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High-T. superconductivity in the
RBa,_,Sr,Cu30;system for R=Y,

Gd, Sm and Nd
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Boucherville, Québec, Canada, J4B 6Y4

RBa, _,Sr,Cu;0, samples where R=Y, Gd, Sm and Nd were synthesized in oxygen between
930 and 1070°C. The effect of the Ba substitution by Sr on the sample optimum synthesis
temperature, microstructure and electrical properties was investigated for 0 < x < 1.0. The
magnitude of the resistivity increase and of the 7. decrease due to the Ba substitution by Sr
is found to depend on the R ionic radius. Moreover, the Sr addition has a decreasing effect

on J, for all R elements.

1. Intreduction

In the search for superconductivity above 90 K many
substitutions have been done in the Y-Ba—Cu-O sys-
tem. The effect on T, of the Y substitution by other
rare earth elements is very weak [1]. On the other
hand, T, is decreased or the superconductivity disap-
pears when copper is substituted by other transition
elements [2, 3]. Moreover, the replacement of Ba by
smaller alkaline ions also fails to increase T,. The
complete replacement of Ba by Sr results in samples
exhibiting two superconducting transitions one at 40
and another at 80 K in the Y-Sr-Cu-O system [4].
However, only a small amount of information has
been reported on the effect of the Ba substitution
for systems other than YBa,_,Sr,Cu;O, [5-8] or
GdBa, _,Sr,Cu;0, [9]. We reported here the effect of
the Ba substitution by Sr on the electrical properties of
R-Ba—Sr—Cu-O system for R =Y, Gd, Sm and Nd.

2. Experimental procedure

R,0; and CuO (each 99.999%), BaO, (99%) and
SrO (99.5%) powders were sieved through a 32 um
screen, weighed and mixed under an inert atmosphere
according to a method described elsewhere [10].
Green pellets were obtained by pressing the mixture at
200 MPa. The pellets were heated to the chosen tem-
perature at a rate of 4 °C min~?, kept at this temper-
ature for 24 h and cooled to the room temperature at
2°Cmin~!. All the heat treatments were done under
flowing oxygen.

The resistivity measurements were obtained using
the four point probe method. The critical current
values (J) were measured in boiling liquid nitrogen
using 12 x 2 x 2 mm?® bars cut from the sintered pel-
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lets. Four electrical contacts were made by sputter
depositing a gold layer on the bar surface forming four
conducting pads on which copper wires were attached
using an indium solder [11]. J, values were obtained
when a difference of 1 pV appears between the two
voltage contacts.

The CuK, line was used for the X-ray diffraction
analyses. Phases were analysed with an energy disper-
sive X-ray system (EDX) using a standardless software
whose expected accuracy is of the order of a few
per cent.

3. Results and discussion

The reactivity of Sr-substituted 123 compounds has
been checked by X-ray analysis. The diffraction pat-
terns of RBa,_ Sr,Cu;0O, samples synthesized at
950 °C indicate that the reaction is nearly completed.
An example is shown in Fig. 1 for NdBaSrCu;0,. The
diffraction pattern is characteristic of the perovskite
structure with small extra peaks attributable to sec-
ondary phases. The sintering behaviour of Sr-substitu-
ted compounds are different from the Sr-free ones. The
RBa, _ . Sr,Cu,0, compounds for x = 0.5 or 1.0 need
a higher reaction temperature to produce pellets that
can be manipulated easily. Fig. 2 shows the micro-
structure of NdBa, _,Sr,Cu;0, pellets for x = 0 and
1.0 after synthesis at 1030 °C. The porosity is higher in
pellets containing Sr compared to those without Sr. A
similar behaviour is observed for the other lantha-
nides. It is not surprising that the effect of the reaction
temperature is different on Sr-substituted compounds
since their melting points are increased. For example,
the incongruent melting points of YBa,_ Sr,Cu;0,
compounds are 1030, 1051 and 1061 °C in oxygen for
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Figure 1 X-ray diffraction pattern of a NdBaSrCu;0, sample syn-
thesized at 950°C for 1 h.

x =0, 0.5 and 1.0, respectively [12]. In fact it is not
only the compound sintering behaviour that is affec-
ted but the whole phase diagram equilibrium when Ba
is substituted by Sr [13]. The solid solution limit in
YBa,_,Sr Cu;0, is reached for x =~ 1.0. Any at-
tempts to substitute a larger proportion of Ba by Sr
results in the formation of a four phase equilibrium
[13]. The solid solution limit has not been established
for other R elements. It is possibly different for each
lanthanide. However, we have not been able to syn-
thesize pure RSr,Cu;0, phase for any of the rare
earth metals used in this work.

