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The commonly assigned application, "Super- conducting Metal Oxide
Compositions and Process BACKGROUND OF THE INVENTION
For Making Them", S. N. 153,107, filed Feb. 8, 1988, a continuation-in-part
of S. N. 152,186, filed Field of the Invention                         5
Feb. 4, 1988. disclose superconducting composi- tions having the nominal
formula [err] This invention relates to novel TI-Bi-Sr-Ca-Cu-  wherein a is
from about 1 to about 3, b is from O single phase compositions which are
supercon-    about 3/8 to about 4, c is from about 3/16 to about ducting.
2 and x = (1.5 a + b + c + y) where y is from 10 about 2 to about 5, with
the proviso that b + c is References
from about 3/2 to about 5, said compositions hav- ing superconducting
transition temperatures of Bednorz and Muller, Z. Phys. B64, 189 (1986),
about 70 K or higher. It also discloses the super- disclose a
superconducting phase in the La-Ba-Cu-  conducting metal oxide phase having
the formula O system with a superconducting transition tem-   15  [err]
wherein z is from about 0.1 to perature of about 35 K. This disclosure was
subse-  about 0.9, preferably 0.4 to 0.8 and w is greater quently confirmed
by a number of investigators     than zero but less than about 1. M. A.
Subramanian [see, for example, Rao and Ganguly, Current Sci-   et al.,
Science 239, 1015 (1988) also disclose the ence, 56, 47 (1987), Chu et al.,
Science 235, 567  [err] superconductor. (1987), Chu et al., Phys. Rev.
Lett. 58, 405 (1987),  20  Y. Yumada et al., Jpn. J. Appl. Phys. 27, L996
Cava et al., Phys. Rev. Lett. 58, 408 (1987), Bed-  (1988), disclose the
substitution of Pb for Bi in the norz et al., Europhys. Lett. 3, 379
(1987)]. The   series [err] where x = 0, 0.1, 0.3, superconducting phase
has been identified as the   0.5, 0.7, 0.9 and 1.0. The T[err] increases
from 75.5 K composition  [err]  with  the     for x = 0, no Pb present, to
a maximum of 85.5 K tetragonal K2NiF4-type structure and with x typi-  25
for x = 0.5. T[err] decreases for higher Pb content to cally about 0.15 and
y indicating oxygen vacancies.  76 K for x = 0.7. No superconductivity was
ob- Wu et al., Phys. Rev. Lett. 58, 908 (1987),     served for the samples
with x = 0.9 and x = 1. disclose a superconducting phase in the Y-Ba-Cu-
M. Takano et al., Jpn. J. Appl. Phys. 27, L1 041 O system with a
superconducting transition tem-    (1988), disclose that partial
substitution of Pb for Bi perature of about 90 K. Cava et al., Phys. Rev.
Lett.  30  in the Bi-Sr-Ca-Cu-O system results in an increase 58, 1676
(1987), have identified this superconduc-  in the volume fraction of the
high T[err] phase. ting Y-Ba-Cu-0  phase to be orthorhombic, dis-
Coprecipitated oxalates containing the relevant ions torted,
oxygen-deficient perovskite [err]    in various ratios underwent thermal
decomposition where d is about 2.1 and present the powder x-ray  below 773
K. The samples in powder form were diffraction pattern and lattice
parameters.   35  then heated in air to 1073 K for 12 hours and, after C.
