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Interactions between nickel and melted

R-Ba—-Cu-O (R=Y, Nd)

D. DUBE, P. LAMBERT, B. CHAMPAGNE
Industrial Materials Institute, National Research Council of Canada, 75 Boul. de Mortagne,

Boucherville, Québec, Canada J4B 6Y4

R-Ba-Cu-O (R =Y and Nd) compounds were melted and crystallized in nickel crucibles. The
interaction between these materials was studied by examining the physical aspect of the nickel
interface. Interaction mechanisms between nickel and melted R—Ba-Cu—0O compounds are
proposed to explain the formation of an interface, constituted of a top layer of Nig gCug 5,0,
and of an NiO, underlayer as well as the presence of nickel oxide-rich particles in the melt.

1. Introduction

Interaction of R-Ba-Cu-O melt with materials
impedes the processing and the crystal growth of
these superconductors [1-6]. The interactions of
R-Ba—Cu-O melts with metals or alloys need to be
better understood for producing metal/ HTSC com-
posite conductors involving directional solidification.
Among metals, nickel has appeared to be an inter-
esting candidate for solid-state consolidation of
RBa,Cu;0, such as hot-isostatic pressing [6] as well
as melting [4]. Even though some nickel is dissolved
by Y-Ba—Cu-O melts [4-7], the decrease of the crit-
ical temperature of YBa,Cu;O, is not as severe as that
of many other metallic atoms. For example, nickel
concentrations below about 3 at % lead to a transition
temperature of about 77 K whereas the same content
of cobalt or iron pushes the transition below the liquid
nitrogen boiling point [8-13].

This paper reports a study of the interaction be-
tween nickel and R—-Ba—Cu-O (R = Y, Nd) melts and
assesses phase composition and the nickel contamina-
tion mechanisms of the melit.

2. Experimental procedure
Pellets were prepared from mixtures of Y,0; or
Nd,0; (each 99.999% pure), BaCO; (99.9% pure)
and CuO (99.999% pure) powders. Two different
R-based (Y or Nd) compositions were mixed in
R:Ba:Cu/1:4:18 molar proportion. These two mix-
tures were pressed and then sintered at 900-930°C
(Y-Nd) for 36 h in air with intermediate grindings.
About 10 g R-Ba-Cu-O of each composition were
placed in a 0.5 mm thick nickel crucible (chemical
composition listed in Table I). Crucibles were heated
at about 50-100°Cmin ! to the melting temperature
for 900 s, and were then rapidly cooled by immersing
the bottom of the crucible in cold water (Fig. 1). The
resulting Y~Ba—Cu-O and Nd-Ba-Cu-O compounds
were then subjected to a slow crystallization process
from 920 and 1020 °C, respectively.
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Phase composition near the interface was assessed
by scanning electron microscopy (SEM) using energy
dispersive spectroscopy (EDX).

3. Results and discussion

3.1. Microstructure after quenching

Rapidly cooled Y-Ba—Cu-O compound (Fig. 2) is
constituted of a fine solidification microstructure con-

TABLE I Chemical composition of the nickel crucibles (wt %)
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Figure I Thermal treatments: (a) Yttrium-based compounds,
(b) neodymium-based compounds. WQ, XT and FC stand for water
quenching, crystallization and furnace cooling, respectively.
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Figure 2 Scanning electron micrograph of the Y-Ba~Cu-O melt
after rapid cooling.

taining nickel oxide dendrites which indicates that
complete melting occurred. The main orientation of
the primary arms of the nickel oxide dendrites is
perpendicular to the crucible wall which is the direc-
tion of the thermal gradient. Quenching rates were
relatively high because the secondary dendrite arm
spacing of the nickel oxide dendrites is about 1 pm.

The microstructure of the Nd-Ba-Cu-O com-
pound consists essentially of primary Nd;Ba,;Cu,O,
crystals enclosing small nickel oxide pure cuboids in a
matrix constituted of a fine Ba—Cu-O eutectic net-
work. It should be mentioned that the Nd;Ba;CuO,
crystals were formed from the melt because they were
not present in the precursors. The relative size of the
336 phase suggests that this phase was formed before
quenching (Fig. 3a, b).

After rapid cooling, the reaction zones between the
melt and the crucible are continuous and about
5-10 um thick for Y-Ba—Cu-O compounds (Fig. 2).
They are discontinuous and about 10-20 pum thick for
Nd-Ba—Cu-O compounds (Fig. 3a). It is worth men-
tioning that the rapidly cooled Nd-Ba—-Cu-O ingot
contained clouds of small nickel oxide cuboids
(Fig. 3b). Their presence in the melt after such a short
melting period at 1200°C suggests that part of the
nickel oxide layer formed on the crucible was prob-
ably smashed to angular fragments in the melt. More-
over, the non-uniform distribution of the cuboids in
the melt also indicates that their formation by a
precipitation mechanism during the rapid cooling
process is unlikely, because in such a case they would
have been more evenly dispersed.

3.2. Microstructure after crystallization

The crystallization cycle led to a significant modifica-
tion of the microstructure of quenched ingots. For the
Y-Ba—Cu—O compound, massive CuQ, phases con-
taining about 1 at% Ni and Y,Ba,(CuNi};O,_,
platelets were enclosed in a fine BaCuO,-CuQO,
eutectic (Fig. 4). Nickel oxide dendrites of the rapidly
cooled ingots disappeared during crystallization. Fur-
thermore, a dispersion of spheroids of about 10-50 pm
diameter was found in the melt. The composition of
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Figure 3 (a) Scanning electron micrograph of the Nd—Ba-Cu-O
melt after rapid cooling. (b) Nickel oxide-rich cuboids dispersed in
the melt.
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Figure 4 Scanning electron micrograph of the Y-Ba-Cu-0O ingot
after crystallization.

these spheroids corresponds to Ni,Cu, _,O where x
ranges between 0.7 and 0.8.

