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Abstract

We studied the Y–Ba–Cu–O/Ag equilibrium diagram in oxygen atmosphere around the composition
YBa2Cu3Ox/Ag 35 mass%. We found a high thermal effect: the peritectic decomposition tempera-
ture of Y-123 phase is lowered from 1040 to 940°C. We demonstrate here that the nature of the phe-
nomenon is not chemical. We explained it as the result of a mechanical segregation of Y-123 decom-
position products from Y-123 phase, performed by silver.
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Introduction

This work is included in a larger research project focused on studying the properties
of composites formed by YBa2Cu3Ox (Y-123) and silver.

Many works have been realized on Y-123/Ag sintered specimens, concerning
both electrical [1, 2] and mechanical properties and also the microstructure develop-
ment of composites [3, 4]. The silver charges are not enough to solve the weak-link
problems of sintered materials, even if silver is useful to provide an electric shunt in
the case of superconducting quench. The transport properties of pure Y-123 oxides
were enhanced introducing the melt-processing, based on the controlled solidifica-
tion of the melt [5, 6].

We found that silver additions combined with melt-processing further improve
the performances of Y-123 material.

Earlier studies on Y-123 formation and decomposition were performed by standard
DTA measurements [7–9]. The investigation of phase distribution [10], thermal proper-
ties and phase equilibria [11, 12] are quite important to check possible applications also
in Y-123/Ag system. Wiesner et al. [13] limited the investigation to the terminal compo-
sitions, while in our previous works [11, 12] we checked the whole range of composi-
tions. Even if some authors [14] reported that silver is an inert component for Y-123, we
found a strong interaction around 35 mass% of silver [11, 12]: the peritectic decomposi-
tion temperature of Y-123 phase is lowered from 1040 to 950°C.
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The aim of this work is to investigate the nature of this interaction in the frame-
work of Y-123/Ag phase diagram.

The study of phase equilibria were performed by DTA/TG measurements. All
results were checked by X-ray diffractometry, optical microscopy, SEM and EDAX
microanalysis.

Experimental

YBa2Cu3O7–δ/silver samples were prepared starting from powders of YBa2Cu3O7–δ
(Y-123) and Ag2O.

Y-123 powders were prepared (by a method well standardised in our laboratory
[15]) by the solid state reaction of pure oxides, Y2O3 (Johnson Matthey, 2N) and CuO
(Merck, 99%). The barium source was BaO2 instead of the most common BaCO3 in
order to avoid carbon contamination.

The sintered pellets obtained so were ground and mixed with the suitable con-
tent of Ag2O (Aldrich, 99%). The silver added to the samples covered a wide range of
compositions (starting from 1 to 70 mass%). The silver oxide was used because it is
finely subdivided and can be uniformly dispersed in Y-123 powder. Moreover, it eas-
ily decomposes at 415°C to metallic silver during the texturing experiments, which
reaches much higher temperatures.

The products were subsequently pressed into bars, with dimensions of
40×5×3 mm, to rapidly heated 900, then held at 1080°C for 0.5 h in a horizontal fur-
nace (MTG technique [6]) in flowing oxygen and finally cooled to room temperature
at 60°C h–1 to avoid the formation of microcracks.

MTG samples were cut into small pieces and polished for micrographic analy-
sis, performed using a Reichert optical microscope equipped with Carl Zeiss lens. A
systematic study of the microstructures was also performed in an Oxford scanning
electron microscope (SEM) equipped with electron dispersive spectroscopy (EDS).
Surface and cross-section images were taken to observe the final microstructures
formed after the melt-texturing process.

The thermal analysis of the different samples were carried out on a Netzsch STA
409 apparatus: 100 mg of the material, ground and sieved, were transferred into an
alumina crucible, and then DTA/TG runs were carried out at a fixed heating rate
(10°C min–1). The reference (Al2O3) and the sample cells were open to surrounding
gas atmosphere (PO2

=1 atm). According to ICTAC recommendation, the extrapolated
onset temperature is used in this paper as the reaction temperature.

Results and discussion

It is well known that the oxygen partial pressure plays an important role in all oxide
decompositions. In particular, Y-123 phase decomposition temperature was mea-
sured at 1030°C in pure O2, 1000°C in air and 940°C in high vacuum [16].

