
EP 0 432 187 B1 Description BACKGROUND OF THE INVENTION 5  Field of the
Invention This invention relates to a superconducting composition comprised
of a crystalline metal oxide phase in the Bi-Sr-Y-Cu-O system. 10
References Bednorz and Muller, Z. Phys. B64, 189 (1986), disclose a
superconducting phase in the La-Ba-Cu-O system with a superconducting
transition temperature of about 35 K. This disclosure was subsequently
confirmed by a number of investigators [see, for example, Rao and Ganguly,
Current Science, 56, 47 15  (1987), Chu et al., Science 235, 567 (1987),
Chu et al., Phys. Rev. Left. 58, 405 (1987), Cava et al., Phys. Rev. Lett.
58, 408 (1987), Bednorz et al., Europhys. Lett. 3, 379 (1987)]. The
superconducting phase has been identified as the composition
[err](Ba,Sr,Ca)[err] with the tetragonal K2NiF4-type structure and with x
typically about 0.15 and y indicating oxygen vacancies. Wu et al., Phys.
Rev. Lett. 58, 908 (1987), disclose a superconducting phase in the
Y-Ba-Cu-O system 20  with a superconducting transition temperature of about
90 K. Cava et al, Phys. Rev. Lett. 58, 1676 (1987), have identified this
superconducting Y-Ba-Cu-O phase to be orthorhombic, distorted,
oxygen-deficient perovskite [err] where [err] is about 2.1 and present the
powder x-ray diffraction pattern and lattice parameters. C. Michel et al.,
Z. Phys. B - Condensed Matter 68, 421 (1987), disclose a novel family of 25
superconducting oxides in the Bi-Sr-Cu-O system with composition close to
[err]. A pure phase was isolated for the composition [err]. The X-ray
diffraction pattern for this material exhibits some similarity with that of
perovskite and the electron diffraction pattern shows the perovskite
subcell with the orthorhombic cell parameters of a = 5.32 A (0.532 nm), b =
26.6 A (2.66 nm) and c = 48.8 A (4.88 nm). The material made from ultrapure
oxides has a superconducting transition with a midpoint of 22 K as 30
determined from resistivity measurements and zero resistance below 14 K.
The material made from commercial grade oxides has a superconducting
transition with a midpoint of 7 K. H. Maeda et al., Jpn. J. Appl. Phys. 27,
L209 (1988), disclose a superconducting oxide in the Bi-Sr-Ca- Cu-O system
with the composition near [err] and a superconducting transition
temperature of about 105 K. 35     The commonly assigned application,
"Superconducting Metal Oxide Compositions and Process For Making Them", S.
N. 153,107, filed Feb. 8, 1988, a continuation-in-part of S. N. 152,186,
filed Feb. 4,1988, disclose superconducting compositions having the nominal
formula [err] wherein a is from about 1 to about 3, b is from about 3/8 to
about 4, c is from about 3/16 to about 2 and x = (1.5 a + b + c + y) where
y is from about 2 to about 5, with the proviso that b + c is from about 3/2
to about 5, said 40  compositions having superconducting transition
temperatures of about 70 K or higher. It also discloses the superconducting
metal oxide phase having the formula [err] wherein z is from about 0.1 to
about 0.9, preferably 0.4 to 0.8 and w is greater than zero but less than
about 1. M. A. Subramanian et al., Science 239, 1015 (1988) also disclose
the[err] superconductor. T. Tamegai et al., Jpn. J. Appl. Phys. 27, L1074
(1988), disclose that [err] is not a 45  superconductor but is instead a
semiconductor. A. Manthiram et al., Appl. Phys. Lett. 53, 420 (1988),
disclose the results of a study of the compositions [err]. Samples with
[err] are superconductors; those with [err] are semiconductors. [err]
remains almost constant at 86 K in the compositional range [err] and then
drops abrubtly and monotonically with x for x>0.5, extrapolating to zero at
x of about 1.15. 50 SUMMARY OF THE INVENTION This invention provides novel
superconducting compositions having the nominal formula 



[err]wherein x is from about 0.05 to about 0.45 and y is from about 0 to
about 1. The 55 midpoint of the superconductivity for transition these
compositions is at least 60 K. 3    EP 0 432 187 B1 BRIEF DESCRIPTION OF
THE DRAWINGS FIG. 1 shows a plot of the flux excluded by a composition of
this invention as a function of temperature. 5  DETAILED DESCRIPTION OF THE
INVENTION The superconducting compositions of this invention can be
prepared by the following process. Quantities of the oxide reactants or
their precursor are chosen with the atomic ratio of Bi:Sr:Y:Cu of 2:3-x:x:2
wherein x is from about 0.05 to about 0.45 and mixed, for example, by
grinding them together in a mortar. io The mixed powder may then be heated
directly or it can be first formed into a pellet or other shaped object and
then heated. The powder or pellet is placed in a crucible made of a
non-reacting metal such as gold. The crucible is then placed in a furnace
and heated to about [err] to about [err] for about 3 hours or more. The
power to the furnace is then turned off and the crucible is furnace-cooled
to ambient temperature, about [err]. The crucible is then removed from the
furnace and the black product recovered. 15     When the quantities of the
reactants are chosen such that x is from about 0.3 to about 0.4, the
product is single phase. Superconducting compositions of this invention
corresponding to values of x less than about 0.3 are comprised of this
superconducting phase. Superconductivity can be confirmed by observing
magnetic flux exclusion, i.e., the Meissner effect. This effect can be
measured by the method described in an article by E. Polturak and B. Fisher
in Physical 20 Review B, 36, 5586(1987). The superconducting compositions
of this invention can be used to conduct current extremely efficiently or
to provide a magnetic field for magnetic imaging for medical purposes.
