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“45 conditions. Sinply stated, the inventive finding is to the effect that
m xed occupancy in the "A" site, as described, gives rise to a critical
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a genera sense r?ﬁe invention is a superconducting el ement corrprl sing a
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: M signifies at least two chem cally distinct elenents), such that the
upper critical field [err] of the inventive conposition is at |east 10%
increased relative to that of tEeope9ees BPi cal reference conposition
wherein the A-site is populated by only the two najor chem cal el enents of
Mand M. Typically both the inventive and the prototypical reference

COnMpos i-4 The Ralireeof tempedattecwhich dd dqpidistant betwaen [err]. 30 More specifically,
the invention is the above superconducting el ement wherein Mand M are
chosen fromthe group consisting of Y. Eu, Sc, Ca, Sr, and the elenents
of _atomi ¢ nunber 57-71. Definitions Whil e the term nol ogy used in

the #lescription is well known to the artisan, it is convenient to set it
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Most significantly, the origin of the invention is in terms of superconducting copper oxide compounds,

basically of the perovskite structure, with mixed cation "A" site occupancy, as described in the “Summary”.

4«0 The responsible single phase material, here identified as "perovskite”, naturally leads to total as well as

partial substitutions; to establishment of criteria determinative of parameters such as cation concentrations,

permitted oxygen content (always deficient in terms of the prototypical ABOs composition) as well as

average valence state of the copper lon (crucial in terms of the mechanism which may be regarded as

responsible for supplying conduction electrons). The role of the perovskite is crucial so long as the

4 superconducting element is not a single crystal (e.g., In the ceramic form of many of the reported

experiments herein). An important attribute has to do with facilitation of larger crystallites and as possibly
aided by improved intergrain contact with resulting enhanced current-carrying capability.

Structure

Materials of the invention are preferably single phase. By this it is meant that the materials herein are
single phase preferably to at least 95 mole percent as determined by powder x-ray diffraction. The
particular value, 95 percent, is chosen as corresponding with the expected measurement precision of
ordinary apparatus - procedures. While such “truly" single phase material is to be preferred and will

66 doubtiess be the ambition for practical usage, compositional as well as preparatory considerations (e.g., film
formation) leads to the more general requirement that materials be single phase to 75 mole percent. Even
somewhat larger amounts of second phase material are permissible for uses in which maximum current
density Is not required.



: FIG 6 depicts a superconducting solenoid. FIG 7 represents a
superconducting torus suitable for use for fusion reaction confinenent. The
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t er m ments) 2@disb@s&d iN terms of permitted occupancles:
M = Barium (Ba)
M' = Yitrium (Y), Europium (Eu), Lanthanum (La),
80 Cu-materials of the invention are all nominally copper oxides. For these purposes, materials treated
herein owe their superconducting properties to that fraction of the material which contains Cu in this site.
Compositions listed above are in no sense limiting. The inventive teaching, while certainly dependent
upon superconducting copper oxide materials, derives primarily from mixed A site occupancy of "perov-
skite® material, as described, and is intended to include all superconducting compositions meeting these
66 general requirements, whether or not containing the specific A site ions set forth.
As discussed, the invention depends upon mixed occupancy of A site ions—depends upon inclusion of
at least one additional ion (X in one form of the nominal formula). Stated differently, the inventive concept
depends upon inclusion of at least three chemically distinct atoms in the A site. The inventive result,



:10 is meant to include not only the prototype, truly cubic material, but
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As discussed, the invention depends upon m xed occupancy of A site

i ons-depends upon inclusion of at |east one additional ion (X in one form
of the nom nal formula). St atﬁdj&%f @As¥t !y, the inventive concept depends
upon Inclusion of at least thre emcally distinct atons in the A site.
The inventive result, 6 EP0305515B1 whet her expressed in terns of
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Bognethe vakué bOeanhitingny A el conditiochs SetfbrihSEFpresxamplelLttd repedting of Seppé ta assuract or
App| i aegréenst unifkehity23n 86 dmiktd: hinmeceven Besirdhly IScomitadt Clemtydthétempentures statéd are
non-critical, the requirement being only that the required composition-phase is produced in sufficient
quantity as described. Consistent with the description above, other considerations may dictate deliberate
65 abbreviation in processing to avoid production of pure single-phase material.
The technique used to identify the nature of the final material is set forth: a portion of the finally
annealed disc Is pulverized, and a powder X-ray diffraction pattern is made. The particular technique used
was powder diffractometry, although other techniques such as Debye-Scherrer or Guinier photography may