For the Nd-Ba—Cu-O compound, the microstruc-
ture consists of CuQ, phases and of two types of
Nd,Ba (Cu,Ni),O, compounds with a x:y:z stoi-
chiometry corresponding to 1:2:3 and 3:3:6 embed-
ded in a BaCuO,—CuO, eutectic (Fig. 5). The presence
of these two ternary phases in the solidified
Nd-Ba—-Cu-O ingot is in accordance with phase equi-
librium diagrams of R—Ba—-Cu-O with large R atoms
[14-16]. Similar to Y-Ba—Cu-O, less than 1 at % Ni



Figure 5 Scanning electron micrograph of the Nd-Ba-Cu-O ingot
after crystallization.

was found in the CuO, phases. This low nickel con-
centration observed in the CuQ, phase is in agreement
with data reported on the NiO-CuO system [17]. The
nickel oxide cuboids observed after quenching the
Nd-Ba-Cu-0O ingots disappeared during the crystal-
lization but nickel-rich spheroids of 10-50 um dia-
meter were present in the Nd-Ba-Cu-O melt after
crystallization. Their composition corresponds to
Ni,Cu, _, 0O, with x ranging between 0.7 and 0.8 which
is identical to the composition of the spheroids of the
Y-Ba—Cu—O melt.

The physical aspect of the interface zone and the
corresponding copper and nickel elemental mappings
clearly reveal a significant reaction between the melt
and the crucible (Fig. 6a—c). The interface is about
20 um thick and is divided in two zones: a top layer
consisting of dense nickel-copper oxide protuberances
and a continuous and porous nickel oxide underlayer
growing on nickel. The stoichiometry of the top layer
corresponds to Ni,Cu; ,0, with 0.70 < w < 0.85
whereas the underlayer contains no copper. Neither R
atoms nor the barium atom was detected in the inter-
face layers. It is worthy of note that the nickel in the
vicinity of the nickel oxide underlayer contains voids
and inclusions in the grains as well as at grain bound-
aries. These inclusions are manganese-rich but their
exact composition could not be assessed owing to
their small size.

3.3. Formation of nickel-rich spheroids
in the melt

A schematic illustration of the formation mechanism
of the nickel-rich spheroids, referred to as a growth
and detachment mechanism, is depicted in Fig. 7.
Nickel atoms diffused from the nickel wall through the
nickel oxide reaction layer and combined with the
oxygen atoms of the melt leading to the growth of this
layer [18]. In this particular type of diffusion, voids
are formed near the Ni/NiO interface due to metal
vacancies. Indeed this phenomenon has been reported
for the oxidation of nickel alloys of commercial purity
[18-207]. Because the nickel atom is quite mobile in the
nickel oxide reaction layer and its diffusion leaves an

Figure 6 (a) Scanning electron micrograph of the interface zone for
the Nd-Ba-Cu-O ingot after rapid cooling and crystallization
showing the NiO underlayer and the Ni,Cu,_,O, top layer.
(b) Nickel X-ray mapping. (c) Copper X-ray mapping.

increasing concentration of nickel vacancies, voids are
generated in the nickel near the Ni/NiO interface. On
the melt side, copper atoms diffuse from the
R-Ba—Cu—O melt in the oxide layer and substitute for
nickel atoms. The expansion caused by the insertion of
copper atoms in the nickel oxide structure [21] creates
tensile stresses in the nickel oxide underlayer promot-
ing the growth and coalescence of the pores in the
nickel oxide layer similar to the oxidation of nickel in
oxygen atmospheres [18]. This coalescence process
leads to a separation of the Ni-Cu-QO protuberances
from the underlayer which are then dispersed by the
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Figure 7 Schematic of the formation of spheroids according to the
growth and detachment mechanism. (a) Diffusion of oxygen, nickel
and copper through the interface. (b) Growth of the Ni,,Cu, _,,0,
top layer. (c) Coalescence of pores, detachment and dispersion of
protuberances.

natural convection flow of the melt. The nearly equi-
valent size of the spheroids suggests that they are in
equilibrium with the melt at these temperatures.

After the crystallization cycle, Nd;Ba;(Cu,Ni)sO,
crystals still enclosed an Ni~Cu-O phase which spher-
oidized due to an important diffusion of copper during
the crystallization (Fig. 5). The composition of these
spheroids is Ni,Cu, _,O, with x ranging between 0.7
and 0.8.

Additional experiments conducted with Er-Ba-
Cu—O compounds under conditions identical to those
of Y-Ba—Cu-O compounds yielded the same micro-
structure consisting of a dispersion of nickel-copper
spheroids after the crystallization cycle as that ob-
served for the neodymium and yttrium compounds. It
can be suggested that the interaction of R-Ba—Cu-O
melt with nickel, for R different from yttrium, neo-
dymium or erbium, is likely to be similar to that
observed in this work.

4. Conclusion
R-Ba-Cu-O compounds (R = Nd, Y) were melted
rapidly cooled and then slowly crystallized in nickel
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crucibles. At the interface, a reaction zone consisting
of a nickel-copper oxide top layer and a nickel oxide
underlayer was observed. A mechanism based on the
formation and detachment of protuberances was pro-
posed to explain the contamination of the melt by
Ni-Cu-O spheroids. Moreover, the nickel substitu-
tion for copper led to the crystallization of quaternary
nickel-doped 123 and 336 phases. The similarity of the
interaction noted with R—Ba-Cu—O (R = Er, Nd and
Y) suggests that the reaction between nickel and
R-Ba—Cu-O is likely to be similar for other R atoms.
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