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0,0.1, 0. 3Bi-SpCeCp-Omysten syl in an "@feasﬁhéthﬁ &9iyre fraglion etibeRioh T, ghase.Copre¢pitpied oxa- =
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that the cationic ratio is Bl:Pb:Sr:Ca:,Cu 67:5:100:85:180 so that there is
consi-derably less Pb in the high- [err] than in the starting material. M
M zuno et al., Jpn. J. Appl. Phys. 27. L1225 (1988), also disclose that the
~addi'tion of Pb to the Bi-Sr-



Ca Cu Osystemresults in an increase in the volune fraction of the high-
[err] phase and a |l owering of the op- timumtenperature to obtain this
phase to about 855C. 55 " E. V.EFoapssbBunmaran et al., J. Phys. F Met.
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e\;ra&i by heatrng a mxture of the Il, Pb, Ca, Srand Cu oxides, 30 the
relative am)mmatsnw&unsmmmmpdsmbnstohmsatvaimcaré piepdedlly thdfollcaindproéass. iCRiantities of
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prevent® alfgmefariThemixedrowdsimey thepthehertedglireqporiioandte §rsifereed inp@@eliet ar etfher shaped
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sh ape d other phase, the "15 Angstrom phase”, has an onset of superconductivity of about 120 K and iattice parameters
of a =0.380 nm and ¢ = 1.52 nm as determined from X-ray powder diffraction results indexed on a tetragonal
cell.
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object and then heated. The superconducting conposition of this invention

I's produced only when the atnos- phere in which the reactants are heated is
carefully controlled. One way to aEr®4gsléssdn t his control |l ed atnps- phere is
to place the reactants i'n a tube made of a non-reacting netal such as gold

and t-hen seagjBRoddivilytafodbéniifb ﬁfHHSGrgdena%ﬁﬁ#cﬁ bitonl iL., td@%nsmeﬁ&%gh T @

furnace a%ﬂe&?@aﬁ‘ﬂb@ﬂm&s‘ﬂrsﬂ b mbtRbd desdriBachi &H Yrtid dititak AR BLHs nein Physib) Rdvew
hours. Thes p&)esds(ibdr)t he Turnace is then turned off and the tube’is

f ur nace- cool mg sb&r@muﬁ@tcorﬁ@mwm& IAbdhtionaR bd usk@folcbndaét durkdbdkirérRdljRafRikniyr OM
t he fur naceto pvide & bgheticTieldi@ hagieEiMaginyTor ricdical Plrpebls. PHuRbyGbolihEhe vomposiwe in The
conposi t i anesforat of p#ir€dh biar'to & tdinBersfg Deow thx bupeicbndldlifg WdnsSitidn tddpemtufe (TO)® exposingy/ | t Y
above 70 HKhe riatgiabto [ipddaimoghandtT, i3@bgyh ZBCS tdliguid. HeldeTif T, thbalbw 7TiCid aimantiehedidknown
super conduethpsegn thisipldnd intiating a @oveofpletiea) cupr®nt, dnk ean'cbRinAngSiow withquhens eléctridab s
an onsét asishralessesofrohneyide exceptiondly biyonagn@l fiplduwith ahivimal peyer josaes et vde snegifoned =
0. 380 nm arryiouslycould beiwaynd tg for & celiwhich wetid hegrrosedtalinuid belide or ligid hilregen.idepending
résul ts i readxkaipreipduging anyicaigrihiaie theepll- Sughdieldnean be pred toleyiidleobiecig@s langs apfaliead om
phase", ha&drsaihesnfuparcopgucting ﬁ@?R?B‘FR!‘a grealgp spfubip Josprivgen devieps Ruch 43iSRUPS fqupercon-

par amet er <uging gpantug intestarepcs, ?‘fﬁfs)@“‘”“ ipstepnepigihatarehasedonthe depepispmafiretsus? aptitier
di ffradii SReqdsampipg ciicliy Andypiags s8Ny agonal cel | . 3 EP0428630B1
SUpercondlﬁéﬂ!\éLéyE"cﬁéE @%Eﬁﬂaﬁl rmed by observing magnetic flux excl usion,
i.e.;, the is effect can be nmeasured by the nethod

descri bed [garticle by E. Polturak and B. Fisher in Physical Review B,
36, 5586( The superconducti ng conpositions of this Invention

