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Abstract

A thermoanalytical study in non-isothermal conditions was realized on Ga-substituted MBa,Cu;07_5
superconducting compounds formation (M=Yb, Eu). The presence of different oxides in the reaction
mixtures leads to different reactivity of the system. The type of lanthanoide ion present in the studied
compositions determines the reactivity of the system. In the system containing Eu the solid state re-
actions start at lower temperature than in the system containing Yb. Ga-substitution does not change
evidently the thermal behavior of the unsubstituted samples. Different reactivities of the studied re-
action mixtures led, after similar thermal treatment in isothermal conditions, to samples with differ-
ent structure and superconducting properties.
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Introduction

The superconducting ceramics known as ‘1-2-3’ is represented by the YBa,Cu,0,
compound. The substitution of Cu [1-3] or Y [4-10], by different ions (Eu, Gd, Dy,
Yb), is well known, the resulted compounds being superconducting, as well.

A special influence on the superconducting behavior could be determined by
gallium substitution. Gallium is located, as well as Y, in the third group of the peri-
odic table, leading to compounds in which it shows three valencies, but the ionic ra-
dius for Ga™" is half of that of Y*'. The substitution of Ga in the Y position could lead
to the decrease of the Cu—O interplanar distances, that may influence the supercon-
ducting properties of the resulted compounds, especially the transition temperature of
the superconducting ceramics.

The multi-ionic substitutions in the 1-2-3 type superconducting materials lead
not only to the modification of the electrical properties, but determine changes in the
solid state reactions that takes place during high temperature processing.
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The aim of the present work consists in the thermoanalytical study of the solid
state reactions which occur during the formation of Ga-substituted MBa,Cu,0, 5 type
compounds, (M=Yb, Eu).

Experimental

Reagent grade BaCO, and Yb,0,, Eu,0,, Ga,0,, CuO (all Merck) were used for sam-
ples preparation. The mixtures have been obtained by wet homogenisation in
isopropyl alcohol.

DTA curves of initial mixtures were performed in static air in the temperature
range 20-1020°C by means of a derivatograph OD-102 (MOM, Budapest) at a heat-
ing rate of 10°C min ™.

In order to obtain dense samples, the following thermal treatment was used, after
wet homogenisation, the dry blends were annealed three times, in air at 800°C for 4 h;
the sample was weighed after each annealing. The resulting powder was cold-pressed
into pellets with the diameter of 10 mm using a manual preset at 3000 daN.

The pressed samples were heat-treated at 950°C during 7 h and furnace cooled
down to room temperature.

The phase composition of the sample obtained after the thermal treatment was
determined by X-ray diffraction method, using a DRON-2 diffractometer and CrK,
(A=2.92092 A).

The electrical measurements were realized using the four points method.

Results and discussion

The results of the DTA/TG analysis are summarized in Table 1.

The well-known behavior of CuO and BaCO, was confirmed. All samples pres-
ent slight mass loss at low temperatures, that could be assigned to the adsorbed water
and isopropyl alcohol (used in the mixing of the samples) evolution (reaction 1).

In the case of CuO the well-known reduction to Cu,O at temperatures above
1000°C was noticed (reaction 2).

The pure BaCO, does not start its decomposition at temperatures lower than
1000°C. The only thermal effect observed in this case is the endothermic effect at
about 830°C assigned to BaCO, phase transformation from rhombohedral to hexago-
nal form (reaction 3).

When a mixture of CuO:BaCO;, in 3:2 molar ratio, was analyzed the BaCO, de-
composition started at temperatures lower than 1000°C, mainly at 940°C, due to the
solid state reaction between BaCO, and CuO.

The samples corresponding to compositions containing Yb with different
Ga-substitutions present much complex DTA curves (Fig. 1).

