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BACKGROUND OF THE INVENTION -

-The present invention reiates to superconducting
compositions, i,e., compositions offering no electrical

resistance, processes for their production, and methods

for their use.-

Mixtures of barium, lénthanum, copper and oxygen, ‘o
that have superconductive properties at approximately 3Q°
Kelvin have been desceribed. Under atmospheric pressure
conditions, the superconducting transition temperature
(Tc) for these compositions, i.e., that temperature at
which a portion of the material begins to show
superconductive properties, appears to be limited to near
the 30° Kelvin limit. It would be desirable to produce a
superconducting compoéitidp that has a T, which exceeds
the T, of those superconducting compositions previously '
described. It would be particularly desirable to develop
a shperconducting composition that has the potential of
having a T, of 77° Kelvin. Such a ‘composition would
enable liquig nitrogen to be used to cool the
superconducting equipnent, which-bould dramatically
decrease the cost of insulating the Superconducting
material. ) -

SUMMARY OF THE INVENTION

The present invention provides a superconducting
composition having a Superconducting transition
temperature above about 40° Kelvin. A preferred
embodiment of this composition includes an alkaling eacrth
‘metal that has interatomic distances that are less than
those of a.comparable composition thak includ?s-bagiua as
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the alkaline earth metal and that is mainkained at
atmospherie pressure and at room temperature.

A partlcularly preferred superconduct&ng composition
comprises an oxige complex defined by the following
formula:

[Ll—x Mx}a Aboy

wherein L is an element selected from the group
ConSlStlng of lanthanum, lutetium and yttrlum, or a oz
mixture of one or more of these elements;

wherein A is an element selected from the group
con31st1ng of copper, bismuth, titanium, tungsten,
zlrconlum, tantalum, niobium, and vanadium or a
mixture of one or more of these elements, kﬁf”

wher91n M is an element selected from the group
consxstlng of barium, strontiim, calcium and
magnesium or a mixture of one or mare of these

*+  elements; and:

wherein x is a number in the range of about \ﬂrz
#.075 to abouk 0. 5,
S
a is a number in the range of 1 and 2,
b is ], and
Y is about 2 to about q,
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wherein the jinteratomic distances between the
elements is reduced from their respective distances
when under atmospherice pressure, when M is barium.

In a preferred embodiment of the present invention,
the interatomic distances between the atoms of the
elements is reduced From their respective distances, when
under atmospheric pressure, | :

The present invention also provides a method for
making such compositions which includes:

thoroughly mixing appropriate amounts of L,04, RCO,
and AO: ’

heating said mixture in an oxygen containing atmo-
sphere, at an appropriate pressure, and at a
temperature of between about 640° C and 800° C
for a time sufficieﬁf'top}et the mixture react:

heating the resulting samﬁles at a temperature -
between about 9npe C and 1100° € for at least
twelve hours:

(L]

homogenizing said reaction mixture:;
. :
heating the homogenized mixture at a temperature
between about 900° C apg about 1100°C for at
least six hours; '
compressing said composition with a pressure of at
" least one kilobar to produce pellets;
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sintering said pellets;

quenching said samples rapidly from the sintering
temperature to room temperature in an inert gas
atmosphere,

An alternative method for making such compositions
includes the following steps:

thoroughly missing appropriate amounts of 1,03, MCO,
and AQ

compressing said mixture into pellets;

reacting said mixture at temperature between about
900° C and about 1100° C for a time sufficient
to complete the solid state reaction;

rapidly quenching said pellets to room temperature,-
and, when ¥ is barium, reducing the interatomic
distances of the elements L, A, ¥ and O from
their respective distances when under atmo-—-
spheric prsgsure.