Michel et al., Z. Phys. B - Condensed Mat-   being formed into pellets, at
1118 K for various ter 68, 421 (1987), disclose a novel family of super-
periods which extended to more than 240 hours in conducting oxides in the
Bi-Sr-Cu-O system with    some  cases.  A   starting  composition   of
composition close to [err]. A pure phase   Bi:Pb:Sr:Ca:Cu = 0.7:0.3:1:1:1:8
was heated at was isolated for the composition [err].  40  1118 K for 244
hours. The high-T[err] phase shows an The X-ray diffraction pattern for
this material exhib-  onset of superconductivity at around 115 K. This its
some similarity with that of perovskite and the  phase forms plate-like
crystals and analysis of electron diffraction pattern shows the perovskite
these crystals indicates that the cationic ratio is subcell with the
orthorhombic cell parameters of a  Bi:Pb:Sr:Ca:Cu = 67:5:100:85:180 so that
there is = 5.32 A (0.532 nm), b = 26.6 A (2.66 nm) and c   45  considerably
less Pb in the high-T[err] than in the = 48.8 A (4.88 nm). The material
made from         starting material. ultrapure oxides has a superconducting
transition     M. Mizuno et al., Jpn. J. Appl. Phys. 27, L1225 with a
midpoint of 22 K as determined from re-     (1988), also disclose that the
addition of Pb to the sistivity measurements and zero resistance below
Bi-Sr-Ca-Cu-O system results in an increase in the 14 K. The material made
from commercial grade   50  volume fraction of the high-T, phase and a
lower- oxides has a superconducting transition with a mid-  ing of the
optimum  temperature to obtain this point of 7 K.
phase to about 855 [err] C. H. Maeda et al., Jpn. J. Appl. Phys. 27, L209
E. V. Sampathkumaran et al., J. Phys. F: Met. (1988), disclose a
superconducting oxide in the Bi-  Phys. 18, L163 (1988) disclose that the
partial Sr-Ca-Cu-O system with the composition near BiS-  55  substitution
of  K  or  Pb  for  Bi in  the [err] and a superconducting transition tem-
[err] results in an enhancement of the perature of about 105 K.
fraction of the phase superconducting at about 110 K. 3   



3                 EP0489087B1                        4 Z. Z. Sheng et al.,
Nature 332, 55 (1988)       pies were also prepared with starting materials
disclose superconductivity in the TI-Ba-Cu-O sys-  wrapped in gold foil and
sealed in a quartz tube in tern in samples which have nominal compositions
air. Because of the evaporation of [err] during the [err] and [err]. Both
samples      preparation and the corresponding loss of TI, the are reported
to have onset temperatures above 90   5   ratio of TI/Bi in the product is
close to 1 but is not K and zero resistance at 81 K. The samples were
known exactly. They report that significant variation prepared  by mixing
and grinding appropriate       of the TI/Bi ratio from 1 resulted in the
formation of amounts of BaCO3 and CuO with an agate mortar      great
amounts of impurity phases. and pestle. This mixture was heated in air at
There has been no disclosure of a mixed TI-Bi 925 C for more than 24 hours
with several inter-  10  copper oxide superconductor with T[err] above 95
K. It mediate grindings to obtain a uniform black oxide  is believed that
the present mixed TI-Bi copper Ba-Cu oxide powder which was mixed with an
oxide superconductors have three consecutively appropriate amount of [err],
completely ground     stacked CuO[err] layers. and pressed into a pellet
with a diameter of 7 mm and a thickness of 1-2 mm. The pellet was then put
15  SUMMARY OF THE INVENTION into a tube furnace which had been heated to
880- 910 C and was heated for 2-5 minutes in flowing        This invention
provides novel single phase oxygen. As soon as it had slightly melted, the
superconducting compositions having the formula sample was taken from the
furnace and quenched     [err] wherein x is from about 3/20 in air to room
temperature. It was noted by visual  20  to about 11/20. The onset of
superconductivity for inspection that [err] had partially volatilized as
these compositions is above 110 K. A preferred black smoke, part had become
a light yellow liquid,  range for x is from about 1/5 to about 112. and
part had reacted with Ba-Cu oxide forming a        These superconducting
compositions are pre- black, partially melted, porous material.