can be “used % 8s1gBAHY8Y, 2@W9rg%rﬁbo§>@t7§@d&lre¢acgfﬂg§¢ SR, afti 07084 Pér Y6 LBrrédpond-
tic fihghamipBICaRRONMbMISatidd &h:A8:1 Whe JiRAH B3theP iR SR mor A bHaboub3d ri@si Ng

t he C OIMP O Pelidts) A0 fni .ddtaﬁ.eteﬂrnahmt:ﬁnmmcﬁ, wefe phta$ed from thislnfEp Péviter I Tvd poiksaibrdibba-

super condutirits\ggdid @Ees1 dn dillaridetoomicarl (V82 dia[add 47]lonay ana Xipaciengs sdazd Bpveldingtiott O

| i qui d2ni tends)Ehre title waepltced ing fupinoysnd Figdtedat a e of 5°C per chinute &l 875rC and threiretd|at 876°C

bel ow 77K forn$ raunsetowernto the furnaee wzathdncshitiotf sed the tubdiwas dioved ¢ coalriaroom tempertturedn a

fl ow of eltbefumaesaTheduhewan then wmeveddrom disthurnare sucbdyt dpenheblads oretuchwas redoesred: i cal

10 resi sti vielpsperaifect mpapurpments showeddbe prseioh supprponduglvityebapaeti7p K. fi el ds with

m ni mal povver | osses, the wire nmentioned previously could be wound to form

a coi | %whi 2AMELER d be exposed to I iqui d heliumor liquid nitrogen,

dependi ng on efo Ci current into the

can be useg T B&t’ i ko e grfrt?d@aaetfa‘reg e T ool

- super cond \i 'H er 9'3 %a ol :éofsu emn ucow %psbglr}@ew ces such as
SQUI DS gsuper con- u um | n erftere j in instruments

that are bé)é@ﬁ.l_gg t he Josephson ef fect such as h| gh 15 speed sanpling
circuits age standards. EXAMPLES OF THE | NVENTI ON EXAMPLE 1 20
2.2837 of [gbsar 9o, BYeRofde oD, a4 msddﬂ:&dz, 1196966 s8b,Ahd 18968 § o206, BrresBaifl- I
of CQuQ cqrigrtemmad:askaa&ts\mara'ﬁ&off’ §rbln@ bo@éthe in'ad bl ritirtarfor bkt 40 rinutede ! €
gr Qund 4 OORMIS; N0 A inkibnR @GP amférﬁrﬁfrﬁbk vawasse%@mmmﬁm powtRl. ned pelletslidrdThadl N
di amet er andd ivdo hdid Bbe1enk Hid 6id, 10\WRdhg (878 IRGEHd HT16ME) additSe tideed s@mawde veldiny\both
pel | et s weands. Meectebe waslplacati In adurgpoé shdthedie ala iwothic@ parmrthutk@ 87610 andthed Mald3it 8787
and 4 | ongyr GhoursiRowerttothe fumease wasthetshiioffised the e fyast 4oVl to @plds roo kempbralve ivas
pl aced i n the fuineeen e tutecval then rhoyad framitietfernasfe afideut dpepdine biagkptodudt waq regovgredand
t hen héf d at Mpissney effeg)megsurpments shomgdip opsgt of pupercondugivity 2hebeut®A&n shut of f and
t he tube vvas aIIovved to cool to roomtenperature in the furnace. The tube

was. then r fromthe furnace and cut open. The bl ack product was
recover ed er t measurengnts s one

super cqp m&%ﬁwggﬁg& ?m 5‘? ate nFE R/g as&??fﬂl?‘*d%'t’ﬁa@["§38‘f°°'ttlﬁ@t

m xed po ma 11@ ou nd erg ftsa dh!con \Qgﬁ herejf Ce)chu
that the tgumeletolh ot i W 3?1 AN Roner
effect neasurgdRRl o P&tﬁrdct &tl%rb'ﬁﬂhct ovﬁ“ﬁ?trhgﬁ) ﬁéﬁidhXée'sYthé‘ p sel<- 35

