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This is a conbinuation-in-part of Ssrial No. 012,205,
- filed February 6, 1987, entitled "High Transition '
Temparature Superconducting Composition" #hich in turn is
5  a continzation~-inepart of Serial Wo. 006,891, filed
January 26, 1987, entitled “Supereonducting Compositions
And Method For Ephancing Their Fransition Temperaturss By
Pressure® which in turn is a continuatiocn-ine-part of
Serial Wo. 002,089, filed Jamnary 12, 1987, entitied
10 “Snperconducting'Compositian and Method,”
Background of the Inventien
This invention relates to superconducling
compositions, i.e., compositions offering no elsctrical
resistance at a temﬁeratura Peloy a critical temperaturs;
15  to processes for thelr production and to methods for thelr
nge; and to methods for increasing the supercbndacting
trangition temperature of supercenducting composiiions.
Superconductivity was s 1811.
Histowically, the first observed and most distinctive
20 propexty of a superconductive material is the near fotal
lass of elechtrical resistance by the material when at or
below a critical temperature that I8 a characteristic of

discoverad

the material. This critical temperature is referred to as
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the suparconducting transition temperature of the

material, Tc. the criteria by which a selection of the
eritical temperature valug iz determined from a transition -
in the change in vesistance observed is often not obvious
from the literature. MWany past authors hdave chosen the

‘midepoint of such curve as the probable critical

temperature of thelr idealized material, while many others
have chosen to report as the critical tempevature the
nighest tewperature at which a deviation from the normal
state resistivity property iz observed, ' Henca, the
literature may report differing tewmperatures within a
narrov ronge as the critical or superconducting tramsition
temperature for the same naterial, depending on the
particular suthor's method for selecting T, from the
obzerved data. :
The histery of ressarch inko the ssperconductivity of
specific materials began with the discovery inm 1911 that
mercury superconducts ab a transition temperature of about
4% . In the late 1920fs, NbC was found to supercoaduct
at a higher temperature, namely up o about 10.5° X,
Thereafter other compounds and ailoys of @b were examined
and various Mb compesiiions were discovered with
progressively, but only slightly higher, superconducting
trangition femperzatuves. In the early 1940f's HbN was
observed with a transibion tempavature of about 14° K;
Bha&n was reported in the early 14950's; Nba(Al-Ce) was
reported in the late 1960's; and WbyGe was reporied in the
aarly 1970's to have a transition temperatura of about 17°
K. Careful optimizatiom of NbgGe thin films led to an
increase of the critical temperature for such material up
to 23.3° K. while this vork led to progress the mawimum
temperature at which =superconductiviiy could occour was
raised to only 23.3% K since ressarch started
three-quarters of a century ago. The existing theories
explained the superconduetivity of these materials, but
did not predict supercenductivity of higher than 40° K.
Significant progresg in finding materials which

79252/1/1-1-13/10
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superconduct at higher transition temperatures than that
of NbsGe thin films was not made until 1966,

In 1986, specially prepared coprecipitated and heat
treated mixtures of lanthanwm, barium, copper and azvgen,
that have an sbrupt decrease in resistivity “reminiscent
of the onset of percolative superconductivity® were
reportad by J.G. Bedrorr and R.A. Mullsr, YPossible High

Superconductivity In The Ba-La-Cu~0 Systenm,"
Phys, B, -Condensed Hatter, 64, pp. 1680-193 (1986). Undar
atmospheric presgsure conditions, the abrapt change in
resigtivity for these compasitions -~ i.s., that
temperature at which a portien of the material begins to
show  properties reminiscent of  percolative
superconductivity -- were reported te appivach the 30° K
range. The authors gefer to this phenomenon ag a

TC
LB

“possiblet case of superconductivity. The compogitions
reported by Bedrorz et al to have guch properties at a
temparature as high as 30°% K comprise Las_xﬁaxcusﬂstaﬂyj
where X = .75 o 1 and ¥ > 0. The Rednorz ef al
compositions are prepared by caprecipiiation of Ba-, La-
and Cu- nitrate selutions by addition to an owalic acid
solution followed by decomposition and solid-gtate
yeaction of the coprecipitate at 900°C for 5 hours.
Thereafter, the composition is pressed to pellats at 4
kilobars and the pellets sre gintered at a temperaturs
below 950°C in a reduced oxygen atmogphere of 0.2 x 107
bar. Bednorz &t al reported that this methoed of sample

4

preparation is of cruciel iwmportance to obtaining the
observed phenomena.

Suparconductivity is a potentially verv useful
phenorenon, It reduces heat losses to sero in electrical
power transmission, magnets,; levitated monorail trains and
many other modern devices. However, superconductivity of
a material occurs only at wery low temperatures.
Originally, and until the inventions outlinad herein,
Liguid helium was the required coclant to provide the
conditions necessary for superdonductivity to occur,
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It weuld be desirable to produce a swerconducting
compositlon that has a transition ‘temperature which
axcesds those of superconducting compositions pravieusly
described. It would be particularly desirabls to develop
a superconducting composition that has the petential of
having a T, of 77" K or higher. Such a composition would
enable the ute of liguid nitrogen instead of lignid helium
to cool the superconducting aquipment and would
dramatically decyease the cost of operating and insulating
superconducting equipment and material.

Summary of the Invention

pescribed is a superconducting compositisn comprising
an oxide complex of the formula [Ll_xrle] ahboy wherein Lt
iz scandium, yttriww, lanthapum, cerium, praseodymiwm,
nepdymivm, samarium , eurcpitm, gadolinium, terbium,

ﬁﬁgh"noimium, erbium, thulimm, vitezrbiom, o¥
Intetimm, and preferably Y&¥ is ytixium, lanthanum
neodynivn, sawmaviuwm, surepiom, gadolindum, erbiom or
Jutetium; "A' i copper, bismuth, titanium, tungsten,
zirconiwm, tantalwn, nicbium, or vanadiom and A"

¢, perferably is copper: MY is barium, strombtium, celcium iy

25

30

5

wagmesium ox mercury and "W s preferably bharium or
atrontium; and "a" is 1 to 2; "h* ig I and "y¥ im about 2
to about 4 and "x" is fyom about 0.00 te 1.0 maximume, and
when "a" is 1 *x" i preferably from about 0.60 to ahout
0.90 and most preferably from about 0.65% to about 0.80 and
when "a" is 2 "x" ig preferably fram about 0.01 to about
0.5 and mast preferably from abeut 0.07 to about 0.5. The
oxide complexes of ihe invention ars prepared by a
solidwstate reaction procedwre which produces an oxide
complex having an enhanced smuperconducting transition
temperature compared to an oxide complex of like empirical
composition preparad by a coprecipitation ~ high
tampergture decomposition procedare,

When "L' iz lanthanuw and "M is barium, the

transition temperatures of onset  and complete

19252/1/1-1-13/10
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superconductivity, T a4 T, {as seen in Fig. 5),
respactively, may be increased by subjecling the barium
species of a lanthanum containing oxide cowplex to
praszure up to 18 kilobara. Likewlze the non-bazium
speciss of the oride complaxes of the invention exhibit an
enhancement to higher limits of their superconducting
transition temperstures when subjectsd to bhigh pressures.

The application and maintenance of high pressure on
such oxide complexes is helieved o enhatce the transition
temperature to higher limits by reducing the interatemic
spacings between elements L, A, ¥ and 0 compared to theix
respective spacings when the oxide complex is under
atimospheric pressurs only.

Mternatively. an alkalipe earth metal having an
atomic radius smaller than barium may be used in whele or
in part to Eulfil) the alkaline earth metal conctituent
reguirement to provide an oxide complex having reduced
interatomic spacings betwesn elements, 0, A, ¥ and O even
when the oxide complex is under oply atmospheric pressure,
compared to a pure barium species, thus increasing 1., #nd
T Application of pressure up o 18 kilobars will even
further enhance the Too @nd T, of such eubslitunted or
non-barion ofide complex species.

It has also been found that oxzide complexes having
supercondoctivity in the 90°K range are produced wherein
' is ytbrimm, lanthanum, neodymium, samariuﬁ, SULOpLUN,
gadolinium, erbium or lutebium and Pa" is 1 and "x* ig
from about .65 to nbout 0.80, preferably about 0.887.
Such oxides may be produced to have unique square plenar
“h¥-gboms each sorrounded by four oxygen atoms. The 907K
range for superconductivity of such oxides wherain "AY% is
copper and "BY ig barium iz belisved to be attributable fo
the quagi-two-divensional assembly of Cu02¢8a~0u02—1ayers
sandwiched between twe YL' layers.