pared by heating a mixture of the TI, Bi, Sr, Ca and Z. Z. Sheng et al.,
Nature 332, 138 (1988)  25   Cu oxides, the relative amounts chosen so that
the disclose superconductivity in the TI-Ca-Ba-Cu-O    atomic ratio
TI:Bi:Ca:Sr:Cu is (1 -x):x:2:2:3, at a tem- system in samples which have
nominal composi-      perature of about 850 [err] C to about 890 [err] C
for about tions [err]                              3 to 12 hours in a
controlled environment. e. g., in R. M. Hazen et al., Phys. Rev. Lett. 60,
1657   a sealed tube made of a non-reacting metal such (1988), disclose two
superconducting phases in the   30  as gold, said sealed tube serving to
prevent the TI-Ba-Ca-Cu-O  system, [err] and        escape of the metals
and the oxygen, with the [err]                                     proviso
that when x is greater than 2/5, the tem- P. Haldar et al., Mater. Lett. 7,
1 (1988) dis-  perature must be from about 865 C to about close the
superconductor (TI,Bi)(Sr,Ca)[err]   875 [err] C. The heating temperature
is preferably with an onset of superconductivity of 50 K.   35  about 870
[err] C. P. Haldar et al., J. Superconduct. 1, 211 (1988) disclose   the
superconductor  ([err])-    BRIEF DESCRIPTION OF THE DRAWINGS [err] with
the ideal stoichiome- try (TI,Bi)[err] and an onset of super-   FIG. 1
shows a plot of the flux excluded by a conductivity at 92 K. The material
was prepared by   40  composition of the formula [err] mixing the
constituent metal oxides and firing them  as a function of temperature. at
850 C for 12 hours in flowing oxygen, followed      FIG. 2 shows a plot of
the flux excluded by a by slow cooling to room temperature.
composition of the formula [err] K. Chen et al., J. Appl.Phys. 65, 3574
(1989)   as a function of temperature. report on intragrain critical
current measurements  45  FIG. 3 shows an X-ray diffraction powder pat- in
[err]. The sample  tern for the material of Example 2. was prepared in the
following manner. Appropriate      FIG. 4 shows the d-spacings obtained
from the amounts of [err] and CuO were     powder pattern of Fig. 3. mixed,
pressed into a pellet and annealed at 870 C for 12 hours in flowing oxygen.
50   DETAILED DESCRIPTION OF THE INVENTION Li et al.,Physica C 157, 365
(1989) disclose the preparation of [err] where the ratio of    The
superconducting compositions of this in- TI/Bi was about 1, y was about 7
and the T[err] was    vention are prepared by the following process. about
95 K. A mixture of Bi2 [err], Sr(NO[err])2, CuO,     Quantities of the
oxide reactants [err] CaO2 and [err] was preheated in a furnace at  55
[err] and CuO are chosen to provide an 800 C for 30 minutes. The powder
samples were      atomic ratio of TI:Bi:Sr:Ca:Cu of (1-x):x:2:2:3, and then
ground, pressed into pellets and then sintered  mixed, for example, by
grinding them together in a at 850 C in air for two hours. Single phase
sam-   mortar. The mixed powder may then be heated 4  



5                 EP0489087B1                       6 directly or it can be
first formed into a pellet or  accelerators. Thus, by cooling the
composition in other shaped object and then heated. The super-   the form
of a wire or bar to a temperature below conducting composition of this
invention is pro-  the superconducting transition temperature (T[err]), by
duced only when the environment in which the      exposing the material to
liquid nitrogen or to liquid reactants are heated is carefully controlled.
This   5   helium in a manner well known to those in this controlled
environment must prevent (1) the escape  field, and initiating a flow of
electrical current, one of the metals and the oxygen and (2) their reaction
can obtain such flow without any electrical resistive with other elements.
One way to provide a con-    losses. To provide exceptionally high magnetic
trolled environment is to place the reactants in an  fields with minimal
power losses, the wire men- air-filled container, e.g. a tube, made of a
non-  10  tioned previously could be wound to form a coil or reacting metal
such as gold and then seal the tube  solenoid which would be exposed to
liquid helium by welding. The sealed tube is then placed in a   or liquid
nitrogen before inducing any current into furnace and heated to about
850[err]C to about        the coil. Such fields can also be used to
levitate 890 C for about 3 to 12 hours. The sealed tube is  objects as
large as railroad cars. These supercon- then cooled to ambient temperature.
