and copper acetate was dissolved
in propanoic acid so as to mix in atomic scale, and then
the YBCO solution was prepared. The solution was dried
into gel in a drying oven at 200 °C. The gel was sintered
in a muffle furnace at 800 °C for 3 h, and the product
was ground into YBCO fine powder with a mortar.

2.4 Electrophoretic deposition of YBCO film

The YBCO powder was suspended in an
iodine-added acetone bath by ultrasonic dispersion. The
suspension was colloidal. The quantities of YBCO
powder, acetone and iodine were 0.15 g, 100 mL and 15
mg, respectively. The LSTO/Ni—W structure (10 mm x
5 mm x 0.1 mm) was used as cathode, and a Ni piece (50
mm x 30 mm x 0.5 mm) was used as counter electrode.
The two electrodes were set into the suspension
vertically with a separation of 20 mm, between which a
voltage was applied. The wet coating was dried at 120 °C

in an ambient atmosphere.

The coatings were subjected to sintering and
annealing in order to improve their
mechanical properties and obtain the appropriate oxygen
stoichiometry. KUANG et al [13] pointed out that the
adhesion of YBCO film could be greatly improved by
the post heat treatment. At the same time, it could
depress the micro-cracks on the film and the weak links
between the grain boundaries, which have an important
influence on the superconducting property of YBCO film.
In this study, the deposited YBCO film was heated in a
high purity argon flow to 875 °C at 10 °C/min, held for 3
h, then cooled it to 450 °C at 1.5 °C/min, and held at 450
°C for 3 h in oxygen flow, and then cooled to room
temperature.

In this work, the phase composition identification
and crystal orientation identification were performed by
X-ray diffraction (XRD) with a step size of 0.05° (power
conditions: 35 kV, 25 mA, using the Cu K, radiation).
The surface morphologies of the films were examined by
SSX-550 scanning electron microscopy (SEM). The
YBCO powder reaction degree was tested by the Fourier
Transform Infrared (FTIR) spectrometer (Nicolet 380).
The grain size of YBCO powder was measured by Laser
type particle size distribution analyzer (BT-9003H). The
room temperature electric resistivity of LSTO buffer
layer and superconductivity of YBCO film were
measured by the standard four-probe method.

treatments

3 Results and discussion

3.1 Characterization of LSTO buffer layer

Crystal orientation analysis of the LSTO buffer
layer was carried out by XRD. Figure 1 shows the XRD
pattern of the LSTO conductive buffer layer after 950 °C
heat treatment. In Fig. 1, the peak at 46.4° belongs to the
LSTO buffer layer (200) orientation, and the peak at
51.8° belongs to Ni—W substrate. Only the LSTO (200)
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Fig. 1 XRD pattern of LSTO buffer film prepared by metal
organic deposition
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peak displays in the XRD pattern, no other orientation
peaks appear, and the FWHM value of LSTO (200) peak
is 0.41°. The buffer layer grains grow along the (100)
orientation. This observation is evidence that the buffer
layer has a strong cube texture. The biaxial texture of
Ni—W substrate is inherited by the LSTO buffer layer.
Meanwhile, the film has good epitaxial quality.

Surface morphology of the LSTO film on Ni-W
substrate was characterized using SEM. As can be seen
from Fig. 2, the buffer layer is smooth, dense, crack- free
and pinhole-free, which means the obtained LSTO film
could effectively prevent the Ni diffusion from the Ni-W
substrate. These results reveal that the obtained LSTO
buffer layer is suitable for further deposition of other
buffer layers or YBCO coating. The room temperature
electric resistivity of LSTO buffer layer was measured
by the standard four-probe method, and the result was
4.73x107° Q'm.

Fig. 2 SEM micrograph of LSTO thin film prepared by metal
organic deposition

3.2 Analysis of YBCO powder

Figure 3 shows X-ray diffraction pattern of YBCO
powder fabricated by chemical solution method. The
diffraction pattern shows that the YBCO powder is
single-phase YBa,Cu;0-_;5, and no other parasitic phases
appear.
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Fig. 3 XRD pattern of YBCO powder prepared by chemical
solution-sinter method