With an oxide complex prepared by the solid-stats
eactlon of the invention a {ransition femperaturs as high

1935241/31-1-13/10
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aa 100° X has Dheen observed even under atmospheric
pressute.

Brief Description of the Drawings

Fig. 1 illustrates the reduwction in electrical
resistance as temperature is decreased of a La-Ba~Cu-0
composition ag prepared according to Example V.

Fig. 2 ilinstrates the enhanvement towards higher
temperatures of the onset lUransition temperature (TCG] as
applied pressire is increazed wpon a La-Ba-Cu-0
compogition as prepared according to Example V.

Fig. 3 {llustrates the magnetic field effact on
resistivity of a La-Ba-Cu-G composition as praeparsd
ascording to fxawple V.

Fig. 4 illustrates the magnetic susceptibility as a
function of temperature of s La-Ba~Cu~0 composition as
nrepared aceording to Hxample V.

Fig. 5 illustrates the resistivity and dianagnetic
shift as a funchion of temperature of & La-Ba-fu-0
composition prepared according to Example L7,

Fig. 6 illustrates the resistivity as a function of
temperature under different applisd pressures of 5.7
kilobhats, 10.5 kilobars and 16.8 kilobars &F a La-Ba-Cu~Q
conposition as preparsd according to Exampls 1¥1. ,

Fig. 7 illustrates the effect of applied pressure on
onset temperatures (TCO), nidpoint temperature (i'cm) and
temperature for complete superconductivity (Tcl} of a
La-Ba-Cu~0 compositinn prepaved according to Ezampls ITI.

Flg. 8 illustrates the reduction in electrical
vesistande az temperature 18 decreased of a V-Ba~Cu=0
composition as prepared eccording to Example X71.

Fig. 9 illustrates the temperature dependence of
magnatic pusceptibility of a Y=Ra«Cu~0 cemposition as
prepared actovrding to Example XI.

Fig. 10 illustrates the magmetic field effect on tha
resistance of a Y-Ba-Cu-0 cowposition as prapared
according to Exampls XI.

79352/1/1~1-13/10
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" Fig. 1l illustrates the temperature dependance of
ragistance and magnetic suspectibility of a G*iaa Cu O
oxide complex as prepared according to Example }{W

Fig. 12 illuslrates the temperature d@pendef:cé of
resistance and magnetic suspectibility of a SmBa Ca O
oxide complex as prepared aceording to Exampla KIV

Fig. 13 is @ schematic representatien of ¢he
structures of a (La anOAl) cud B oxide complex structiure
ag  prspared aa.cordmg to Exaznnie VIIT and of a
LaBa !"u_{O 8 oxide complex structure ag prepared aceording
to Examplé XI1it.

Fig. 14 ig the X-ray diffraction patterns for a
(La Bao”)zcw -8 oxide complex as prepared accerding to

oxide complex as

+

ExzdmpTe Y111 and for an L.aBa Cu 0
prepared according to Example }{}II

+D

Detailed Degeription of the Praferred Embodiments

gSuperconducting compozitions of this nvention
comprise an oxide cowplex defined by the followiny
formula:

(Lo A0

vwherein "L* is an element selscted from the group
congisting of écandiwn, yetrium, lanthanum, cerium,
praseodymn]m neodymium, samarium , europim, gadelinium,
: 5 u‘m]wmﬁ, erbiwn, thulimm, ytterbium,
lntetium or a mixture of one or more of these elsments,
and preferably "L" is ybiriwm, lanthanum neodyniumm,
samarlum, europium, gadolinium, erbimm or Iutetium;
wherein "A" is an element selected from the group
consisting of wvopper, bismuth, titaniusm, tungsten,
zirconiom, tantalem, nicbium, vanadiwn or = mixtuare of one
or more of these elemante and "A" iz preferasbly copper;
wherein "M" is an element selectad frem the grouwp
consisting of barium, strontium, calcium, magnesivm and
mercry or & mixture of one or moxe of these elements and
'Y is preferably bariem or stromtimm; and whersin Ya' ig
1te 2, "B is 1, and "y" is about 2 te abeut 4, "x' is

Fz52/1/1-1-13/10




[+

16

15

29

25

35

£ Y

from about 0.01 to 1.0 mazimom. Prefersbly when "a is 1,
Ux" le from about 0.60 to about 0.9C and most preferably
abowt 0.65 to about 0.80, whereas when "a" is 2 gy is
preferakly from about 0.01 to about 0.5 and most
preferably from about 0,075 to about 0.5, The anouiit of
arygen present in the compositions of the present
iavention depends upon the valence requirements of the
other elements and the defects resulting frowm the
particular heat Lrestment used to make the cempesition.
The molar oxygen wontent Yy" is about 2 to 4 times *b," as
usad in the precsding eguation.

1t has been observed that the transition temparature
of such av oxide cemplex is increased hy the application
of prassuce o the composition. It is believed that
subiecting the oxide complex to high pressures decraases
the interatomic distances or lattice spacing in such
conplexes and that this way, at least in part, account for
the enhancement of transition temperatures that hes been
obeerved, BAnother way to ohtain 4 decresse of the
interatotiic dlstances or latfice spacings is during the
preparation of the oxide compler. Thus, for example, an
alkaline earth metal having an atomic radius amsller than
harimm mgy be used in whole or im part to Fulfill -the
alkaline earth metal reguirement to produce an ouide
cotplex having reduced interatomic distances or lattice
spacing compared to an oxide complex with barium alone,
with & conseguent increase in the transition temperature
of the non-barimm oxide complez resulting compared to ane
produced with barium alone. The transition temperaturs is
increased in such an oxide complex sven as measured onder
atmospheric pressurs,

The present invention also provides a solid-state
resction wethod for making such superconducting oxide
complexes, one embodiment of which iz deseribed as follows
and for convenience is referred to ay the powder reaction
method. Selected amounts of sclid powdered compounds
confaining L, M, A, and O, preferably appropriate amounts

18I52/1/1-1-13730
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Of 1,0y or L{OH);, MCO; and AO are thoroughly mirsd.
Preferably mixing of the solid peowder compounds is
performed by an inteﬂsiva mixer such as a jar mill or wore
preferably & bal il & powée‘re& mixture is then
heated in 4an e:;r _e &éﬂﬁjﬁtmosphere, at an
appropriate pressure, and at a temperaturs of between
about B40°C and B00°C for a time sufficient ta react the
mixture in the solid state. The temperature of the
mixture iz convenienlly increased to the 640-800°C targat
teperabure at a rate of 10°C per minute. The mizture ig
kept at this target temperature for a time sufficisnt to
allow the solld-state miztwre to react. Preferably, the
mizture 1s allowed to react for shout an hour. The
resulfing mixture is then heated at a temperature between
about 900°C and 1100°C, prefsrably for at least twelve
hours. The temperature is raifsed to about $00 to sbout
1100°¢, conveniently at & rate of about 30°C per minute.
The gamples are kept at the 900 to 1100°C temperaturs for
a Lbime sufficient to complete the solid wtate reaction of
the materials, the comwpleted solid state reacted product
being that product having the components completely
diffused through the composition. The samples are then
cooled Lo reom Temperaturs, The reaction mixture is then
homogenized. The sample iz homogenized preferably by
putverizing the reacted mixture 4n a jar mill and more
preferably in a ball mill for at Jeast 1 hour. The
pulverized mitture is then heazed rapidly to between 900 -
11006°C. The mizture iz maintained at this temperature
preferably for at least 6 hours. Bafter this step, the
mixture is compressed under a pressurs of at least one
kilobar., Thig compressss the powdered mixfnre inte
puliets or other coherent compacted form. The pellets are
then sintersd into solid cvlinders. This gintering
procesg is preferably performed at a pressure between zero
to two kilobars al a temperature of betwaen about 904 -
1100°C and for abenl four hougs. Finally, the samples ave

. guenched rapldly from this temperature of betwean 900 =

7925241 /1-1-13/10




W

16

15

20

25

35

-10

1100°C to room temperature, in air or an inert gae
atmosphere such as Ar. This final gtep, along with
thorough wixing of this mixture, deersases the range of
The superconducting transition of the composition. This
superconducting transition rvange is the range of
temperatiores betuwesn the point when a portion of the
material shows dguopercondugtive propertien {onzet
transition temperature} and the tewperaturs st which the
compogition stovg complete supercondvctive properties.
Compositions wade in this process may be compressed
to pregsures that exceed atmospheric pressure, preferably
in the range of 1 te 20 kilokars. This increase in
pressure typically increases the 1, of the cemposition.
An alternative method for making such oxide complex

