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ABSTRACT

Deosxibed is & superconducting compesitien sompriaing
an ondde cowplex of the fermmls Ei’l«xmgg-aﬁb‘jy wherein L is
lenthamye, lutediom, ytitoimm ox acandium; A 1@ copper,
bigmuth, titanium, Gungsten, zirconivm, tentalum, niobiuwm,
or vensdinmy M is bavivm, etrontium, ealoium, Bagnesiun or

meooury; and "al s 1 to 27 DY dg 1; R im a punbey in

the range of 0.01 to 0.5 and prefersbly 0.075 o 6.5; and
"yt is about ¥ to abolt &, The oxlds complenes of the
invention ars prepored by & solid-state reaction progsdure
which produce onide cooplexes having enhanced
swparcondusting trensition bamperaturas comparmd ':i:o B
oride complex of iille empiricel somposition prepared by a
coprocipitation o hiogh tewpaviture décomposdtdon
progedira,

With a selid-state reasticn preparsd oxide complex of
the dnvention ¢ transition teupevavurs as high ap 200° X
how hosn obmerved aven undsr atmospheric prasfura.
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ra Thin 48 o ondiviation=in-pazs of Savial He.

. 8% 99 . eied Swatwry 6, 1987, eovitled
"Eupereanducting mﬁ;ﬂa@irimﬁ Bl tﬁeﬁzcé For Tahancing

8 "f'*zte:i*' Tranisition Tomperabtures By Premsura' wiildh in T

B 4&*@« a  comtisuatlon-inepart of arkad W,

v TObADEY iied Japusry 1%, 1987, entitled

"oupargondudtiiag ;’ie'ﬁ;wﬂt:ifsa and Mathed,w

-

. Baghomaund of tee Snvention

ig Tuds  invention rzelatas 4o supsrocndustlayg
songesitions, J.@., conpdeitiong offerlisy ho olostrisal
rorigtance a2t o bemperaturd below a oriticel tempersturs;
Lo proveasses for thedy productlon sud to mothods for thair
usit: and to Sethods £Or iostoeraing - the supsroonducting

i5 trsnelelon wmperature of supsyoondwoting corposltions.

Buparaendeotivity was diﬂmv@@:‘aﬁ im oL,

Histopjeally, tis first obsesved and nost sistinchive
proparty pf & sug&!ﬁ:gﬁdﬁﬂ?tiva mateTiel iz the nsar tobsl
loss of eleotwizsl vesiztenve by the saterial when st or

20  below a editical temperature thet iz & charsctozistisz of
e maberdial. Yhisz eritiasl towporaturss iz raforeed Lo as
the swerconducting ransibion towperature of the
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naterial, Tg. the eriieria by which & salectien of the
critical tempersture value in determined €oom & transition
in the shengs in resistance chaexved is aften nét obvious
from this litersturs. Meny past awthors have shossh the
wld-point of puch curve & the _probeble critiedd
tenperativs of theiy idemlined msterial, while many others
have cliosen te report as the ovitical tesperabuore the
highest temperature &t which g deviation from the swemnl
state weslmtivity property is observed, Fenoe, the
iiteveture may report diffeving temperaiures withinm a
narrow rangs as the oritlesl br superconducting frauvition
tonperpinge for the same meterial, deponding on the
particular authoz's methed for selsctlng T, from the
obeerved dats. *

he history of vesearch inbtu the superdeaductivity of
speclfic naterials bagan with the discovery in 1911 that
MEFERry Superoondunis at & transition temperature of about
4* ¥X. In the late 1920'a, HBC wax found o supercenduct
at a higher temperabtuye, nskely up to about 10.5° K,
Thereafter other vompounds ond sllays of Fb ware cnemined
and wvarvious Nb cowpositions weye discoversd with
prograssively, but enly zlightly higher, puperesnducting
trangition « Cempergtures. Ik the early 1940's MBN way
ohgarvad with o teansibion tewperstunrze of about 14° i
MbySn was rveperted im the early 1850'g; Nbg(Al-Ge) was
reportsd dn the late 1960's; and Hby0e was raported in che
@arly 1970's To have a transition Tenperatura of abeut 19°
K. Caveful opiimlzation of Mbe0s thin §llms 1sd to an
increase of the eriticsol tesperature for such matepisi up
®0 23.3° K. While this work lad te progeess the mestinum
Cemperature ‘at which puparaonductivity could osour wai
raizsed To eonly 232.3° X asince xesearch started
three-guarters 0Ff a century age. The ezisving theories
gxplainasd the supercopduobivity of thess meterials, but
¢id mot prodict superconduvitdivity of higher thom &0° H.
Sigmificent pregrevs in  Cinding wmaterials vhich
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supszeondust at highey itrsnalilon temperatures then that
of Mbsfe thin £ilne was not mede wnbil 1906.

in 1986, wpecially preparved coprecipitatal and heat
traated minvurer of lanthenum, barvium, copper and ouygen,
that have an abrupt decressa in vesistivity ab en oumat
temporature a2 high as 30° K which eabibited a phenomens
Yreminlaseat of the onget of parcolative
supergonductivity" wezre reported by J.0. Dedndrz snd R.5.
Hullar, YPossible High Tc Supgreenductivity In The
Ba-La-Cu-0 Bygues, " Z,Phye.B.-Condensed Mutier, 64, pp.
189-193 (1986). Under atrosphuric presmire conditiona,
tha zbxupt chenge in vesistiviity for thess conpositiong ==
i.8., that tewperature &b which & portion of the material
bagius to ehow properties yeminisoent pf pancolative
supergonduativity ~e Yors zeporvted o approsch the 30° K
romge. Fhe auvthors refer do this phenomsnon &6 &
"posaible” wage of evpewconductivity. The compositions
raparted by PednorE £t al to have such proportles at s
t@ﬁgamaﬁum as high as 30° K cosprise Lag__ﬁgﬁagﬂugc(gﬁy)
whate H = ¢.75 o 1 and ¥ > 0, 'The Bodnerz st al
compeslticons aTe prepazed by goprecipitetion of Bd=, Lo-
and Un= nitrate solutiony by addition to an esalic ncld
solution followed by decompesition end s0lid-ptabe
reaction of the coprealpitads at 300°C for 3 hours.
Thoreafier, the compositien is presssd o pellsts at 4
kilobars and the pellsts are zinterad at 2 temperators
belasw 9507C in & xaduced onygen atmosphere of 0.2 % 1078
bar. Bedoorz et &l ,'x.‘apazt-ad the'zt this method of sanple
prepapation ls of crueisl importance €0 obtaining the
obsarvad phenomensa.,

Superconductivity is = potentially vexy usefud
phemomenon. It psduses heat lesses to zere in slscteiest
powsy tCranamissieon, magnets, levitsted monorail trains end
nany other modexn degvicas, However, supsreonductivity of
a wmakerial occurs only st verxy lovw temparaturea.
Originally, and until the inventions outlinad havain,
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liquid heliuwne was the reguired coolant to provids the
cendivlons necessazy fox suparepndustivity ©o occur.