For evaluating the completeness of reaction in the
sintering process, the YBCO powder was measured by
infrared spectroscopy KBr compression method. Figure 4
shows the IR spectra of YBCO powder. As shown in
Fig. 4, the characteristic IR vibrating peaks of C—0O—C,
C—OH, —CH,;, —C=0, C=C generated in the
reaction process do not appear in the pattern. There are
no other valence bond and functional groups vibrating
peaks. That is to say, the YBCO powder crystallized fully
after annealing process.
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Fig. 4 IR spectrum of YBCO powder
Particle size has a prominent influence on
controlling the cracking of the YBCO coating during
drying and sintering. Reduction in particle size improves
the morphology of the YBCO film, and it is a useful
technique to minimize cracking of coatings [9]. To
reduce the YBCO particle size, the powder was ground
in the agate jar. The particle size distribution was
measured by a Laser type particle size distribution
analyzer (BT-9003H). Figure 5 shows the particle size
distribution of YBCO powder synthesized by chemical
solution-sinter technique for 5 h ball-milling. It shows
that the average particle size is | um.
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Fig. 5 Grain size distribution of powder ball-milled for 5 h
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3.3 Effect of applied voltage on EPD

The directive voltage is an important parameter of
electrophoretic deposition. The value of voltage affects
the coated film thickness, the rate of deposition, the
morphology of coated film, and the field emission
property of cold cathode [14,15]. The YBCO
electrophoretic deposition was performed under the
condition of 128—138 V for 20 min. All the samples were
sintered at 875 °C. Room temperature conductivity of the
coatings is the criterion to infer superconducting
performance indirectly. Figure 6 shows the room
temperature resistance of YBCO film after heat
treatment. From Fig. 6, it can be found that the room
temperature resistance decreases along with the increase
of applied voltage. The higher applied voltage is
beneficial to the better electrical properties. However,
higher applied voltage may cause turbulence in the
suspension liquid, and the coating may be disturbed by
flows in the surrounding medium, even during its
deposition. In addition, particles can move so fast that
they cannot have enough time to sit in their best
positions to form a close-packed structure. Finally,
because higher applied potential exerts more pressure on
particle flux and movement, the applied field affects the
deposition rate and the structure of the deposit.
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Fig. 6 Room temperature resistance of YBCO films prepared at
different applied voltages

The film adhesion was characterized using cross cut
test approach, which is the American Society for Testing
Materials (ASTM) developed international standard for
materials. The coating was divided into 25 square grids
by a blade, the tape was spread on the grids and it was
taken away quickly, then the shed situation of coating
was obseved. There are 5 grades for adhesion intensity.
The higher the ASTM grade is, the better the adhesion
between coating and substrate is. Figure 7 shows the
samples adhesion grades on Ni—W substrate. As shown
in Fig. 7, coating adhesion become stronger gradually
with the increase of applied voltage, which suggests that

the higher electrophoretic voltage is beneficial to
improving the coating adhesion intensity. Because of
room temperature conductivity of YBCO coatings, 138 V
is the best applied voltage.
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Fig. 7 YBCO film adhesion on substrate at different applied
voltages

3.4 Effect of deposition time on EPD

Figure 8 shows the curve of YBCO deposition mass
by EPD process at various deposition time. The EPD
voltage was applied at 138 V. Figure 8 shows that in the
EPD process, there is a linear relationship between
deposition mass and time during the initial period (025
min). When the deposition time is longer than 25 min,
the deposition mass attains a plateau at longer deposition
time.
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Fig. 8 Curve of YBCO deposition mass at different deposition
time

Figure 9 shows the room temperature resistance of
samples prepared by EPD at various deposition time. The
curve clearly shows that the coating conductivity is
linearly improved during the initial time (0—20 min).
When the deposition time is prolonged to 25—40 min, the
coating conductivity approaches to a constant. As time
prolongs, the conductivity decreases very quickly.
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Fig. 9 Curve of room temperature resistance of YBCO films
prepared at various deposition time

Figure 10 shows the surface micrograph of the
YBCO film fabricated by EPD approach. The film is
continuous, some pinholes appear on the surface, but no
crack is found.

Iy

Fig. 10 SEM image of YBCO film prepared by EPD approach

Figure 11 shows the U—I curve of YBCO coating
measured by the standard four-probe approach.
According to the coating thickness and the sample size,
the J. of YBCO coating could be calculated. Based on
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Fig. 11 U-I curve of YBCO coating measured by standard

four-probe method

calculations, the critical current density of the YBCO
coating deposited for 35 min is about 600 A/cm” (0 T,
77 K).

4 Conclusions

1) Excellent in-plane and biaxially textured LSTO
buffer layer film was prepared on textured Ni—W tapes
by MOD method. The room temperature electric
resistivity of LSTO buffer layer was 4.73x107° Q-m.

2) YBCO film was fabricated on LSTO conductive
buffer layer by EPD approach. Effects of applied voltage
and deposition time on the YBCO films properties were
studied. The YBCO coating deposited under 138 V for
35 min exhibited a critical current value of 600 A/cm’
(self-field, 77 K).

3) MOD method combined with EPD approach
could provide a new preparation technology for the
coated conductor.
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