“superconductive compositions includes the following gteps,

and for convenlence is refersed to as the compressed
powder reaction method. $elscted smounts of solid powdered
compounds containing L, M, 2, and 0 are thoroughly mixed,
preferably by selecting appropriate amounts of Lp0y or
L{OH};, MCO; and AC. The thoroughly mized powder mixture
ig compressed into pellets which are thereafier reactsd at
a temperature Dhetween aboul B08°C and abeuk 1100°C,
preferably about 900°C to abouk 1100°C, for a time
sufficient te complete the s0lid stats veaction.
Thereafter the reacted pellets are rapidly quenched to
room temperature. Again, mixing iz preferably
acconplished by an intensive mizer such as a jax mill ox
mora preferably a ball mill., Pslletization of the cuide
mixtore is carried owt at an applied pressure of from
aboul, 160 to gt 30,000 pel and preferably at an applied
preésure of QE about 100 to about 500 psi, most
preferably at dbout 500 psi. Reaction of the pelletized
mixture may be conducted in air for about 5 minutes to
about 24 hours, and most preferably in a reduced oxygen
atmosphere of about 2000 p for shout % te about 30 minutes
preferably for about 5 te about 15 minutss, Following the
completion of the reaction step the reacted paliet

79252/1/1-1-13 /10
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compesition iz rapidly quenched to room tespersture in
air, such as by being placed on an aluminue plate as a
heat sink. Wherein the oxide complex ig praparad by

reaction wnder a reduced oxygen atmogphere the reacted
pellet way be rapidly gquenched by passiné a fiow of

ambiept temperature ozygen through the oven over the

sample.

Another wmethod for praparing oxide compleres which
exhiblt significautly enhanced transition temperatures
includes the following steps: thovoughly mixing zelected
amcunta of solid powdered compounds containing L, M, A and
0, preferably by selecting appropriate amouwnte of L O or
L(DH) . FCC: and AGQ; deposlting the oxide mixture on a
Coppal substrnr,e which has been cleaned of its copper
oride eurface film, preferably by acld cleaping in dilnte
hydrochloric acid selution; compressing the oxide mixtuve
agalnst. the copper substrate at an applied pressure of
from abeout 10C to about 1000 psi, preferably at about 100
to 200 psi, to form the oxide mixture into a film or layer
on the copper subslrate; heating the copper substrate and
oxide mixture layered thereon fo a temperature of from
about. 900 to about 1100°C in air for from about % minutes
to about 24 hours, and preferably for aboul 5 to about 15
minutes; and quenching the copper substrate and oxide
mixture layered thereon to room temperafure in air.
Inspaction of the oxide mixwture layer which results from
this wethod of preparation discloses that it comprizes
three phasss, the first of vhich adjacent the copper
substrate comprizes a glassy irgulating layer phase; tha
second phase is the superconducting layer phase; and the
third phase which borders with the secend superconducting
phase is a powdery cowpound which is alse an insulator
layexr phasa.

$titl another alternative method includes within any
of the bmmedistely foregoing sulid-state reaction methods
the step of reducing interatomic distances, either by the
application of pressure to the oxide complex or by the use

79251/1/1-1-13/10
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of atomic elements which provides gmaller lablice
spacings. A preferred oxide cowplex which ezhibits a
sigaificantly enhanced superconducting transition
tempersture is prepared hy utilizing ytirium as the YL"
comnponent.

Oxide complexss of the formula [Liwxmx} Ry . preparad
by a golid-state veachtion procedure as described exhibit
gsuperconducting properties at transition temparatures
higher than heretofore reported. The barium species of
the oxide complex, that is wherein "W® is only barium, as
prepared by the described solld-gtata reaction procedures
eghibite superconducting properties beginning at a higher
onsel. temperalure { TCB} than the temperature reported by
Bednorz et al as that vherein, for an ozide complexn of
sindlar empirleal composition bubt prepared hy a
coprecipitation method, a phenomenon "reminiscent of the
onzel of percolative supercondwebivity" was observed.
Further, it has been swoprisingly found that the
superconductivity transition tewpershure of oxide
complezes of the formmla {Ll-xmx}af“bgy prepared by the
solidvstate reaction procedure .is further enhanced towards
higher limits by the application fo and maintenance of
pressure on the oxide complex up to sbout 18 kilobars.

Based upon present belief, it iz theught that the
application of and maintenance of ligh pressure on such
oxide complezes emhances thelr supersonducting tranmition
temperature by producing a reduction of the interatemic
distance or lattice gpacing betwesn the metal atons
forming the complex. TFhe application end malntenance of
high pressure on such oxide complexes may also enhance thae
transition temperature by suppressing instabilitiss
detrimental to a high tempersiwre superconductivity and
thus permitting the existence of superconducting phasze
specied to cconr within the bedy of the oxide cowplex at a
higher temperature than that at which such phase could
form at atmospheric pressure. Pressure has been found to-
pnhance the T, of La-Ba-Cu-0 and La-Sr-Cu-0 oxide

7925241/1~1-13/10
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complexes at a rate of greater than 167 °K-bar™® and to

raise the canset T., to 57°K, reaching a zero-vesistance
state Tcl at 40°K. It ig believed that %ﬁfssiﬁf redices
the lattice parameter and enhances the Cu -/¢u “ ratio in
the compounds. The unosuaily large pressurs effsel on TC

Jdet that the high femperature superconductivity in
LaméamCuuﬂ and La-$T~Cu=0 compleses may be assoclated with
interfacial effects arising from mixed phases; interfaces
between the wetal and insulator layers, or concentration
fluctuations within the KﬁNin phase; stzong
superconducting imteractions due to the mixed valance
states; or a yeb unidentified phase, Although the
wnaxpected ephancement of transition temperature that the
application of pressure to such oxide complexes produces
hag been repeatedly observed, a mechenien whish adequately
explains the pressurz affect has not yet heen fully
detexmined.

The transition temperalure of such oxide compicxzes is
ephanced by the application of pressure, and that this
effect is ab least in part due to 2 resulting reduction in
interatomic spacing in The oxide complex is avidenced by
an enhancement of transition temperatvre that may be
produced without the application of extiinsic pressure by
employing in the formation of the oxide complex an
alkaline earth metal having swaller atomic radius then
that of barimm. A similar enhancement of transition
temperature has been observed when yitrium is used as the
"L component rather than lanthamim,

Hemce, when preparing an oxide complex of. the
invention, it is preferred to cowplately or partially
substitute for the barium atoms, atomig radius of 2.22

“angstroms, amaller alkaline aarth metal atows, i.e..

atrontium, atemic radius of 2.15 angstroms, calcium,
atomic radius of 1,97 angstroms, or magoesimm, atomic
radins of 1.6 angstroms. Similarly, complete or partial
substitution of the lanthanum atoms, atomic radius of 1.87
angstroms, with the smaller lutetium atoms, ztowic rading

1925271/ 1-1-13/10
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of 1.75 angstrome, or yttriuwm, atomic radius 1.78
angstrows, will provide this game effect. The application
of pressure to such oxide complaxes that are prepared fo
have decreased intevatomic spacings will further enhance
the transition temperature of such cempositions to lilgher
limits,

Alternatively, the deposition of a lanthanmum, bariuwm,
copper, oxide film on a sebatrate with smaller lattice
parameters, such as a lanthanwe, calcium, copper oxide
subgtrate, will reduca the interatomic spacing of the
superconducting conposition, and thus will increage the Tt o
of the cxide complex composition, PFurther, ¢ladding of a
lanthanum, barivm, copper oxide conposition with metals
having larger thermel expansion cosfficients, such as
copper, will apply and maintain the pressure regquired te
reduce the interatomic distances between the elewents in
the oxide complex compogition and hence #ill increase the
T, of the composition.