(Pl.enum Press, New York, 1977). Briefly, the structure depicted consists of

an outer sheathing 31, thermal Insulation |ayers 32a and 32b, evacuated

annul ar regi ons 33a and 33b, sSER®=305 518 B1ni trogen-filled annul ar regi on 35,

heat shield 36, and cool ant regions 37a and 37b (it is a feature of the

inventive structure that 40 coolant may consist of liquid nitrogen in

cont r atitoshe amployest (B D [FulitycEloments of X-fiay|Diffsaction. gkirontiiasiey Bufki GaedncoReading: i er

st ructMes8d)978¥| enent 38 is a superconductor material In accordance with the

|nvent|on FIG 6 shows an annul ar cryostat 41 filled with |iquid nitrogen
ng turns 42 of a naterlal herein. Term nal |eads 43 and 44 are
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schematically shows a slotted torus of the kind used to assenbl e a nagnet

of the "Bitter" type. 50 Nhteriagugaz ation Material specification in
accerdance with the invention de gﬁ%bh the nature of the intended use.
For power transnission, or any other current- carrylng application, it is
requi r'éus incregse is jshaws %é‘%%@memmm@m&bewmm@mg ttherqempesition efeperenieyr  and
ot her 318%s & ingrgased csloge compatach Wity that efneurvect! (eerpenting) unsubstiipted [mategalt Qf ihRe| | ng
m ght ‘B@%‘P‘W‘c *apPip 1. E‘U%FP’P&R?U‘P’r ,anj increage ferm A2 Jasia/Keluin Delaw, T (98K} &2 30 pe
sufP|6FE ﬂ%perconductlng phase to satisfy such use. For many purposes, it
is an advantage of the Invention that fabrication of superconducting
el enments may utilize standard ceram c processing. 7 EP 0305 515 B1
Appropriate starting naterials are m xtures of netallic oxides, hydroxides.
cargonates, hydrates, oxalates, or other reactive precursors in the
appropriate ratio to obtain the desired final conposition. Starting
mat eri al nmay be produced by wet or dry m xing, by co-precipitation of
materials fromsolution, or by any other nmethod which results in intimte
m xture of reactive particles. 5 M xtures of starting nmaterials can be
firgd in air, oxygen or other non-reducing anbient at tenperatures
sufficient to facilitate chemical reaction between constituents and to
begin formation of the desired phase. Firing tenperatures as noted are
conposi ti on-dependent so that choice of tenperature may radically affect
[err] for certain conpositions. Typically, tenperatures are between
appfoxi mately 700 and [err] for tines of between a few hours and several
days until the desired phase is either fully or partially produced. The 10
"cal cined" material Is then formed into the ceram c body of desired shape
by standard ceram c processing techni ques such as hot or cold pressing,
extrusion, slipcasting, or other such technique appropriate to the geonetry
of the desired (green body) object. The material in final formis fired at
a tenperature sufficiently high to conplete chem cal reaction of conponents
("reactive sintering"”) if not acconplished in step (2) and for
densification. This sintering is 15 conducted so as to reduce voids to
t hegpoi nt where the density of the ceramc body is sufficient to all ow
obtai ning favorable el ectrical and mechani cal properties. For npst
favorable results, the material is fired in an anbient environment with
greater partial pressure of [err] than that of air (0.02 MPa (.2 atm)).
However, material fired in air may have acceptabl e superconducti ng
proerties. (Air is not the desired processing environnent since the use of
too high a tenperature may result in undue oxygen | oss and consequently



»20 degradation of properties.) Wile the description above is inportant
for many purposes, material preparation may take other forms. An
alternative is preparation of Eﬁ'b@o&?’rﬁﬁifor Josephson Junction and ot her
devices. Workers in the field know of nany filmformng procedures, e.g.,
magnetron sputtering, diode sputtering, reactive ion sputtering, ion-beam
sputtering and ot her thin fil mdeposition techni ques including evaporation.
"Conduct or" ruct@nes. 25 may take on the form of continuous strands,
however prodged. §ai & al fo@matRon Gay Pt Igzegecgﬂ gs & a@lied to
other brittl &gl asy-l&Gke mat@ri . 1M tHrs Pppr&&chQth& st Qct Qe reverts
to dne that crystaH i ne before attai nnent of superconductivity. One

t echni que whisth has been applied to other brittle superconduc- tors entails
extrusion W gin a protective sheathing of copper or other ductile
material. Sigte the material is oxidic another approach may entail
forgation of Zan alloy_of the designated netals 30 followed by oxidation.
General i zed epaglt o.Ey Appr,,qach as Used,in the Exanples Here the procedure
followed in t&e nu redvexgrplg’ i gsegfodh: 85 9 1pStarting
materials ar powd%’r s¥pf | an harum Rydr oxi de strontl umcar Bonat e, calcium
oxi de, coppel oxide, barium oxide, yttrium oxide, europium oxide,