The pellet’s normal state resistivity depends on the
synthesis temperature. The synthesis temperature at
which the resistivity is minimal is called optimum. The

Figure 2 Micrographs of NdBa, _,Sr.Cu;0, samples for x = 0 and
1.0 synthesized at 1030 °C.

5874

1.0 —

Resistivity (mQ cm)

80 90 100

Temperature {K)

Figure 3 Resistivity-temperature curves of NdBa,_,Sr.Cu,0,
samples for x = 0, 0.5 and 1.0 synthesized at 1030°C.

resistivity of pellets treated above the optimum tem-
perature is higher due to the perovskite phase de-
composition. For example, a CuO and an yttrium-rich
phase have been found in YBa, ;Sr, sCu;O samples
treated above the optimum temperature at 1030°C.
The optimum synthesis temperature is 990°C for
YBa, Sr, ;Cu;0, and 1030 °C for all other Sr-substi-
tuted compounds. For comparison the optimum syn-
thesis temperature for RBa,Cu;0, compounds has
been determined to be 970°C for R = Y, 970-990 °C
for R = Gd, 1010-1030°C for R = Sm and 1010-
1050°C for R = Nd [10, 14].

Fig. 3 depicts the effect of x on the resistivity-
temperature curves for NdBa, _,Sr,Cu;0-. The sub-
stitution of Ba by Sr increases the resistivity in the
normal state and decreases T,. The temperature at
which the resistivity is zero T.(p =0) is 91.5, 82.8
and 81.0 K while the 100 K resistivity increases from
360 to 725 and 830 pQem™! for x = 0, 0.5 and 1.0,
respectively. Figs 4 and 5 present the resistivity—
temperature curves of RBa,._ Sr.Cu;O, samples for
x = 0.5 and 1.0, respectively. All samples were treated
at 1030°C except YBa, ;Sr, sCu;O, which was
treated at 990°C. When x = 0.5 the zero resistivity
temperature is 82.8, 85.5, 86.9 and 82.8 K while the
100 K resistivity is 270, 430, 595 and 725 pQ cm ™! for
R =Y, Gd, Sm and Nd, respectively.
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Figure 4 Resistivity—temperature curves of RBa; Sr, ;Cu,0,

samples for R = Y, Gd, Sm and Nd.
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Figure 5 Resistivity—temperature curves of RBaSrCu;0O, samples
for R=Y, Gd, Sm and Nd.

The decrease of T.(p =0) for RBa, sSr, sCu;0,
compared to RBa,Cu,0, compounds reaches 8.7, 6.5,
3.4 and 2.9 K for R = Nd, Sm, Gd and Y, respectively.
A similar behaviour with larger differences of
T.(p=0) is observed between RBa,Cu;O, and
RBaSrCu,;0.. These results, represented in Fig. 6,
show that the T, decrease observed in Sr-substituted
compounds scales with the ionic radii of the R ele-
ments that are, respectively, 0.0995 nm, 0.0964 nm,
0.0938 nm and 0.0893 nm for R = Nd, Sm, Gd and Y
[15]. For the RBa,Cu;0, structure, it has been estab-
lished that the Cu(2)-Cu(2) distance across Ba
decreases and the Cu(2)-Cu(2) distance across R in-
creases with the R ionic radius [16]. This results in
nearly constant cell dimensions independently of R.
The Cu(2) plane responsible for the superconductivity
is not affected by the R ionic radius. This is the reason
why T, is nearly constant in the RBa,Cu;0, system.
On the other hand, the effect of the Ba substitution by
Sr in YBa,_,Sr,Cu;0, compounds causes a distor-
tion of the perovskite structure bringing about a
shrinkage along the three axes [5, 8]. Moreover, the
orthorhombic splitting of the lattice parameters is
affected by the Sr content and is correlated to the T,