EXAI\/PLE 3
: 55  EXAMPLE 5

2.2837 g of T1,04, 2.3919 g of PbO,, 0.7208 g of Ca0,, 1.1962 g of SrO, and 2.3862 g of CuO, correspond-
ing to a TI:Pb:Ca:Sr:Cu atomic ratio of 1:1:1:1:3, were ground together in an agate mortar for about 30 minutes.
Pellets, 10 mm In diameter and about 3 mm thick, were pressed from this mixed powder. Two pellets were oad-
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2.2837 g of [err] g of PbQ2,1.1416 g of [err]1.1962 g of SrO2 and 2.3862 g
of 'CuQ, correspond- ing to a Tl:Pb:Ca:Sr:Cu atomc ratio of 1:1:2:1:3, were
ground together' in an agate nortarEfodzssebt 30 minutes. 40 Pellets, 10 nm
i n diameter ‘and about 3 mmthick, were pressed fromthis m xed powder. Two

pel l et's WejyGud 256k k1 dnliard 19%%&?3@:3& afid by 4Ha thebbe il LD b ’%aélﬁng kiR
~and 4" | ongys, fttubeWas Biata8in WRInaRSaHd Rehtddat ¥Vale G 536 pd? Minlte HIEC ahdiBer ARG BT

- placed i n 1§ efridirBFoReds the RpmicE Hasthen@hiitdlfandthe 1S Wds dliived B dabliErobrR telBéritured d
then hel d thd fuln@ée. TheftGbe was tHahlfefnoved@dm khelfé@nddd @nd dét 6p3E. The\BiSck pldett Wibtbco@dréd. and

t he tube wasMsitdnenetfect im@asuentt Showedifie breBle supbrdéridudtvitytabidboiit@s Race. The t ube
was then rentheotraf povdet difeadtion of the @rogiuntisiows thaptedominast pbésa dsthgT20hgstiom\péisse.
recovered. 45 Mei ssner effect measurenments showed the onset of
supercond E¥AMPLEG at about 80 K. EXAMPLE 4 Two ot her pellets of the m xed
powder ®f Exanple 3 were treated as described in Exanple 3 except that so

t he -t enper at Twaothes peliate efthe mixgd nawrdes ot fxamelelS werd irpriedchs pasrilied i Bxample & ersent that

ef hect medBeiemparpiurg topdich they were deates and heldiwas®25Cesul t s are shown in Fig. 1.
where the f| ¥Rissagrsgffet mepsyrements E{;&P‘i tag|onset of supargenducyyty ot abP\étr?g%Fat ure. The

pl ot shows t R %K BYwdgfdifteaien A HiRapayst shows that thedaginant phgse e th Rfngstiomphassy der
diffradfi %ége product shows that the dom nant phase is the 15 Angstrom
phase. 55 LE 5 2.2837 g of [err] 2.3919 g of [err] 0.7208 g of Ca(2,

1.1962g of [EE P2 %{%%09%@;0% £6e E&'mstd‘gnépssﬁaﬂfcﬁ@ o‘gfas% e
atom c ratj g, 9% Pﬁ gci ic 191‘?12 ?Eg&hérﬂta anﬁsgﬁdrﬁrfmf) B4 rﬁlﬁuté%bOUt
30 minyy esPenB@héam.d. ahisteFahd Ebu cﬁ.rwe ﬁﬁreavmaaaae
from thi s ginss gPMBET em didVBndd cndng (IR1dR dn@@dongfand mme%éz&n 30 wBdingsbti nt 0
a get'd tubsadsltmwmas piadad th@ rRBch atagea(te?da& diedr 20 Ferfhinule @ ¥ o cARElthbAIReId dt

seal ed by el Hduie.gPoaei e the ibltace wikhérlBAG offakd (b A6edad atnovaedftwoaamoramdwpaeate&d at
a rate of thefurnace)Eiie tbelwib eheh ferjodddibmaliedurhiiveande@d 6beaTh8 Hbck Prokiadt wés ri@udred.
Power 26 t heMbissnacstiectwasutdnents stiowed thé bnsatdl supleortdudtieityahiabosti8oswed t o cool to
room t enper afheeray povisier diffriptiorf of theaenduct Shows thatibe darinantpbeserissthe 12xhgstropyphedee

. furnace and cut open. The bl ack product was recovered. Missner effect
measur enerEXAMPhBRed t he onset of superconductivity at about 85 K. The X-ray
powder diffraction of the product shows that the dom nant phase is the 12

Angst r dfn p had¥e othex ppliofs edfwd?fp Haemple 7 P"é’Poé"e%f?d a(sﬁléscHQeg EFpHRle & proat that
Exanpl e 5 E?E‘P?'? ‘ﬂ"“&é"ed nd el P