The phase transformation of BaCO, at about 830°C was noticed for all samples
(reaction 3).
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Fig. 1 DTA curves of the samples with nominal composition: a — Yb;Ba,Cu;0_5;
b — Yby99Ba,Gag 01 CuzO7_5; ¢ — Ybo.osBa,Gag 2Cuz07_;
d = Yby97BayGag 003Cu307_5

The BaCO, decomposition starts for all samples at about 900°C, due to the solid
state reaction of BaCO, with the oxides present in the system and proceeds in three
steps noticed as shoulders in the DTA curves. The main peak of the global endother-
mic effect is situated at about 9800°C (reaction 4).

The Ga-substitution in the mentioned system causes the increase of the men-
tioned thermal effects.

Compared to the pure BaCO, and to the binary CuO:BaCO, mixture, increasing
the complexity of the system led to decreasing of the temperature at which BaCO,
starts its decomposition due to the solid state reactions with other oxides in the sys-
tem. However, the BaCO, decomposition is not fully accomplished in the studied
temperature range (Table 1).

In the samples containing Eu with different Ga-substitution (Fig. 2) the solid
state reaction of BaCO, with the other oxides in the system starts at 800°C, lower
with 100°C than in the similar samples prepared with Yb. The BaCO, phase transfor-
mation (reaction 3) could be however observed, as at low temperature the rate of
solid state reaction of BaCO, with the other oxides in the system is very slow and
unreacted BaCO, in high amount is still present in the samples at about 830°C. Al-
though the solid state reactions of BaCO, with other oxides present in the system (re-
action 4) start with 100°C earlier than in the former case, they are not fully accom-

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



516 REDAC, ZAHARESCU: SUPERCONDUCTING COMPOUNDS

Table 1 DTA/TG results of the studied samples

Sample Temperature Mass loss% Thermal Assignment
range/°C experim. theoretical _ effects/°C
20-1000 1.0 (1)
Cu0 10001100 2.0 2230 >1100 ?)
20-1020 25 - (1)
BaCO, 22.30 830 3)
20-940 1.4 - (1)
Cu0:BaCO; (3:2) ) 842 3)
940-1100 11.40 13.89 1020 (4)
20-900 1.66 - (1)
) 830 3)
YbBa,Cu;07.5 9001020 9.00 10.62 970 sh
980 sh )
1010
20-900 1.66 - (1
. 840 3)
Ybo9BarGag g CusO75  900-1020 9.0 10.63 930 sh
970 sh (4)
990
20-900 3.18 - (1
) 828 3)
YboosBa;Gag:Cus07.5  900-1020 10.45 10.65 910 sh
950 sh )
970
20-900 1.87 - (1
. 838 3)
Ybo97Ba:Gag 0;Cws07 5 900-1020 10.30 10.65 900 sh
965 sh (4)
980
20-800 1.96 - (1)
842 3)
EuBa,Cus07.5 800-1020 10.83 10.90" 970 sh
1010 )
20-800 222 - (1)
852 3)
EuosBa:GaonCusOrs g5 1029 10.54 10.91° 950 sh
1017 )
20-800 2.18 - (1
850 3)
EugosBarGag0xCusOr.5 g5 1020 10.54 10.92° 940 sh
1010 ()
20-800 1.54 - (1)
850 3)
EuorBa;GaosCus075 g 16 10.20 10.93" 940 sh
1005 )

sh — shoulder, " calculated considering that it occurs only by BaCO; decomposition
Reaction (1): adsorbed water or/and alcohol evolution; Reaction (2):CuO - Cu,O

Reaction (3): BaCO; rhombohedral — hexagonal phase transformation

Reaction (4): solid state reaction of BaCO; with the oxides present in the mixtures
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Fig. 2 DTA curves of the samples with nominal composition: a — Eu;Ba,Cu;07 5,
b — Eug.99Ba;Gag 01Cu307_5; ¢ — EugosBayGag 0,Cu3075;
d — Eug.97Ba;Gag 003Cu3075

plished to 1020°C. The thermal effect assigned to BaCO, decomposition by its inter-
action with the oxides present in the system is broad and much less evidenced than in
the case of the mixtures containing Yb. The main peak of the endothermic effect is
displaced to higher temperature, over 1000°C (Fig. 2).