When yttriom was utilized ag the "LV component in
substitution of lanthanum to provide an ekxide complex of
the nominal composition ¥ Ba Cuo the oxide complex
exiibited aﬂpcrconducuva.tyg sgartlng at 98°K and a
zero~resistance state at 94°K. In strong contrast to the
La-Ba-0u~0 and La-Sr-Cu-C ozide gystews with a K?le like
phase strncture, the Y-Ba-Cu-0 oxide sysem was ohserved to
have only . & slight echancement of ite transition
temperatiure by The application of pressure up to 19 Ebar.
Examination of the Y-Ba-{u~0 oxide revealed that it was
comprised of mized phages. The phases were separated and
identified as tetrsgonal Eha20u308+6 (?lack} angd
orthorhonbic YQBaCuOS{grean}. The black and grsen phases
comprised at lease 95% by volume of the initial Y-Ba=Cu-0
oxide complex. WMagnetlc measuvsments on the oxide complex
showed that the black phase was responsible for the high
temperature superconductivity detected. Single phase
EBBJH_Qﬂﬂ—-samples (hexeafter referred to as "WYBGO'} were
pveparcd 1nd exhipited a 100% ac dimmagnetic shiit. The

19252/1/1-1-13/10
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molar oxygen content of the black phase is greater than
twice that of the nolar content of copper by an egxact
anpunt as yet vndetermined, as indicated by the 8 symbol in
tha phase formula.

The high temperature wsuperconducting black phase, on
a single phase basis, corresponds to the formula
[le«xmxlap‘boy wherain "I.Y {z yirrium, MY iz baxiuom, "A"
iz copper, "a% is 1, "p" iz I, "w¥ iz 2 to 4 and "x¥ is
G.667. Furtheér tetragonal oxide species were prepared
according to the formula ag sbove stated, but whers "LV ig
lantharum, neodymium, samerium, europiwe, gadolinium,
exbium or lutetium, For convenience the oxide cowplexes
so prepared are hereafter reforied to as TaBCO, NaBCO,
SaBCO, GaBCO, ErBCO, and LuBCO, respsctively. all such
oxide species were found to be supersonducting with an
onset  temperature T, —Dbeltween 9 and 95°K and a
zero~resistance state T, betueen 790 and 94°K. This shovs
that differant trivaleal "L7-atoms do not dramatically
affect the supercondnctivity property which isg an
intrinsic property in this class of compounds. The high
temperature superconductivity obaerved in this class of
compounds 1z bellieved to be assoctiated with the
CaOZ“Ba—CuC)ananCuO2 plane assenbly sandwiched between the
"LM-layers. The sigpificence of the inter-plans coupling
within the layer-assembly is especially evident From the
enhaneed supercondacting trassition from ~30°K in the
¥ NiF  like stpucture of a La-Ba-Cu-0 or La~Sr-Cu-0 type
oiideq(of Examples I-VII1) to ~3%0°K in the LBﬁzcuaOs+3
structure as po prepared. DBigger layer-sasewbly is
predicted te yvield even higher T superconducting oxides.

811 zemples of the LaBCO, WeRCO, $aRCO, EBCO, GaBlo,
ErBCO and LuBCO with an LBa2Cuao{5 4y Structure wera
synthesized by the solid state reaction of appyopriate
ampunts of sesqui oxides of La, Hd, Sm, Eu, Gd, Er and Im,
with appropriate amounts of Ball; and Cud in a fashion as
deacribed din Examples AIT to ¥IV. Structural analysew
were carvied out with a Rigakn D-MAY X-ray power
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diffractometer. Samples of dlmevsions L mw x 0.5 mu = 4
mp wsre cub from the sintsred cplinders., B standard
four-lend tocimigque was employed for fhe resigstanoe 2
heasuronenis, and a Linear Research ac inductance bridge
was used for the magnetir swsospiibiiity v deberminstions.
The iemperalure waps mesgured using =n Auwe0. 07YFe-Chromsl
or chromel-alumel thavmocoupis ahove 20°% and &
Ge-Lhermoneter below.

Thi powder Xezay diffraction pabterns showed thad all
samples except IuBCO possess the singls tetragonal
E’Bab(:uaf,* 9 gtracture, although for a coupls of cases
srthohombic symeetry was also detscted. Yhe Lattice
paramterg are given {n Table 1. In addifion to the
tebragonal Lﬁa Cu 0 o3 structuxe, LoBtU ezhibits other
phages, which, it ms nelieved, can be els.m whed by proper
heat-treatmants, ;3,1 ’[;Cfff
ﬁ) A1) gamples S0MES3 show rather sharp R-drops with an
onset temperabive T - batwaan 91-95°K, 2 zaro-R siate )
Comparaturs Tc‘:l betveen 70-94°K, and a devistion from
Iinear Temperaturve dspendance of R ot Cemparataore 'fﬂ
betwesn %3 and 180K, Whethsr ¥ gy feprasents the
haginning of superconductivity is vet tn be determined.
A1} ralevent data are given in Table 1 and the typical
temperature-dependence of R 1s displayed in Figz, 11 and
12 for GaRCO ahd HaR00, respectively, It is, thers fore,
evident that the gample staris te superconduct at ~98 ¥
congistent with the %-measurements, smi the whols sample
becomes superconficting ab lower temperatures,

The abservation of soperconductivity with an almost
congtant T In the uﬁa E.Ii 0 o tiass for "L = ¥, 1a, Bd,
Zu, Sm, Gd, Er and Lu z,iczari}g demonstrates that
auperconductivity in this class of compounds ig mok
gensitive to "L'. Thisg ig partlonlaxly tras in view of
the wide range of the magnetic propertiss of the "L¥-atoms
in the compound®. The present rasulis, thersfore,
strongly sugoest fhat superconduotivity in Laagvu 0 3
clage west be asssciated with the oG -e-U l_ﬂ ~Ba- (‘u{}
plang assembly sendwiched by two la*;hfs af Laat.mrf;. afé
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cepressuted ln l‘m, 13 for "I = fa. These Ba~coupled
tripls Cut)an Layers of ~7.7A% thick may ba disrupted by the
L-layars only along the c-axis snd thus may ratain their
masi-twoedimensional chavacteristics. In the K m:«
structure of & [Laa_ Ea } Luﬂ 3 type amde a3 shom
alpe in Flg. 13, only mdtmduui sruare~]insg of Cu-atonms
with &-coordination exist with a diiferent stacking -
sefuence. They ere disTupted along the c-axis by the
disordared La~Ba layers. The Yeray diffraction pattacns
for the twe stzuctiyal LaRCC admpounds are alss shown in
Fig., 1% for comparison, The differsnce betweon the two
styucluzes is belisved o be responsible for the 3efiold
difference in T . It is espected thet higher T o May e
phtainable by r—:‘-;rtwtnres with wore than threg C*uO ~laysis
oounled by more bhan twe Ba-lavers,
Althougl the r?ﬁ A 0 class of high i:érqge:ature
suparconducting ous,zn, r'onm|exe<~ way be prepared by either
the powder or compressed. powder smbodimen: of the
solid-state reaction method as previously described, it i
praferved to use the compreszed powder remction method.
Sanmple preparation parameters can gffset tha e
alecironic and msgnetic propertiss of The A o ula a8
of cxide compounds drastically. It has been ome\-'eri that
the formation conditions for Lm {:u 0 s for dffarent -
VE's® sve different. The yeact cn Tlm& the reaction
temperature, the quenching vate, tha reaction atwosphers
pa¢ the compositione are all intev-rslated, ¥or instance,
oxide complexss within thig class zan be made inwulabing,
partially superconducting ov completels ¥ superconducting by
varying the rsaction afmosphers and the quanching ratse
while keeping the compositions warhanged, In spite of
thic wide rangs of varlation of alactrical properties,
senples showed only very slight differences in their X-ray

ozygen~-contank  plays  an el din

diffxaction pattorng, st:congl Mn agﬁng that
suparoonductivity of oxides.
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Generally whersin the reastion astmosphere i a
wadiced oxygen almosphers of about 2000 i the reaction may
be conducted af & lower temperature than whera tha
regction is carvied oot under atmospheric conditions.
Inder a reduced oxygen stmosphers of asbent 2008 p ihe
reaction tewberature required to produce an orids complex
having supacconducting propsrtisg is from abowt BOG to
about 1006°C and preferably from ghout 620 to zbout 956°C.
for a zeaction under atmospheric oconditisns the
temperatare requized to vroduce superconducting properties
iz frow about 900 to shout 1inotc, praferably from gbout
456 to aboul 1OG0SC.  For either type of rveastion
sbwosphere higher temperaturey, ug te the melting point of
the lowest meliing coponent of the starting mabarials,
could be employed; however it is genarally vreferred aok
to wvse such higher reaction temperstires since they may
tend to degrade the superconducting propertles of the
resulting oxide complex compared to {he coptimum atlainable
by use of lower reaction tewmperatures.  Tha optimum
rzaction temperatuze ls dependent upel the alemental
carpesition of the oxide complex being preparad and the
optimum reactien tewperature for a particuiar oxzide
vomplex may be established wibhout undia axperinentation.
Reactions carried out at lemperaturas ,c:‘igniz"ir*a:f} 1y lower
than as discngsed sbove aenerall ¥ rem m am “9}{1%&

complax that has only ingulat ting or cbmagm—zT. gt téqcf’%? f)

electuical properties rather than SUpere onéuc‘ting
properiies.