For example,  15  ducting compositions are also useful in thin film- the
power to the furnace is turned off and the tube  based Josephson devices
such as SQUIDS (super- is furnace-cooled to ambient temperature, about
conducting quantum interference devices) and in 20 C, and then removed from
the furnace. The      instruments that are based on the Josephson effect
tube is then opened and the black product recov-  such as high speed
sampling circuits and voltage ered. The compositions prepared in this
manner  20  standards. exhibit the onset of superconductivity at tempera-
tures above 110 K. It should be emphasized that   EXAMPLES OF THE INVENTION
when "x" is greater than 2/5, the temperature must be from about 865 [err]
C to about 875 [err] C.           EXAMPLE 1 The lattice parameters of these
superconduc-  25 ting compositions have been determined from X-
Quantities of [err] (1.1419 g), [err] (1.1649 ray diffraction powder
pattern results indexed on a  g), SrO2 (2.3924 g), CaO2 (1.4416 g) and CuO
tetragonal unit cell. The lattice parameter a [err] .38  (2.3862 g)
corresponding to a TI:Bi:Sr:Ca:Cu atomic nm for all permitted values of x.
The lattice param-  ratio of 1/2:1/2:2:2:3 were thoroughly ground to- eter
c increases as x increases; c = 1.52 nm for x   30  gether in an agate
mortar for about 30 minutes. up to about 7/20 and 1.53 nm for the higher
values  Pellets, 10 mm in diameter and about 3 mm thick, of x within the
permitted range.                    were pressed from this mixed powder.
Two pellets It is to be understood that the compositions of  were loaded in
air into a gold tube (1.25 cm) [(1/2" this invention include those
compositions in which  dia)] and the tube was sealed by welding both the
amount of oxygen per formula unit deviates  35  ends. The tube was placed
in a furnace and heated somewhat from the 9 indicated by the formula
at a rate of about 5 C per minute to 870 C and [err] but which are single
phase    then held at 870 [err] C for 4 hours. Power to the superconducting
compositions with tetragonal unit  furnace was then shut off and the tube
was allowed cell parameters consistent with those given above.  to cool to
room temperature in the furnace. The Typically, such deviations in the
amount of oxygen   40  tube was then removed from the furnace and cut would
be less than about 5% of the amount of      open. The black product was
recovered. oxygen indicated by the given formula. The com-     Meissner
effect measurements were carried positions of this invention also include
those com-  out and the results are shown in Fig. 1 where the positions in
which the atomic ratio of the metals  flux exclusion is plotted as a
function of tempera- Sr:Ca:Cu varies somewhat from 2:2:3 as given by  45
ture. The plot shows the onset of superconductivity the formula [err]. For
example, the  at about 115 K. atomic ratio of Sr:Ca can deviate by small
amounts   The X-ray diffraction powder pattern shows that from 1 as long as
the atomic ratio of (Sr+ Ca):Cu is  the product was essentially single
phase. The lat- 4:3.                                              tice
parameters a = .38 nm and c = 1.53 nm for Superconductivity can be
confirmed by observ-  50  this [err] product were deter- ing magnetic flux
exclusion, i.e., the Meissner ef-  mined from the X-ray diffraction powder
pattern fect. This effect can be measured by the method   results indexed
on a tetragonal unit cell. described in an article by E. Polturak and B.
Fisher in Physical Review B, 36, 5586(1987).             EXAMPLE 2 The
superconducting compositions of this in-  55 vention can be used to conduct
current extremely     Quantities of [err] (1.3702 g), [err] (0.9319
efficiently or to provide a magnetic field for mag-  g), [err] (2.3924 g),
[err] (1.4416 g) and CuO netic imaging for medical purposes or for particle
(2.3862 g) corresponding to a TI:Bi:Sr:Ca:Cu atomic 5 



7                 EP 0 489 087 B1                    8 ratio of
3/5:2/5:2:2:3 were thoroughly ground to-  ends. The tube was placed in a
furnace and heated gether in an agate mortar for about 30 minutes.   at a
rate of about 5 [err] C per minute to 890 C and Pellets, 10 mm in diameter
and about 3 mm thick,  then held at 890 C for 3 hours. Power to the were
pressed from this mixed powder. Two pellets  furnace was then shut off and
the tube was allowed were loaded into a gold tube (1.25 cm) [(1/2" dia)]
5   to cool to room temperature in the furnace. The and the tube was sealed
by welding both ends.     tube was then removed from the  furnace and cut
The tube was placed in a furnace and heated at a  open. The black product
was recovered. rate of about 5 C per minute to 870 [err] C and then
Meissner effect measurements were carried held at 870 C for 4 hours. Power
to the furnace   out and the results showed an onset of supercon- was then
shut off and the tube was allowed to cool  10  ductivity at about 115 K. to
room temperature in the furnace. The tube was      An X-ray diffraction
powder pattern of the prod- then removed from the furnace and cut open. The
uct showed that the product was essentially single black product was
recovered.                      phase. The lattice parameters a = .38 nm
and c = Meissner effect measurements were carried      1.52 nm  for this
[err] product out and the results showed an onset of supercon-  15  were
determined from the X-ray diffraction powder ductivity at about 115 K.