5( t he
t enperat ure P SipWad 1 ongete! ﬁ r effect
measur eent s vttawdgﬁ'%%ﬂié%t%tep?& G PR ATIOP Gopreshase g 2 S en
X-ray ppwdgiwEbraction of the product shows that the dom nant phase is
the 15 Angst-r-om—phase 15 EXAMPLE 7 2.2837 g of [err] 2.3919 g of PbQ2,

0.7208 g of § Qé:#]g ofF1,09 8301 ok PodS (8%2 éaé 99&299 Bsrd7akd 2 5485 | 6rTR6 "hdrreép&ﬂt- to
a Tl : Pb: Caingiba tbbaiaIFCG atbic ko &1-1: rdund WabtRor Yo HEHiD rha? @b Bbut B mies.
agat e nor tggiée o ARGH-tianeter sndlabuue@mmaﬁbk dr&tséa frorh Ehig ikddPowtieR TS (RlletsMide 1340 U t

3 nM t hb Cked iMiEh Gol@tubS 5 61fl dif BAYMOLCHY I&tgmlaf'% 4RO W6Hg) antiwRe tHIR] ek lsSaletitly Welkingbbth €d

i Nt0”a gol ehds. Tixaut waspiskea inaliinabd ariiedi@r ¥ fal/oBs°C géraniratedo 850°d 2p8 ghen BanTht B60eC

t ube was sfect lwdrsiBowegtb thergndve was therdshut offtaad the bube wassallplvesidecbol toiroamftampaatves imnd
heat ed at the fusntace. Ghe thlasrwas thea remevesifiom thefurafgerahd cuhoben.Tde biaeki prbdadt whereedverbhr 6
hours. Power Meigsnetrifectinendiramenis shawiad the shngt of syercansictivityeat shopi0Wias al | owed to
cool t d®r oom'beXriss pewder diffragtion of dhefprpdpel sows thekthe deseinapipbaserivthe 1 ARIGEN APPSM t he

furnace and cut _open. The bl ack product was recovered. 25 Mei ssner

ef f ect rre s shovved t he onset of superconductivity at about 80 K
The- X—ray po I 0 t.he product sho t hat n hase
s the 4 *8%" Lite} @Mﬂ Tg';f weeh g ?fé‘Pscﬂéﬁ% i
powder % tﬁtﬁ% tft il A BifuoRicert Lha Lhe
t emper ature t,-g Hg@&%omeghggect
neasurenents s e onset o supercon uct|V|ty at abou

: EXAMPLE11

55
0.6851 g of TI,03, 1.6743 g of Pb0,, 1.4416 g of Ca0;,, 2.3924 g of SrO, and 2.3862 g of Cu0, correspond-

ing to a TI:Pb:Ca:Sr:Cu atomic. ratio of 3/10:7/10:2:2:3, were ground together in an agate mortar for about 30
minutes. Pellets, 10 mm in diameter and about 3 mm thick, were pressed from this mixed powder. Two pellets

were loaded into a gold tube 1 cm dia and 10 cmiong (3/8” dia and 4” long) and the tube was sealed by welding
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The X-ray powder diffraction of the product shows that the dom nant phase
is.the 12 Angstrom phase. 35 EXAMPLE 9 2.2837 g of [err] 2.3919 g of
PbO2,-0. 7208 g of [err] 2.3924g of Er@OkesssaBL. 3862 g of CuO correspond- ing
to aT;:Pb:Ca:Sr:Cu atomic ratio of 1:1:1:2:3, were ground together in an

agat e nmor tygihfends. M&Qpﬁb&&hﬂ&ﬁm@%b Rdated alPratdBr 54¢ pdi ANRE @lo0@BAndReYReis3 MM
thick, wersadereReeRbuls! Pdel Rithe iiind@Wal AR Sut off 3HA tRALHEGES albREPlo S B rodhDlemed
into a golpdratubtif thb fsrRaceli The &BE wddkh6r Fe&ad fréns {18 furftica art it dhen. TR BlAck dRodud: Was

t ube was semberst. by wel di ng both ends. The tube was placed in a furnace and

heat ed at a Weiésher@ffedt Mmedsurep@iits shoRed the brdeobsuperedhddktitifyatabbetligoat [err] for 8
hour s. Power THeXX-tajhpowiderrdiffrantion/afihe plodutt is lassentialiyf thosathe tals that shben imBsanplel tewed t o
cool to roomtenperature In the furnace. The tube was then renoved fromthe
f urnace arEXAMRLE &hen. The bl ack product was recovered. Meissner effect
measur éents showed t he onset of suPerconductlwty at about 80 K 45