The present invention alse provides for the use of
such compositions as superconducting materials,
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reducing the ifhteratomic distances between the atoms

"of the elements in a lanthanum, barium, copper oxide

composition can increase the superconducting transition
temperature Tc of the ¢omposition. Consequently, any
means for reducing this interatomic distance should
enhance the Tc of the composition. One means for reduciné
this distance is to apply a pressure that exceeds
atmospheric pressure. The T, increases as the applied
pressure is increased,

Another method for decreasing the interatomic
distance is to completely or partially substitute the
barium atoms, atomic radius of 2.22 angstroms, with the
smaller alkaline earth metal atoms, i.e., strontium,
atomie radius of 2.15 angstroms, calcium, atomic radius of
1.97 angstroms, or magnesium, atomic radius of 1.6
angstroms, Similarly, complete or.partial substitution of
the lanthanum atoms, atomic radius of 1,87 angstroms, with
the smaller lutetium, atomic radius 1.75 angstroms, or .-
yetrium, atomiec radius 1.78 angstroms, will provide this
same effectk.

Alternatively, the deposition of a lanthanum, barium,
copper oxide film on/a‘substrgte with smaller lattice
parameters, such as a lanthanum,-calcium, copper oxide
substrate, will reduce the interatomic distance of the
superconductlng composition, and thus will increase the To
of the composition. Further, tladding of a lanthanum,
barium, copper oxide composition with metals- having
smaller thermal expansion coefficients, such as coPPEfr

.- will restraln the lnteratomlc distances bhetween the

-
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elements in the composition and increase the T of the
composition.

The compositions of the present invention may be
made, for example, following either of the following
processes.,

;. Appropriate amounts of L 03, MCO3 and AQ
are thoroughly mixed. This mixing is preferably done
mechanlcally in a jar mill for at least 12 hours.

The mixing produces Ffinely ground particles. The
mixture is then heated in an oxygen containing
atmosphere, at an appropriate pressure, and at a
" temperature between about 640-800° C. The L///
femperature of the mixture is conveniently increased
to the 640-800°C target temperature at a rate of 10°
C per minute. The mixture is kept at this target
.temperature for a time sufficient to allow the
mixture to react. Preferably the mixture is allowed
to react for about an hour. After this reaction
.step, the temperature is raised to between 900 and
1lo00° ¢, convenlently at a rate of about 30° C per -
minute. fThe samples are kept a time sufficient to
complete the solid state reaction of the materials,
the completed 50l1id state reacted product being that
product having the components completely diffused
through the comp051t10n. The samples are then cooled
to room temperature, )

The next step is to homogenize the sample, w/"
.preferably by pulverizing the reacted mixzture in a

o jar mill for at least 1 hour. The pulverized mixture

is then heated rapidly to between 960 - 1108° C. The
mixture remains.at’this teémperature for at least 6

L
h
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hours. " After this step the mixture is compressed
under a pressure of at least one kilchar. This
compresses the powdered mixture into peilets. The
pellets are then sintered into solid cylinders. This
sintering process is preferably performed at a
pressure between zero to two kilobars at a
temperature of betweeg about 900 - 1100° C and for
about four hours. Finally, the samples are gquenched

. rapidly from this tempgrature of between 900 - 1100°

C to room temperature, in an argeon, or other inert

gas, atmosphere. This final step, along with

thoréugh mixing of this mixture, decreases the range J//
of the superconducting transition of the composition:
This superconducting transition is the range of
temperatures betwean the point when a portion of the
material shows superconductive properties and the
temperature at which the entire composition shows
superconductive properties.

Compositions made in this process may be
comprESSEd to pressures that exceed atmospheric
pressure, preferably in the range of 1 to 20 kilopbar.
This increase in pressure typically inecreases the T,
of the composition.

e

T

2. A secdnd process For producing this L//;
superconducting composition of the present invention
includes: thoroughly mixing, for at least about 12
hours, approprlate amounts of L 03, MCDB, and B0,
conveniently by mechanlcal means, such as in a jar
mill, compressing the mixture into pellets; reacting
the pellets at about 3906 - 1100° € for at least 12
hours preferably at least twenty-four hours, this
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-kilobar. This compression converted the mixed powder into

_cylinders by heating them at a temperature of about 1000° ~

reaction Preferably takes place in an air atmosphere;
and quenching rapidly the reactead pellets to room
temperature.~

"This second method sometimes results in multiphase
samples in a less controllable way.

