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Abstract—An alternative to fabricate high temperature super-
conducting materials with big sizes that could be used in power
applications as fault current limiters is to develop superconducting
coatings on structural ceramics substrates. The interaction be-
tween the substrate and the superconducting coating has been
analysed using different buffer layers, as NiO and zirconate com-
pounds. Different processing techniques have been used to prepare
the buffer layer: dip coating, screen printing and thermo-spraying.
This layer has been densified using a selective laser synthesis. The
superconducting coatings have been fabricated with tape casting
technologies and the desired texture is obtained by means of a
laser induced melting process.

Index Terms—Dip coating, superconducting coatings, tape
casting, thermo-spraying.

I. INTRODUCTION

T AKING into consideration the development of power ap-
plications, bulk (Bi-2212) materials

are a possible selection. Different companies commercialize de-
vices based on these materials, as for instance, hybrid current
leads [1] or fault current limiters [2]. Laser zone melting tech-
niques have been used to obtain textured Bi-2212 materials [3]
that have also been used to develop different technological pro-
totypes [3], [4]. In the last years, a big effort has been made in
applying these laser texturing techniques to the fabrication of
thick films and coatings [5], geometries that are adequate in the
development of resistive fault current limiters due to the high
surface/volume ratio. In this research line, tape casting tech-
niques are combined with laser zone melting techniques to the
fabrication of Bi-2212 thick films on silver and MgO substrates
with good superconducting properties [5]. One of the main lim-
itations is the reduced size of MgO substrates that avoid the pos-
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TABLE I
SLURRY COMPOSITION

sibility of fabricating samples with the sizes required for fault
current limitation.

Due to the interest of companies working with structural ce-
ramics in obtaining new products with a high added value and
to the big sizes that can be reached with these materials, it could
be interesting to analyse the possibility of producing supercon-
ducting coatings on these substrates, in particular, stoneware
tiles because they are very stable up to 1200 . Its composition
cation ratio is . Several fab-
rication technologies that can be applied by these companies in
big size materials have been used: dip coating, screen printing,
thermo-spraying and tape casting. It is necessary to use different
buffer layers to avoid the chemical reactivity between supercon-
ductor and substrate.

In this work, the preparation of the superconducting coating
is described. Section II presents the fabrication of the super-
conducting green tape, Section III analyses the chemical inter-
actions that take place between the substrate and two different
buffer layers and Section IV describes the texturing process.

II. FABRICATION OF SUPERCONDUCTING GREEN TAPE

A commercial powder (Nexans Superconductors) composed
by platelet shaped grains of stoichiometry ,
with a grain size distribution characterized by
and a surface area of 3 , was used in this study. The batch
formulations for preparing tape casting slip is given in Table I.

Due to the strong chemical interaction of high temperature
superconductors with water [6], organic solvents have to be
used. The choice of the adequate solvent has been done using
rheology and sedimentation experiments. For instance, Fig. 1
shows the results of sedimentation experiments for suspensions
with two different solvents, ethanol and the azeotropic mix
MEK/Ethanol. Solutions with both solvents have been pre-
pared and the time evolution of the height of the solution with
the superconducting powder was recorded. Clearly, with this
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Fig. 1. Evolution of the height of the suspension in sedimentation experiments
with two different solvents: Ethanol and MEK/Ethanol.

powder, ethanol leads to solutions that remain stable for some
days while in the case of the MEK/Ethanol the solution remains
stable only for a few minutes. For this reason, ethanol of 99.5%
purity (Panreac) has been selected as solvent.

The following procedure for slurry preparation was adopted.
In the first step, the dispersant, Sorbitant Trioleate, was dis-
solved in a fixed volume of solvent and after that the Bi-2212
powder was added into this solution. In the second step, the mix-
ture was subjected to grain deagglomeration by a high-energy
ultrasonic (UP200S de Hielscher, Germany) for 3 min. Then,
the slurry was aged in a centrifugal ball mill (Retsch S100) with
polycarbonate balls for 4 h to homogenize the suspension. A
solid content of 22 vol. % (70 wt. %) was fixed at this step.
Finally, the plasticizer and binder were added into the Bi-2212
suspension. This mixture was again ball milled for 2 h. During
the process the rheological properties of the suspensions were
monitored as a quality control. The viscosity of the final sus-
pension is near one order of magnitude higher than the values
obtained after having added the solvent, the dispersant and the
Bi-2212 powder.

