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Cross-Referedice to Related Application
rthis de a continustionsin-part of Serial No.
5?{;;{;? ﬁé{? , filed Janvary 32, 1987, entitled
“Sup“rconductlng Campasltlon -and Method.¥
il
5 Bacquound of the Invention
This Invention velates to superconducting
comporitions, i.s., compositions offering no electrical
résistance at a Teipsrdturé below a critiéal temperatire;
to proaessas for thelr product1on and to metnods.fox themr
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emperature,

namel_ up to about 10




compesxtlon that has a transitdon temperature Wthh
excécts those of supercohdicting compdsitions previously
8escribed. It would he particnlarly degirable to develaop
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“vanadium; ¥ is bariuwm, strontium, c

a superconducting conposition that has the poteéntial of
having a T, of 77° K or Wigher. Sush a composition would
enablé the usé of Jiguid nifrogen instead ¢f liguid heldium
to ool thé superconducting esoquipment and would
dramatically decrease the cost of operating and insulating
superconducting equipnent and material.

siimnary of the Invention

Degcribed dis a superconduching ebmpoﬂi%ibn comprising
gn oxidé domplex of €he formula {Ll i x] Ahoy vherein G is
lanthamum, lutetium or yitriwm A 18 copper; biswuth,
titaniuom, tungsten, wifeehium, Caitalily, dichbiu, on
aloinm ox nragnesmm,‘

and Wyl ig 1 to 2; b is 1, % is %b

atures when subjected to high pressurss. =
The application and naintenance of high pressure on
such oxide cenpleses in believed ‘to enhance the twangition

tenperature. to higher lindtk by reduging thée irdteratbuic

spacings betweesn slements L, &, M and O conpared to their
respective spacings ‘wlien fhe oxide complex is wnder
atmesphemc pressure only-

79252/ 1/ 1~1-1/18
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strontlum, calclum and

fEJthe ox:.de ccomplex '.Lhus S Fox example,-

79352/171-1~1/10




e

HE& present 1nvent10n also prov;des
'th-d for maklnq such superconductn.ng
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[ -1mental to a high tamperature suparcon ueivityand
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_Vroducas “has: baen

Hénce, when preparing an oxide complex of ihé
invention; it is praferred to completely or partially
substitute for the bariuww atews, atewlc radius of 2.22
angstroms, smaller alkaliwe earth netal otons, i.e.,
strontiue, dtonic radius of 2.15 angstroms, celoium,
wtowic radius of 1.97 angetroms; or nagnewium,: atomie
vadius of 1.6 angstroms. &imilarly, cémplste or partidl
pubstitution of the laothanum atoms, atomic radius of 1.87
anggtroms, with the smaller lutetium atons, atomic Fadiug
of 1.75 angstroms; or Y€triwi, atonld radius 1 78
angstrams, will provide thls same .effect, i ]

Alternatively, the depositisn of a lanthanum, barium,
copper; oxide Filw on a substrate with emaller attice
payaweters, sudh as a lanthanum, caloium; copper oxide
substrate, will reduce the interatomic spaging of the

superconducting composition, and thus will increase the T

79952/4/ 1~1~1/10
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of the oxide complex composition. Furthef, clad@ing of a
lanthanm, bardim, copper o¥ide composition with metals
having larger thermal -expansion coefficients, such ag
coppei’s #ill apply and-maintain the pressure required fo.
Yeduse the interdtomic distandas bébywsen the elements in
the oxide cowplex composition and hende wWill inereage fhe
ch‘ &f the conpesition.

The oxide complekes of the present -ipvention may hé
made, for exanple, following edither of the Lollowing
processes.

