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SUPERCONDUCTIVITY AT 100 K
IN Cd-Ba-Ca-Cu-O CERAMICS
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The samples of a homologous series CdBa,Ca,;Cu,Osp40:5 (n = 0, 1, 2, 3, 4),
CdBaCaCuOy.;, CdBaCa,CuOsys, CdyBa;Ca;Cu30, )45 and CdBa,Cu;Og.5 Were pre-
pared by solid state reaction. The superconducting transition in the samples was
found at 90+102 K. The presence of diamagnetic phases was confirmed by magnetic
measurements. BaCuQ, and CaCdO, were identified as main phases. Superconduc-
tivity of the samples is associated with the formation of Cd-doped BaCuO, phase.

Introduction

The group of HgBa;Ca,.Cu,0, with
crossover temperatures 94 K (n=1), 123 K
(n=2), and 133 K (n=3) was the last explored
class of ABa,Ca,.;Cu,Ox HTSC homologous
lines (A= Bi, Tl, Hg, #»=1,2,3...) [1]. This
was associated with volatility, toxicity and
difficult preparation technology of mercuric
oxide. Cadmium is a candidate for inclusion
in such system as an analogue of mercury by
chemical properties.

The similarity of chemical properties
and closeness of the ion radii of mercury
and cadmium initiate the task of investigat-
ing the existence of CdBa;Ca,.iCuyO242n+s
homologous series. The attempts to make
CdBa;CaCuy04+5 and CdBayCayCuzOgys
samples were described in [2] and [3], ac-
cordingly. The multiphase samples were
obtained and 7, = 107 K was reported.
Superconductivity was associated with
CdBaCaCuO4+5, CdBaCaZCu05+5 and
Cd,Ba3Ca3Cuz0y 45 phases. The sample of
CdogBax(Yo7Cap4)Cuz 50y with T, = 80 K
was synthesized in [4]. It was reported that
the main phase is  orthorhombic
(YB a,Cuy O7-typ e) .
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Experimental

Two series of samples of Cd-Ba-Ca-Cu-O
ceramics were prepared by solid state reac-
tion. The samples of series A were obtained
by two step technique. At the first step the
stoichiometric mixtures of BaCQO;, CaCOj;
and CuO (all analytical pure) were fired at
930 + 950 °C for 24 hours for BayCayCu,0;
oxide. At the second step the obtained pow-
ders were reground with CdO in a mortar
and were fired at 930 °C in oxygen for an-
other 24 hours. Series B was prepared by
heating CdO, BaCO;, CaCO; and CuQ at
930 °C in oxygen for 24 hours.

The X-ray powder diffraction (XRD)
analysis was carried out on DRON-3 dif-
fractometer with CuK,-radiation. Tempera-
ture dependence of electric conductivity was
investigated by standard four-probe method
in the range 4-300 K. The presence of the
superconducting phase was identified by
magnetic measurements.

Results and discussion

It was reported that the samples of
CdBa,CaCuy04:5 and CdBayCayCusOses
nominal compositions are mixtures of non-
superconducting binary oxides BaCuO,
(space group Im3m, a = 18.28 A) and
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CaCdO, (space group Fm3m, a = 4.760(5) A)
[5, 6]. However, the superconducting prop-
erties of the above mentioned samples
were discovered by electric and magnetic
measurements (Table 1). The samples of
CdBa;CaCuy04+s and CdBayCayCuzOgys
have shown diamagnetic properties at 28 and
25 K, respectively. The substantial width of
the phase transition can be explained by low
concentration of superconducting phase [5].

Table 1. The properties of the samples of
Cd-Ba—Ca—Cu-O system.

Sample Ratio T., K
Cd Ba Ca Cu
Al 1 2 )| 2 28(102)
A2 1 2 2 3 25097
B1 1 2 - 1 40
B2 1 2 1 2 35
B3 1 2 2 3 25
B4 1 2 - 3 25
BS 02 1 02 1 41

B6 1 02 1 02 nst

* .
n.s. — non-superconducting

The results of XRD analysis indicate
that the superconducting phase has the

A
|, a.u,

435,334

116, 235

structure of one of the oxides (BaCuO; or
CaCdO,). Therefore, the superconductivity
of the samples with BaCuO;x0.2CaCdO,
and CaCd0;x0.2BaCuO; nominal compo-
sition was investigated. These samples
were synthesized by the same technology.
It was found that only the sample with
BaCu0,x0.2CaCdO, nominal composition
has superconducting properties (Table 1).
The maximum of 7, was found for BaCuO,
sample with small CaCdQO,; addition.

Ba-Ca-Cu-O system was investigated in
[7]. It was reported that the samples have
superconducting  properties after high-
pressure oxygen treatment only. That is why
we investigate the samples of Cd-Ba-Cu-O
system.

We have synthesised the samples with
CdBa;Cu;304:5 nominal composition. Figure 1
shows the X-ray diffraction pattern of samples
with nominal composition CdBa;Cu30¢+5. The
main peaks belong to BaCuO, (indicated by
Miller indices). CdO and CuO phases were
determined as admixtures. The formation of
CdBa,Cu30¢:5 phase at these conditions of
synthesis was not confirmed.
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o

118, 147, 455
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Fig. 1. XRD pattern of CdBa,Cu;04;5 ceramics.
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The XRD analysis has shown the pres-
ence of well-known non-superconducting
phases only. The results of magnetic meas-
urements are different because the diamag-
netic properties were found at 25 K. We at-
tribute the presence of superconducting
properties in the samples to the formation of
Cd-doped BaCuO; phase.

Conclusion

In summary, this work is an attempt of
identification of superconducting phase in
Cd-Ba-Ca-Cu-O system. The samples with
nominal composition CdBa;CaCu;0¢+s,
CdBa2Ca2Cu3Og+5, CdBa2CU306+5,
CdBaogCaCuo.sz, CdolzBaCaolzcuOX were
prepared by solid state reaction. On the base
of the results of XRD analysis, electric and
magnetic measurements the superconducting

properties of samples were found to be
caused by Cd-doped BaCuO, phase.
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MeTrogoM TBEpAOTUIBHHX peakliif MpUroTOBAaHO 3pa3KH TI'OMOJIOTIYHOIrO psxy
CdBa,Ca,.1Cu, O (= 0, 1, 2, 3, 4), CdBaCaCuQOys, CdBaCa,CuOs.g,
Cd,Ba;Ca;Cu;30y 145 1 CdBa;CusOg.s. [Ipu 90+102 K y 3pa3kax BUABACHO nepexin y
Haumpoinuui crad. HasBHicTe JiamardiTHuX a3 TiATBEPIKEHO MAarHiTHAMM
BumiproBanHamMu. BaCuQO, i CaCdO, inenrudixosano sx romosni ¢asu. Hag-
HpOBiAHICTE 3pa3KiB MOB'A3YETHCS 3 YTBOPEHHAM JieroBaHoi kaamieM daszu BaCuO,.
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