J. Therm. Anal. Cal., 66, 2001

18 COSTA, MELE: Y–Ba–Cu–O EQUILIBRIUM DIAGRAM



We chose Y-123/Ag composites at PO2
=1 atm, because Y-123 textures are usu-

ally performed in flowing oxygen. As described in the experimental section, in our
system, Y-123 was prepared starting from BaO2 and other oxides. The absence of car-
bon impurities explains why we observed for the pure phase a decomposition temper-
ature higher than in other cases, where Y-123 was formed by the citrate reaction [13].

The results of DTA/TG analysis are summarised in Fig. 1. It is clear that strong
interactions between the two phases occur, at least in the region around 35 mass%
Ag, although it is reported [14] that the addition of Ag to the superconducting phase
has no effects on the structure and properties. In fact, peritectic decomposition of
Y-123 is strongly affected by a high content of Ag , around the 35 mass%, showing a
decrease from 1040 to 945°C. A slightly similar effect, around the same composition,
is shown by the melting temperature of Ag, that decreases from about 940 to 930°C.

We did not observe any thermal effects around Ag 5 mass% composition, as
elsewhere reported. [13, 17, 18]. On the contrary, the silver fusion temperature seems
to be poorly affected by Y-123. In fact, when we textured Y-123 samples in the pres-
ence of a silver content around 7.5 mass%, we did not find silver in the ceramic
grains, but only at the grain boundaries [11, 12]. Moreover, we did not find silver
contaminations from Y-123 or from its decomposition products.

The micrographic optical analysis of the silver distribution in the samples re-
vealed that the samples with silver content under 5 mass% appeared almost without
visible silver aggregates, except flakes at the grain boundaries [19]. Increasing the sil-
ver content, the metal collects into well separated small islands embedded in Y-123
matrix. The size of the islands is roughly proportional to the silver content [11]. We
also found that around 35 mass% of silver, the aggregates appear as spheres con-
nected to each other to form a complex network. The morphology of the silver drops
was widely described elsewhere [10].
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Fig. 1 Y-123 decomposition temperature and Ag melting temperature measured at in-
creasing silver contents



The micrographic SEM investigations revealed that at the critical composition
(Y-123/Ag 35 mass%), and for this only, a black phase is situated as round aggregates
inside the silver particles. This phenomenon happens in all silver particles of this com-
position. Each silver particle contains one or more black smaller particles (Fig. 2).

At higher magnification, we found that those black inclusions in turn contain further
silver inclusions. The line analysis (Fig. 3) clearly reveals that the black phase in the sil-
ver islands contains a big amount of Cu, less Ba and only traces of Y. This means that the
black phase is not Y-123, but Y-123 decomposition products, such as BaCuO2. This is
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Fig. 2 SEM picture of a silver island in Y-123/Ag 35 mass% sample

Fig. 3 Profile analysis of Cu, Y, Ag and Ba along the white line. The black inclusion is
the same reported in Fig. 2



easily clarified remembering that, after the thermal MTG program, the involved phases
are changed. Before the reaction, we had well mixed Y-123 and Ag2O powders. At the
typical temperatures reached in the melt-textured process (1180°C), silver remains fluid
for a certain amount of time, while the peritectic decomposition of Y-123 gives Y-211
green phase, which remains in the solid state, and two (Ba, Cu) rich phases, which, on the
contrary, are liquids. The black phase outside the silver islands are constituted of Y-123
phase, as clearly appeared from the EDAX spectra.

The point that has to be explained is the correlation between the (Ba, Cu) rich inclu-
sions in the silver islands and the strong fall in the peritectic decomposition temperature.

From the thermal analysis of pure Ag2O we observed that the decomposition oc-
curs at around 420°C, when the stoichiometric mass loss is 6.64%. The oxygen ad-
sorption is easier in melted silver than in the solid one. In fact, we also observed that
at 943°C the system adsorbs oxygen, because its mass increases by 0.24% (Fig. 4).
This value is in agreement with some literature data [20] where the silver content of
the system is reported to be 0.25% at 943°C in the silver/oxygen phase diagram.

Considering those observations, we made a comparison between the thermal
analysis performed on the critical composition and the thermal analysis of two nearby
compositions, with silver contents of 33 and 37 mass% (Fig. 5).