1. Appropriate amownts of LyOy or L{OH)s, MO
and AD #te ‘thoronghly wiked:. This wixing is
prefersbly done Wechanically, g if a jap mili of
more preférably in an intensive mixer such: ag a bail
miil, for at least 12 hours. The mixdng produces
finely ground partiéles. The wmixture iz then heated
in an -oxygen containing atmospliere, at an appropriate
pressure, and at a temparature betiveen aboub
640~800°¢. The temperabure of the mizxture iz
convenlently incrégsed to the 640-B00°C taxget
temperature at a fate of AU°C per minyte. The
mixture is kept at this target tewperature for a time
sufficient to allow the solid-state mixture to reach,
Preferably; the wixtire 1§ allowéd te reatt For absuf
gn hodr. Aftér this veaction step, the temperatize
is ralsed to about 900 o about 1100°C, tonveniently
at & rate of about 30°C per winute., The sSanples are
Kept at the 900 to 1200°C temperature for a time.
suffidient to vohplete the 561%d state reaction of
the materials, the completed solid state reacted
product being thet product having the componernts
conpletely diffused Through the composition. The
ganples are then cooled to roow temperatize.

the next ‘step is +to hemegenize the wanple,
preferably by pulverizing the reacted mixture in a.
Far mill and pore prafersbly in o ball mill for at
least 1 ‘homr, The pulverized mixture is then heated

79252/ 4/ 1-F1/10
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pregwure, preferably in the range &f 1 to 20

=1l

rapidly to between 900 - 1100°C. Thé nixture i8
maintained at this temperature preferably for at
least 6 hours. After this step, the wigture is
gompresged under a pressurd of at léast ohe kilobsr:
ohis compressés the .ﬁﬁifﬂéi’-édihiﬂtﬂfé inte pellets or
some other coherent compacted form as desired. ‘The
péllets age then Fintered inko solid cylindess. 'this
siptering process i préfefably perfirmed 4t 4
prespute Deétweenl zeko Lo two Rllolars at a
tenperature of between about 900 =~ T100°C and for
about. four hours. Finally, the samples are guenched .-
rapidly froWm this témperatiiré of betvéen 900 ~ 1180°C
to room tempersture; -in wir, or an inert gay
atmogphere, This final step, alehg with therough

mixing of this mixture, decreases the range of the

#uperconducting transition of the compésition. THis

temperatures batwesn the peint when a porkion of the

nateeial shows superconductive properties (obsét

transition térperFatuvre) #Ad Ulie témperatire at which
the composition shows conplete sypertondugtive
properties.

Conipositions madé in this process may be
comﬁfe‘g's:é‘d to pressures that ex‘(ﬁeeﬂf atmospheric
kilobars. ‘This increase in pressura Lypically
inCreages the '.Tc: of the compogition.

2. A dedond procesg for produsing
ﬁuﬁﬁr&anﬂﬂﬁtﬁn@ colpos ngE of the presént ing ginion
comprizes: thovoughly nidwdng, prefevibly for =t
least about 12 pouxs, appropriate amounts of L0z oF
LiOH}y, MEO0,, and 20, by meclhanical wégng, such dg in wﬂ“"’
a jEr mill or dore preferaBly in & BWRIL will,
gompressing the mixture inte pellefs; reaching the

peliéts at about 900 - 1100°Q Preferably for ai 18ast

12 hours, angd were preferably at least itvwenbty-four
hours. This reaction preferably takes place in an

7925341/1-1=1/10
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glr atmosphere; after which tfr:te. réacted pellets are ot

rapidly guenched to room gemperatire,

This second method sometimes results in multiphase
samples in & less controllable way. Yo

The g perconductlng COmpDSJ.thHE: ‘oL the present

30

35

6.0 grams of Laydy, 0.6l grams of 5r€0, and 1.53
grans of €ud were mixed im a dar mill for about 12 hours.
The mixtucd was then heatsd st a rate of about 10°C per
minwte in wir &b 1 atumosphete presgure, uatll it reaclied @

emperatue of sbhout 720°C, The mixture wasg then allowed
fo react for about an hour at sbout 7209, After this
Tehction atep, the temperature was raised to & temperature

of sbout 1009*C At A rate of &bolt 30°2 per misuvte. Oneeg
at a 100D°C temperabuie, the sanples were wmaintalned at
this tepperatuire For about twenty-one hours. This allowed
the conmpleticn of a eoldid shate Teadidon. After cogding