It would be desirabis to produoe o supesrecnducting
componition that has a travgition temperamturs which
ercseds thoge of wupérocnducting conpaglivions previensly
degoxibad, It would be partioulavly denirvable ko develop
4 supercondusting cowmposition that hae the petentisl of
having a '.i'g of 77° K or higheg. @uoh & composition would
snebie the use of liguid pitrogan inetead of liguid helium
to ooel the supsvcomndusting equiptiout and would
dramatically deoreass the o8t of operating and insulating
supsrocolducting eoguipment and miterisl.

Summerry of the Inventio

bescribed in & muperconducting composition aonprisiny
&n oxide compler of the fowaula [t.1 gt x]m :cy vhareln L ig
lenthanum, lutetiuvm, yitrium or soandium; B is oopper,
biamath, titaniun, tungaten, sircénmium, tsntalum, niohiuwa,
or vanadivm; N is barium, strontivm, éaleium magnesiam oz
maroury: end Y&Y im 1 to 2; b is A: "y® is about 2.01 to
akout 0.5 and preferably 0.075 to 0.5; ang y" ig about 2
e sbout 4. The owide complexes of the invencion ave
prepared by a eolid-phate reastion procedure which praoduge
oiide complones having enhanced superconducting transivien
tonparatures compared to an onide complex of like
ampleioal sompesition preparsd by s coprecipitaticm -~ high
tempexrature deconpositlon procadurs.

Whan M s berium, the transition tempevatuvas of
cnset and complets supercenduerivity, mec and L gas Haun
in Fig. 83, respestively, may be inovessed by su&ajecting
the barium species of the onids complex te pressure wp to
i8¢ hilohars. Lilewisa the non-barium spacias 0F tHe oxids
gonplanes of the invention exhibit sn onhancement o
higher limits of theiz supszeenducting transition
temperatures vhen subiscted to high pressures.

' Ihe application and waintensmes of high pressure on
such oxide complexss is belleved to enbance the transitien

FHISB/R/1-1-1371D
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tenpereture o higher limlte by reducing the interatomic
spacings betvwesn elemeats L, A, ¥ end o comparad to thalr
reepactive spacings vhen the oxide complexr is unday
atmospheric prassuré only.

Altarpatlvely. &n alkaline sarih metsl hdving atomie
radive pmaller than barivm may be used in whola or in pave
o fulfiil the alkalins sarth metel sonsbtitusnt
koquirvement to provide an omide ecomplax heving reduces
imteratomic spacings between elemenbs, L, A, M and O B
when the oxide complex in under only atmespherle preseurs,
sompared to a pave barvium svecies, thus inersasing ?c:o and
Tm. Applicasion of pressurs up te 18 hilobars will BVEn
further enhaove the it_'m and Ty 9f such pubstitubsd oz
nofi-barvivm oxide complen apecies.

With a solld-stabe rescticn preporsd onids sonplen of
the invention & tramwition temperature aw high ss 100° R
has besn obperzved even wider stmospheric pressure.

Biief Descuiption of the Drawings

¥ig. 1 Alivstrates the radoction in olectricel
roplatynos 48 Tomperaturs A5 dedverssd oF a Da-BamDie0
composition o prepmred according o Eranpla V.

Tig, 2 illustrates the cohsnvement towards higher
terperatures of the onsdt trensltios temperatnre {T T, } an
applied pressure i dncysssed upon o i;.aniﬁa-cnmﬁ
vonposition as prepared aseording to BEmawple v,

Fig. 3 lllustretas the magnetis £lold eoffaect e
raglatdvity of o LecBa-Cu-D c@ﬂpesﬁ.?iau an prepaved
acopzding o Exawmpls V.

Fig. 4 illustrutes the magnstis suscspeibility as a
fangtdon of tenperatnre of & LAa=Ba-Cyed compoaition as
prapared acosrding o Example V.

Pig. & illustrates thy reelovivicty and dlamagnetld
shift as & Zunction of usupsreture o6f 2 La-Ras-Cu=0
conpesition prephred sccording to ¥xample ITI.

Fig. o dllustzstos the resistivity o8 a Sunotion of
smporsture undey different spplied prsssures of 5.7

035272/ 1=1~31 410
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Ellobars, 10.% kllobars and 18.2 kilobars sf a La-Ba-Ou-0
conpioaleion ag prepared mecording te Trawple 1IY,

Fig. 7 illuefrates the effect of applied prassurs on
onset temperatuves (T..), widpolat tempevature {2, end
temperature for complets superconductivity (T ﬁi} ef &
La=Ba=0u-0 somponition propared aocording o Buawmple IIT.

Big. & fllustrates the reduction in elegirleal
resldtunce s LeEperatire is docroaded of & FuBgsyet
conpesition aes prapared sccording te Exampls XI.

Fig, 9 illustiates the tenpersturs depovdance of
mognetie susceptibllity of n Y-Ba-tusd swposition as
preparsd ssonzéiny %0 Efenple XI.

Pig. 10 illustrates the maguetis flsldé ¢ffect on the
.ras&:i-étaf_mé af & Y-Ba~0u~0 compositich as prapapsd
aotavding to Ezatnie ¥I.-
Datalied Demdediption of the Prafervad Embodinersty

supersondugting eompositionz of this invention
comprisn an ouwide rcomplex defined By the folloving
formiala;

(D2 Pl ) &%

vherailn YL'% 15 an olenent sslected from the FGroup
censisting of lemthanwm, lutetivm, yeirlum and seandium,
oy & mixture of one or more of these alemsnty; wvierzin YAM
ia an slomsnt oslected f£rom the group coneisting of
coppei, bismaih, titesdum, tungsten, sivconlum, tantalimg,
nloblum, vanedinm or & wiwtuze of ome or wors of thoss
alsments; wvhereln "HY in zn element sglected from the
group conalsting of baziuwm, strontiom, caleium, magnesinm
a0t MercuIy or a wiztugs of one or wmove of thasa &lomenta)
and wherein &' ig from ebowt 0.03 ts mbout 0.3, and
preferably €.075 to 0.5; “s% i3 L Lo 2, "B iz 1, and gt
iz about 2 e ebout £. The mantint of oiygen precent ia
the compesitions of Che pragent inventlon dapeonds upon the
valenoe ragilrananis of the other elomenta and the defests
reguliing from the partioular heol trostment used €5 maks

722533727 1~1=31400




B

ip

a0

25

30

35

P ra

the composition. The welar oxygen content “y* is about 2
toe ¢ timss "b." a8 used in the preceding ogustion.
Lauthamm is the prafsrred “i¥ component, bariam =nd
strentium are the praferred "H' components, and aopper is
the praferced A" gemponewut,

it haes heen obpszved that the transition temparatura
of such & oxide conplex is insrzoased by the appiicssden
of pressuve to the ocouwposition. It is believed thet
subjecting the onldas conplex to high prassuras desressas
the intezatowit Qistanués or Llsttice spacing inm zuch
complexes and thet this may, at least in pazt, aceount fox
the snhencessnt of trzanditlon temperaturss that has bosn
obeorved. Another way T& obtein a decrempe of the
interatomic distances or lattida spacings is during the
prepazntlon of the ouide complen. Thus, for srampla, an
elkaline earth metal heving an stomic radiug smaliles than
bariom may be ueed in vhole or in pard to Fui?fill the
alkalive oareh metal Yeguirement to produce ah oxide
coiplan having reduced intaretomic distancss or lsteice
epaving coupared to an ondde domples with barium slens,
with 5 conssquent inerease in the transition temparatuwe
of the non-barium oxide cemplex remulting compared to one
produced with Sarium alene: The tsansition tenperature ie
increased in sush an onide complen even as neaguved undsr
atmaaphéric pragsura.