The zeactien atwmosphere employed alse influences the
time of veaction to completion, Sonerslly, raaction undsr
& reduced oxygen atmosphere of about 2000 u requivss a
significantly shorter raacticit, on the order of about 15
to 45 winutes for gram size xeactions, cemparsd to an
atwospheric reaction, which generally r‘&quixes frow shant
:- J' utes to 8 howrs fov gram gize reactions. A& similar

_.-\

e would },.e ezpacted for langer soele resctions,
{fmgq the opur;mn reaction time for such larger suals
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reaction would have to be detarmined by observation. One
method for determinmation of the completion of reaction is
te monitor samples by Xevay diffraction for deplation of
dlffraction peaks that vorraspond to the starting material
and geowth to maximum intensity of diffractiom peaks which
corraspond to the desired tetragomal ‘H A 0 9 phaze. The
aptimm reaction time iz dapendant: umn tha: elemental
vomposition of the oxide conulax being preparsd and may he
estaplished by observation without wndue experimentation,
optimum superronducting propertins ars abtatped by tiwing
the peaction to that point whersin the masimm smoust of
tarting maberiale have besn pconverted to the desired
t-a'_l_:iagemi. i,,;ﬁz W?%Vphase. ' '
When the”reaction hes procesded to the point of
warimng  attaineble L ﬁ_.x oy phasa cortent, i in
desirsble to {hen L{’pldl}' gquench the reachion matarial to
rooi temperature. Trly gemerally predunss 4 nacrower
temparature trangition range between T, and T, for the
ogide complsx ao produced and also terwminates any side
reaction that may eccur which would ctherwise conwert the

LA ng 4 DHaSe content to a nonswpercopducting plase
grmictire,  Por waterial produced under stmospharis

contditlons rapid Quenching is conventently ebtained by
immsdiately lransferring the reacted material frow the
heatad reaction wesssl to a heat sink.  Por gram
quantities of material an alumimm plate adsguately
fonotions as a sultabie hest sink for rapid quenching.
Wherein the reacted matsrial has beon pregared in a
reduced oxygen atwmosphers, upen cpmpletion of the rsantion
the sample may be rapidly g&w by passing o#ygen at
ambiont temperatucs owver the reax,ted sample.

The sugercanductmg vompositions of the pregent
invepkion have the potentisl for being used in 2 wids
variety of applications. For example, when vsed in & wics
or conducter form, thay may be uvssd in electrical power

transwission, emargy storage, contrslled fusion reaction,

lectrieity gsneration, wass tramsportation and nmagnets.
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In a thin film Foxm, they may ba used in wltra-senpsitive
detectars and in nltra-fast compyiers, In additien, thay
nay be used in a superconducting-ragnetic-zuparconduoting
multivlayer form for use in ultra-sensitive ultva-fast
alsctromagnetic wlero devices.

The following examples are representative of Fhe
oride complexes and mathods of producing the oxids
complaxes of the invention., fThe examples for certaln of
the compositions also illustrate the enhencesient of
beansition temperaturs that is produced by the application
and waintenance of high pressure on the oxide complexes.
Ganerally, the standard 4-probe beclmique wag usged to
measure reelebivity, and an inductance bridge was employad
for as wagnetic susceptibility y-determination. e
Cemperatare wag meaglred using the Awel.87%Fe-chromel, and
chromel-alumel thermocouples in ks sheence of a wagnatis
field, amd a cardoa'glasy thermomerer in the presence of a
Tield. The latter was calibrated against the formes
without & field. Magnetic fislds wp ks &7 were generated
by a supercondncting magnet,

BEXANYLE T

6.0 grams of Lay0y, 0.61 grams of SrU0y and 1.63
grame of Cu0 were mized in a jaz mill for about 12 hours.
the mixture was then neated at & rate of about 14*G pay
minnte in alc at 1 atmosphere pressure, until it reached a
Lamparature of about 720°C, The mizture was then allicwed
to react for about an hour at abowt 726°C, After this
reaction step, the temperatere was raised to 2 temparature
of about L0000 at & rate of abont 305 per minuts, (Once
at = I006°C tamperaturs, the samples were maintained at
this temperature for abouwt tweuby-one hours. This alioved
the cempletion of 2 solid stabs veaction, After cooling
to xoom temperature, the reacted mdxture was vulverizad in
a jar miil for abeout 6 hours until the sample wasz
homogenized.  The pulverized mixtars was then beated
eapidly to a temperatuce of about 100¢°C, and kept at that
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temperatwre for about seven howrs. After thir peviod, the
wixtura was cooled to room tewpersturs asd them compressed
widexr a pressure of sin kilchars, Tiis compressionm
converted the mirved powder into pellets. The pellets wers
then sintared into eolld cylinders by heating them at a
temperature of aboul 1009°C Ffor a pericd of about fFour

" nours aboa pressure of aimest zero kilobars, Fioally, the

gamipleo wan rapldly qusnched frow this tewperature To room
temparature in air.

The resuliing  lanthaneh-strontiumecopper-oxide
compogition had an smpirical, formula of Isal’aer‘ZCuio v
Thiz corresponds to an onide cowplex of the genmeral
Fornula [Larg‘Sz‘RIEl(fubﬁ(\r vhersin Vg" is 6.1, Ya® iz 3, tm®
is 1 and "y is 2 to 4. The oxide cowplax compesition had
an onssh wwperconductivity transition temperature { ‘rca) af
45° K, with a nerrow tyansition width to complete
superconductivity of about 10° X gt amblsnt prassure.

RXMMEER 11

5.0 grame of Lagl:, 0.97 grams of &x004 and 1.83
grams of Cu0 were mixed mechanically im a jar mill for
approginetely 24 hours. The resulting wixbure wasz than
conpressed into -pellets by applying a pressure of about 2
kilobars. The pellets wers heated to shout 1960°¢, and
allowed %o react foy abowt Cwantypefour hours in air. The
roacted peliels were then wyuenchad rapidly ta raom
tampatiatiure,

Ther La=Sr~Cu-0 composition produced fyom khis process
nad a formula of I-,al_ i '26\11‘??. This corresponds ta an
oxide complex of the qensral Formula [y ST 3,000,
whereln "2 ds 0.1, "al ig 2, Wbt iz 1 and vy is 2 to 4,
Phis composition showed superconductive propsrties at a
temperature of about 2% X, with a narrow transition width
of about 6° X at mmbient pressuve.

a
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EXAMPLE 11T

6.0 grawg of TapOy, 0.81 grams of Bal0s and 1.83
grang of Cud wers mimed in a mortar-pestle apparatus for
ahout § hoturs. The mizture wag then hsated at 3 rate of
abot 10°C per minute in oxygen at a pregsurs of abont
2000 mierons Hy, uwntil it reached a temperatuce of 720°C,
The mixture was then allowed to raact for abewt an howr ok
abowt 720°C.  After this reaction, the temperatiure was
raised to a temperatuze of sboui 950°C, €his raise in
tamperatuve was made at a rate of about 36°C per minute.
meoe at thie temparature, 1he sample wag mainfained ad
this temperaturs for sbout twenby-ope hours.  After this
period, the sample was coolsd to roow temperatiure and then
the reacted mizmture wag pulverized unbil tha sample wag
homegenized. The pelverized wistira was then heetsd
rapidly te a temperatuve of about SE0°C, and kept ab that
temperatare for about geven hours. After this perisd, the
sample was agaln coolsd o roon temperature and the
miztite was compressed andsr a pressure of wig Rilobars,
This comprssggion convartsd the mixed povder into pallsts,
The pellets were ther sintared into sslid cylinders by
eating them at a tewperature of about 9%0°C for a perisd
of about four hours at ambient atmospherie pragsure.
Finally, the sawple was rapldly quenchsd from this
temparature to room temperature in air.