In the system containing Eu, the Ga-substitution has a less evident effect on the
position and the intensity of the registrated thermal effects.

The results of the thermoanalytical study of the Ga-substituted MBa,Cu,0, 5 super-
conducting compounds (M=Yb, Eu) led to the conclusion that the overall reactivity of the
system is determined by the presence of the lantanoide oxides, mainly Yb or Eu. In the
presence of Eu the solid state reaction between the components of the system starts at
800°C, while in the presence of Yb the similar reaction starts only at 900°C.
Ga-substitution has a less evidenced effect on the reactivity of the studied systems.

The different behavior of the studied systems, noticed in non-isothermal condi-
tions, may explain the different phase composition obtained by isothermal thermal
treatment of the same samples.

In Figs 3 and 4 the X-ray diffraction patterns of the samples thermally treated in
isothermal conditions are presented. The XRD patterns have shown for all samples
containing Eu, no matter the Ga-substitution, a pure orthorhombic 1-2-3 phase. In the
case of the samples containing Yb besides the 1-2-3 phase, the so-called ‘green
phase’ could be observed.
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Fig. 3 XRD patterns of the samples thermally treated in isothermal conditions, with
nominal composition: a — Eu;Ba,Cu;07_5; b — Euge9Ba,Gag 01 Cuz 0755
¢ — EugosBa,Gag p,Cuz07 5
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Fig. 4 XRD patterns of the samples thermally treated in isothermal conditions, with
nominal composition (¢ — ‘green phase’): a — Yb;Bay,Cu;07.5;
b — Ybg99Ba,Gag 01Cu307_5; ¢ — YboesBayGag 2CuzO7-5;
d = Ybg.97Ba:Gag 003Cu307_5
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As mentioned in the experimental part, the reaction mixtures, in powder, were
annealed three times, in air at 800°C for 4 h, followed by a heat-treatment at 950°C
during 7 h as pellets.

According to the results obtained in non-isothermal conditions, the samples con-
taining Eu starts the solid state reaction of the components of the system at 800°C. In
this way, the preliminary thermal treatment at 800°C is effective in the superconduct-
ing phase formation.

In the case of samples containing Yb the solid state reaction of components of
the mixture starts only at 900°C. In this way the preliminary thermal treatment at
800°C is not effective for the superconducting phase formation.

The superconducting transition temperature of the obtained samples is presented
in Figs 5 and 6.
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Fig. 5 Superconducting transition temperatures 7, for samples containing Eu
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Fig. 6 Superconducting transition temperatures 7, for samples containing Yb
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In the case of samples containing Eu, the presence of different amounts of Ga in
the mixture, determines different superconducting behavior. The sample containing
the highest amount of Ga presents the highest value for 7 and the less pronounced
semiconducting behavior, as well. The semiconducting properties emphasized by the
Eu containing samples were confirmed previously by magnetic measurements
[11-13]. In this case the transition to diamagnetism marked the 7, transition tempera-
ture. The dependence of the superconducting properties with the Ga content indicated
that during the isothermal treatment Ga was completely incorporated in the Eu con-
taining samples.

In samples containing Yb, the superconducting behavior is not influenced by the
Ga-substitution. The fact could be correlated with the incomplete incorporation of the
Ga in the superconducting lattice due to an incomplete solid state reaction, which is
underlined by the presence of the ‘green phase’ in the mixtures.

Conclusions

A thermoanalytical study in non-isothermal conditions on Ga-substituted MBa,Cu,0, ;
superconducting compounds formation (M=Yb, Eu) was realized.

The presence of different oxides in the reaction mixtures leads to different reac-
tivity of the system. The overall reactivity of the system is determined by the pres-
ence of the lanthanoide oxides, mainly Yb or Eu. In the system containing Eu the
solid state reactions starts at lower temperature than in the system containing Yb, the
Ga-substitution having a less evidenced effect on the superconducting compounds
formation.

The different reactivity of the studied reaction mixtures noticed in non-iso-
thermal conditions, led, after thermal treatment in isothermal conditions, to samples
with different phase composition and superconducting properties.
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