The X-ray pohtfP 9aiT:Ps 4A4098f RoO2t114416996ERR 2-0RbGA St and 23962 GRS FHPraprrespavds e

i sthe 121 PrPBﬁ:P hﬁ%@m'mﬁ@"’?.@ 28 werpgrpuyd tagetherin an agate meftar i3y abavf 3Bt er
of Exanpl e‘t‘*ﬁ \%?‘%"?'F"@é{‘c"@d“%a"dé 'UEH""I‘ = d O@t*eaé’é:peowdﬁeiwerg"eﬁwe

t t ur'gpdeq, '“ t‘{bﬁ m drﬁ

| ngggﬁlr’ 25 er g:) ou wer e rn ce as hen @ ?ﬁ? 3 b § Ignd ﬁréhaﬁ ray
powder di f éu ewasalow cooltoro tel m;12
Angst r om E&A&% E er r 8@4‘% er rk]p ﬁi

of Cal@, 2. ésn&e%ctﬁe%reﬁ@ﬁts ghoﬁgcﬁae gnsgtfof Qcorﬁﬁ’d’tl%@%péb@ﬂ 126 RY to a
Tl : Pb: Ga: Sr Hé ddpakings, thefelafiveGritensifidsind knbUndicod ofthe dMSErFedTErRENRAS &f@l%t-ﬁ?g
age{yﬁ DT tdfifracki6h paBéiR Ui the3plodibt WhidhSvas Eeb.l.:ﬁﬁyssmgwnﬁm id dhoflt A NRAA! THYNSha
i ck, wvRticpaRérh SRREMY Angdioliphdse/n Xxed powder. Two pel lets were | oaded i nto

a gold tube 1 cmdia and 10 cmlong (3/8" dia and 4" long) and the tube was
seal ed by welding 5 EP 0 428 630 Bl both ends. The tube was placed in a
furnaces and heated at a rate of [err] per nminute to [err] and then held at
900C for 6 hours. Power to the furnace was then shut off and the tube was
.allowed to cool to roomtem perature in the furnace. The tube was then
renoved fromthe furnace and cut open. The bl ack product was 5 recover ed.
Mei ssner effect nmeasurements showed the onset of superconductivity at about
120 K. ¥he X-ray powder diffraction of the product is essentially the same
as that shown in Exanple 12. EXAVPLE 12 10 1.1419 g of [err] ,1.1960 g of
[err] 1.4416 g of [err] 2.3924 g of SrQ2 and 2.3862 g of CuQO, correspond-
ing to a TI:Pb:Ca:Sr:Cu atomic ratio of 112:112:2:2:3, were ground together
in an ggate nortar for about 30 min- utes. Pellets, 10 nmin dianeter and
about 3 mmthick, were pressed fromthis m xed pomder. Two pellets were
| oaded into a gold tube 1 cmdia and 10 cmlong (3/8" dia and 4" |ong) and
the tube was seal ed by welding 15 both ends. The tube was placed in a
furnace and heated at a rate of [err] per mnute to [err] and then held at

r], s@r 6 hours. Power to the furnace was then shut off and the tube was
alﬁﬁﬁed to cool to roomtem perature in the furnace. The tube was then
renoved fromthe furnace and cut open. The bl ack product was recovered.
Mei ssner effect nmeasurenents showed the onset of superconductivity at about

120 K. 20 The d-spacings, the relative intensities and the indices of
the obderved reflections of the X-ray powder diffraction pattern of the
product, which was essentially single phase, is shown in Table |I. This is