Thus, by cooling the composition in the form of a wire or bar to a
temperature below the superconducting transition temperature [err] in a
manner well known to those in this field and initiating a flow of
electrical current, one can obtain 25 such flow without any electrical
resistive losses. To provide exceptionally high magnetic fields with
minimal power losses, the wire mentioned previously could be wound to form
a coil which would be cooled below [err] before inducing any current into
the coil. Such fields can be used to levitate objects as large as railroad
cars. These superconducting compositions are also useful in Josephson
devices such as SQUIDS (superconducting quantum interference devices) and
in instruments that are based on the Josephson effect 30 such as high speed
sampling circuits and voltage standards. EXAMPLES OF THE INVENTION EXAMPLES
1-4, EXPERIMENTS A-B 35 Compositions corresponding to x = 0.1, 0.2, 0.3,
0.4, 0.5 and 0.8 in the formula [err] were prepared by grinding in an agate
mortar for about 30 minutes the quantities of  Bi203, Sr02, Y203, and CuO
shown in Table I for each Example and Experiment. Pellets, 10 mm in
diameter and about 3 mm thick, were pressed from this mixed powder for each
composition. In each the pellets were placed in a gold 40 crucible. The
crucible was placed in a furnace and heated at a rate of [err] per minute
to [err] and then held at [err] for 24 hours. Power to the furnace was then
shut off and the crucible was allowed to cool to room temperature in the
furnace. The crucible was then removed from the furnace and the black
product was recovered. X-ray powder diffraction patterns of the product of
each Example showed that when x is 0.3 and 0.4, the 45 product is
essentially single phase. When x is 0.1 and 0.2, the product contains other
phases as well as the phase detected when x is 0.3 end 0.4. The X-ray data
were indexed on a pseudotetragonal unit cell and the 



lattice parameters are given in Table II. Meissner effect measurements were
carried out and the temperature of the midpoint of the supercon- ductivity
transition is shown in Table II. The results for Example 3, x = 0.3, are
shown in Fig. 1 where the 50 flux exclusion is plotted as a function of
temperature. The products of Experiments A and B, x = 0.5 and x = 0.8 were
not superconducting at temperatures as low as 4.2 K. 55 4    EP 0 432 187
B1 TABLE I Exam.   x          [err] 1     0.1       1.3979         1.0407
0.0339         0.4772 5              2      0.2      1.3979          1.0048
0.0677          0.4772 3     0.3       5.5915         3.8750
0.4065         1.9090 4     0.4       3.7277         2.4881
0.3613         1.2726 10 Exper. x    [err] A   0.5   3.7277
2.3924          0.4516    1.2726 15             B      0.8      3.7277
2.1053          0.7226          1.2726 20
TABLE II Lattice Parameters Exam.            a  (nm)         c  (nm)
T    (K) 1             5.44            30.85                    70 26
2              5.43            30.85                    70 3
5.44            30.81                    65 4             5.45
30.66                    60 30 Exper.             a  (nm)         c  (nm)
[err]  (K) A             5.46            30.60 B             5.46
30.27 35 Claims 40  1. A superconducting composition having the nominal
formula [err] wherein x is from about 0.05 to about 0.45 and y is from
about 0 to about 1, said composition having a 45      superconducting
transition temperature of at least 60 K. 2. A superconducting composition
as in Claim 1 wherein x is from about 0.3 to about 0.4, said composition
being essentially single phase. 50  3. A superconducting composition as in
Claim 2 wherein x is about 0.3. 4. A superconducting composition as in
Claim 2 wherein x is about 0.4. 5. A method for conducting an electrical
current within a conductor material without electrical resistive 55
losses comprising the steps of: cooling a conductor material composed of a
composition of Claim 1 to a temperature below the [err] of said
composition; initiating a flow of electrical current within said conductor
material while maintaining said material 5 



*  C L   M   S * TABLE I Exam.    x         [err] 1   0.1   1.3979
1.0407    0.0339    0.4772 5              2      0.2       1.3979
1.0048           0.0677          0.4772 3   0.3   5.5915    3.8750
0.4065    1.9090 4   0.4   3.7277    2.4881    0.3613    1.2726 10 Exper.x
[err] A   0.5   3.7277    2.3924    0.4516    1.2726 15             B   0.8
3.7277    2.1053    0.7226    1.2726 TABLE II 20 Lattice  Parameters Exam.