7925271/ 1~1~1/10
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“an enset superconductwri:y TEangitich tempéra

] B

0 room temperature, the reacted mixture wds pulverized in

a jar will for 4bout 6 hours until the sample was
homogendzed, The pulveriged mixture was then heated
rapidly to 4 température of about 1008°C; and kept at that
‘tenperature.for about seven hourp, After this period: the
mixture was cooled to room temperature and then compreszed
under a prégsure of &ix kilobarg, This compression
converted the nixed powder into pellets. The pellets wére T
then sintered dnto solid cylinders by heating them 2% a
temperatuie of asbout 1000°C for a perwd of about four
holrg gt a presdure of aliost zero kileBars: iz

sgample was rapidly quenc‘ned from thisg temperature to xoon
tenperature ¥n air.

i, bt s it |

The: mcida complex compasa_uen had
re (I..) of
45% Ky with & darrovw itransition width to somplete
supercanductivz.ty of about 109 K at armbient piessure.

e e i o

ERAMELE 11

6.0 grams of Lay0s; 0.61 grams Of Sredy and 1.63
grams of CY0 weve mized mechanically im a jar will for
approgimataly 24 heurs, fShe resulting mixture was then
compiessed ionto pellets by applying a pressure of ahouwt 2
kilobars, The pellets were healed €6 sbolt 1006°8; 4nd
allowed to resct for about twenty-four hours in air. The
reactedl pellets were $hen guenched rapidly teo neom
tenmperature. s

The Ba~8i~Cu=0 composition produced from this process
had a formula of Taaly Bsrﬁ ZC“:L . ‘Phis corresponds o ah
oxide complex of The general formula [1:.91:L xarx] Cubo
whérein %% Jds 0.1, M™a' 48 2, YBY i8 ) apd yY ig.2 to £
Thi§ colipoaition shoired gupercondustive propertics af a

19252/1/1-1-1710
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temperature of about 42% K, with a narrow transition width
of sbout 6° K &t awbient pressure.

EXAMBEE 111

6.0 guams of Lagly, 0.81 grams of Bacly and 1.63
grafs of Cu0 were iiked in & mortar-pestle apparatuy for
absyt 3 hours. The mixturé was then heated &t a rate of
about 10%C per minute in oxygen at a pressure of about
2000 microns: Hy, wntil It veached a tempexabure of 720°0.
The nixfufe was then allowed to react for about ap hour at
Abbut 720°¢. After this réaction, the téfperatiure was
raised to a temperature of about §50°C, itlils raise im
Gemperature was mafe at a rate of ghonk J0%¢ per minute.
ONoe at this femperatuie; the sample Wwas madniained At
this tenperature for about twehty-cné hours. Niter this
period, the sawple was cooled to room temperature and fhen
the reacted mixtire was pulverized until the sample was
homogeriized. The phlverized mixture was then Hested
rapidly to a temperature of abowt 950°C, and kept at that
temperaturs for about. seven honrs. After this peried, the
sample was again coeled to room Eemperatuye and the
mixture was cohpregdéd Undér a presture of Hix lilobars.
This compression converted the mixed powdsr into pellets.
The pellets were then aintered inte solid oylinders by
Leating them &€ -a Lemperature of sbout 950°C For a period
of abgut four houry at andiiept atmesblieric premsure.
Finally, the wdnple vas wapidly quenched from this
temperabure o room tenmparatures in wit.
T esylting. ... lanthanum~barium=copper-o3

Lia Wqg-
; soeition was found to be supesconducting &t 39 K
st ambient pressure. This &ompodition was then pladed
dnside § presgure oeldl :and. the composition war compressed
: kilobar® at room temperature. HAfter
this conpression step, {he tamgersture was gragdually

79252/1/1~13/10
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reduced until the composition showed supercongdueting
] Shis composit-i’en —s‘hewad supercondueta‘;—vity

ohe meLhod of Preparing theé cofipositish .of this
exanple dn 2 wire Form, while simnltancously Feddcing the
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interatomic diztances between the atome in the material,
may include pexforming thesd redction steps while LagQs
or La(OH)z, BaC0; 4nd CuQ have been placed in a coppex
. s oirig o . .

