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Abstract

It is well known that the critical current density (J.) of Y123 bulk superconductor can be increased by the introduction of non
superconducting flux pinning centers such as small secondary phases precipitates (1 pum?). Thus, several studies have shown that the
introduction of CeO, and SnO, powders allows the formation of micron size secondary phases homogeneously distributed in the
Y123 matrix allowing an increasing of J.. As the precipitates size should be a crucial parameter that affects pinning properties of
Y123, this work is devoted to compare, in terms of microstructure and superconducting properties, the effect of micrometric and
nanometric SnQO, particles addition in the ‘SnO, + CeO,’ doped sample. It was shown that the addition of nanometric SnO, parti-
cles, compared with an addition of micronic SnO, particles, induces an increasing of the reactivity between the liquid phase and the
dopants. Then, Y211 coarsening is not reduced and micronic secondary phases is formed conducting to obtain no improvement of

the superconducting properties. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The improvement of critical current density (J.) of
high-T. superconductors is one of the most important
problems to overcome in order to develop high current
applications. Up to now, the melt textured growth pro-
cess has been used to reduce the grain boundary density
to allow significantly increased J..! It is also well known
that the introduction into the Y123 matrix of small non-
superconducting precipitates (with micronic size usually)
can play the role of pinning centers allowing thus an
improvement in J..?> Even if the reasons behind this
increase are numerous and not yet perfectly defined, the
introduction of such non superconducting precipitates is
undoubtedly interesting from a technological point of
view. For this goal, doping with SnO,? or CeO,> was
widely studied and more recently, we also demonstrated
how the combination of these two oxides can be beneficial
in improving both J. and Y123 growth rates using two
distinctive processes, i.e. the microwave melt process*
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and the classical top-seeding-melt texture growth pro-
cess (TSMTG).’ Furthermore, He et al. have tested the
introduction of SnO, nano-particles in the CeO, doped
Y123 using the TSMTG process in order to obtain finer
precipitates and thus J. improvement.® However, they
found that even with such doped elements, no J,
improvement was observed. Furthermore, the J. van-
ishing was found to be more significant as the Sn con-
tent increases. These first results are interpreted as the
consequence of the drag force law determined by Uhl-
mann et al.” Indeed, the drag force (f) is given by the
following equation:

)4
"= 6mnR* —
f=6mR; m

where 71 is the melt viscosity, Ry the mean particle
radius, v the growth front velocity and d; the distance
between particle and the growth front. Thus, since the
melt viscosity decreases as the SnO- content increases*
the viscous drag force is also reduced, which is favorable
to the pushing particle phenomenon. Moreover, the
drag force is as low as the particle size is low. Conse-
quently, these two phenomena are consistent with the
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fact that the introduction of SnO, nano-particles implies
that the trapping of both small Y211 precipitates and
obviously small precipitates (nanometric size) is not
encouraged. This interpretation may explain why no
such improvement in J. was observed. However, the
drag force law shows also that this factor is propor-
tional to the growth front velocity. The higher the
growth front velocity, the higher the viscous drag force
obtained. This work investigates the possibility of trap-
ping finer particles using the microwave melt process
method which allows to obtain single-domain Y123 to
be obtained at higher speed than other processes.*

2. Results and discussion

The microwave device described in a previous paper?®
applies a maximum temperature of 1070°C with a ther-
mal gradient close to 200°C/cm at about 980°C, i. e. at a
temperature approximately equal to the Y123 peritectic
temperature. The study was performed using commer-
cial grade 123 powder (Solvay 99.9%), CeO, (Aldrich,
99.9%), SnO, (Prolabo, 99%) and SnO, nano-particles
prepared by He et al. using a sol-gel method.® The
average particle size of nano-particles was about 20 nm
(see Ref. 6) and, for the commercial SnO,, the mean
particle size was about 3 pm. Y,BaCuOs (Y211, mean
particle size 0.6 um) was prepared by a solid state reaction
using stoichiometric rations Y,O; (Neyco, 99.99%),
BaCOj; (Prolabo, 99.5%) and CuO (Prolabo, 99%)
which were subsequently milled to form an intimate
mixture using ZrO, balls in absolute ethanol. Different
mixtures of Y123/Y211 (1 / 0.3 mol ratio) doped with
0.5 wt.% of CeO, and with different amounts of SnO,
were prepared by thoroughly mixing in an agate ball
mill for 45 min. Table 1 depicts the different composi-
tions prepared with their respective name versus the
SnO, origin. These precursors were then prepared into
bar-shaped pellets by isostatically pressing of the pow-
dered mixture at 300 MPa using a latex tube as a dye
(15-20 cm length, 1.2 cm inner diameter). Each bar was
then fixed on the jaw drill and was translated through
the microwave cavity at 2 mm/h from the bottom to the
top. Samples obtained were then longitudinally polished
and characterized using scanning electron microscopy
coupled with an EDS analysis system (Phillips XL 30

Table 1
This describes the SnO, amount and granulometry with the name for
each sample. The molar percentage of SnO, is based on Y123 mol