After degassing the slurry, tape casting was carried out onto
Silicone Coated Mylar film on a fixed gap doctor blade system.
A casting velocity of 50 mm/s and a gap height of 500 were
selected as the casting parameters.

After drying, green tapes (thickness and
of theoretical density) have a high flexibility (Fig. 2) and it is
possible to cut stripes with a cutter and put them into the sub-
strate.

III. INTERACTION WITH DIFFERENT BUFFER LAYERS

In this multilayer material, the main objectives of the buffer
layer are to prevent Si and Al diffusion from the stoneware tile
and to have a small chemical reactivity with the superconducting
layer in order to allow a further texturing process of the super-
conducting coating. One limitation in the processing of these
buffer layers is that the maximum working temperature of the
structural ceramic substrate is limited to values around 1200 .

A.

is an alternative for buffer layers on stoneware tiles
because of its chemical stability up to 1500 , and, in par-
ticular, at the temperatures that are involved in the processing
of Bi-2212 high temperature superconductors. The general

Fig. 2. Photograph of a Bi-2212 green tape showing the flexibility of the ma-
terial in this processing step.

problem of working with this material is its elevated melting
temperatures making difficult to obtain dense buffer coatings
by usual solid state techniques.

The development of a new method of material processing
using selective laser synthesis opens new possibilities to pro-
duce layered composite materials with controlled properties. In
this work, the selective laser synthesis of layers on com-
mercial ceramic substrates has been investigated. Large surfaces
of may be treated using a laser with emission at

combined with a unique beam distribution system.
The sample moves with a displacement speed of 1.5 m/h. Using
this technique, it is possible to densify or to melt these buffer
layers even if the melting point of this material is over 2600 .
The controlled speed of crystallization results in a wide range
of surface finishing, ranging from vitreous to single crystalline.

The layer has been deposited using screen printing methods
using isopropanol or water based solutions. As it can be ob-
served in Fig. 3(a), the thickness of this layer is close to 200

. After the laser treatment, the ceramic substrate that is close
to the buffer layer presents large bubbles that reflect the temper-
atures that have been reached during the laser processing and
the buffer layer shows a microstructure with three re-
gions (Fig. 3(b)). Close to the stoneware, this layer shows
particles (white particles in Fig. 3(c)) in a matrix of melted ce-
ramic substrate containing Sr. On top of this layer (light grey
contrast in Fig. 3) appears dissolved in molten ceramic.
In the upper region, there is not any trace of Si and Al, although
the porosity remains too high if the laser power is not adequate
(Fig. 4(a)). In the case of these non-optimized buffer layers,
when the superconducting layer is added, it penetrates through
these pores, reaches the intermediate region with Si and Al and
a strong chemical reaction takes place (Fig. 4(b)). The Bi-2212
phase decomposes into large CuO grains mostly concentrated
in the top of the layer (dark grey contrast), while a large amount
of Bi reaches the ceramic substrate (white contrast in the ce-
ramic substrate). Due to this phase segregation, a textured super-
conducting material cannot be obtained with further treatments.
To avoid this phenomenon thicker buffer layers were deposited.
The adjusting of the thickness results in reducing of porosity
of the top layer of during selective laser synthesis and
stops the phase segregation during the deposition and texturing
processes.

B. NiO

A second alternative that has been analysed is the NiO, a
material that is used as a buffer layer for depositing Bi-2212
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Fig. 3. Microstructure of the buffer layer: (a) after deposition, (b) after den-
sification process, (c) detail of the interface between the buffer layer and the
structural ceramic after the densification process.

thick films from Ni substrates [7]. Two different preparation
processes have been used. The first one is based in the prepa-
ration of Ni-NiO suspensions. Nickel (INCO T-110, Canada)
and nickel oxide (INCO F-grade, Canada) powders were used
to prepare the composite. The powders had a mean particle size
of 2.5 and 1 , a surface area of 1 and 80 and a den-
sity of 8.82 and 6.8 , respectively. According to previous
studies [8] concentrated aqueous suspensions of Ni powders
were prepared with a polyelectrolyte at basic pH in order to
prevent dissolution and to promote the development of NiO-en-
riched species at the surface. An acrylic-based polyelectrolyte
(Duramax D-3005, Rohm & Haas, USA, ) was
used as dispersant in a concentration of 1 wt % and 2 wt % on
a dry solids basis for nickel and nickel oxide, respectively. pH
was adjusted to 10 by adding tetramethylammonium hydroxide
(TMAH). Suspensions were prepared in deionized water to solid
loading of 37 vol % (81.84 wt %) using an ultrasounds probe for

Fig. 4. (a) Porosity in a non-optimized ����� buffer layer surface. (b) Mi-
crostructure of a region where a Bi-2212 layer has been deposited on top of this
non-optimized structure.