The pragent invenmtlon slse provides a solid-atate
reaction methed for making evch supsrvondueting oxide
compleses which ecomprises: thoroughly sising selsched
ot of 50lid powdered compounds contalwing L, B, A,
and 0, prefarably by selecting appropriate onounts of L0,
o1 L{OH}y, MDDy &l AD) LHasting the povdarsd miweuwrs in an
oxygun containing atmesphers, et an spproprizie pressurs,
and at g temparsture of batween about $40°C and S00°C for
a time sufficlent to react the mixturs in the solid gthte;
heating the resulting mixture nt @ beuperature botwesn
abont PO0°C and 1100°C, prafzrably for at least twslve
hourg; hemogenizing sald reagtlon minture; heacing the

TRERE]241-1-11120
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homogenized resction wmizturs at 5 tewperature hetwasn
about POU°C and about 13100°C, prefersbly for at lesst sin
bhousrn; eanpréseing seld composition with s presgure of st
least one kilobar o produce gpullets; pintering sald
pellets; and quenching said sintered pellets rapidly from
the giptaring temperfature to room tesmperature in air or in
an ipext gag stiosphdars such as Ar. Praferably mizing of
the solid powder compounds is performed by an intensive
mizoy such as & ball mill.

An alternative method for meking such ouide canplen
supergonductive cowpositions includes tha following steps:
thezroughly mizing selsoted awounts of solid powdated
compounds contaladng L, M, &, and o, prefarably by
gelecting apyropriate amounts of Loy or L{OH}3, WMCOy and
A0r compressing eaid mizture into pellets: Tsacting said
mixture at a temperature betwesan aboult 900°C and about
1100%C for a time sufficient to couplete the molid state
réastion; and vepidly quenching aaid palists to room
tenperature. Again, mixing is prefarably reeonplished by
an intensive mixer such am a bull will./ Peilefization of
the oxide mizture iz carrisd cut al au poplisd g,;.sssur% of
from about 100 to asaut 39,000 pai and preferdbly &t an
gpplied pregsure of form aboyt 100 to about 300 peil, most
preferably &t mbeut S00 pai, Reiction of the palletizad
mixturs ie preferably condocted in air for about & wlnuten
Yo akout 24 hours, and mosi pzaﬁarakly for sbont & fo
about 13 ninhutes. Wollowiny ths cowpletion &f the
yesetion step the reactsd pellet gompositlion s prefecsbly
qﬂex;ched L2200 <= tamna:atuxa if ale, okt prefecably o

an aluninum plate as 8 heat alnk,

Amothey wethod for preparing omide comploxes which
exhibit signifivantly enhanded tramsition tamperatwres
fncludss the following steps: thorsughly mixdng ssleeted
savurts ¢f #olid powdsred compouwnds contelaing L, M, A and
0, prefarably by selecting appraprlote ambunts of Oy &%
{08} 5+ HCO, and AC: dapositing the onlde mizturs on 2
coppar supatrate which haz heen clemnsd of its copper
oxlde savface film, praferably by acld clesning in dilute

T3A52/ 2/ =1 10710
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hydrochlorlic acid aolutien; ¢ompreszsidg the ouide mizture
againgt the copper substrabe at sn epplied prassurs of
from wbout 100 fo abavi 1000 pal, preferably at sbout 106
to 200 pul, o form the oxide mimtuze inte a 2‘5;];.;;; ar layey
o1 the csoper subairate; heating $the evpper sulgbrate and
oride migturs layeTsd therson to a tempersture of frem
sboat 900 to Ebout 1100°C In aly for from cbout 5 mibutss
to. Abawt 24 heure, and praferably for shéuh § To shent 15
niputesr and guenching the copper mubotrabs and owide
mirtiivs leyersd thevben o roon tomperature im &if.
Ingpection of the ozdde mixtuve laysr vhieh vesulid Fres
thiz nethed of prepsration disclowses that it dompricss
three phasas, the fieet of which atjavent the coppes
substrstd caliprises a glazey insulating 13?@:@_;&&5‘@: the
second phase i the soparcondunting laver ‘phans; and ths
thizd phave which borders with the Sevond guparechdusting
phase is & powdsry vompound whish ia alge an imszulatos
lgye‘i; phage, .

#4111 another sltsrpabive wmeibod inciudes the
dmmediately foregoing sheps and the step of raducing
interstomin ' diwtaneen, alther by the applicstion of
prassare to the oxide comgplen or by the wss of atomia
slements which provides smellez lattice epasiogs. B
preferrad oxids complex vwhich ewhibits s slgelflesatly
orhanesd superconducting trassition wempexature is
propsded by utilizing yitrium 2o the L' componant. '

Onide complenza of the formuls [y 5] aAbG;r prepared
by o welid-gtate rgaction procazduve as deacribad exhibid
puparconaucting properties &b tvausition Cemporabuvesn
Righer than beretofors repexted. The bavimm speciss of
the oxide complax, that im wharein *M" ip only barium, as
pregared by the degoribed solid-ateis rasction precedura
exhibits auparconducting properiies beginning at a highay
ounst tewmparatura {2'0,03 than the teaparature xeported by
Badnorz st al 28 that wherolin, for sn onids complex of
gluller empirical ecompomition hut preparzd by 2
copracipitation mathed, a phononsnon Yremdlndlatest of the -