The  resulting  lanthanus-bariumecopper-cxide
compogition had the formula Lal-ghaa;QCaloy. The oxide
vompley, go formed was of the Fformula ILalthax}aﬂuhﬁy
vherein "z is 0.1, "s% {3 2, "¢ {e 1 apd el ig 2 to 4.
This compesition was found to be superconducting at 39° ¥
at mbient pressura. This composition was then piaced
inside a pressure cell and the compusition was compressed
to a pragsurs of 14 kilobary at room temperature. Afier
this compression step, the temperature was gradually
reduced uwntil the composition showed superconduoting
properiies. This composition showed swperconductivity

792521/ 1+ 1~13/10
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propeviies at a tamperature of 52.5° ¥ at the applied
pressure of 19 Rkilobars.

4 pample prepared ds described sbove axbibits only
X-ray powder dAlffractiocn pabierns characteristic of the
single XKyNi¥; phase with a resolutdon ~5%., The
resiativity of this sample at amblent pressure dsoreases
monotenically with decreasing temperaturs but at a reduced
rate below 60° K. & large drop in resistivity gets in at
~38% ¥, indicative of the onsel of i suwperconducting
traneition, and resistivity becomes rero at T ~207 K a3
shown In Fig. §. Preliminary ac y-measurement showed
dianagnatic shift starbing at ~32° X and reaching a
nazimum of 103 of the mignal of a supevoonducting Fb
saple of a eimilar sime. Under applied pressure, The
supercondicting transition s broadened but with an
overall shift tovard higher temperatures as shown in Fig.
6. T, has been enhanced from 59° to 52.5% ¥ ang the T,
Teom 20° to 2%° X by application of a pressure of 12
kilobaras sz displayed in Fig. 7. The enhancement rats of
T, and %, is significently reduced above 12 kilobars,
The pressure effect om the midpoint Tewperatiurs T whage
it has dropped by 50% of that at Top 13 also given In Fig.
7. Ten inersasts from 31% to 36Y X under presgure.  Tha
tacreass in the wate of T . enhencerant at 12 kilobars is
acconpanied by an overall reg Letivity inerease at about
T indicating the possible commencement of physical o
chewical instabilities. deyions detericration of smmnlas
is also detected upon retoval of pressure, as evidenced by
the dvamstbic fncvease in resistivity and a semiconducting
behatior at low temperatures pracaded by a drop in
resistivity stevting at T.,- Tha exact causes and remedy
for the pregsure induoced sawple detericration above ~12

1

¥ilobars are eurrently under study.

tne method of preparing the composition of this
example in a wire feym, while simnltanccusly reducing the
interztomic distances hetween the atoms in the meterial,
may inciude performing thess reaction steps whila LalQs or

19252/1/1-1~13710
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La{OH)y, BaCly and Cud have been placad in a cappéz
slesve, or placing the reaction produst of this mizture
directly in the slseve followed by drawing or extrusion.
Becausge of the relative thermel expansion cosfficieats of
the copper compared to the snpersonducting composition,
the resmlting lanthamm-darimm-copper-oxide would he
corpressed by the walls of the coppsr sleeve, 7This
comprassion will cause the T, of the material within the
copper sleave (the copper sleeva itself is not part of the
superconductive natariel) 4o incraase.

2.0 grawms of Lan0y, 0.2 grams of Bagl, and 5,53 grame
of Cu0 were mized mechanically in a mortar-pastle
spparatus  £6r epproXimately 1 hours. The resulting
minture was then compressed inta pellets by appiying &
pressure of about 3 kilobars. The pelists were hested to
apout 1000°C, and alloved to react for sboub twsaty-Fooy
howrs in air. The reacted pelicts wsre then cuenched
rapidly to xoom tamperatuyre.

The La-Ba-0u-0 composition produced from thisg procesy
worresponds to the formula Ifiain‘xBaK}aCubl}y wherein "x" is
5.078, "a¥ ig 2, "B7 g 1 and "y" iz 2 te 4. The oxide
complex of this example showsd swerconductive properties
at a temperature of 34% ¥ at atmospheric pressure,

EXH@TE ¥

4.9 granms of Lax0y, 1.1 grame of Badl; snd 2.8 qeams
of 40 yexe mixed in a mortar-pestie for 3 howrs., The
mixinre was then heated ia odygen at a pressure of 15
microns Hy, wntll It rsached a temparatuve of sbout 720°C,
The tsmperature was increased at a rate of sbout 10°C par
minute. The mixtire wag then allowed o yeact for about
an hour at ghout 730%°C. After this reaction, the
temperatura was ralssd to z temmdralure of aboul 925°C,
this reise in temperaturs was wade at 5 rake of apout 30°C
per winrfe. Once at this tewperatare, the samples wers
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maintained at this temperature for about twentyeone hours.

Arter thin pexiod, the mixtere wss cosled o room
tenperatare and then the reacted mixtere was wolverized

until the sampln was homogenized. The pulverized wixturs’

was then heated rapldly to a temperature of aboub 9259¢,
and kept at that temperaturs for asbowt seven howrs, Aftex
this period, the mixture was compressed with a preseure of
gix kilvbars. This compression converted the mixed powdar
into pelléty. The pellsis wers then sintered into solid

cylindars by hesting them zb a4 temperatirs of aboul 3I%°C

for @ peried of about four howrs at ambient pressurs.
Finally, the sample was zapidily quenched from this
temgerature to coon temperaturs in mir, The oxide complex
s formed corvesponds toe  the ganeral  formula
{Lalmxaag]ac%oz wherein YsY i3 0.15, "a' is 1, "bY ig 1
and "y" iy 2 to 4.

C ke resulting  lanthenumebariom-copper-cxide
composition, superconducilag at 32° K at miblent presmims,
wag then placed under a presgure of ¢ kilobars using a
Ba-Co high Pressure clawp uxing a fluid presgurs medium.

Pressure Was measured using a supartonditcting Ph-manomater-

situated next to the sanple at roow tewperature. As this
compressed composition waw cocled, it began ghowing
supereondactivity propertias at a tempersture of 40.2° R.
Powder X-~ray diffraction patfeing at room temperaturs
showed that the zawmple wag multiphaged, consistin
vedominanily of KeNiFy (~90%) and wnidentified pbazss
{<10%). Under gpplied pressures, realstivity at 300° % is
suppressed snd the drop in ramistivity is brosdened
slightly, but with an overall shift toward highar
temperature as shown in Fig. 1. T increases rapidly

oo

with pressures as shown in Fig. 2. A® 13 kilebars, Ter is

-4 2° ¥, Under pressure, 1., increagey from 32° to 40.2°
o e _

K at 13 hilobary at a rate ~0.9 x 1077% ¥ har 1. Abova 13

kilobaxs, the sample was damaged dus To a shear strainp

introduced accidentally by applving pressurs below -20°C,
a8 evidencad by the appearancs of a rapid rssistivity

19252717 1-1-13/10
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inorease following the resishivity drep at ico 0T tooling
and the irvevermibility of rasistivity after the pressure
was reducad. :

Flg. 3 displays the magmotic field effest on
resistivity es a function of temperaturs. Tt is cleax
that the repid resistivity drop ds supprassed and the zers
resintivity stabe at 4° K ¢an be destroved by magnstic
fields. Below 18° ¥, a qlamagnetic shift {s clesrly
evident and reaches o maximm of 2% of tha signal of 2
wiperconducting Pb sample of the same sise as shown in
Flg. 2. The insert of Fig. 4 shows the curzrent-veltage
characteristics for the mample at 4.29 ¥, Yhe zais
registivity state i3 removerd as current ezcesds a critieal
velua which ineressss with decveasing tewperature. Aall
these strongly dswonstrate that the resistivity drop ig
agsoriated with a supercondncting transition.

6.0 grams of [ay0p, 0.61 grame of Sre0; and 1.63
grams Cud warve mived wechanically in a mortac-pestie for
spprorimataly 2 hours., The vesulting miwtura was then
compressed into pellete by applving a prezsuras of about 3
kilobazs. The pellets wers heated to about 1006°C, and
elloved to rsact for sbout twenty-Four hongs in aiv., The
roacted pellets wore then guenched rapifly o reom
tonmpeyvatarea.