1 min and maintained for 4 hours under mechanical stirring. The
proportion of the composite was fixed at 80 wt % Ni and 20 wt
% NiO. This specific composite slurry exhibits the lowest vis-
cosity.

Dip coating suspensions were prepared by adding to the dis-
persed slurries a polyacrylic-based emulsion as a binder (Du-
ramax B-1235, Rohm & Haas, USA). Concentrations of 10 wt
% (on a dry solids basis) referred to the as-received binder emul-
sions (not active matter) were added. A coating velocity of 60
mm/s was used in this experiment.

After that, an oxidation and sintering heat treatment (heating
up to 1100 at 5 and maintain for 2 h) is performed,
followed by the previously described selective laser synthesis
in air. The problems that appeared with this buffer layer are
similar to those that were found with . If the densifica-
tion of the buffer layer is low, the superconducting material can
flows through the pores and reaches the substrate and decom-
poses. If the temperature during the densification process is too
high the ceramic substrate melts before the buffer layer densi-
fies. The microstructure shows an upper layer with NiO grains
(white particles in Fig. 5) immersed in a matrix of molten ce-
ramic substrate.

Another alternative that has been considered to obtain dense
NiO buffer layers is to use thermo-spraying. We have prepared
Ni layers in a Metco 5PII projection gun by the Combustion
Powder Flame Spray process: Ni powder as the coating feed-
stock is continually fed into the ignited acetylene-oxygen flame
where it is melted by the heat of combustion, propelled towards
the prepared work piece surface and rapidly solidifies to form
the coating. Obviously, the temperature of the substrate has to
be controlled during deposition in order to reduce thermal stress.
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Fig. 5. Microstructure of the NiO buffer layer obtained when the energy used
in the selective laser synthesis treatment is too high.

Fig. 6. Optical micrograph of the texture obtained in the superconducting
coating after the laser melting process: (a) ����� as buffer layer, (b) in the
case of a NiO oxide buffer layer obtained by thermo-spraying.

After deposition, the amount of NiO in the buffer layer is a 25%.
For this reason, the previously described oxidation heat treat-
ment has also been performed. Layers with a lower porosity than
in the fist case are obtained.

IV. TEXTURING PROCESS

Once the superconducting tape is placed on the substrate with
the buffer layer, an initial heat treatment at 500 is performed
to eliminate all the additives and to fix it. After that, a texturing

process of the Bi-2212 material is performed using a Laser in-
duced Melting Zone process adapted for planar geometries [3],
[5]. A high power diode laser beam is focused in a thin line, in-
ducing the melting of a small sample volume. This volume is
moved with a speed of 25 mm/h and a textured microstructure
is induced by directional solidification.

After an adequate densification of the buffer layer, it has
been possible to obtain textured materials with both buffer
layers (Fig. 6). The solidification after the laser induced meting
process is too fast and for this reason in the as-grown samples,
the Bi-2201 phase is the main one [5], [9]. These Bi-2201 grains
that are obtained with this texturing process have longitudinal
dimensions higher than 1 mm. Another important point is that
Si and Al do not diffuse into the superconducting coating.

The same heat treatments that produced good results with su-
perconducting coatings on MgO substrates have been used (60
h at 845 followed by 12 h at 800 ) [5]. However, in the case
of the structure considered in this paper, this annealing produces
the melting of the superconducting coating and a phase sepa-
ration. An optimization process of this heat treatment is being
performed with lower temperatures in order to reach adequate
superconducting properties at 77 K.

V. CONCLUSIONS

The phenomena that occurred in the fabrication of super-
conducting coatings on structural ceramic substrates have been
analysed with two different buffer layers: and NiO. The
adequate densification processes lead to textured Bi-based coat-
ings suitable to obtain superconductor layer after the optimal
heat treatment.
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