Fa35345F1-3-11/10
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onset of pereslative supersonductlviiy was obhsarvad,
Farther, It has been surpsisingly found 2hat the
supereonduriivity tzonsition lowperature of axlds
compleras of the formnls EL _ 2:3 ﬁbo prepazrad by the
solid-giate reaction procedurm iz fuz-tneas: arhaaced towards
highar ldmite by the appliestion te and maintentnes of
pragiuse on the otlds complexr up to abewt 18 kilebavs.
Baged wpon present belisf, it is thought that the
applicgtion of spd maintemance of high prossurs on such
onide sompleres enhances thelr swperconducting trameition
temperature by produning & redustion of the lnkeratenis
distante or lattice spasing between the petsl stoms
foxming the .complek. The applisation and maintenance of
high pressure on such oxlde momplenes mey slov onhavce the
transition temperdture by supyressing instabilities
datrimental to a bigh tenpsraturae supgrecshductivity ang
thus persdihing the existencs of Huparaonduating phasse
species to ococur within the body of the oxids Ronglen BE &
higher temparsture than that st which such phease vonld
foxg At atmobpherie pressure./ Prasaura has buen found to
anhance ths T, of La-Ba-Cu-0 and Lp-Sr-Cuel waidar
colipilones at a wate of guaaitay thag 10 3“K~b&r -2 and Lo
ralgé the oudst Tﬁ o S7°R, raschiag o 3@:@&33@5,5?&“@@
#tats et 40°K. It 18 Yelisvad that pressure reduces the
latties parometer and sohances the ﬁuﬂf“'{m Tatio in the
cﬁﬁﬁﬁﬁn&g FThe oouswally laxge presssure effeck on 1
sudgent that ths blgh Ceupéfatuve gupa::cmﬁmiﬁvit; in
Laefasetu-0 mﬁﬁ La~fz-0u~0 complenes wey b avscoiatad itk
i1ﬁ@ffaei&1 sffacts arizing fzom mized phages; lokarfecas
hatwterd the metal mnd lnsulatar 152&?5‘ or concintrntion
flustsations within the Kg_aiﬂ 4 bhase; atroag sup@:;ﬂaraéuac.,ng
interpotions dud to the miged velence stalss; or & ot
wnidentifiead phase., Althoush ths unenpscted enhaocement of
trapsition temperature thai the aspplicatien of prossurs to
such oxide complenes producas has bosp repsaiadly
obaeyvaed, a meghanism which sdoguately explaina th
praugurs effact has not yve¥ been Frlly datermined.

FERERF2]3-1~10) 30




Lt

18

15

20

3g

35

EERES

The transition tempereturs of such oxida complonss ia
enpanged Dy tha application of pressurs, avrd thaz this
wffect 1 Ak lsagt in port: Gue ©o a4 vesulting reductiow in
intevatomle epacing in the sxide coupler iz evidenoad by
&0 emhanoemand, oFf transitlon temperztnre that may be
produeed without the applioution of entrinpic preggura by
amploying in the formatlon of the eoxida complez an
alkeline oarth metkl bhaving emallery stomic radiuz Cthan
that of barium. & sindisr eohercemsat of crénsibdon
tomparatura has been chserved vhzn yhotrivm le wsed z5 the
Yt domponent railr than lanthanue.

Henca, when preparing an oxids compisy of bhe
iovention, 1t is preferred to completely oy partially
substitite foy the baviumn atoms, atomle zsdins of 9.3%
anstrons, susllar alkeline earth wmetal atoms, 1.2,
atyontivm, atowle radius of 2,15 sngatrans, oaloivm,
stokic radlus of 1.97 angetroms, or magnesium, atosdo
radius of 1.6 sngatroms. Bimlilarly, domplote ox partial
substitutden of the leonthanww atehs, stomle radius of 1,87
apgatroms, wWith the sweller lutetiuwm atows, mbtomie radiug
of 1.78 angatdons, "or yoerlisa, atemio vadivg 1.7%
angatrows, will provide this sams effest. The sppllcation
of prazgurs Uo ouch onlds complenss thst sre prspared to
nave decvadmed intevatomlic spaciugs will Suriher onhancs
the wranaltion tempavaburs of bBuch aempesdtlons to hilgher
limits.

Alternatively. the depogition of o lanthanuwr, baciws,
copper, oxide Film on 8 oubetoate with smaller latiicos
parematers, oushk a8 a lanthanum. ealolum, copper owide
asubstrate, will reduce the ilstesafomic spacing of the
supsreonduntling soupesition, end thus will inersass the T@
5L the oulde complex eomposition. Further, slagéiny of a
dgnthanun, Larliim, copper oxide compositilon with metals
having laxger thezmal espansglon goefficlants, such as
cophes, will apply and maimtain the presswzs zegmizrad to
reducs the inbtarstomic dilrtances betwsan the clemenia in
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%he oxide somplen compozition and hence will inersase the
‘.L’fc of tha composiblion.

The onide complexer of thw presunt invention may be
wade, for emample, following either of the following
PECCGRBEE ,

L. Appropriate simounts B¢ LgQs 0% L{CH)g, MCOp
and AU are thoreughly mized. This mixing le
profersbly done mechanleslly,) as in a Jar mill op
ngre pred ¥ in an intensive mizar such &8 a ball

E’hr B% léget 12 hours. The wiwing prosuces
inely geound pgrticles. The mixture iz thea heabed
in e Gontaining etmosphare, st en spprupriate
Prousare, and at a temperaturs betwsen abowi
840-800°0, The tomperabure of The mixture iz
conveniantly increesad to the 640-800°C target
tamparatore 8% & rate of 10°¢ per minets. The
migtwes i kep® ot this '-E;mrgmﬁ: temperature for o time
sufflcient to allow the solid-gtate minbture ©o Teast.
Prafarsbly, the wiwture is allowed to reawt Ffor sbout
an bBowr. After this weaction step, the tswperatura
ig waiped o sbout 900 to shout 1100°C, convanieatly
4% a yate of about 30°C par minute. The senples ave
hept st the 200 €0 1100°¢ femperaturs for a Glme
sufficient. to complels the #0lid swate reactisn of
the materials, ithe coppleted s0lid state reactad
product being thal produet hswving the comporents
conglately diffused through the composition. The
anmples are then eosoled te roon Lewperatuve.

The neEt stap in Lo honogsnizs the sample,
prefecably by pulverizing ths redoted mixture ia &
Jar mill and more prefovably in a ball mill for st
lesst 1 houw. The pulverized minture is then hested
rapidly to betwsan 900 -~ 1100%¢, The mixnturs is
maintained &t this temperature nrofecsbiy—~£o
J?esmf."" curs. After this step, TRe nizture iz
Foonpreaseyd undae & presaurs of at leagh-ong kilol
This ‘copbresces the powdared mixbture lute pellets br

79282 271-1-10710
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some other coherani ﬁamp forn as desized. Ths
pelletns are then ei ema in goiid c:ylimiers. This
sintering process is prefamm at &
propaitts betwsen zsrd Lo twy la.ba &
temperature of betwesn shouly 00 - LI00°C fnd fox
about four hours. Flnally, sam;:laﬁ Axe guenched

papidiy From this tonperature of E‘&'\tween 8§09 ~ ir007Q
to room tamperature. im alrx, ¥ an inert gse
atuwosphiere. This final step, slony with thoreugh
nizing of this mixture, decresses the ranys of the
sipgraondueting Sransition of the compesition. Thisz
superconducting transition ranga is the rangs of
temperetures betveeon the peint when & periien of the

waterial shows superconduetive propertien {onret

transition temperatura) snd the temperature at whish
the aonposition showz cemplete superéonductive
proparties.

Cam:paaiticna wade in this procesg may be
compressed to prassures that ezcead atuogpharic
prosoure, preferably in the Tongs of 1 to 20
Ellebsrs., ‘This increass in preésura typically
incresnes the tr of the coaposltlosn,

2. A sac:ona PEogers fovy prodosing
superoondueting compesitions of the prezent invention
compriges: thoroughly nisxing, prefezably for at
lasamt about 12 hours, appropriste ancunts of figly oE
L{OH}s, WCDs, ond Ao, by machapmidal m@mné, such ag in
a jar mill or mors profsrably in a4 ball mild,
compreasing the mlrxturs intoe pellets; and Egaoting
the pellets at about 900 1X00%¢. This reaction
prefarably tskes place in an alr atmeosphers; aftsr
which the veackad pellete nre raplidly guenched 4o
reom tenpasrature.