Molar% of SnO, SnO, micronic size SnO, nanometric size

0.1 M1 N1
0.3 M2 N2
0.5 M3 N3
0.7 M4 N4

and Link Isis Oxford system respectively). To determine
the superconducting properties, small cleaved samples
were extracted from each bar and were annealed under
oxygen flow. A squid magnetometer was used to mea-
sure the critical temperature and the inductive critical cur-
rent density using the modified Bean model.'® Regardless
of the SnO, particle size and amount, samples were
found to be mainly single-domain as obtained pre-
viously.® In terms of microstructure, the main difference
was the Y211 size in the matrix after the melt texturing
process. Indeed, the Y211 size, for the same SnO, level
is bigger in the case of an addition of SnO, nano-parti-
cle than in the micro-particle case. To demonstrate this
behavior without any ambiguity, 2 pellets prepared with
the composition m3 and n3 were heated at 1070°C for
72 h and then quenched at room temperature. The
obtained pellets were then treated with a bromo-ethanol
solution for dissolving the solidified liquid phase and
SEM observations were performed in order to observe
the Y211 size and morphology (see Fig. 1). For an addi-
tion of nano-particle, the Y211 maximum size is close to
15-16 um (case-B-) compared with the other precipitates
which are smaller than 89 pum (case-A-) confirming
observations performed on the Y123 matrix. Moreover,
in the case of an addition of SnO, nano-particles, the

Fig. 1. Y211 coarsening versus the initial SnO, size (a) micro-particle
and (b) nano-particle.



S. Marinel, G. Desgardin | Journal of the European Ceramic Society 21 (2001) 1919-1923 1921
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Fig. 2. Y211 particle size versus the initial SnO, content.

Y211 coarsening increases as the tin doping increases
(Fig. 2). The precipitate coarsening in the liquid phase is
governed by the following equation:*

o\ 13
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n
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Fig. 3. Secondary phase morphologies and distribution versus initial

SnO; size (a) micro-particle and (b) nano-particle.

where o is the interfacial energy between the Y211 sur-
face and the liquid phase. Accordingly the observation,
the introduction of SnO, nano-particles is observe to
increase the effect of SnO, in terms of viscosity. Indeed,
we know that SnO, addition decreases the melt viscosity
and then increases the precipitates coarsening but when
micro-particles are used, this effect is very slight.# In the
case of an addition of SnO, nano-particles, the coar-
sening of Y211 versus an increasing of the SnO, content
is obvious confirming the effect of the SnO, size on the
liquid viscosity. Our conviction is that the reactivity is
exacerbated when nano-particles are used compared
with an addition of SnO, micro-particles. This result in
terms of microstructure seems to be the major difference
between samples doped with SnO, nano-particles or
micro-particles. Indeed, the distribution and size of sec-
ondary phases are quite similar and independent of the
SnOs size, i.e. a non-perfect uniform distribution with the
presence of precipitates which are agglomerated (Fig. 3).
Moreover, the phase composition seems to be similar to
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Fig. 4. Critical temperature of sample doped with SnO, micro-particle
versus the tin doping level.
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the @, phase observed previously,* i.e. a Ba-Y-Cu-Sn—
Ce—O phase from both cases according to EDS analysis.
To conclude the microstructural observations, the addi-
tion of SnO, nano-particles exacerbates the effect of
such addition, i. e. the viscosity decreases and the reac-
tivity increases. The Y211 precipitates coarsening is not
limited. As a result, larger Y211 precipitates develop in
the matrix compared to those formed with the addition
of SnO, micro-particles.

Furthermore, due to the high reactivity between SnO,
and the liquid phase, no major difference is observed in
terms of precipitate size and distribution.

Concerning the superconducting properties, the cri-
tical temperature obtained from the magnetization
measurements is given in Fig. 4. The T, onset increases
with the tin doping level as we have previously observed.*
This confirms that tin doping allows the impurities to
drain away from the matrix. Moreover, the T, range is
very sharp and even if this tendency can be observed, the
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Fig. 5. Inductive J. obtained from the magnetization loop at 77 K for
samples doped using (a) SnO, micro-particles and (b) nano-particles .

T, onset varies fluently from 91.1 to 91.7 K, respectively
for M1 and for M4 while the AT, are nearly the same
for all samples (close to 2 K). Samples doped using
SnO, nano-particles exhibit approximately the same 7,
and AT, curves but the dependence with the tin doping
level is more erratic showing less homogencous sample
microstructure. The J. without applied magnetic field is
very high in both cases with a record for the sample N4
at 65000 A/cm? (see Fig. 5). However, the main differ-
ence versus the initial SnO, size is the J. under field
(H>1 Tesla). When nano-particles are used, the J.
under high field decreases drastically compared with the
other samples. Thus, the imperfect uniformity of the
secondary phase precipitate distribution combined with
bigger Y211 particles in the matrix is probably respon-
sible for the low J. in high field.

3. Conclusion

No beneficial effect of SnO, nano-particles addition
was found in comparison with micronic size SnO, powder.
To realize beneficial effects in the microwave melt process,
(i.e. to process Y123 textured material at relatively high
speed), it should be envisaged to add nano-particles of
doping element having less affinity with the liquid
phase.
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