the charac- teristic pattern of the 15 Angstrom phase. 25 30 35

50



40 45 50 55  EP 0 428 630 Bl TABLE | d-spacing, nm

I'ntensity. hkl 5 1.530

s - * 001 0.760 EP 0 428 630 B4 0 02
0. 5097 ‘ : 0 003 0.3811

m . 004 10 100 0. 3704 W

101 0. 3400 mIBBLE T 102 15

0. 3049 d-spacing, nm m E.EEEEE.L‘EX 100 2698

VS 5 104 BHp 2. 652 & 001 W

111 20 2.541 m 006 2.178

w 007 &5 n 992 115 25
1. 907 0.5097 m n 200003 852

W _ 116 gl 3811 ' n 064 108
1.694 1 : . m 117 30

1.618 W 21300 559

m " 218 B304 weak m - nediumd0 s - stkx@hg EXAMPLE 13 45

1.5986 ¢ of [err] O.p6Hf¢pp of P2, 1. 4416,5; of CaQ2, 3¢p24 g of Sr2 and
2.3862 of CuQ cor‘f? g{] |ngtoaTI Pb: Ca: Sr: Cu mc ratio of '
7/10: 3190: 2: 2: 3, wer e%‘f) nd together in h agate nor for about 30
mnutes. Pellets, 1042698 di aneter and abosit 3 nm tHi®@&, were pressed from
this m xed powder. Two pellets were |oaded into a golgggube 1 cmdia and 10
cmlong (3/8" dia and 4 1ong) and-the tube was seal e y wel di ng both
ends. The tube was in a furnace andheated at ¥¥ate of [err] per
mnute to [err] and 24841 held 50 at [err]mfor 6 hour®06 Power to the
furwdce was then shut pjg and the tube wasgal l owed toggpol to roomtem
“perature in the furnace The tube was then renoved fromthe furnace and cut
open. The bl ack pro 2%as recovered. Mei%sner effectreasurenents showed
the onget of supercand®@Tivity at about 1@ K The X-r2g0powder diffraction
of the product is esgeggg al |y the same as fhat shown {{g Exanple 12. 55

EXAIVPLE 14
1.707 w 108
1.694 n 117
% 1.618 w 213
1.558 n 218
35
w - weak
n - medium
— s - strong
EXAMPLE 13
45 1.5986 g of TI,0;, 0.6696 g of PbO,, 1.4416 g of Ca0,, 2.3924 g of SrO, and 2.3862 g of CuO, correspond-

ing to a T):Pb:Ca:Sr:Cu atomic ratio of 7/10:3/10:2:2:3, were ground together in an agate mortar for about 30
minutes. Pellets, 10 mm in diameter and about 3 mm thick, were pressed from this mixed powder. Two pellets
were loaded into a gold tube 1 cmdia and 10 cm long (3/8” dia and 4” long) and the tube was sealed by welding
both ends. The tube was placed in a furnace and heated at a rate of 5°C per minute to 900°C and then held
50  at 900°C for 6 hours. Power to the furnace was then shut off and the tube was allowed to cool to room tem-
perature in the furnace The tube was then removed from the furnace and cut open. The black product was
recovered,
Meissner effect measurements showed the onset of superconductivity at about 110 K.
The X-ray powder diffraction of the product is essentially the same as that shown in Example 12.
55
EXAMPLE 14

2.0553 g of Tl,03, 0.22319 g of PbO,, 1.4416 g of Ca0,, 2.3924 g of SrO, and 2.3862 g of CuO, corre-
sponding to a TI:Pb:Ca:Sr:Cu atomic ratio of 9/10:1/10:2:2:3, were ground together in an agate mortar for about
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2.0553 g of [err] 0.22319 g of PbQ2, 1.4416 g of Ca®2, 2.3924 g of Sr2 and
2.3862 g of CuQ, corre- sponding to a Tl:Pb:Ca:Sr:Cu atomc ratio of

9/10: 1110: 2: 2: 3, were ground togetER@rdnsmBiagate nortarfor about 7 EP O
428 630 Bl 30 minutes. Pellets, 10 mmin di ameterand about nmthick, were

pressed f sy, Bends, %Qﬂmm&ranﬁ‘ﬂﬂbu%&u BlcR, wiRhRsded AslAMis e PpovdgOtwd p&lthe 1
cm di a angerd Sadedinted idesbe § cm Sk 3ncA0 Emfbig (381G arﬁﬂﬁoﬁdﬂﬁwd&hﬂl@e‘ﬂﬁﬁse&ﬁﬁby&dwﬂy