a  (nm)         c  (nm)              T    (K) 1             5.44
30.85                     70 25             2              5.43
30.85                    70 3             5.44            30.81
65 4             5.45            30.66                     60 30 Exper.
a  (nm)         c  (nm)              [err]  (K) A              5.46
30.60                     -- B             5.46            30.27
-- 35 Claims 40  1. A superconducting composition having the nominal
formula [err] wherein x is from about 0.05 to about 0.45 and y is from
about 0 to about 1, said composition having a 45     superconducting
transition temperature of at least 60 K. 2. A superconducting composition
as in Claim 1 wherein x is from about 0.3 to about 0.4, said composition
being essentially single phase. 50  3. A superconducting composition as in
Claim 2 wherein x is about 0.3. 4. A superconducting composition as in
Claim 2 wherein x is about 0.4. 5. A method for conducting an electrical
current within a conductor material without electrical resistive 55
losses comprising the steps of: cooling a conductor material composed of a
composition of Claim 1 to a temperature below the [err] of said
composition; initiating a flow of electrical current within said conductor
material while maintaining said material 5    EP 0 432 187 B1 below said
temperature.                                                  * C L M S  *
6. An improved Josephson-effect device wherein the superconductive material
comprises the composition 



of Claim 1. PatentansprUche 1. Supraleitende Zusammensetzung der nominellen
Formel 10     Bi2Srs-YxCU2 08+y worin x   etwa 0,05 bis etwa 0,45 ist und y
etwa 0 bis etwa 1 ist, 75     wobei die Zusammensetzung eine
Obergangstemperatur der Supraleitung von wenigstens 60 K hat. 2.
Supraleitende Zusammensetzung nach Anspruch 1, worin x etwa 0,3 bis etwa
0,4 ist, wobei die Zusammensetzung im wesentlichen einphasig ist. t    20
3. Supraleitende Zusammensetzung nach Anspruch 2, worin x etwa 0,3 ist. 4.
Supraleitende Zusammensetzung nach Anspruch 2, worin x etwa 0,4 ist. 5.
Verfahren zum Leiten eines elektrischen Stromes innerhalb eines
Leiter-Materials ohne elektrische 25     Widerstands-Verluste, umfassend
die Schritte des AbkUhlens eines aus einer Zusammensetzung des Anspruchs 1
bestehenden Leiter-Materials auf eine Temperatur unterhalb von T, der
Zusammenset- zung; des Veranlassens eines elektrischen Stromflusses im
Inneren des Leiter-Materials, wahrend dieses Material unterhalb der
angegebenen Temperatur gehalten wird. 9o 6. Verbesserte
Josephson-Effekt-Vorrichtung, worin das supraleitende Material die
Zusammensetzung des Anspruchs 1 umfaBt. Revendlcatlons 35  1. Un procdd6
pour la preparation d'un produit de condensation organosilici6 qui comprend
les operations consistant a mettre en contact (A) au moins un compose
organosilici6 dont la molecule porte au moins un groupe silanol et dans
lequel les substituants organiques lies au silicium sont choisis parmi les
groupes hydrocarbones monovalents comptant 1 a 14 atomes de carbone et les
groupes hydrocarbo- nes substitu~s monovalents comptant 1 & 10 atomes de
carbone, lesdits groupes hydrocarbones 40     substitu6s dtant A caractere
non acide, et (B) un compos4 choisi parmi les borates de sodium ou de
potassium et les phosphates de sodium ou de potassium dans loquel l'anion
phosphate ne renferme pas d'hydrogene, puis a 6carter le produit de
condensation organosilici6 du contact du compose (B). 2. Un proc6de selon
la revendication 1 dans loquel les compos6s (A) et (B) sont mis en contact
a une 45    temperature se situant dans l'intervalle de 70 a 150 * C. 3. Un
procede selon la revendication 1 ou la revendication 2 dans lequel les
composes (A) et (B) sont mis en contact A une pression qui est inferieure A
la pression atmosph6rique. 50  4. Un proc6d6 selon l'une quelconque des
revendications pr~c6dentes dans lequel on fait passer le compose
organosilici6 (A) sur ou dans un lit contenant le compose (B). 5. Un
procede selon l'une quelconque des revendications precedentes dans loquel
(B) est prdsent a l'etat disperse dans et/ou sur un solide particulaire qui
est inerte dans les conditions de reaction. 55 6. Un proc6de selon l'une
quelconque des revendications precedentes dans loquel le compose
organosili- cie (A) est un polydiorganosiloxane sensiblement lin6aire
portant un groupe hydroxyle fix4 a chaque atome de silicium terminal. 6    