The following examples are representative of the -
methods of producing the products of tha invention. .-

EXAMPLE 1

. 6.0 grams of La 03, 0.61 grams of SrCO3 and 1.63
grams of CuO were mixed in a jar mill for about 12 hours.
The mixture was then heated at a rate of about 10° C per
minute in air at 1 atmosphere pressure, until it reached a u/
temperature of about 720° ¢. fThe mixture was then allowed
to react for about an hour at about 720° C. After this
reaction step, the temperature was raised to a temperature
of about 1000° C, this raise in temperature was made at a
rate of about 30° C per minute. . Once at this temperature,
the samples were maintained at this temperature for about
twenty~-one hours. 'this allowed the completion of a solid
state reaction. After cooling to room temperature, the
reacted mixture was pulverized in a jar mill for about 6
hours until the sampIle was homogenized. The pulverized
mixture was then heated rapidly to a temperature of about
1000° C, and kept at that temperature for about seven
hours. Aafter this period, the mixture was cooled to room
temperature and then compressed under a pressure of six

pellets. The pellets ware then sintered into solid

»
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C for a period of about four hours at a pressure of zero
kilobar. Flnally, the -sample was rapidly quenched f£rom
this temperature to room temperature in an argon

. atmcsphere.

1o

The resulting lanthanum-strontiuvm-copper-oxide
composgition has a superconduckivity transition temperature .
of 45° Kelvin, with a narrow transition width to uniform- :
superconductivity of about 10° Kelvin at ambient pressure.

EXAMPLE II

6.0 gramg of La,05, 0. 61 grams of SrC03 and 1.63

_grams of CuC were mixed mechanically in a jar mill for

i5 -

approximately 24 hours. The resulting mixture was then

-compressed into pellets by applying a pressure of about 2

kilobar. The pellets were heated to about 1060° C, and

- allowed to react For about twenty~four hours in air. The
Teacted pellets were then quenched rapldly to room

20

25

‘temperature,

The La-5r-Cu-0 composition produced from this process
showed superconductive properties at a temperature of
about 42° Kelvin, with & narrow transition width of about
6° Kelvin at ambient pressure.
s

EXAMPLE TIX

6.0 grams of La,0,, 0.81 grams of BaCO; and 1.63
grams of CuC were mixed in gz mortdr-pestle apparatus for

-about 3 hours. The mixture was then heated at a rate of

about 10° C per minute in oxygen at a pressure of about

_-2009 microns, until ik reached a temperature of 720° C.
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The mixture was then allowed to react for about an hour at
about 720° C. After this reaction, the temperature wasg
raised to a temperature of about 950° C, this raise in
temperature was made at a rate of about 30° ¢ per minute,
Once at this temperature, the sample was maintained at
this temperature for about twenty-one hours. After this
period, the sample was cooled to rcom temperature and then
the reacted mixture was pulverized until the sample was "
homogenized. The pulverized mixture was then heated
rapidly to a teémperature of about 950° C, and kept at that
temperature for about seven hours. After this period, the
sample was again coocled to room temperature and the
mixture was compressed under a pressure of six kilobar.
This compression.bonverted the mixed powder into pellets.
The pellets weré then sintered into solid cylinders by
heating them at a temperature of about 950° C for a period
of about four hours at a pressure of zero kilobar.
Finally, the sample was rapidly quenched from this
temperature to réom temperature in air.,

The resulting lanthanum-barium-copper-oxide ;
composition, superconducting at 39° Kelvin at ambient
pressure, was then placed inside a pressure cell. The
composition was then compressed to a pressure of 10
kilobar, at room temperature, After this compreSSLQn
step, the temperature was gradually reduced until the
composition showed superconductive properties. This
composition shows suPerconductlvlty propertles at a
temperature of 52.5° Kelvin.