The ba-8r-{u-0 composition produced from this process
corrﬁspon&s to tie general formula {LalmxSIKEaeﬂbGy vhere
"2 oiw 0.1, Y2 is 2, "' iz 1, aod "y i 2 o £. The
oxide compler was placed under a pressuve of 16 kilobars,
al roon tempsrature. Upon wooling this oxide complex

compoattion showed suparcendncting properties ab a

temperature of 42° K al atwmosphevie pressmxe. The oxide
comples compositien under a pressure of 18 kilobars showed
suparconducting properties at 54° ¥.

r
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BEAMELE VIL
The maguetic layer s & superconducting-
magnetig-cupereonducting multi-laver davice could consist
ef a lanthanw-bariuge-copper-cyide bage composiiion. Such
a aomposition way be prepaved as follows.
3.0 grams LagQz, 3.6 grams Baloy and 2.9 grams Lud

were mined and heaied in & vacuwm about 10 microns Hg-ab

a temperatura of about 1008°C for about twenky-four howrs,
The resulting product fommed a wagmetic compovnd with a
magnetic ordexing tewpsrature halow 40° ¥

The superconducting-nagnetic-superosnducting
mplii-layer structures may fthersfove be Fformed by
subjesting the overlayer of La=Ba~Cu-0, which is separated
from the superconducting underlsyer by an ulbra-thin
protaative coverlng of, for axample 840,, Lo a vacuam of
107 microns ¥y abt m tewperature of between aboub 900°C
and 1L00°C.

Thin file samples of the composition of the present
inwention may be synthesizad by altermative cuzrent or
radio frequency sputtering of a sintered La-Ba-Cu-0 target
in an argon atmonphers having about 10% oxyged and &
pressure of hetween 1072 and 2 microns Hg. Haat treatment
of guch film samples at 15-2000 microns Hy pressurs in an
oxygen atmosphers  should make the supersonducting
properties of the Film sanples similax to thosa Ffor tha
sintered samoles.

EXAMPLE VIIT

A La-Ba~fu~0 composition was prepaved in acoordancs
with the procedurs desoribed in Example I except that
Lagly, Baf0y and Cub were used in the amounts approprists
to provide an oxide cowplex of the formula
[Lﬂimxag“}aﬁ“bﬁy wherein Yx% iz 6.1, "a¥ ig 2, B¢ is 1
and *yv® is betwean 3 and 4, and an indenaive mixer ball
mill was uwsad rather thas a jar mill, The oxide complex
s0 produssd =showed superconductive properties at a
temperature of 60 K at an applied presgure of 12

. kilobais.

19283117 1-1«13/19




5

bt
i

1%

the sintered cylinders, A four-lead technigue was

w2

& la-A{trace)=Co-0Q cowposition was praparsd in
ageordance with the procedure described in Buumple 1Y
axcept that Légog, &C0; and G wers uged in the amounts
apprapriste to provide an owide comples of the Formula
{ray, Ba, ]Cub(} whereln "x¥ is abowt .01, Ya¥ is 2, “hY
is 1 and "y i hetwesn 3 and 4, and an intensive miwer
ball will was uwead for wising rather than a jar mill, 7a®
was wither bartimn or strontium. ‘The oxide complex so
produced showed superconduetive properties at an onsel
teinperature ¢f 100° K at 1 atwospheras.

A La-Ba-Cu-0 composition waz preparsd in accerdance ;
with the procsdure of Exampld IT ercept that L[ag0s, Bacly :
and Cud were ueed dn the anounts appropriste to provide an
ozide complex of the formmla [Lo iy 2Bax 4C boy whezedin a4
ig about 0.4, "a¥ i3 1, WL¥ ig 1 apd “y* is befwean 2 and
3, and the heat trestwent was done at 1¢™% microns Hy in
alr. rather than at atwospheris pressure. The cxide
wompler so produced showed superconduchive propsrtiss at
an onset temperature of 1000 ¥

BXSMPLE KT

A yririum oxide compley was prepared with a nominal
coposition vepresented by H“ .0 ] 20,0 10y wherain "x¥ iz ;
4.4, "a' ig £, YBY iz 1 and "y" it& le.s than or equal to
4., The ytizium oxide complex yas preparad by intensively
mizing appeovriate swounts of ¥,05, Bale, and Cud. The
oxide mixture was then compressed to pallets ab an applied
pressurs of 100 to 500 psi, the resaliting pellets were
then heated in air at a tewperaimre between 800 Lo 1100°0
for abeult 15 minutes then rapidiy (uenched ta TOOM
temperature in air.

Bay samples of dimensious lmmxd.Smmxdrm wvere oub from

ciployed for the resistance . {3) nsasurements and an ac

252 1/1-1-13/10
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inductance bridge for the magnetic susceptibility (y)
determinations.

The tempsrature dependsnce of resisbance for this
{-Ba-fn-0 oxide complex was delermined in a simple liquid
mitrogen dewar with Tesults as shown in Faure 8.
Registance (R) indtially dzopped linearly with tenperature
(Y. A deviabion of resishence from the linear
temperatere dspendenca was evidenced at 93°K. A zove
ragistivity state was achleved at 80°K., (However, when
the pelleis were quenshed on an aluminum plate as a hest
adnk to room temperature in aty, the wero resistance shate
way achleved at 90°%X.) The variation of magnetic
suseepbibility (y) vith temperatire was measired with the
resulls as shown dn Figure 9. B diamagnetic shift enz
chsorved to start at 93'F und the zize of the zhift
increaged rapldly with further couling, At 4.29%, the
Giamagnatic signal cozresponded to 247 of the
supereonducting signal of a lead sawple with similar
dimepsions. In a maguetic fleld, the drop in remistivity
shifted towazd lower temperature as shownm in Fig. 10, AL
the maximm field applied, the zero raisitivity stabe
remained at Comperaturs as high aw 20°K. Preliminasy
I-ray powder diffraction paltletns showsd the existance of
multiple phages appa%"eﬁtly ghcharacteristis of the KENiE’Q‘»
structirz in the samples. )

Yhe above results demonetrate wnanbiguously thai
superconductivity occurs in the Y-Ba-Cu~0 oxide complex
with a transition betwesn 80 and 93°K {and 90-93°K when
gquenched on the alwminms plate). The wpper critical Fisid
H (%) way determined resistively. 1£ the positive
curvatere at very low Fields iz neglected, a wvalus of
G, /AT vear T, iz observad to be the 3T/K or 1.3T/K,
depending on if Ho,(T,) iz naken at the 10% drop of the
normel state resistivity, or the 50% drep. In the
peak-coupiing limit, ch{()) was estimated az betwasn 80
and 180T in the ¥-Ba-Cu=0 ozide cowplax. The paramagnetic
limiting field to 0°K for a sswple with a T 90K is 165T.

FO252/141-1-13/10
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EXMIPLE X1T
100 g of ¥.0 . 349.57 ng of ka0 and 211.39 ng of
a0 were thoroughly mized by nnéxhr»peatm. Wixing
sontdmued wetil sdovoscepic oxamination revealed that the
white Yzoq and BaCD powders had thorouguly mixed with the
daxk £uG powder ra prodoce o miniture of umiform ¢olex
without any regiong or atreaks of white or Tighter
color. The powder mixture was then pressed to pellets of
about 2/16 inch diamater and 1/15 inch thickness in a
peilet die by application of about 256 pei pellietization
pressure.  The pellets weve then reacted under atmosphexls
conditions at a teWwperaturs of 1000°C For about 20 tg
abont 30 minmbes and thereafior cemoved from the oven apd
placed upen ant aluminum heat sink plate to rapidiy guench
the rgactad pellets Co ambient teaperature. The lei T{;D.‘
fi’cl and Xeray diffcaction lattice parameters measured for
thig ¥B2O compler ars repovied ln Pable 1.
TEAVEER XT17
0¥ wmg of La 0 247771 wmg of Eaf‘!) and 146,472 ny
aF tud vers tﬂa:r'cmqhw wixed by nmrw.armyesLiE unkil 3
wixture of unlform color was obtained as determined bv
microsoopic cxamination, Tha powder mixture waw thep
pregaed to pellsts of about 3/16 inch dlaemeter and /6
inchk thickress in a pellet die by application of about 250
psi pelletization pressura. The pellsts were then rea~iad
in air for about 8 hours folluwing whick the pellets were
rearted for abowh 20-30 minuitas onder a reduced-oxygen
atmosphere (~20004) at 850°C, then guenched bv passing
apbient tamperature oXygen through the reaction zone
gontaining the pellets., The Tayr Togr Tct’ and Xeray
diffration lattice pavameters detarmined for this LaBCo
rowpler are reporied in Tables 1.
EMANPLR X19
LB 1,4‘0 sy OXide complezes whereln “L" is ¥d, Sm, Ku,
Gd, ¥r and Lu were prepaved with the tmantitles of