In both side compositions we observe two thermal effects. The first one can be
ascribed to the oxygen adsorption by melted silver, that we recognised in Ag2O curve
at around 933°C. The second one is the peritectic decomposition peak of Y-123
phase. The two effects are separated by 80°C.

At the central composition, the two effects happen almost without separation, in
the temperature range of 10°C only: this means that silver adsorbs oxygen, but tends
to rapidly release it in the presence of the decomposition products. At the side compo-
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Fig. 4 DTA/TG analysis of pure Ag2O



sitions, silver releases oxygen later, because at higher peritectic temperature the
amount of decomposition products is higher.

The strong fall in temperature that happens at 35 mass% silver content could be
correlated to a eutectic interaction between Y-123 (or another phase of the
Y–Ba–Cu–O system, such as its decomposition products) and silver. On the other
hand, the presence of the silver drops, that we found at this critical composition in
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Fig 6 DTA/TG curves given in the range 900–1020°C for Y-123/Ag in oxygen and in
argon

Fig. 5 DTA/TG curves for three Y-123/Ag mixtures with 33, 35 and 37 mass% Ag



Y-123 matrix, could be connected to a globular-morphology. It is one of the charac-
teristic eutectic microstructure, that is widely reported in all metallographic hand-
books [21, 22].

It is useful to compare two DTA/TG analyses of the critical composition in oxy-
gen and in argon atmosphere (Fig. 6): in the second case there is no oxygen absorp-
tion from silver, but only mass loss due to Y-123 decomposition. On the other hand,
when we repeated the thermal analysis on powders of the critical composition and
ball-milled for 1 and 2 h, we found the thermal effect in both cases (Fig. 7). This dem-
onstrated that the fall in temperature was not due to a non uniform mixing of the start-
ing phases.

The curves reported in Figs 6 and 7 allow us to discard the hypothesis that the
thermal effect could be explained invoking any chemical interactions between the in-
volved phases.

Here is useful to remember that, after the thermal MTG program, the involved
phases are completely different from the initial ones. At the beginning, we had well
mixed Y-123 and Ag2O powders. The typical temperatures reached in the melt-tex-
tured process (1180°C) allow that silver remains fluid for a certain amount of time,
while Y-123 peritectic decomposition follows the complex equilibrium

Y-123(S)=Y-211(S)+L1+L2

where L1 and L2 are two (Ba, Cu) rich phases [23].
Because of different densities (10.5 g cm–2 for Ag and 6.38 g cm–2 for Y-123),

those phases should completely stratificate. We demonstrated elsewhere [12] that the
silver presence highly favors the orientation of the crystals of Y-123 phase that nucle-
ates during the cooling process. In this case, Y-123 decomposition products tend to
segregate at the grain boundaries. This situation can be considered true only for silver
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Fig. 7 DTA profiles performed on Y-123/Ag 35 mass% powders differently mixed



contents lower than the critical one (35 mass%). The metal and the decomposition
products of Y-123 and Y-123 are reported as mutually inert phases by some authors
(Aswal et al. [14]). They correctly discarded any chemical interaction between silver
and Y-123. But there is a special kind of interaction, related to the gravitational force
and to different densities of the involved species. The metal, that has high superficial
tension, tends to collect into drops, and the situation is freezed out when the samples
are cooled. This starts to happen at a silver content <35 mass%, but only at this spe-
cific content silver is able to separate the liquid decomposition products from Y-211
solid phase. This segregation results in the formation of the black globular inclusions
and allows Y-123 to decompose at the lowest peritectic temperature.

When the silver content is higher than 35 mass%, the drops start to connect to
each other, giving huge aggregates. Using the Laplace equation [24], and neglecting
the influence of other fluids present in the system, we estimated for the silver drops
an internal pressure around 10 atm (for drops with 20 µm diameter). So, a possible
way of avoiding this effect is to carry out the texturing process of Y-123/Ag compos-
ites under high pressures.

Conclusions

We definitively conclude that notwithstanding the high thermal effect, no chemical
reaction takes place in Y-123/silver system. But hydrostatic forces are able to remove
some liquid decomposition products promoting further decomposition of Y-123
phase. This is a special system where density and gravitational forces are assumed of
enormous importance. It could be the subject to study the phase segregation in space
in microgravity conditions.