One method of preparing the composition of this
Example 1n a wire form, while simultaneously reducing the
interatomic distances ‘between the atoms in the material,
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.minute. " The mixture was then allowed to react for about

—-12-

may include performing these reaction steps while La 03
EaCoB and Cu0 have been placed in a copper sleeve,
Because of the relative thermal expansion coefficients of

- the copper compared to the superconducting composition,

the resuiting lanthanum-bar ium-copper—-oxide would be
compressed by the wallgs of the copper sleeve, This
compression will causs the T, ©f the material within the -
copper sleeve (the copper sleeve itself is not part of the
superconductive material) to iﬁcrease. . -

EXAMPLE IV

2.0 grams of La203f 0.2 grams of BaCD3 and 0.53 grams
of Cul were mixed mechanically in a mortar-pestle
apparatus for approximately 3 hours. The resulting
mixture was then compressed into pellets by applying a

. pressure of about 2 kilobar. The pellets were heated to

about 1000° ¢, and allowed to rgact for about twenty-four
hours in air. The reacted pellets were then gquenched
rapidly to room temperature.

The La-Ba-Cu-0 aémposition produced from this process
showed superconductive properties at a temperature of 36°
Kelvin at atmospheric pressure.

EXAMPLE ¥V

4.9 grams of La203, 1.1 grams of BaCD; and 2.8 grams
of CuD were mixed in 4 mortar-pestle for 3 hours. The
mixture was then heated in oxygen at a pressure of 15

‘microns, until it reached a temperature of about 720° C.

The temperature was increased at a rate of about 10° C per

*
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an hour at about 720° €. After this reaction, the
temperature was raised to a temperature of about 925° c,
this raise in temperature was made at a rate of about 30°

“C per minute, Once at this temperature, the samples were

maintained at this temperature for about twenty-one hours.
After this period, the mixture was cooled to room -
temperature and then the reacted mixture was pulverlzed
until the sample was homogenlzed. The pulverlzed mixture
was then heated rapidly to a temperature of about 825° c,

and kept at that temperature for about seven hours. AFfter

this period, the mixture was compreséed with a pressure of
six kilobar, This compressioh converted the mixed powder
into pellets. The pellets were then sintered into solid
cylinders by heating them at a temperature of about 925° ¢
for a period of about four hours at a pressure of zero
kilobar. Finally, the sample was rapidly quenched from
this temperature to room temperature in air.

The resulting lanthanumwbarihm-copper—oxide'_
composition, superconducting at 32° Relvin at ambient
pressure, vas then placed under a pressure of 9 kilobar at
room temperature. As this compressed composition was
cooled, it began showing superconduct1v1ty propertles at a
temperature of 40.2° Kelvin.

/_
EXAMPLE VI

6.0 grams of La203, 0.61 grams of S}:CO3 and 1.63
grams CuQ were mixed mechanically in a mortar-pestle for
approximately 3 hours. The resulting mixture was then

“compressed into pellets by applying a pressure of about 3

kilobar. - The pellets were heated to ‘about 1000° C, and

'allowed to react for about twenty-four hours in air. The‘

;! -
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reacted pellets were then quenched rapidly to room
temperature. a

- The La-Ba~Cu-0 composition produced from this process
.3 was then placed under a pressure of 16 kilobar, at room-
temperature. Upon cooling, this composition, it showed
superconductive properties at a temperature of 54° Kelvip.

The superconducting compositions of the present
10 invention have the potential for being used in a wide
variety of applications. For example, when used in a wire
form, they may be used in electrical power transmission,
energy storage, controlled fusion reaction, electricity
generation, mass transportation and magneté. In a thin
15 film form, they may be used in ultra~sensitive detectors
and in ultra-fast computers. In addition, they may be
used in =a superconducting-magnetic~superconducting multi-
layer form for use in ultra-sensitive ultra—Fast
electromagnetic micro devices. :
20 i
The magnetic layer in such a superconducting-
magnetic-superconducting multi-layer device could consist

of a lanthanum-barium-copper-oxide base composition. Such

a composition was prepared in the following example,
25 - -

EXAMPLE VI

3.0 grams La203, 3.6 grams BaCD and 2.9 grams Cu0d

were mixed and heated in a vacuum of 10~ M;crons at a
30 temperature of about 1000° C for about twenty—four hours.
" The resulting product formed a magnetic. compound with an

ordering -temperature below 20° Kelvin.