vel di ng bedth ef8Ohe tubb Wad pid8d WaTurdcd GRrhehidd a of rite BEESE pétithuacadobeC sid thenmalkie Of
[err] per atvoorattér sthaurk.Fowbr tetnd firkuéwlisthéh shut offaihd {he tubg whliowiedhoetbisto rdodvem- t O
t he fur nap&ati@in théfifmase) The o waa tithn rdnvéd finen thatirnatd aded open. Tredlack produsiorast em
per at ure fredoveled. f ur nace. The tube was then renoved fromthe furnace and cut
open. The bl\etsenep pifsitrodasviermentsaboned tigcbnsdy/b vessksuperednflectivity atabouiBBkent s showed
t he onset ofTheauky rowdes diffaativn of the productahowddd presna of iRisor RMPYTY offertEeAngstrom

di-ffrawti ekesef the product showed the presence of a minor anount of the 12
Angstrom 10 hase. EXAMPLE 15 2.2838 g of [err] 1.1960 g of PbQ2, 1.1412 ¢
of“\@aOZ of SrQ2 and 2. 3862 g of CuO correspond- 15 ing to a

Tl : atom c rat

2 %g g to t errel n
ﬁ'%at ﬁl gsl[()r { ar%@?s 6 prb %: Cf 8?3 3%%? ?nggga e mort rfor% out§$§ | nt O
ol LR t% %“‘%ﬁﬁ ’Rﬁ? Sl
seal ed by 7 E dm fgoap@, g@o@gﬁhthgate@d at
a rate of om@l ﬁJcE adih Qhapd?f A6 trid nidk wE@&IIB\Ledf 10 BooPto REVHY tém-

- Power 10 tp tu qﬁmﬂﬁﬁna\ﬁ@& h$ tﬁﬁsﬂwa%hh@n rSHhdvedindin thb Rirdabd ShdWakopa. stk broduzOwds t O

roomtem gbveRfar ature in the furnace. The tube was then renoved fromthe
f uMrace and Mididsnétlefiétt mﬂ&ﬁrehbrﬂ&éﬁoﬂﬂdblﬁlpefd&ﬁudﬁﬁﬁ%ﬁtﬁﬁk orlvkat Gt 6 1€ bidaxmd at
measur enerRbsut sdawed two superconductivity transitions, one at about 116 K
and one at alheXtraysdwler difffeetion-patiyn ¢f hagheddua sHofveditié presengeadf bath the 32 artdtiee 15rAnguct
showedzd hatrgmi pimessce of both the 12 and the 15 Ang- 25 strom phases. d ai s
30 1. A superconducting conposition having the nomnal fornula [err]
wherein ais from1/10 to 3/2, bis from1l to 4, 35 cis froml
to 3,.d i$imem 1 to 5 e is from3110 to 1 x=(at+b+c+d+e+y)whereyisfrom
1/ 2t 03, said conposition havi n a superconductl ng transition tenperature of
at |ea®t 70 R supggponducting SRMROPIAY G‘G'@tthﬁf%“% H'o"%l on as in Claim1 wherein
"a" is about 1/2 "b" is about 2, " "d" is fromabout 3 to 4,
"e" is about""?’?" Eﬁo ?}lnoj?. fromabout 1/2 to 2. 3 A superconductl ng

|s

corrp05|t|on as i erein "a" is about 7/10, "b" and "c" are each
equal i td" "e" Is about 3110 and "y" Is from about 1/2 to
process ﬁgrfmmam g super conducti ng conpositions consisting

essentlally of myxg Bﬁh b@ £hionetric quan- tities of oxides of TI, Pb, Ca,

Sr and Cu to proykeesf Pe+aFEAFvherdfis Bém Go@dn 1, heating the mxture in a

confined at mygpbsfpBsiiicd havig@ Easuradhdiichg RanshibRidinpdratlne br 4t Radted K] and
#p’talml ng said tenperature for about 3 to 12 hours to formsaid
co

0Si t i @; Asnpbrepodiciinggompasitioncasvpigintti vhereinSa” isghowd@s D" iaabgun2.(" 4 abRULZNET e n
t hest oi chi omiﬂtfrorftﬁbqlt!éﬁt‘t-t'ﬁ"é?@bw 12 ped "pXs Eresabgytdidteié precursors are sel ected

3. Asuperconducting composition as in Claim 1 wherein "a" is about 7/10, *b" and "¢" are each equal to 2,
& *d" is about 3, "e" is about 3/10 and "y" is from about 1/2 to 2.