3

4

materials and at the zzaction tempsratures as given balows

G352/ /1-1-13/10
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2 3 3
e s — _ Tewp. 20
WG 1ty 234,538y 161 . B9%mg 950°C
‘}mzﬁa 1iHimg 2E5.28my 116, Fug K60
J:d:S 03 100mg 224 2tmg 135 .0ng 950°¢
5] 0 100ag 217 T3y 133, 1Bmy 106°0
m‘gﬁa lmg 206, 358mg 124. 763 p - ik n
Lu?‘(}3 Hmg 198, 359mg 119, 927wy 8307G

In each instance ths powder componenty ware bthoroudhly
wiged hy nortar-pestie uptil microscopie eramination
togeated a powdex mizture of uniform colog. In sach
ingtance the resulting powder mixfurs was pressed into

5 pellets of aboul: 3/15 inch diametsr snd 1/16 thickneass in
a pellet die by spplication of sbout 250 psi pélletization
bregawre. [n esch instance the resulting pellsts ware
then reucted for about 20 minmtes wnder a reduced oxygen
atmosphers (~30001) at the reaviinn temparaturss as ahove

10 indicated, following which sach was qisnched to ambient
temperature by pamsing ambiant HEPeratUTs oxygen over The
reacted peliets. The Td}_’ L Tc1 end Z-ray diffration
lattice parameters measurad for each of the yegulting
NeBCO, SaBCO, EBCO, CaBCO, BrSCO and LuBCC sanples are

i3 zeported in Table 1.
FARLY §
Reaistance~Tamparatores A-Ray Lattice
) Propeztieg Parapefars
OXTDE rm Tcl T&}
ooLampiEx (0% (%K) () s(A) b{A) e(4)
-~ gk 8 % W0 3.8630.02  3.06H0.6%  11.71£0.02
ngﬁiig_ﬁ Loy 9% %4 3.86%0.02  3.0640.62 1171
o 1,5‘1]8. Cu 9‘ %3 75 9% 3.95L0.02  3.95%0.02  11.79%0.02
oo
.Q'k Ch !) 91 10 93 3.89:0.02  3.89%0.00  11.7320.02

Qmsn?eh’ 03 w5 2% B2 135 3.8830.00  5.8820.02  11.73£8.02
SuBa cu o J g6 BB 150 3.8680.02  3.86%0.02  I1.74%0.04
Gﬂ‘tazﬂdaﬂs_rg 93 92 13% 5.89%0.07  3.8810.07  11.79E5.02
ErBazﬂ:gaﬁgm 9% &7 136 3.8330.82  3.85%0.02  11.6580,02

LnBa Cu & | a1 35 1200 3.83%0.42  3.37%0.02 31, @%E0.02
x 1 gt

19252f1/1+1~13/18
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s is readlly appacant from the abave descriptios
additional advanbages and niodifications will readily ooous
to thoge skilled in the art. the invention in its brosder
aspects is therafors a0t 1imited to the spscific aramplas
shown and described. aczordingly, departurss may be nads
feom the details shown in The examples without departing
from the eplrit or scope of the disciosed gengral

ipventive concept,

19052/ 1/1~1-13/10
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& superconducting metal oxide compler, having
ula (E‘l»xmx)aaboy' wharein "L" iy scandium,
yttrioe, lanthanum, cerium, prasecdymiu, neodymniwm,

o enrcpium, gadolinium, terblum, dyprosium,
holmivm, erbium, thalium, ytterbimm, or lutetivm, or a
combinaltion thereof; "N” is barium, stromtzium, caleium,
magensifm, mercury, or a combination thereof; "A' ig
copper,
niobium,

bismuth, titanium, tungsten, zirconium, tantalum,
vanadium or a combination thereaf: '

*x¥ is from ahout 0.01 toll.da

vat is 1 to 2;

Wt iz 1y and

i ig about(? to about ¢,

yittyie, | lanthanum, neodymium, *samarium, suropium,
iniug, /erbium or lutetimm, "M* is barium or
strgntviun,/ “A" is copper, "a¥ is 1 and "' is from about

yhtrium, lawthammm or lutetium.

5.  The oxide complex of claim 1 wherein the oxide
complex has the formula
IM A C
T etn

and 2 has a tumber value from about 0.1 to about 4.5

6. Thel ocxide complex of claim 5 vherain "L" ig
yittriuwm, lapthamm, neodymime, samariom, europiem,
gadoliniwm, erbinm or lutetium, ¥M" is barium or
strontrium, “A" is copper.

719252/1/1-1-13/10
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7.1 The oxide complex of claim & whersin 2 hds a
number vaiue frowm about G.1 to about 1.0.

8. | The oxide complex of claim 7 wherein 3 has a
pumber value of from about §.1 to abouk 0.5,

9. |'the ozide complex of claim 8 wherein "LV is
ybtrimm, lanthanum or lutetium and "HM is barium.

10, |A supercondueting metal oxide complex having the
fopmula ( lnxmx)aA’boy’ wherein LY iz scandium, ytirium,
lanthanum,| cerivm, praseodymiuvm, neodymiwn, sawmariom ,
euraplum, fadoliniwm, terbimn, dyprosium, holmium, exrbinm,
thulimm, vitterbium, or lutetium, ot & combination thereof;
"d* iz bariumm, strontrium, calcdium, magensium, mercury, or
a combinat] erecf; YA" is copper bismuth, titanium,
tungsfen, /Adrcdniun, tantalum, niobium, vanadium or a
combinatit graof; a9 ig 1 to 2; "bY is L; "x? iz from
and "y ig about 2 to about 4; said
conpled[mdde by a grovess comprising the staps of:
cempressing . a mixture of solid powdersd
ntaining L, M, & and 0 in propartions
j;e;/}:rield said formulas
) heting the compressed powder mixture ko &
temperature bf from about 800°C to about 1008°C for z time
sufficient Yo react the compregsed mixture in the sclid

COMPBOURGS
appropripte

skate; and
qusnching said rsacted compressed mizture to
ambient telpsratura.

11, Thg oxide complex of claim 10 wherein LV is

yitirime, lsnthanum, necdyminm, samariom, europius,
gadolinium, t:bium gr lutetium, "M" i{g barium ox
strontrivm, "&' dis copper, "a' iz 1 and "x¥ is from about
0.65 to about|0.80.

19252/1/1-1-13/10
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i 12.] "he owide complex of nlaim 11 whevein the solid
2 oowpourdd comtaining T sre L O, the solid compounds
3 containide "M ane neG and the selid compounds containing
3 A are A0 h
1 The oxide complex of cilalm 12 whersin "MW is
Z dd fxM 1e sbout 0.657,
1 he oxide complex of claim 13 whevein +the
2 poyder mizture is heated wnder a reduced oxygen
3 £ ahout 200600 at & temperaturs of from aboub
4 > o about 950°0,
1 15. phe owlds gompley of elaim L& wherein "7 ig
% ybtriom, lacthaoum ox lubstiwe, 37 ia barium and 'ad g
i
3 aepper.
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Descriped g 2 wpsrconducting composition conprising
an oxide complex of the formula | legiﬁg}gé‘go}f wherein L i
lamthanun, Tutstdwn, yotrium or scandivm; & is cupuay,
bisputh, titaninom, tongsten, sizconlenm, tantalum, wiokium,
9 vanadiug; B is hariwm, gtrventium, caloium, MAUNERI oF
sercuryy amd "a* Iz L to 2; "7 ip I w? i3 3 wisher in
e range of 0.03 fo 1.8; and YoM iz abovt 2 te aboul 4,
The oride complexes of the imveation ara prapared by a
wolidratate resction procedurs which aroduce omids
atitpized Twving enhanced supsrecadacting tramsition
temperatoves compared fo an oxide complsz of I{le
sumpicical composition prepaved by a cepracipitation - high
Lempasaturs decomposition vrocedurs. ' )

With a solid-state reaction prapaced owlde comples of
the invention a transition tewperstwve as bigh as 1007 ¥

has been observed Bven wndey almospheric presgure.
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