Hetause of the relative themual expansivn coefficients of
theé copper eofipared to the superconducting ceupoaition,
the #ésulting lanthanum-barium-copper-oxide would be
conmpressed by the walls of the copper gleeve, Thil
gompression ;“i—.i:ll cauge the ‘T.c of the material within the
copper sleeve {(the copper sleeve dtself is Hor part of the
guperconductive material) to increase.

EXANRLE TV
2.0 grane of Tag0s, 0.2 gLéns of BaCOy and ¢.53 yrams
of Cuo were amixed mechanically=dn a mortar-pestle
apparatus for approximstely 3 hours. The peswl€ing
mixture was théh compressed -intc pellete by woplying x
pressure of sbout 2 kilobses, The pellets yere heated to

pout 1000°¢, and allowsd to resct for about twenty=four
hours in air. The reacted pellets were then quenched
rapldly to rdom tLemperatare:

i Iy 4, The o¥ide
plex of this example Showed superconductive propertied
at & feiperetire of 35° X &t atmosphe¥ic pregsure.

DMAMBLE ¥

4.9 gramg of Laz0g, 1.1 grang of Ba0Os; and 2.8 Graus
of Cud vere mixed in a mertar-pestle for 3 hourz. The
miZtuze was then hemted in uviygen at a pressure of 18
microns Hg, until it reached & tampévatuce of ab@uk 720°T,
The temperature was ihcreased at. a rate of abolt 10°C par
minite. The wixture was then -alleowed o rYeact for about
an hour at dbout 720°C., After this reaction, the
tepperature was raised to a lTempéfature of about 925°¢,

7925271/1-1-1/10
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this raise in temperature was made at a rate of about 30°C
rer mindte., Once at this temperature, the sanplss Wers
maintained at this temperatire for about twenty-one hours.
After thi§ pericd, the nixture was rcovled to Toom
5 temperature and then the reacted wiziure was pulverdszed
until the sample was hHomogenized, The pulvenized wixtiure
was then heated rapidly o a téhpsratixg of abdit 925°Q;
and kept ab that temperdture for abount seven Houps. .afler
this period, the wmixture was compressed with .a pressure of
16 six kilobagrs. This vompression converted the wixed powder
inko pellets. The pellets were then sintered into solid
-oylividers By heating them at & temperature of about 225%C
for a period of about four hours st anbient presgure,
Finally, the sample was rapidly guenchéd frow this
Lenpisratute 1o xoom.temparature in air. '

15

resul,ing 1 __,_:um=barLum-chper~oxide
camposltlan, supercondicting at 32° K at amhient\pressure,

, sto; the ampie at S eTeli temperature Bg thie
25 compxessed, conposition was cooled, it began showing
supeiconduct1v1ty'proper%les at: a temperature of 40.29 K.

79252/ 1/1-1-1/10
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xide: complex wi
#t room t@mparature
gomposr' t:!._Qh -aliowed?®
a5 comp ®- gomposition under & presaure of 16 hilcbars shgwed

20 6.0 grafs of Lag0y; .61 grams of §rcd; and 1.63
grams Cud were nixed mechanically in a meriar-pestle for
approximately 3 hours., The resulfing mixtiive was then
colpressed intd pellets by applying a pressure af abont 3
Jilobars, The pellets wéré heated €0 abbuk 1000%¢, and

25 alloved to réact for abbut fwenty-four hours id ale, The
reacted pellets were theh fusnchied vepidly %o room
tenpardbure.

The La~5r-Cu-0 composition prodiuced from: this process

superconducting propérties at 54° K.

925271/ 1-1-1/10
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EXAMPLE VII

I grans Lazog, 3. 6 grams Bal0; snd f L9 graws £ud
wore mixed and heated in a vadiwi about 30T microng Hg at
a temperature of about 1000°C for about twenty-four hours. b=
The resulting product formed a magnetic comgound with a
10 'magnetic orderiiyg tempsrature below 40° K.