pattern results indexed on a tetragonal unit cell. Figure 3 shows an X-ray
diffraction powder pattern for the material of this example, and Figure
EXAMPLE 5 4 shows the d-spacings obtained from the powder pattern.
20      Quantities of [err] (1.5986 g), [err] (0.6989 The X-ray diffraction
powder pattern of the    g), SrO2 (2.3924 g), CaO2 (1.4416 g) and CuO
product showed that the product was essentially   (2.3862 g) corresponding
to a TI:Bi:Sr:Ca:Cu atomic single phase. The lattice parameters a [err]
0.38 nm  ratio of 7/10:3/10:2:2:3 were thoroughly ground to- and c [err]
1.53 nm for this [err]    gether in an agate mortar for about 30 minutes.
product were determined from the X-ray diffraction   25  Pellets, 10 mm in
diameter and about 3 mm thick, powder pattern results indexed on a
tetragonal unit  were pressed from this mixed powder. Two pellets cell.
were loaded in air into a gold tube (1.25 cm) [(1/2" dia)] and the tube was
sealed by welding both EXAMPLE 3
ends. The tube was placed in a furnace and heated 30  at a rate of about 5
[err] C per minute to 850 [err] C and Two other pellets of the mixed powder
of Ex-   then held at 850 C for 6 hours. Power to the ample 2 were treated
as described in Example 2     furnace was then shut off and the tube was
allowed except that the temperature to which they were    to cool to room
temperature in the furnace. The heated was 890 [err] C and they were then
held at     tube was then removed from the furnace and cut 890[err] C, for
3 hours.                         35  open. The black product was recovered.
Meissner effect measurements were carried         Meissner effect
measurements were carried out and the results are shown in Fig. 2 where the
out and the results showed an onset of supercon- flux exclusion is plotted
as a function of tempera-  ductivity at about 112 K. ture. The plot shows
the onset of superconductivity  An X-ray diffraction powder pattern of the
prod- at about 115 K.                                 40  uct showed that
the product was essentially single An X-ray diffraction powder pattern of
the prod-  phase. The lattice parameters a [err] .38 nm and c [err] uct
showed that the product was essentially single  1.52 nm  for this [err]
product phase. The lattice parameters a [err] 0.38 nm and c [err]  were
determined from the X-ray diffraction powder 1.53 nm for this [err] product
pattern results indexed on a tetragonal unit cell. were determined from the
X-ray diffraction powder  45 pattern results indexed on a tetragonal unit
cell.  Claims EXAMPLE 4                                         1. A single
phase superconducting composition having  the  formula  [err] Quantities of
[err] (1.8270 g), [err] (0.4660   50  wherein x is from about 3/20 to about
11/20 g), SrO2 (2.3924 g), CaO2 (1.4416 g) and CuO          with the onset
of superconductivity occurring at (2.3862 g) corresponding to a
TI:Bi:Sr:Ca:Cu atomic   above 110 [err] K. ratio of 4/5:1/5:2:2:3 were
thoroughly ground to- gether in an agate mortar for about 30 minutes.   2.
The single phase composition of Claim  1 Pellets, 10 mm in diameter and
about 3 mm thick,  55  wherein x is from about 1/5 to about 1/2. were
pressed from this mixed powder. Two pellets were loaded in air into a gold
tube (1.25 cm) [(1/2"  3. The single phase composition of Claim 2 hav-
dia)] and the tube was sealed by welding both        ing the formula [err].