Thiz ascond method sometimes mesnlis in wultiphese

samplas in & lees sontrolleble way. .

v/ The supersonduoting ecomporiticng of the preaand
invention have the petential) for being wed in & wids

78252/2/1-1-11/10
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variety of spplicetions. Tor exsmple, when vmed in & wire
or conductor form, they may be wosd in elecirical poOVSY
trengmissicn, ensryy etorags, cohtrollsd Fusion reaction,
alsctrigity generation, mass tranaportation and magnets,
In & thin film foum, they may bs nzed in uwlirs-ssneitiva
detectora end in uwltra-fast computers. In additionm, they
may be veed in a supesrcondusting-nagneticesupsreonduating
nmalti-laysr form for uss in ultra-sensitive ultra-fast
lectiomagnetis micre deviees,

The following eramples are reprosontative of the
axide complezes and methods of producing the onids
complexes of the invemition. The exsmples for ceftaln of
the ecompositions alse iliustrale the enhancement af
trawgivion tewparature that is produced by the application
and maintepdnce of high preseure oo the oxide conplezes.
Genzrally, the standard 4-probe tachnlque was used to
measure resietivity, snd an indudtance bridue was emgloyed
for ac magnetic mwseeptibllity ¥=determination, Tha
Lemperature wae nosgured using the Au+0.07%Fe~chromel, end
chromei-aluwiel thermecouples in the absence of a magnstic
fleld, and a cazbon-glass thermomeiss iri tha pressnce of a
£i81d, %hs lutter wam calibyated aganinst the former
without & fisld. Msgnetic flgids Ve e 67 were generated
by a supereonducting nagast,

EXAMPLE 3
6.0 grams of LagDy, 0.61 grame of Sroly and 1.63
gramg of 0wl were wmixed in a feor mlll for about 12 hours.
Tha wizture was then beated &t § rate of about 1090 Py
minute in 2ir &b 1 stmosphere presazure, wntil 1t vaached a
tenporatnre of about 726°C, The mixtiuve wag thenm allowed
to raact for about an hour ot sboubt 720°¢., Afier thia
reaction siep, the temperalurs was ralsed to a temparature
of aboult L000°C at 2 rate of shout 30°C par minute. Onoe
8% 8 L000°C tsmperaturte, the zamples wayrs malulbained ab
this teuparature for about twenty-one hours, This allowsd
the complegtion of & solid state resetiom. After cooling

1925z72/3-1-11 10
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e Foow temperatuze, the reaoted nirbure was pulverized in
a jer mill for sbout & hourse nntll the sample was
hopausnized,. The pulverized mixture was then haatad
rapldly to a temperature of about 1060°C, and hept at that
tempaysture for about saven hours. After thias peried, the
mlgture was cooled to rdom tamporaturs snd then cowpresssd
updsl’ a prussuxe of ik nhilobays, Thie compreasion
venverved the mixed powdar into pElletz. The jellste wore
then sintsred inte solid eylinders by hesting them at a
temparature of about I0007¢ for a perisd of about fouz
hours at = predoure of alvost geve kilobers. Finally, the
sample was waplidly quenched from thisz temperature to room
temperature in aix.

The rusulting lanshanum-stzontivo-copper—exide

componitien had an empirvieal formuls of :"al‘asxzo.zc“;.oy"

This cervesponds Lo on oxlde complex of the gunaval

formuls [z.ahxs:ﬁ]a%@y whereln “s® ia 0.3, ¥a" j= 2, opw
dn 2 mnd PpY de 2 %0 4. The owilde complex compositlion had
a&n onsat supsrgondectivity transition tenperatura (Tga" wf
45% K, with & narrow trmneltdon widdh $o cobplets

supsrgonductivity of about 10% K at awbient pressura.

TXAMPLE. 11

6.0 grems 6f LagOz, 0,61 grams of SrCOy and 1.63
grems of Cuf were pixsd mechanically in a jer will for
sppronimately 24 hours. The xesulilng mixturs was then
aoupressed ints pallete by applylng o predsurs of shout 2
kilebars. The pallets wvaers hested to sbout 1000°¢, and
zllowad So reset for about Twemby-foury hours in air. The
reactad pallets ware then gusnched rapidly to xoom
Lemparsbuze.

The Lg-Sre-fu-0 composi¢ien produced from this procass
nad a formenle of La, asxgczcuzoy, This coryreuponds o an
oxide complon of the genaral Eermula [L&lmgsrﬁl &Guhﬂy
whaerein "z ds 0.1, "a* iz 2, "b* ia 1 and "y ip 2 to 4.
This compasition chowed supercondustive propevties at 5

7825273/1~1-12/10
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teupaerature of sbout 42° K, with a parzow transitlon widgh
of shout 5 K at ambient presunra.

EXRNPIE 113

B.0 gramg ¢f LRpQs, 0.01 grome of Batls; and 1.63
gramen of Cud were mlmed in o morter-postle apparstus for
sbout 3 hours. The migture was then hasted &6t & zate of
abere 10°C per minute in oxygen at a pressure of shontc
2000 pichons Hy, untll it resched a tespevatuxe of 720°¢.
The mixture was then allowed o react for about an hour at
sbout 720°C. Aftsr this rosovien, the tomperatura was
reirad to a temperature of about 050°C, this vajse in
tonparature wes mads 8t a rate of sbout 30°¢C per minuts.
Onte at this temperature, the gample was maintained 4t
this temperatwre for sbout twemby-ons houra. After whis
peried, the sample was edoled to room temparsture and then
the rsactod mixbure was pulvaprized uneil the sample was
homogenized, The pulverized mimture was then hesied
rapidly to a temperatura pf about §50°C, and kept et that
tomperatures for sbout seven hpuvs, After this pericd, the
sampla was agein conled ¥o room btampsvature and the
misture was conpressed undsy p pressurs of six kilcbars.
this comprassion converted the mixsd powder into pellets.
The pellets were thenr sintersd intoe soldd eviindavs by
heating them at a temperature of sbout ¥50°F for a pariod
of abwut four hours &k chbient atmosphorie pressurs.
Finelly, ths sample was xupldly gnenched from this
fehperatore o Yool temperaturs in aire.

The ragulting lanthetmm-bharinn-copper-oxide
tomposition had the formuls t’“l.aaﬁo.acuz?y' The oxlde
conpliex so forped waz of the formula [Lalﬁasax}acuboy
wheraln "gY is 0.1, "a" ig 3, "™ ip 3 and "y is 2 to 4.
his vompesitlion wes found to by supsrconductlng at 39° R
ah ambient pressvre. This composition was then plaged
inside & presgure oell and the compozition was comprasssd
to a prespure of 14 kileobave .at zoom temperature., After
thie compresslon step, the tonporatuzs was gradvally

79282/2/1-1=11/10
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vedugsed wnlil he Gomposition showed supsreonducting
propurtige. This composition rhowsd superconductivity
propeviies at a tBmperaturs of 52.8° K at the appliad
presopurs of 16 kilsbavs.