The superconducting-iagietic-superconducting S
mlti=iayer structures mdy ‘therefore be formed by i
subjecting the overlayer of La<Ba-Cu<0, which is separated )
Lrom. the wsupercenducting wnderlayer by an uwlira-thin 1

15  protective covering of; for example $i0sz, to a vacuum .of et

1077 mierons Hg st & tempeératurd of hatiyesn é&bout 002
and 11G0Se.
Thin film sanples of the composition of the present

dnvesition may e synthesized by altexnative current »r _
20 radio f::equency sputtering of a sintersd Lo-Ba~dii-0 target B

in an argon atwogphers having about 10% oxygen and a

pressure: of belwesn 1072 and 2 microns Hy. Hest traatuent

of such film sampies at 15-2000 mictons Hg Preseurs in an

axygen atmogphetre E{’ d make the 'gﬁpeﬁfctﬁiﬁﬂﬁetihé
25 properties of thie filwm sahples similar to those for the
sintered sumples.
30 in ‘t:he amounts approprlata
- o The formula,
T19252/1/1-1-Lf100 .
3
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_ 3"x“ g about G 01 "a" dm=2

As ds readily 4pparent from the above deseription,
additional advantsges and modifications will Feadily ocour
to those shilled in the art. The invention in ita hroader

25 4azpects i therefsre not Limited to the wpecific examples.
shown and. deseribed. Accoidingly, departures may be made
from the dstails shown in the examples without departing
from the spirit or scope of the diseclosed -generEl
inventive tonBept.

7995271/1-1-1/10
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henGgeHizing thé mivtuie ?s"ﬁﬁéequent to said reagtion gad

A method f£for making a superconducting metal
ide complex, comprising the steps of:

 miwing solid cofipounds containing L, ¥, A and 0

i amounts a}o‘pfépfiai:e. to yield the formula ST | aﬁboy

whérein L i# lanthanun, Iotetium,: yiirium of Y -combxnamo_n

thereof; M i bariwm, strontium, | afcm‘mn agnes:u or &

conbihation therédf; A4 is copper’:
tungsten, zirgonfum, tantalum, hicbiim,
conbination thereof; "a" fa8 1 to 3; "BM™ dg 1: ™
0,01 to abowt 0.5; and y" is about 2 to about 4-;-_,

hetiting the nixfure at 2 tewperabure #nd for a
tife suffigient to react vhé nikture in the s6Ti8 state;

pelletizing the mixture; and

sintering the pellets.

2. The WeEhsd of cluim 1, whevein gaid réaction is
at a tenperatuys of 640-B00°C in &n diygen atunosphére,

3. The wethod of claim 2. further comprising
Heating the wilstire at 900-1100°
dbout 12 hours subsedquent o said reaction.

4. The wmethod of claim 3, further comprising

heating.
8. The method of cla;m 4, Further comprising
reheating $aid hdmogenized ma.xture at 900~1L00°%0 for at

Leaste about 6 hourd.

6. The fethod of claim.l, whérein ¥he mixture ds

Foe e
N

€ fof a period of at lesst ="

pelletized by compressing the minture with a pressure ¢f

at least 1 kilobar.

79952/1f1-1-1}10
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1. 7.  Thie withed of claim 1, wherein sald sintering is
2  at a temperatuze of $00-1100°C

o e, \ " PN Rt
1 = 8. “ljhe method of welaim 1, further comprising
2 (qu(uex'ichixié'—ef e sintered pellets.

‘-._-,...».--,_—-.‘—""/).h

1 g, The methed of cladm 1; wherein gaid miturs is i
2 pelletized Before salid Westing.
1 10, ‘the method of claim 1, wherein L is lanthanum
2  and A 45 copper.