pr ageodym u xi de, and scandi um oxi de. While much of the work entail ed
relative higg purity, many rare earths contain finite amunts of other rare
earths V\,hrch'Pare f.r..cult to renmove. It is noteworthy that high purities
are not requrcred f repar abi on of suitable material. 40 2) Starting
materials arf§ %}é in apfRopr@at Rquhti &BesSlo Bel B thd de&red
conposition ey afr-e en further pulverized in a nortar and pestle. 3)

Mat eri al s fr step 2 are then fired (e.g., at [err] for a period of
approximatel ¥ 16 hours). 4) In sone cases the materials were pul verized and
then refired§ n air. or oxygen for 16 hours. 5) Materials are pul verized and
presse dry Ehto shapg suitable for experinentation at a pressure of 45
bet®heerd 34. 48 and 8.85 MPa Bhetyeen,5, QQ0 gnd 0Q0 pgj) In

exanpl % rep&ted ‘hq‘zshape §/as hatd\oné dr%gc g) a%rom ma&‘el y cm

di anet & and mm thitk. 6) The discs are next fired at a tenperature of
about 950 * (materials of exanples 3-6 and 9 were fired at about [err])
forgtwo hour& in oxygen. 7) Materials are allowed to cool to anbient

t enperat ure fl owi ng oxygen gas. so As stated, the above conditions
were for purppse of conparison. her prelimnary work has established the
val ue of varg@ ng many of the conditions set forth. For exanple, .the
repeating of Sstep 4 to assure agegrgne of unjforgity camgbe om'ged - may

eves desirab%/ be omtted. C ear he te ra re stg@ed are
t

non-criti cal he requirement b ly th ui r#d g
conposi tion- ase is produced i n«sufgﬁr ci ent Quanyi tys-as ‘Qesc ib

Consi st ent V\m h the descript] g’oovg her ecorb% d&f atigns y §ictate
deJ__r berate 5 abja evi ati ongl ssr g‘g t% avgi d gro&,ﬂct' pure

si 1Yl e- phase gt er il I The techn ue§’us t OSi deﬁtlf;y th8 ndureSof the

frnal mat er i is g€teforth:”a ti%n c%tr%fr“ghall affieak®d adLsc Is
pul veri zed, &d agv@r X-ry oBffrécti Attt edn mggle. ghegdbarticul ar

techni que us@ was powder diffractonetry, although other techniques such as
Delye- Scherres or Cuini er photography may 8 EP 0305 515 Bl al so be
enpl oyed. (DE D. C@.lity, Elenents of X-Ray Diffraction, Addison-Wsley
Publ . Co., I%., R&di ng, Mrs's. q1978)). ¥ v ¥ = © o e
&
50
Claims

1. An article comprising a quantity of material that exhibits superconducting properties at 77K or above,
85 said material comprising Ba, Cu and oxygen,
CHARACTERIZED IN THAT
at least 75 mole % of said material is a single phase perovskite-like material of nominal
composition Baz-yM'1- %4 ,Cus0x (85 S x$75,y<1,2<05;,10> y + z> 0.03), where M' is one

10
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Exanples 5 Exanples 2, 3, 5, 6, 7, 8, 9, 10, set forth in tabular form
show m xed A site occupancy as required by the invention. Exanples 1 and 4
are included as reference (unm xed) conpounds. For conveni ence

conpositions.set forth are ippo®sB1®BIresistivity aj m Mﬂ!ﬁl“‘we
material having initially reverted to its non-superc ) veert is

wel |- established that this is a sufficient criterion for iLnprovenent in 10
superconducting properties. The first two entries, for exanple, correspond
respective to §he—prototypi cal unsubstituted BaY conpound, and such a
compound i & whi c%gY s repRace® byR75 St orBc BEU Bes Bt eddi n Bhree-fol d

i nprovenenf§in [@rE ThisSis PndiTat €3 by2t héeRneddur 68 sl@pe ¥ncrease in
[ERR] Thi sH ncre8se=fs shown on FIG 4. Curve 42 representing substituted
materi al ofg the conposition of exanple 2 has an increased sl ope conpared
wi th that g curve 41 representing unsubstituted material of the
“conpositiof of exanple 1. This corresponds with an Increase from 12