6 



7                 EP 0 489 087 B1                    8 ratio of
3/5:2/5:2:2:3 were thoroughly ground to-  ends. The tube was placed in a
furnace and heated gether in an agate mortar for about 30 minutes.    at a
rate of about 5[err] C per minute to 890 * C and Pellets, 10 mm in diameter
and about 3 mm thick,   then held at 890[err] C for 3 hours. Power to the
were pressed from this mixed powder. Two pellets   furnace was then shut
off and the tube was allowed were loaded into a gold tube (1.25 cm) [(1/2"
dia)]   5.  to cool to room temperature in the furnace. The and the tube
was sealed by welding both ends.      tube was then removed from the
furnace and cut The tube was placed in a furnace and heated at a   open.
The black product was recovered. rate of about 5 [err] C per minute to 870
C and then       Meissner effect measurements were carried held at 870[err]
C for 4 hours. Power to the furnace   out and the results showed an onset
of supercon- was then shut off and the tube was allowed to cool  10
ductivity at about 115 K. to room temperature in the furnace. The tube was
An X-ray diffraction powder pattern of the prod- then removed from the
furnace and cut open. The    uct showed that the product was essentially
single black product was recovered.                       phase. The
lattice parameters a [err] .38 nm and c [err] Meissner effect measurements
were carried       1.52 nm  for this [err] product out and the results
showed an onset of supercon-   15  were determined from the X-ray
diffraction powder ductivity at about 115 K.
pattern results indexed on a tetragonal unit cell. Figure 3 shows an X-ray
diffraction powder pattern for the material of this example, and Figure
EXAMPLE 5 4 shows the d-spacings obtained from the powder pattern.
20       Quantities of [err] (1.5986 g), [err] (0.6989 The X-ray
diffraction powder pattern of the     g), SrO2 (2.3924 g), CaO2 (1.4416 g)
and CuO product showed that the product was essentially    (2.3862 g)
corresponding to a TI:Bi:Sr:Ca:Cu atomic single phase. The lattice
parameters a [err] 0.38 nm   ratio of 7/10:3/10:2:2:3 were thoroughly
ground to- and c [err] 1.53 nm for this [err]    gether in an agate mortar
for about 30 minutes. product were determined from the X-ray diffraction
25  Pellets, 10 mm in diameter and about 3 mm thick, powder pattern results
indexed on a tetragonal unit  were pressed from this mixed powder. Two
pellets cell.                                              were loaded in
air into a gold tube (1.25 cm) [(1/2" dia)] and the tube was sealed by
welding both EXAMPLE 3                                          ends. The
tube was placed in a furnace and heated 30  at a rate of about 5 [err]C per
minute to 850 [err]C and Two other pellets of the mixed powder of Ex-
then held at 850 C for 6 hours. Power to the ample 2 were treated as
described in Example 2      furnace was then shut off and the tube was
allowed except that the temperature to which they were     to cool to room
temperature in the furnace. The heated was 890 [err]C and they were then
held at       tube was then removed from the furnace and cut 890[err]
C[err] for 3 hours.                          35  open. The black product
was recovered. Meissner effect measurements were carried          Meissner
effect measurements were carried out and the results are shown in Fig. 2
where the  out and the results showed an onset of supercon- flux exclusion
is plotted as a function of tempera-  ductivity at about 112 K. ture. The
plot shows the onset of superconductivity    An X-ray diffraction powder
pattern of the prod- at about 115 K.                               40  uct
showed that the product was essentially single An X-ray diffraction powder
pattern of the prod-  phase. The, lattice parameters a [err] .38 nm and c
[err] uct showed that the product was essentially single  1.52 nm  for this
[err] product phase. The lattice parameters a [err] 0.38 nm and c [err]
were determined from the X-ray diffraction powder 1.53 nm  for this [err]
product    pattern results indexed on a tetragonal unit cell. were
determined from the X-ray diffraction powder  45 pattern results indexed on
a tetragonal unit cell.  Claims EXAMPLE 4
1. A single phase superconducting composition having  the  formula  [err]
Quantities of [err] (1.8270 g), [err] (0.4660   50  wherein x is from about
3/20 to about 11/20 g), SrO2 (2.3924 g), CaO2 (1.4416 g) and CuO
with the onset of superconductivity occurring at (2.3862 g) corresponding
to a TI:Bi:Sr:Ca:Cu atomic    above 110 K. ratio of 4/5:1/5:2:2:3 were
thoroughly ground to- gether in an agate mortar for about 30 minutes.    2.