-+
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"ultra-thin protective covering of 510 to a vaecuum of

-]15—

The superponducting~magnetic~superconducting multi-
layer structures may be formed by subjecting the
overlayer, which is separated from the underlayer by an

10 —4 Microns at a temperature of between about 900° € and
1166° C.

Thin £ilm samples of the composition of the present’
invention may be synthesized by alternative current or
radio frequency sputtering of a sintered La-Ba-Cu-0 target
in an argon atmosphere having about 10% oxygen and a
pressure of between 10—2 and 2 Microns. Heat treatment of
éuch £ilm samples at 15-2000 Microns pressure in an oxygen
atmosphere should make the superconductlng properties of
the film samples similar to those for the sintered
samples.

The amount of oxygen present in the compositions of
the present invention depends upon the walence
reqguirements of the other elements and the defects
resulting heat from the particular heat treatment used to
make the composition. The molar oxygen content "y" is
about 2 to 4 times "b", as used in the precesding
eguation.

s -
As is readily apparent from the above desceription,

additional advantages and modifications will readily oecur
to those skilled in the ark. The invention in its broader
aspects ig therefore not llmlted to the specific examples
shown and described. Accordlngly, departures may be made

:from the details shown in the examples without departing

from the spirit or scope of the disclosed general inven—

.tive concept.
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WHAT IS CLAIMED IS:

1. A superéqnducting composition having a

" superconducting transition temperature above about 40°

Kelwvin,

2, The composition of claim 1 wherein said
composition includes an alkaline earth metal that has
interatomic distances that are less than those of such
comp051t10ns that include barium and that are maintained
at atmcsgherlc pressure under room temperature..

3. The composition of claim 2 wherein said
composition comprises an oxide complex defined by the
following formula:.

(L) M1 B0,
wherein L is an element selected from the group
consisting of lanthanum, lutetium and
yttzium or a mixtare of one or more of

these elements;

wherein A is an element selected from the group
consisting of copper, bismuth, titanium,
tungsten, zirconium} fantalum, niobium, and
vanadium or a mixture of one or more of
these elemente;

wherein M is an element selected from the group
consisting of barium, strontium, calcium
and magnesium or a mixture of one or more

oFf these elements; and
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) ‘pressure greater than atmospheric pressure.

...J_B-..

wherein x is a number in the range of about
0.075 to about 0.5, '

- a is a number in the range ‘of 1 and 2.
b is 1, and
¥ is from about 2 ko about 4 and
wherein the interatomic distances between the
elements is reduced from their respective
distances when under atmospheric pressure;,
wvhen M is barium.
4, The composition of ¢laim 3 wherein L is lantha-
num, M is strontium, A is copper, and % is a number in the
range of about 0.075 to about 0.185.

5. The composition of claim 4 wherein a is 2.

'6. The composition of claim 1 wherein the inter—
atomic distances of the elements L, A, ¥ and ©C have been
reduced from their raspective dzstances, when under
atmospheric pressure.

2. The comp051t10n oF claim 6 wherein L is lantha-
num, M is barium, A is copper; x is a number in the range
of about 0.075 to abgut 0,2, and a is 2. -

8. The composition of claim 6 wherein I, is lantha-
num, M is barium, A is-copper, x is a number in the range
of about 0.3-0.4, and a is. 1,

9. The composition of claim 6 wherein the inter—
atomic distances are reduced by the application of a
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10. The.composition of claim 9 wherein the pressure
applied is at least about 1 kilobar. .

11. The composition of claim 6 wherein the inter-
atomic dlstances are reduced by the deposition of a film
of said composxtzon onto a substate having smaller lattice
pacrameters. '

12. The composition of claim 6 wherein the inter-
atomic distances are reduced by the cladding of said
composition with a metal having a relatively smaller
thermal expansion coefficient.

13. Thé.composition of elaim 12 wherein said metal

is copper.

14. The composition of claim 3 in which said compo-
51tion has 2 superconducting transition temperature
approxlmately equal to or greater than &2“ Kelvin,

15. The composition of claim 6 in which said compa-
sition has a superconducting transition temperature
approximately equal to or greater than 54° Kelvin.

