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Abstract 

Oxygen exchange between YBaCuO mixed oxides and the gas phase was investigated in all 
stages of preparation of HTSC material (powder, compact samples, metal sheathed tapes) 
especially under reduced oxygen pressure by a solid electrolyte based coulometric technique 
in a carrier gas mode. Influences of the conditions of heat treatment on structure of HTSC 
cores in AgPd sheathed tapes were obtained. 

1. Introduction 

The physical properties of perovskite-type 
rare earths (RE)- alkali earths (AE)-transition 
metal (TM) mixed oxides of the general for- 
mula (RE)I_z(AE)z(TM)O3. x strongly de- 
pend on variation of x. Common to all these 
substances is the enormous influence of oxy- 
gen vacancies on their electrical properties, 
especially on the HTSC characteristics of 
YBa2Cu307_ x. Systematical investigation of 
the oxygen stoichiometry and its relation to 
other properties has become an actual demand 
of the solid state research. The general reacti- 
ons 

(RE) 1.z(AE)z(TM)O3.x = 
(RE)I.z(AE)z(TM)O3_x_ 8 + 8/202, 

(RE) 1.z(AE)z(TM)O3_ x + 8H 2 = 
(RE)I_z(AE)z(TM)O3_x_ 8 + 8H20 

and especially 

YBa2Cu307. x = YBa2Cu307_x_ 8 + 8/202 
were investigated by a solid electrolyte based 
coulometric technique in a carrier gas mode. 

2. Experimental 

The changes in concentrations of hydrogen 
and oxygen as well as the oxygen potential 
during the solid-gas interaction were registe- 
red continuously by coulometric titrations and 
potentiometric measurements, respectively. 

The experimental arrangement has been de- 
scribed earlier/1,2/. This method was used for 
the investigation of stoichiometry and the 
exchange of oxygen in all stages of thermal 
treatment of Y-Ba-Cu-O phases in defined 
oxygen containing atmospheres ranging from 
4 Pa to 100 kPa for optimization of HTSC 
properties (ToJc). Investigations were carried 
out with powder and compact materials as 
well aswith silver- or silver-palladium sheathed 
wires and ribbons fabricated by the powder-in- 
tube method. 
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3. Results 

Examples of coulometric measurements are 
shown in figures 1 to 3. Reduction of 
YBa2Cu30 ~, powder in argon-hydrogen (140 
Pa) for precise analysis of oxygen stoichiome- 
try starts at about 380 °C. 
"Active part" of oxygen (y>6.0) is indicated 
by the first peak of the reaction curve (see Fig. 
1) .  

HTSC phase (phase transition, decomposition, 
melting) is reflected in the oxygen desorption 
spectrum, especially at reduced oxygen pres- 
sure. An example is given in fig. 2. The cha- 
racter of oxygen desorption of an YBaCuO 
core in a metal sheathed tape during linear 
heating is shown for two different partial pres- 
sures of oxygen in figure 3. 
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Figure 1. SEC measurement of reduction of 
YBa2Cu3Oy in Ar-H 2. 
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Figure 3. SEC measurement of change of O- 
stoichiometry of YBaCuO core in an AgPd 
tape. 
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Figure 2. SEC measurement of reaction of 
YBa2Cu306. 7 powder in Ar-O2(24 Pa). 

The temperature depending behaviour of 

The relatively high O2-permeability of the 
AgPd sheath (15 % Pd) at a temperature 
> 700 °C (see Fig. 3) suggests that the oxygen 
pressure of the firing atmosphere influences 
the sintering behaviour of the core of AgPd 
sheathed YBaCuO wires and tapes. 

In this study the tapes were subjected to a 
stepwise heat treatment schematically shown 
in fig. 4. The heating up and tempering at 
Tma x were performed in nitrogen containing 
about 14 Pa oxygen followed by slow cooling 
in oxygen. Results of XRD investigations have 
shown, that the YBa2Cu30 x core of the tapes 
has been decomposed during tempering in N 2 
atmosphere and due to the following treatment 
in oxygen the products of decomposition have 
reacted inversely to the 123 phase again/6/. 
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Fig. 4. Heating profile for annealing of AgPd 
sheathed tapes. Before cooling the nitrogen is 
exchanged for oxygen. 

At higher temperatures and oxygen pressu- 
res the YBa2Cu30 x decomposes by a peri- 
tectic reaction arising both a liquid and solid 
phase while at lower temperatures and oxygen 
pressures only solid phases originate from the 
decomposition. 

Figure 5 shows the microstructures of 
YBa2Cu30 x cores of Ag-sheathed tapes an- 
nealed in N 2 at 980 °C and 900 °C, respecti- 
vely, and subsequently cooled down in 0 2 as 
shown in figure 4. The coarse grained 
structure (Fig. 5a) is very similar to those ob- 
served for bulk samples after partial melting 
and subsequent slow cooling in air [7]. This 
suggests, that the YBCO core at 980 °C in N 2 
atmosphere has decomposed forming a liquid 
phase, from which the 123 phase has crystalli- 
zed after switching the atmosphere from N 2 to 
0 2 . 

From the fine grained microstrucure of fig. 5b 
it is concluded, that the mechanism of decom- 
position in N 2 at 900 °C and the subsequent 
reversal reaction in 02 is quite another as de- 
scribed above. 

a) Jc = 1100 A/cm 2 

These results are consistent with those of Lin- 
demer, which clearly show, that the mecha- 
nism of the decomposition of bulk 
YBa2Cu30 x samples depends on oxygen 
pressure and temperature (Fig. 6) [5]. 

b) Jc = 6000 A/cm 2 

Fig. 5. Microstructure of the YBaCuO cores 
of AgPd sheathed tapes annealed in nitrogen 
at 980 °C (a) and 900 °C (b) respectively and 
subsequently cooling down in oxygen. 
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Fig. 6. Dependence of YBa2Cu30 x stability 
on oxygen pressure and temperature. 

The mechanism of decomposition of the 123 
phase during annealing under low oxygen 
pressure strongly influences the critical current 
density of the recomposed superconducting 
phases as shown in fig. 7. The data in fig. 7 
also demonstrate, that the critical current den- 
sities of samples annealed in N 2 and cooled 
down in 0 2 drastically exceed those of tapes 
which were heat treated only in oxygen. 
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Fig. 7. Critical current densities of Ag- and 
AgPd sheathed tapes at 77 K in zero field in 
dependence on annealing temperature and at- 
mosphere. The symbols indicate the mean 
values and the bars the standard deviation, 
respectively. 

References 

1 K. Teske, 
Materials Science Forum 76(1991)269 

2 K. Teske, H. Ullmann and D.Rettig, 
J. Nucl. Mat. 116(1983)260 

3 T.B. Lindemer, F.A. Washburn, C.S. Mac 
Dougall, R. Feenstra and O.B. Cavin, 
Physica C 178(1991)93 

4 K.W. Lay and G.M. Renlund, 
J, Am. Ceram. Soc. 73(1990)1208 

5 B.T. Ahn, V.Y.Lee and R. Beyers, 
Physica C 167(1990)529 

6 K. Fischer, will be published 
7 M. Murakami, H. Fujimoto, T. Oyama, S. 

Gotoh, Y. Shiohara, N. Koshizuka and S. 
Tanaka, Proc. of ICMC'90 Topical-Conf. 
on Materials Aspects of HTS, DGM In- 
formationsgesellschaft mbH, 1991, Vol. 1, 
p. 13 