The single phase composition of Claim  1 Pellets, 10 mm in diameter and
about 3 mm thick,  55   wherein x is from about 1/5 to about 1/2. were
pressed from this mixed powder. Two pellets were loaded in air into a gold
tube (1.25 cm) [(1/2"  3. The single phase composition of Claim 2 hav-
dia)] and the tube was sealed by welding both         ing the formula
[err]. 6 



9                 EP 0 489 087 B1                     10 4. The single
phase composition of Claim 2 hav-     4. Einphasige Zusammensetzung nach
Anspruch ing the formula [err].           2 mit der Formel
Tl0*6Bi0,4Sr2Ca2Cu3Os. 5. The single phase composition of Claim 2 hav-
5. Einphasige Zusammensetzung nach Anspruch ing the formula [err]     5
2 mit der Formel TIO,7Bi0.3Sr2Ca2CuaOe. 6. The single phase composition of
Claim 2 hav-     6. Einphasige Zusammensetzung nach Anspruch ing the
formula Tl0.8Bi0.2Sr2Ca2Cu309.              2 mit der Formel TIo,8Bi0,2Sr2
Ca2 Cu3 09. 7. A process for making a single phase composi-  10  7.
Verfahren zur Herstellung einer einphasigen tion having the formula [err]
Zusammensetzung         der       Formel wherein x is from about 3/20 to
about 11/20,        Tll-XBixSr2Ca2Cu3Os, worin x etwa 3/20 bis said process
consisting essentially of              etwa 11/20 betragt, im wesentlichen
bestehend a) forming an oxide mixture of the oxides of     aus TI, Bi, Sr,
Ca and Cu, the relative amounts  is    a) dem  Bilden eines Oxid-Gemischs
der chosen  so  that  the  atomic  ratio                Oxide von TI, Bi,
Sr, Ca und Cu, wobei die TI:Bi:Ca:Sr:Cu is 1-x:x:2:2:3;
relativen Mengen so gewihlt werden, daB b) heating said oxide mixture at a
tempera-         das Atom-Verhaltnis Ti : Bi : Ca: Sr : Cu 1- ture of about
850 C to about 890 C for              x: x: 2: 2: 3 betragt; about 3 to 12
hours in a sealed, nonreactive   20   b) dem  Erhitzen des Oxid-Gemischs
auf container to form said composition, with the        eine Temperatur von
etwa 850 *C bis etwa proviso that when x is greater than 2/5, the
890 *C wahrend etwa 3 bis 12 h in einem temperature is from about 865 C to
about            verschlossenen, nicht-reaktionsfihigen Be- 875 C; and
hAlter, um die Zusammensetzung zu bilden, c) cooling and recovering said
composition    25    mit der MaBgabe, daB dann, wenn x grd~er als 2/5 ist,
die Temperatur etwa 865 *C bis 8.  The process of Claim 7 wherein the
oxides are          etwa 875 * C betragt; und [err] and CuO.
c) dem KUhlen und Isolieren der Zusam- mensetzung. 9. The process of Claim
7 wherein the tempera-  30 ture to which the oxide mixture is heated is
&  Verfahren nach Anspruch 7, worin die Oxide 870 [err]
Tb203, Bi203, SrO2, CaO2 und CuO sind. 10. A method for conducting an
electrical current   9. Verfahren nach Anspruch 7, worin das Oxid- within a
conductor material without electrical  35  Gemisch auf 870 *C erhitzt wird.