* * *

The Italian Ministry of Universities (MURST) and the National Institute for the Physics of Matter
(INFM) are gratefully acknowledged for the financial support. Dr. A. Martinelli and Prof. Th. Wolf
are gratefully acknowledged for the helpful discussions.

References

1 J. H. Kao, Y. D. Yao, L. J. Yang, F. Xu, A. Krol, L. W. Song, C. J. Sher, A. Darkovsky,
J. C. Phillips, J. C. Simmins and R. Y. Snyder, J. Appl. Phys., 67 (1990) 353.

2 S. Reich, D. Veretnik, I. Felner and U. Yaron, J. Appl. Phys., 72 (1992) 1805.
3 J. Joo, S. B. Sung, W. Nah, J. Y. Kim and T. S. Kim, Cryogenics, 39 (1999) 107.
4 S. Salib and C. Vipulanandan, Appl. Superc., 3 (1995) 259.
5 S. Jin, T. Teifel, R. Sherwood, M. C. Davis, R. B. Van Dover, G. V. Kamnlott, R. A. Fastnacht

and H. D. Keith, Appl. Phys. Lett., 52 (1988) 2074.
6 M. Murakami, Superc. Sci. Tech., 5 (1992) 185.
7 J. Šesták, T. Hanslik, M. Nevriva, D. Zemanova, E. Pollert, A. Triska and J. Tlaskal, J. Ther-

mal Anal., 33 (1988) 947.
8 J. Šesták and N. Koga, Thermochim. Acta, 203 (1992) 321.

J. Therm. Anal. Cal., 66, 2001

24 COSTA, MELE: Y–Ba–Cu–O EQUILIBRIUM DIAGRAM



9 J. Šesták, Pure Appl. Chem., 64 (1992) 125.
10 G. A. Costa and P. Mele, Int. J. Mod. Phys. B, 25–27 (2000) 2834.
11 G. A. Costa, E. A. Franceschi and P. Mele, J. Therm. Anal. Cal., 61 (2000) 539.
12 G. A. Costa, E. A. Franceschi and P. Mele, Phil. Mag. B, 80 (2000) 113.
13 U. Weisner, G. Krabbles, M. Ueltzen, G. Plewa and H. Altenburg, Physica C, 294 (1998) 17.
14 D. K. Aswal, S. K. Gupta, S. C. Gadkari, K. D. Singh Mudher, L. C. Gupta, S. C. Sabharwal

and M. K. Gupta, Supercond. Sci. Technol., 8 (1995) 710.
15 M. Carnasciali, G. A. Costa, M. Ferretti, E. A. Franceschi and B. Zhang, High temperature su-

perconductors, Ed. P. Vincenzini, Elsevier Science Publisher B.V., Singapore 1990, p. 763.
16 A. Uhlmann, Mat. Res., 4 (1989) 752.
17 Y. Nakamura, K. Tachibana, S. Kato, T. Ban, S. I. Yoo and H. Fujimoto, Physica C, 294

(1998) 302.
18 S. Kohayashi, S. Yoshizawa, H. Miyairi, H. Nakane and S. Nagaya, Mater. Sci. Eng. B,

53 (1998) 70.
19 G. A. Costa, M. Ferretti, E. Magnone, P. Mele and M. Napoletano, High temperature supercon-

ductors, Ed. P. Vincenzini, Techna, Florence 1999, p. 79.
20 Th. B. Massalski, Ed. Binary alloys phase diagrams, Vol. 1, ASM, Metals Park, Ohio 1986,

p. 49.
21 A. Prince, Alloy phase equilibria, Elsevier Publ. Comp., Amsterdam 1966, p. 69.
22 W. Rostoker and J. R. Dvorak, Interpretation of metallographic structures, Academic Press,

New York 1965, p. 68.
23 J. W. Chen, X. Hu, S. J. Keating, C. Y. Keating, P. A. Johnson and T. Y. Tien, J. Am. Ceram.

Soc., 70 (1987) C388.
24 V. Vsychev, Complex Thermodynamic systems, MIR, Moscow 1980, p. 158.

J. Therm. Anal. Cal., 66, 2001

COSTA, MELE: Y–Ba–Cu–O EQUILIBRIUM DIAGRAM 25