A To(p=0) (K)
&

—10 F

Y o
I

-12
0.085

0.095 0.100

/A ionic radius (nm)

0090 0.105

Figure 6 The T.(p = 0) decrease for RBa, _,Sr,Cu;0, compared to
RBa,Cu;0, compounds as a function of the R** jonic radius for
(O)x=05and (@) x=1.

decrease observed in the Sr-substituted compounds
[5, 7, 8]. According to Fig. 6, the T, decline with x of
the RBa, _,Sr,Cu;0, compounds increases with the
R ionic radius. This is likely to be related to the more
important effect on T, of the perovskite structure
distortion for larger R elements.

The normal state resistivity of RBa,_,Sr,Cu;0;
compounds increases with the R radius for x 5 0 but
is nearly constant at 370 + 40 pQ cm ™! independ-
ently of R for x = 0 [10, 14]. To explain the depend-
ence of the resistivity with R in Sr-substituted com-
pounds it is necessary to consider many factors. One
of these factors is the conduction path which is related
to the sample density. Indeed, in more porous samples,
the conduction path is decreased, giving higher values
of resistivity. However, metallographic observations
show that RBa,_.Sr,Cu;0O, samples treated at the
same temperature have a similar density independent
of the R element. Therefore this effect cannot account
for the resistivity increase. Another factor that influ-
ences the resistivity is the formation of secondary
phases more resistive than the 123 phase. A secondary
phase containing Sr and Cu has been found in all Sr-
containing samples. We estimate that this phase repre-
sents only a few per cent of the sample composition.
However, the relative proportion of the Sr—Cu phase
in each RBa,_ Sr,Cu,;0, sample may vary with R
and be, in part, responsible for the resistivity increase.
It does not exclude the fact that other phases like
carbonate which have been found at grain boundaries
of YBa,Cu;0, may also be formed in different
amounts in RBa,_,Sr,Cu;O, samples increasing
their resistivity. A third factor that can explain the R-
dependent resistivity increase, is the structural modifi-
cations caused by Sr and R. The distortion of the
structure produces a decrease in 7, which increases
with the R ionic radius. The structure distortion can
also have an effect on the resistivity. In fact the
resistivity depends on the charge carrier density and
their mobility. These two physical properties may be
affected by the gradual structural distortion with R
resulting in a significant resistivity increase.

The critical currents measured at the liquid nitrogen
temperature in superconducting samples synthesized
at different temperatures are given in Table 1. For
Sr-free samples, the critical currents do not strongly
depend on the synthesis temperature in the following
ranges: 950-1030°C for R=Y, 930-970°C for
R = Gd, 930-1010°C for R = Sm and 970-1050°C
for R = Nd. These temperature ranges overlap the
temperatures at which the sample resistivities are
minimal (the optimum temperatures). One notes also
that the critical currents tend to decrease as the Sr
content increases for all R elements. This J_ decrease is
likely to be due to the formation of less dense samples
when x increases as described above (Fig. 2) or to an
increasing amount of secondary phases at the super-
conducting grain boundaries. The low critical current
density values measured in our samples result cer-
tainly from the presence of weak links between super-
conducting grains (or twins) and do not permit us to
conclude anything about maximum superconducting
currents flowing in the grains themselves.
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TABLE 1 Critical currents (A cm~2) at 77 K in samples synthesized at various temperatures