resistive losses comprising the steps of: cooling a material composed of a
com-       10. Verfahren  zum  Leiten  eines  elektrischen position of
formula [err] to a         Stroms in einem Leiter-Material ohne elektri-
temperature below the T, of said composition;       sche
Widerstands-Verluste, umfassend  die and
40       Schrifte initiating a flow of electrical current within  des
KUhlens eines aus einer Zusammenset- said material while maintaining said
material       zung der Formel Tll-,BixSr2Ca2Cu3O9 beste- below said
temperature.                             henden Materials auf eine
Temperatur unter- halb von T0 der Zusammensetzung; und PatentansprUche
45      des Initiierens des Flusses eines elektrischen Stroms innerhalb
desselben, wihrend das Ma- 1. Einphasige supraleitende Zusammensetzung
terial unterhalb der genannten Temperatur ge- mit der Formel
Tll_.BiSr2Ca2Cu309, worin x         halten wird. etwa 3/20 bis etwa 11/20
betrigt, mit dem Auftreten der Supraleitffhigkeit oberhalb von   so
Revendlcations 110 K. 1. Une composition supraconductrice a phase 2.
Einphasige Zusammensetzung nach Anspruch            unique    rdpondant   a
la   formule 1, worin x etwa 1/5 bis etwa 1/2 betrAgt.
Tll_.BixSr2Ca2Cu309, oO x est d'environ 3/20 55      a environ 11/20, le
debut de la supraconducti- 3. Einphasige Zusammensetzung nach Anspruch
vit6 apparaissant au-dessus de 110 * K. 2 mit der Formel
T10,sBi0,5Sr2Ca2Cu3Os. 7 * C   L   M   S *    



11           ~~~~EP 0489 087B11                  '12 2. La composition A
phase unique de la revendi- cation 1, dans laquelle x est d'environ 1/5 A
*environ 1/2. 3.La composition A phase unique de la revendi-   5 cation
2,  r~pondant  A   la  formule Tb .5Bi0.5Sr2 Ca2 CU3 Os. 4. La composition
A phase unique de la revendi- cation   2,  r~pondant  A   la  formule  10
T10,6Bi0,4Sr2 Ca2 Cu3 O9s. 5. La composition A phase unique de la revendi-
cation   2.  r~pondant  A   la  formule TlO,7BiO,9Sr2Ca2CU3Os.
is 6. La composition ~ phase unique de la revendi- cation   2,  r~pondant
A   la  formule Tb ,8Bi0 2Sr2 Ca2 Cu3 09. 20 K>7. Un proc6d:6 pour
fabriquer une composition A phase unique r6pondant A la formule T11.. BiSr2
Ca2 CU309, oO x est d'environ 3/20 A environ 11/20, Iedit proc~d6
consistant es- sentiellement A                             26 a) former un
m6lange d'oxydes constitud des oxydes de TI, Bi, Sr, Ca et Cu. les
quantit~s relatives 6tant choisies de telle manibre  que  le  rapport
atomnique TI:Bi:Ca:Sr:Cu soil de 1 -x:x:2:2:3 ;    30 b) chauffer ledit
m~lange d'oxydes A une temp4ra't~e d'environ 850 *C A environ 890* C
pendant environ 3 A 12 heures dans un recipient non r6actif ferm6 pour
former ladite composition, avec la condition que si  35 x est supdrieur A
2/5, Ia temperature soil d'environ 865 I C A environ 875 * C ; et c)
refroidir et recueillir ladite composition. K~8. Le proc6d4 de la
revendication 7, dans lequel  40 les oxydes sont TI20O3, Bi2 03, S17O2,
CaO2 et CuO. 9. Le proc6d6 de la revendication 7, dans lequel la
temperature A laquelle le m~Iange d'oxydes   45 est chauff6 est de 870 * C.
10. Un prooddd pour faire passer un courant 6Iec- trique dans une matiore
conductrice sans per- tes r6sistives d'6nergie 6lectrique, comprenant  80
les 6tapes suivantes : refroidir une matibre constitute d'une composition
de formule TI1 ..Bi.Sr2 Ca2CuaOs jusqu'A une temperature inf6rieure & Ia T.
de ladite composition ; et                     55 lancer un courant
6lectrique dans ladite mati~re tout en maintenant ladite matibre au-
dessous de ladite temperature. * C   L       S *    