1 1T, The method of ¢laim 10, wherein # is harium. 1

o wherein M is gtrontium. .

metal oxdde compler having the
prutosahb ot k5

aAbo . WhHeFein L 8 lanthar m, Iutetinm,

;matlon Lherebf; ¥ im bar'um, stmntimn,

£ Jg about ¢, 03. to about 0. 5, and "y“ ia about 2 Eo
about 4 salid complex made by a process comprising the
steps of: B
heating a wixtote of solid compounds - containing
L, M, & and O in propertions appropriate to yield
sald Fformula to =& temperature and for a ime
suffivdent. £0 rYeact the mixture in the solid stabe;
fp&%lé‘!;ﬁ.—_ﬁ.lhﬁ the miztures anad
sintering the pellaty,

9252/ 111110
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15. e complex of clalm 13 sherein said process -
further comprises healing The mi mlxtm:a at 900-1106°C for a
peidod of at lsast aboub-d2sl ésubsequent 16 maid
raaction. h

22. The qonplex of clédm 13, wherein I is lanthanum
and A iz copper.

23, The .complex of claim 22, whevein M is Harium

24, The ¢coiplék of claim 22, wherein ¥ iz stiontium.

The complex of clzum 3,3, wherem M 1s st:contlum,
OT AL né-siﬂﬂl angd ; RRE Y: ; ;
ey

s 1/ 1-1-1710

e vmlaw




e oy B W W

e
o et

"

L
G

Py

6..875 ;to about 0.5

o ¥ Y -
26, The complex of claim 1%, vherein x" ig about {7 °*
0.01 to sbout 0.03. T

27. The goliplex of claim 13, whersin “xl is about

o i e

P superconﬁuctmg nefdl oXide complex, having
the formulka (1:.1 - x) Abo vherein L 3is ZIXanthanum, _
Iuntetium, ytbrium ox a combmation thereof M is barium, T 7 ?u'i
strontmum, éalclum, magnesmm, or @ coubination thereof: e \?

¢ Fa tungsten, f: 3 B lelvie BRI tantalum,

is abcut QL to abcut [t 63,

Mgt is 1 w0 2
R fm Ly and
Myt is abobt 2 1o dbout 4,

30. The complex of claim 28, wherein N 4dncludes a b
géubination of fwo of more of elements selected From the
grolp cgﬁsisiing of: barloh, strontivm: edl@mm and
tiagnesium. o

31. The complex of claim 28, wherein I is Lanbhanum .
and A is cépier, T

32. The complex of claim 31, vherdin M is bariwh.
‘Ihe complex of <laim 31, wherein M is strontiui.

v e ¥ LTS

15 & method - bf increasing superconductn.ng
w_’mpgr ture of & metal oxide, CQmpIILE;Lﬂg the stehs 0Fs
subjectlng To suparatmospharlc presgure a metal
oxide complex of the Fformula {I..l ) P‘bo ; Whgrain % ig
lanthanus, Tutetdom, yEfrium or a aombin*atmn thereof; o

792527 1-1~1/ 10
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48 BariuN, strontit, calcium,-pagresivii or a combination
thereof; A is vopper Iismuth, titanilin, tungsten,

zirgonium, tantalum, niekium, vimadiuwm oF a combination
£hereofi "WaAV "EE Itowi WY ig 43" Is about .01 to
10 ahout 0:%; and "y iy &bout 2 to about 4; and

1L gooling §4id conplex t0 & temperature at oOF

[ R A

ducing” the -pressure to WHIEH
beforé said i i

40; The mathod of ¢lainm 34, vheveln L & lanthantm
2 ard A is Copper.

1 41, 'The iethod of 'Gl&im_?ﬂ)', wherein M is barium.,

i 42, ‘the method of c:’l;g‘i-m- 40, wherein M is stroftimm.

79252/1/1=1~1/10
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Descibed d& a supsrepndicting doiposition Gomptising
an oxlde domplex of the formila £5y, M) Ab() vherain L i
Janthamum, lutetium oxr yhtriumy A is copper, biswuth,
titanium, tungsten, zirconium, tanlt:el_i!,ruv;_i:i nlebiuw, 6
vanadium; M is baritm, | i oF fagnesiung

and g is l to 2; b is 1, X ls a'number in&ﬁbe range of

792587 1/ 1+1-1/ 10
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