Tgsl a/ Kel vigh bel ow Lerr] (95K) to 30 20 Tesla/Kelvin. 26 30 36 40 46 50 56
EP0305515B% [ ER GEaims 1w An articleaconprising a quantity of materi al
that exhib&s s rgonductg&Eng RropFrti&s 7R orBabd@e, Bai Bmateri al
conpri si ngeBa, ad¥d oxygen, CHARACTERI ZED IN THAT at |east 75 nole % of
said nmater&al ia a single phase perovskite-like material of nom nal

oenposi tiogg[err] (6.5 [err] x [err] 7.5, y <1, z<0.5 10>y +2z>
0.03), wheee M is one 10 EP 0 305 515 B1 [ERR] Clains 1. An article
conpri si ngai quagiti4y of material that exhibits superconducting properties
at 77K or #ove, 553 sai dRmatgrial, coffprigi ng Ba,Cu gnd gxygen,
CHARACTERI £ED II@J’I—@T at |@asta75 aol e% P sad Mt erPal Ps &®singl e phase
pér ovski te%ike faterial of nominal conposition [err] (6.5 [err] x [err]
7.5; y<1Ez<0.5; 1.0 >y +z > 0.03), where M is one '
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Claims

1. An article comprising a quantity of material that exhibits superconducting properties at 77K or above,
55 said material comprising Ba, Cu and oxygen,
CHARACTERIZED IN THAT
at least 75 mole % of said material Is a single phase perovskite-like material of nominal
composition Bag- yM'y-Xy+;CusOx 8B5S xS 75,y<1,2<05 10>y + z> 0.03), where M’ is one

10



10, of Y, Eu and La, and X is other than M and is at |east one of Y, Sc,
Ca, Sr, and the elenents of atom c nunber 57-71; associ

singl e phase perovskite-like nmagpigisgkgysgy Ccritical na ﬂm M‘ﬂ“ﬁm “Ih
that exceeds by at |east 10%the value of a correspondi sragneti c
field that is associated with an otherw se identical superconducting

mat eri al o Eeand Oérid X/is ather thancM'and Brableasd orie. of Y1ge, G4, (Sr. @hd:the blembris shatbmic

wher ei n ynumber 57-0; ddsocidiad Wihasalglrsingle Ipbase iperovshiterfik® matatial iscs eritigal magnetic BId3H: 10

4. The ar thatcaxeeods bycdt ddash10% thdalue ioha peirresponding-anitical megneficfialdithay is @ssogistecbwithg |

exhi bi t s anqtkerwisaidenticsl sugerpendynting materiahwhegalbotiny anizaregerd. cl e of claim 1,

wher& n M is Eu and the quantity of material exhibits superconducting

pr oper t% e§"°e?["°!9(5’k°'a"_’['6’ B"" b AT gé?e of claim1, wherein at |least 95 nole %

of sai sl ngl e phase perovskite-like material. 7. The
articlé o aﬂ‘f{f%@f '5'1" Q gtf]ei nxis 6.9. 20 PatentansprUche 1.

Cegepst r e t aften
bor” 718 o e E%*VS@%%H%%@ o oy o 5 RAs Sy e el
Sauer st of umc al I t. dadurch gekennzei chnet, daB weni gatens 75 Ml . %
des Natserf&'a'?ucﬁ'di‘l?lﬁﬁﬁ Qﬁe’?oif’ ﬁl‘ﬁ‘éﬁ'ﬁh&tﬁ&&dﬂﬁ?oi%&i&l'eﬁﬁibiﬂ%pe%ﬂ&é ProgErieCt -
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35 2. Gegenstand nach Anspruch 1,
in weichem y + z > 0,15 sind.

3. Gegenstand nach Anspruch 2,
in weichem y + z> 0,3 sind.

4. Gegenstand nach Anspruch 1,
in weichem M' Y ist und die Menge an Material supraleitende Eigenschaften bei 90K aufweist.

5. Gegenstand nach Anspruch 1,
45 in weichem M' Eu ist und die Menge an Material supraleitende Eigenschaften bel 90K aufweist.

6. QGegenstand nach Anspruch 1,
in welchem wenigstens 85 Mol.% des Materials das einphasige Perovskit-artige Material sind.

s0 7. Gegenstand nach einem der Anspriiche 1 bis 8,
in welchem x gleich 6,9 ist.

Revendications
55 1. Un produit comprenant une quantité de matidre qui présente des propriétés supraconductrices & 77°K
ou supérieure & 77 * K, ladite matidre comprenant du Ba, du Cu et de I'oxygéne,

caractérisé en ce gue
un pourcentage molaire d'au moins 75% de ladite matidre est une matidre & phase unique du type
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