A sapple prepayed ns dencribed above exhlbits only
R-ray powder dlffvactiun patierns charaateristic of the
single KaNiFs phase with a vesmoiutlen ~5%. The
repistivigy of this sample st arbient pressure dearsapes
nenotonically with desydssing temperature but et a reduced
rate below £8° K. A layge dvep in vosistiviey sets in a2t
~3%° K, indicative of the omset of » supszeonducting
trangitien, and regisbivity beoomes zerp &t LTyy ~20° X o
shown in Flg. 5. Proliminary ne y-ncasurement showsd
dismagnetic shdfi slavting at ~32* K snd vesching a
manimum of 10% of the signal of & eupsrconducting b
sample of a plmllar edzs. Undey appliesd prepeure, the
sgperoouducting trepsitlon i8 brozdened bHut with an
overall skift toward higher Semperetures as shown in ¥ig.
&, T, has been enhanged from 39° to 52.5° ¥ and the oy
frxom 20° o 25% K Dy spplicstion of & pressuze of 12
kilobaxs ss dieplayed in Flg, 7., The enhancewment rate of
T, 8nd ?cl iz pignifienntly reduced ghous 12 kilebarw.
¥he pressure offect on the midpoint temperantuxns T Whews
it has d,mppyd by 50% of that at s is slwe given in Filg.
7 Tom incxaasgg from 31° ©o 36¢ X under prosgurs. Tha
decrsana 1n the rake of Tc snlipneensnt At 12 Bilohars is
accenpanied by an dvarall xﬂgia;ivity increage at abowt
Tooe indicoting the posmible commensemant of phyaizal ox
chomical lnstebilitles. Savions deterioraticn of samples
is Rlso detacted upon pemoval of prossura, as evidencad bf
the drametie incresse in resistivity and a semiconducting
behevior et low teompe¥stures precedad by & drop in
seelgtivity sterting at Tﬁg. Thes exndgt osuges and remaedy
for the pressure indussd gample Asterioration abeove ~12
kilobsres are mrrently under siudy.

One mathed of praparing thz conpominion of this
aXmmple in & wive foxrm, while similtsnecusly reducing the

IBABASALA=-3-1173D
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interetonie distances hetween tha atoms in tha matarial,
muy ingluds pexforming theme reaction steps whils LapCy o
La(0R)y, Baldy aad Cu0 have been placad in & coppes
slesve, oy plucing tha reaostion product of thig mimturd
dizactly in the sleeve followad by drawing ox sxtruasion.
Bacause of the xolative theynsl expansicm svafficlents of
the cupper compsrad o the supEréonducting eomposition,
the rasolting lsnthwugsbaritme-copper—-oride would be
conpresged by the walls of the copper gleasve. Thig
conprassion will cause the T, of the meterial within the
coppar slesve (the coppor mlesve iteslf im not part of the
auperconductive wnaterial) to incresdne.

BHAMPLE IV
2.0 grang of LagQg. 0.2 grams of Butl, sud 6.53 granse
of fuU were mized mechanicelly in & nortar-pastls
apparatus for approximately 3 howrz. The rasulting
mizture wes then comprassad inmto pelletk by spplying 2
pregsure of about 2 kilcbare. The polists wers heated to
awowt IPMO%E, and allowsd To yeant for eboud twenby-Sour

heurs in aix. The reasted paellete ware then guenched

zapldily te room temparatura.

The La-Ba-tue0 gomposition producad fvem dhis procens
worredponds o tha Fformula [Lal“ B@R]gcubqy wherain “x" ig
0.075, "a¥® i 2, VBY 48 1L and "W 42 2 €5 4. The ozide
complas of this erewple showed superconductive proparties

at & temperature of 35° K at atwmospherle PLAsEuLs .,

EXAMPLE Y
4.9 groms of La;0y, 1.1 greuw of BaCOs aud 2.8 grams
of Cu0 were mingd in & mertac-pestle for 3 houve. The
minture was thon heated iz oxygen &% o pregssure of 15
mlezons #y, uwntil it reached a towperstura of about 720%C.
The temperatsre wees inoyadasaed sk a rete of abpout 10°¢ per
mintte. ‘The mixture was then allowed to repol for abeut
an howy at sbout 720°U. After this reaction, the
temperatuze was raisad to A t@mp@ratuka of shout $25Y¢,

1935273/1-1=13 /10
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this ralge in temporaturs was made at's rats of abont 30°¢
per minube. Onse at this temperature, the samples wers
maintained at this temporature fox smbout twanty-one hougs.
Aftar this peried, the mizxture was cooled to Zoom
tonperature and then the reacted miztuve was pilverized
until the sample was homogenized. The pulverized mixture
vag then hested rapidly to a temperature of about 925°0,
and kept pi that temperaturs for about seven hours. After
this peried, the mixbturs vas comprassed with & pragsurae of
min kilebarn., This compression converted the wilzed povider
inte pellatsn., The pellebd wers that silatered inte sslis
aylindera by heating thei a2t a tsupersture of about 926°¢
for o period of about fony houre ab enblent presawre,
Fingally, ithe dample was rapidly guenched from this
temparatuze o roon temperature in slr, The sxide Gomplex
g0 foymed corxesponds T the gohersl Fformuls
Etaai_?xl_mgjac!ubqy wheraln %A1 iz 0.18, ¥a" is 1, Yo ig 1
and ty® iux I to 4.

She easuiting lonthanuis-barivs-coppor-ozids
tompoaition, superconfucting at 32° K at anblsal pressurs,
wan thon plaged undsd o pressura of 9 kilcbars using a
Be=tu high pressure ¢lamp ueing a fiuid pressuse medium.
Pragaure was msasyred using s supsroonducting Ph-Eanomater
situated noext to the sampie at zoom Cemperatire. AL this
compressed cowposivien was cooled, 1t begen showing
superconduectivity propezties ob a temporature of 40.2°¢ X,

Powder Xeray diffzaction pattexne ai room iemperabure
whowed that the sawple wes multiphased, consisting
predeminently o¢f KgWiFy (~80%) and unidentified phases
{<10%). Under applied preesures, resistivity at 3P0° ¥ is
suppressad and the drop in resistivity is breadenad
Blightly, but with sn overall shift toward highey
termporsture a8 shown in Flg. 1. ’Tao inorenses rapidly
with pressures as ghown ixn Flg. 2. A% 12 kilchbare, Too in
~40.2°% K, Vnder premsurs, Teo incresges from 32° To £H.2°
B at 13 kilebais at 2 vate ~0.9 x 10”7 K bax™>. Above 13
kitobars, the sample was deneged due b0 a shear eirain
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introduced accidentally by applying presaure balsw -20°C,
85 evidencsd by the appesrance of a rapld resistivity
incremes fellowing the resistivity drop at T, o1 ceoling
end tha irreversibility of vesistiviiy aftesr the pressure
was raduced, ’

Fig. % displayz ths magnetde field effect on
reaisulvity a8 & funotion of tempsrature. It is clsar
that the rapid resistivity drop is aupprossed snd the sero
resistivity state at 4° K can ba degtroyed by magnetic
figlds. Beloew 18% K, a dismegnetie mhife is clearly
evident ond reaches a meximum of 2% of the sienzl of a
supsyeonduciing Pb banpls of the same glxe os ghows in
Fig. 4, The insext of Fig. 4 phows the current-voltage
chafactearistion for the shuple st 4.2° XK. Ths pero
repistivity state is rewovad a9 current ssoseds a eritical
value which increises with decveasing temperature, a1l
these strougly demonstrate that the vesistivity drop ie
aspouiated with a suporconfusting transition.