\ 16. A method of making a superconducting composition
comprising an oxide complex defined by the following
formula:

[Ll—x Hx]a Aboy
. wherein L Is an element selected from the group
con31st1ng of 1anthanum, lutetium and yttrium;
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wherein & is an element selected from the group
consisting of copper, bismuth, titanium; tungsten,
zirconium, tantalum, nicbium, and vanadium;

) wherein ¥ {s an element selected from the group
consisting of barium, strontium, calcium and
magnesium; and

wherein x is a npumber in the range of about
0.075 to about 0.5,

a is a number in the range of 1 and 2,

b is 1, and

Y is a number determined by the valence
requirements of the other é;ements'present,
and [

wherein the interatomic distances of the
elements L, A; M and O have been réduced from their
respective distances when under atmospheric pressure,
when M is barium. o )

comprising:

thoroughly mixipg appropriate amounts of-L203; MCO,
and AO

compressing said mixture into pellets;

reacting said mixture at a temperature between about
300° € and about 1100° C for at least 21 hours;
. and : .

EoTT T
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quenching said pellets to room temperature, and, when
M is barium, reducing the interatomic distances
of the elements L, A, M and O from their
respective distances when under atmospheric
pressure,

/

"

17. A method for making a superconducting
composition comprising an oxide complex defined by the.
following formula:

[L1~xMx]a Aboy

whereln L is an element selected from the group
consisting of lanthanum, ilutetium and vtz ium;

wherein A is an element selected from the group
consisting of copper, bismuth, titaniuvm, fungsten,
zirconium, tantalum, nolblum, and vanadlum,

wherein M is an element selected from the group
consisting of barium, strontlum, calcium and
magnesium; and

. wherein x is a number in the range of about
0.075 to about 9 5,

a is a number in the rang of 1 and 2,
b is 1, and
Y is about 2 to about 4 and

wherein the interatomic distances of the
elements L, A, M and G have been reduced from their

T e
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respective distances when under atmospheric pressure,
when M is barium,

" comprisings:

thoroughly mixing appropriate amounts of L5053, MCO, v
- .and AO; .

cheating said mixture in an oxygen-conkained

atmosphere under a pressure of batween 15 and

2000 Microns at a temperature of between 6408° ¢ v
and 800° C for a time sufficient to let the

mixture react;

heating the resulting samples at a temperature
between about 900° C and 1100° C for at least v
twelve hours;

homogenizing said reaction mixture: v

heating the homogenized mixture at a temperature - e
between about 900° € and about 1100° C for at
least six bhours; -

compressing saig,composition with a pressure of at.
least one kilobar to produce pellets;

sintering said pellets;
quenching sald samples rapidly from the sintering

temperature to room temperature in an inert gas
... atmosphere, ‘
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18. A method of using a superconducting composition

comprising an oxide complex defined by the following
formula: i

as

[Ll-xﬁxla Aboy

v wherein L is an element selected from the group
consisting of lanthanum, lutetium and yttrium;

wherein A is an element selected from the group
consisting of copper, bismuth, titanium, tungsten,
zirconium, tantalum, niobium, and vanadium;

whereln M is an element selected from the group
consisting of barium, strontium, calecium and
magnesium; and

wherein x is a pumber in the range of about
8.075 to about 0«5: T ’

a iz a number in the range of 1 and 2,
b iz 1, and
Y is about 2 to about 4 and

wherein thg,interatomic distances of the
elements L, A, M'and O have been reduced from their
respective distances when under atmospheric pressure,
when M i; barium, .

superconducting material.

ey
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h SABSTRACT

A'superconducting composition that is an oxide
compleg of the formula [Ll_x Mx]a Ab0y° L iz lanthanum,
lutetium or yttrium. A is copper, bismuth, titanium,
tungsten, zirconium, tantalum, niobium, or vanadium. M is
barium{'strongium, calcium or magnesium. When M is
barium, the interatomic diskances of the elements L, A, M
and O have been reduced from their respective distances
when under atmospheric pressure. "a" is a number betwsen
1 and 2, b is 1, x is a number in the range of 0.075 and

.5 and y ig about 2 to about 1,
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