Samples Synthesis temperature (°C)
930 950 970 990 1010 1030 1050 1070
NdBa, 58 83 122 127 167 137 146 42
NdBa, Sty s - 14 - 11 - 4 - -
NdBaSr - - - 0 - 9 - 13
SmBa, 140 146 120 158 103 86 117 -
SmBa, S1, 5 - - - 53 - 38 - -
SmBaSr - - - 11 - 82 - 20
GdBa, 127 133 172 101 88 88 - -
GdBa, St 5 - 61 - 164 - 114 - -
GdBaSr - - - 40 - 40 - -
YBa, - 122 - - - 130 - -
YBa, Sty 5 - 74 - 119 - 1 - -
YBaSr - 6 - 9 - - - -
Conclusion 5. B.W.VEAL, W.K.KWOK, A. UMEZAWA, G. W. CRAB-
Polycrystalline samples of RBa,_,Sr,Cu;O, were TREE, J. D. JORGENSEN, J. W. DOUINEY, L. J.
synthesized between 930 and 1070°C for R =Y, Gd, gof?v;z)cvlv(ékng lh/gthIiE:;Ls’lAag};&)Pz/;gLIKAS and
. . H. R R . Lett. X
Sm and Nd and for x ranging from 0 to 1.0. The "\ 1 ng 1 pcpHANyG, H. M. SUNG, P. T. WU and
reaction of the starting powders was nearly complete L. J. CHEN, J. Appl. Phys. 64 (1988) 3593.
after 1 h for a synthesis temperature above 950 °C. The 7. Y.ZHAO, H.ZHANG, T. ZHANG, S. F. SUN, Z. Y. CHEN
Ba substitution by Sr is found to increase the sample and Q. R. ZHANG, Physica C 152 (1988) 513.
resistivity and to decrease T, and J, values measured 8. IltAI‘IF(.:;iA.II’ i’hw'l_c};;g’(ljg';;) }SII‘Z:NG’ H.C.KUand K. H.
L . N L J. S X
at the liquid nitrogen temperature. 9. D.B. CURIEyand A. M. FORREST, Sol. State Comm. 66
(1988) 715.
10. L. PARENT, B. CHAMPAGNE, K. COLE and C. MOR-
Acknowledgement EAU, Supercond. Sci. Technol. 2 (1989) 103.
The authors wish to thank L. Locas for her technical 1! ;‘h‘;'s' };,I:tItNéZA(IBSI;?;SION and B. A. LANKENSHIP, 4ppl.
help during the course of this research. 12. D.NOEL,and L. PARENT, Thermochim. Acta 171 (1990) 57.
13. R.S.ROTH,C.].RAWN,]. D. WHITLER, C. K. CHIANG
and W. K. WONG-NG, J. Amer. Ceram. Soc. 72 (1989) 395.
References 14. L.PARENT,C. MOREAU and B. CHAMPAGNE, J. Mater.
1. J. M. TARASCON, W. R. McKINNON, L. H. GREENE, Sci. 26 (1991) 2359. ) )
G. W. HULL and E. M. VOGEL, Phys. Rev. B 36 (1987) 226. 15. “Handbook of chemistry and. physics” 65th Edn, edited by
2. J. M. TARASCON, P. BARDOUX, P. MICELL L. H. R. C. Weast (CRC Press, Florida, 1984) p. F-165.
16. Y. Le PAGE, T. SIEGRIST, S. A. SUNSHINE, L. F.

GREENE, G. W. HULL, M. EIBSCHUTZ and S. SUN-
SHINE, Phys. Rev. B 13 (1988) 7458.

3. G. XIAO, M. Z. CIEPLAK, D. MUSSER, A. GAVRIN,
F. H. STREITZ, C. L. CHIEN, J. H. RHYNE and
J. A. GOTAAS, Nature 332 (1988) 238.

4. M.K.WU,J. R. ASHBURN, C. A. HIGGINS, B. H. LOO,
D. H. BURNS, A. IBRAHIM, T. D. ROLIN, F. Z. CHIEN
and C. Y. HUANG, Phys. Rev. B 37 (1988) 9765.

5876

SCHNEEMEYER, D. W. MURPHY, S. M. ZAHURAK,
J. V. WASZCZAK, W. R. McKINNON, J. M. TARASCON,
G. W. HULL and L. H. GREENE, Phys. Rev. B 36 (1987)
3617.

Received 14 August 1990
and accepted 28 February 1991