EXRCLE VI

6.0 grama of Lag0g, 0,81 gramg of 5004 and 1.63
grayms Osg wern mixed mechanicaily in & nertex-pestle for
spprozimatsaly 3 hours. The resuwlting mimture was then
comprassed inte pellets by applying n pressurs of abouk 3
kilebars. The pellsts vere heated to about 10060°0, and
alloved to react for shboat twenty-four hours in siz. The
featted pellstn were then quenched rapldly o zoom
tomperatuve. '

The La-Sr=Cu-0 composition producsd fyom thie procems
@a;’::easpanéﬂ % the general feomuls [mlaxﬂx]é(:ubby vhers
Rt iB 0.1, "av ig 2, *D" im 1, and Yyt im 2 to 4. ‘The
oxlde gomplan wee placed under 8 pressurd of 16 kilghars,
ak room temparature. Upen cooling this exlde complex
composltion showod supervonducting properties at a
tomperature of 42° K at stmospheoric praspuve, Phe oxide
womplax composition wnder s préssure of 16 kilohara showsd
maperoonducting proporties at 54% K.

T9A5R/2/1-1-11/19
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EXAMPLE V13

The magnatic layer in a superconducting-
magnetic-guperconducting multi-layer devige conld coneist
of a lsnthanum-bsyvium-ceppar-osids base composition. Such
4 comporlition may be prepaved as follews.

3.0 grame Laegds. 3.6 grawms Bados and 2.9 grems Cud
warg minsd and heated in a vacuum about xn"%. microns Hg ag
2 tewperatura of about 1000°C for sbout twenty-four hours.
he resunltiag product formed s masmetic cospound with a
magihetic srdezing temperature balow 40° X.

The suparconducting-nagnetic~guperconducting
walti-layer strugbures may cherefors be formsd by
éu.bjaeting the overlayesr of Las«Ba=Cu=0, whlch ia ssprrated
frem the supercondusting wnterlayer by an nlira-thin
prﬁt@ctive dovering Of, for axample 8i0y, Co o vacuun o8
10”° micrens By at 5 ienpsrature of Dotween aboub 900°C
and 130470, '

Thin f£ilm sanples of the womposition eof the praseant
inventivn may be synthenizad by altsrnative curisnt o
vadie fregesncy sputitexing of & sinterod LA-Bl-Cu=0 hargat
ia an argon atmosphere having sbout 10% oxygen snd &
presaure of baiwesn 1077 and 2 nicrone Ny, Healt Treatment
of puch £ilm pomples AL 15-2000 mlorons Hg pressure in sn
pitygen  atmoophers should make the supesrcondugcing
proparties of the film sanplas simllar to those for the
pintaded samples,

EXSMELE ¥11Y

& La=Ba={0=0 gomponltion was prepared in dccordance’
vith the prodedure desceibed in Buample II anoept that
Laply, Badlo, mnd QUi ware used in tha amounts appropriatya
o provide an eoxlde complex of the Fersula
{E;az o R] Cuba vhezeln = ia 6,3, "a" i 2, “BY ig 1

and Yyt dg hawmn 2 and ¢4, end an intansive nimer ball
mill was waed rather than & jar mill, %he oxlda eomplas
#0 produced shewed auperconductive propesties ay &8
temparature of 60° K abt an applied pressure of 12
kilehaxa.
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EXAMELE IH

A La-B{trace}-Cu-0 compoaition was preparsd in
accordanca with the procedure deseribed in Exampls LI
engept that La;0;, ACD; and Cul wers used in the snounts
agpropriate to provids an oxide cowplex of tha formula
[LachBaK}Cubﬂ. whersin "s" is about (.01, Ya" iz 2, upd
is 1 apd "y¥ s betwsen 3 and ¢, and an intensive mizer
ball mill wap used for miwing rather than a jar mill. vaw
was ediher bariuwm or strombium. The ouxide couples #o
produced showed auperconductive properties at an onset
tamperature of 100° K at 1 atmosphers.

ENBMEIE X

A La~Ba-Cu-0 composition wae prepared 1n sccordance
with the procsiure of Example 1T except that Laghs, Balhg
and Cud were used in the amounis wppropriate to provide an
oxide complaz of the formuls {Lalaxsagjacnboy vherein g9
iz aboub 0.4, "a' iz 1, "b" iz 1 and Uyt is betwesn 2 and
3. and the heat treatment was done at 10°% microns Bg in
aly, rather than at atmospheric prasours. The oxide
conplex zo produced showed superconductive properties at
an cizet taWpersture of 106 XK.

. EXSMRLE. X1

an yetrium oxids complek was praparsd with a pouinal

componition reprévented by IylsgsgxlaCﬂbey vhesaln "x' ia

0.4, "a" is 2, "b" iz ) apmd ¥ iz lédz thad or egual to £.
The yitriwl oxide complex was prepgred by intensivaly

mizing appropriate amcunts of 50y, Baloy and Cut. fThe

axide miztude was then compreszed to pallets at an appliied
premeurs of 100 to 500 psi, the resilting pallots were
then hented in air 2t & Cempsraturs between 900 Lo 1100
For sfout 1% minubss then rapidly guenched te room
temperature in air.

Bar samplez of dimemsions kwmxo,Smomdmn wers out Trom
the sintsved oylindern. A& four-lead technidque wes
amployed for the rselstance (R} measursments snd aun ad

T325272/1-1-11118
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inductance bridge for the nagnstic suscaptipdliity ()
detezminations. 7

Tha toempeiature dependsnce of reslstenes £or this
¥=Ba-Cu-0 onlde complen swms detearmined in s simple liguid
nitzogen Gawar with results an shown in Fleurs 8.
Resistanve (R} initislly deogped linearly with bempazsturs
(7). 2 deviation of gesistance Frap ths linear
tespurature depandents wae avidenced at $3°K. & zero
redistivity state was schisved st 80°K. (Howavar, when
the pellete wirs guefiched én an slwidnum plete s a hest
sink to rous temperatufe in aiz, the zoero resistance
state wad achieved at 90°K.) The variation of
weyTnatiy susveplibility {x} wiil tewperature was measpred
with the westlts &% showi in Plyake 5. A dismagietic
eliift was obseivad to mtart at 919K and the wize of the

ghift {noveswed ripidly with further @a@laﬂg AL 4,498,
the Qiamagnetic signal torrespondad to 24% of the
supercondudiing sighal) of & lsad sanple wlth gimilexr
dimsneiony. In & magnetic fisld, the drop in resistivity
ﬁhlftgd towakd Logay tenpgfatare az ghown in Flg. 10. &%
the meximum fleld uspplisd, the fers Yodipitivity state
rsmdined ab tampevature as high sz 40°%. Erelininary
f-ray powder Qiffraction pattarng shovad the eristence of
maltiple phases appavently uncharacteriatic of the Ky Eif -
rtimcture in the somples.

Ths shove resulls denonstzate vnashiguously that
supercondnctivity ocours in the ¥eBa-Tu-0 onide Gomplex
with a2 tvenzifion betwsen 90 and 93K {and 90-93%K when
guenched on the alusinum plate). The upper oritical
field ¥_,(T) ves determined remistively, If the poaltive
cayxvafurs at very low flelde is neglected, a valus of
8f,»/9F pesr T, is obaerved to be the 30K o 1.37/%,
deponding o 1L B o{T.) s taken st the 10% drop of the
nermal state resisiivity, ov the 50% drop., In the
waak-toupling 1imiz, BQE{G} wan sgtimated as bhetuden 8§
and 1807 in the Y~Ba-C9-0 ouide coppler. The parvamagnetic
limdting £leld to 0°K for o somnls with a © 20K fu 1657,
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As iz readily spparent frem the abwwe dessription,
additione) advantages and modifications will veadily ocour
to these skilled in the art. The invention ia its broader
aspects ia therefore not limited to the specific examples
ehown and described. BRocordingly, Gepartuves may be made
from the details shown in the ewamplos without Qeperting
fxom the &pizit or =cope of the disclosed general
inventive concept.
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{, blﬁmixﬁ titaniom, tung‘ ‘&r, i ‘_'__" : Tantalum, nio’bium

A it

e g. & supergond

CLEYMS

i. & methed for making o supsreonducting metal
oxide complex, conprising the itapas el

mixing sslid compounds containing L, 8, & and ©
in amounts eppropriate to vield tha formula (L, M) A0 »
wharain L is lanthsnum, luatedilus Briug, ﬁr:smzﬂum or =
combination reof: M o4 8t ontium,f' calc‘iu‘fﬁ“

O

"He- d-so-gy T uEy ia

' ‘ﬁnadéum er & conbina: ]
L 0.8; and Py is agbout I o

1: "EE" “iz mbout 0.
shout 41 ‘

34 mags by
ol o aﬁWé

pRiy ™

nastiph the scii_ NEFE il €5 & tanperaturs
of fyom mbgﬂt Bog bautl ¥T00%0 fer bt Leaust about §
fmingtas; and all

GUeT
in glr.

~ 2. The
ig bariam aid A

3. Fhey

clatm 3, wheérsln the solid maes is
% & peried of from sbout $ T sbout

&, The method o
heated at 900=1108°C 2
15 mlmantee,

P . b L T - - . (.

*ting metel oxlds compler baving the

4 q o oy
formula {L],w}zﬁg} &abc? wherein L io lenthamm, Lukeilom,

* yhtriom, seandium or fa combinatdon thersef; M is barium,

Can ., .
strantium, oalcdum, gegnesiusn, mersury ‘a7 & coRbination

\'.
.. .-
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thereef; A is coupper éismuth,

titanium, ?ungat@u,

5

&  wirconium, tantalum, nlohivm, vnadium 0z & combingtion

7 theveof: "eY da 1 to 2; "B s f1) VR is about 0,61 to
& about 0.%; and "y" iz shour 2 fo shout 47 sald obypiax

-] made Ly a provscss c@mpriraing che &
10 mining solld compounds containiny L, Hr & and ©
11 in amousts mppropriste te ¥isla the fes mile ’iz‘lmxmg aﬂbc P
iz f:hargz,in L is laznthabim, ; s : wdandinn or a
13 combinslion thevsef; ¥e bayilui, stontivm, eslofwm,
14  pagnegiwn, mezoucy ov a/bombily aiﬁan tne@gf, A ig coppaer,
I8 pieauth, tatazsim. Lungaj 2 tantalum, niobium,
16  wvanedits or 4 cbibinag Y "abidie 1 b0 2y BY s
iy t; "wY ig abeo: 4.01 v 0.5y andf Yy¥ ig shout 2 to
iB gbeuld. 4;
ig compasting € ure intela esslid mass by
20 appiication ef preshuys fvay -5 shéut 50,000
2L Foi; '
az heatihyg bhe aﬂlié pazg In aiy To = tompswabure
23 of frow adout 900 [o [sbeef I100% fod st lemst about 5
24 minutes; apd P
2% Yhenehifie the solld mase tolambisnt TeMGRratYTe
a8 in air.

3 6. Tha complédm of claedm 5, wherelin L is ytirdun, ¥
2 is barlum and 4’ iz chbpar,

1 7. The complex of gilaim &, wharein 4the a_.;isxtiws Las

2 sompactsd teo a zolid maps) by application of pragsurse of
3 from abouw 100 to ubout S00 poei.

1 8. The complex of plaim 7, wheraln the zolid mass

2 15 hewtsd &b S00-li00°C Fox a period of From sbouk 5 o

3 sbount 1% minhifes,

e .

i . A owperdundusbing mwetal oxids structurs,

2 compridEing: ' » '

3 & aopper gilstcates and
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wherein L is lauthanwe, Lipm, yotzium, scendlun or a
combinstion theveof; ¥ is Wil strontiun, <aloium,

bismuth, titenium, tunggfen, girconiham, tentalum, niobium,
vsnadimg or & conbinat el a® ig 1 to 2r by iy
1; %Y dm asbout 0,01 to abpud bnd Uy im about 2 €6
aboui 4.

10, %The stefigtuve of {lainm 9,] wherein the metal
oxids complexn haf [ firet layered phnse adjacent said
copper substraty c § Lr‘.:izxgg layar phane, »
second supereongucring phask on the flzst phass,

11, The ptetoby ] whersin L ia yiteium,

® iz baklus aug .
e —:;_}“ :
12.% A méEh king a supsreondusting metal
oxige~admplen, : hE _
' mizing polid compounds cofjteindng L, M, A and O

iate tg yleld the Formula {I‘;nxﬁs}agbay’
vherain L iz ladthanum, Jutetiuve; vitrium, sosndivm or &
combiintion thexdhf; B fle barium, strontism, cilciom,
nagnesium, Bercury or ajcombinstion thersof; A is copper,
hismath, titanium, tungsgen, sizconium, tantaliss, niohinm,
vanadium or & combinatign theréof: i is 1 to 2 "B is
1 %% is aboit 0,01 tol aboub 6.5; and "y" iz about 2 to
about 4;

depositing thy minture on & copper subolirate;

eonpraseing the mifture ¥a Lhe copper subsira
to form the oxide mixthye inte a layer on the soppsr
substrate;

o
e

r
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heating the subgPrate and owide minture layer
of from absut 900 to 1180% fox
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