4. A process for making superconducting compositions consisting essentially of mixing stoichiometric quan-
tities of oxides of Ti, Pb, Ca, Sr and Cu to provide the composition of Claim 1; heating the mixture in a
confined atmosphere to a temperature of about 850°C to 940°C and maintaining said temperature for
about 3 to 12 hours to form said composition; and cooling said composition.

5. Aprocess as in Claim 4 wherein the stoichiometric quantities of the oxides or oxide precursors are selected
to provide the composition of Claim 2.

6. Amethod for conducting an elecirical current within a conductor material without electrical resistive losses
55 comprising the steps of: .
cooling a conductor material composed of a composition of Claim 1 to a temperature below the T,
of said compaosition; _
initiating a flow of electrical current within said conductor material while maintaining said material



to provide the conposition of Claim2. 6. Amet for conductin

electrical currentwithin a conductor materi al vm t houﬂlﬂl Hlulrll Eﬁ Ijﬁ“lst i ve

| osses 55 . conprising .the stegs of : cooI ing a con

conposed of a-conposition of Ca e 428,530 B tenperature be ow t he err] of

said conposition; initiating a flow of electrical current wwthin said-.

conduct minuteseP4liats, 1afmin indiaresteraed atpytd madhick, yere pressgt from thismixgd pawdersTwopellefset s |

10 mm i were loadedinioa goldiubet sondiazandifl qrrengl3/8 diaand frlenglang thevhigwappesled byyeiding

powder . bofinendscThe ibe wag placed inafurraceang heptedt g rate i “ip?fr‘ﬁ"t;{ﬁ? 200 'G“E?ﬁ 'Telﬁ'n

(3/85 dPtPORGGJorp hoprs Rpwentn thefyraace ywes then shut att pnd the, pﬁbi% g‘g’e‘

t ube mgergfrraebfae funage. {1 wawa%tﬁer' t%eate& %th%{"'wat ea"SF"fr’Et"rT o PO e o

[ﬁr[] fa][?a W F%g Tlcg 2 at Eﬁ ns gwe?ksu erco ctwrt?aui)gufgknace was then

shut o

fur nace, “m%"'fs%ge%'%‘ Ve ?h r\r?é)efsurnace'ﬁg:r'r' Rgir?5§%§1r?%e bl ack
p ase

pr oduct "was recovered Mei ssner effect rreasurerrents showed t he onset of

weak supQi@GeEhectivity at about 85 K. The X-ray powder diffraction of the

product —strowed—t he presence of a m nor anount of the 12 Angstrom 10 phase.

EXANVPLE 1% 2338 891,65, ®hodo@lofdbol, 14904y @ c8b,, BB§2 g ofisrdsend 29862 g oD, cortbspdid4 g

of [ &I Ing@uin:Rb:8&6ACEateHhic fatiCdf 1:3/RIF2XBT) @Bd grolifid toguthet i anaghle nidptadiar. aGout Bumiat o ¢

rati o Olted. Pbiets, filmm . d@metsednd abputdmid tHickvedrdigressedifrarthia gixeepawdent Bwofpelfetsedecrut 30

M N-- Ut @adedRab b @bl tubd @ cmtiai and did enivhg (3/81 Witk anth 4'Lilong andhthe fube vas seeled byywelding d

f r om t hibsth whdecThepubeches pladaddn piytriace andiveated dt@arte df 5°6 per minuie §04°G iged therhrldi o

and 10 ehQ00HhHigr § IBuss: Paventodhafuenace wasdhensh offiaad the Bibe wassaliowed te gooblp regs) @it g

bat h2oe n@eratureriethe fiseacpide fiba wasithpmremoyed fiemdhe Ffgea g culpraf- The hlagk grogyct was ]

per minieeverss- [err] and then held at [err] for 6 hours % 11% #1

furnace wedeltspergiedi measyrements showad two syrereRgductiyity ganstiorsy °’t?5'6? °tY 88 PER 20

peratur & ‘?‘E’E@_g furnace. . The tub moved fro d cut
open,_ The Mg&gga%apgg 868? %raquc{lfgmgedﬁ T PR T EC md%%%d%ﬁ%}ﬁf

two SupdFUBRHE®tivity transitions, one at about 116 K and one at about 80
K. The X-ray powder diffraction pattern of the product showed the presence
of bothdlifsl2 and the 15 Ang- 25 strom phases. Claims 30 1. A
superconducti ng conposition having.-the nomnal formula [err] wherein a is
frompl/ Q, t @ sddefoonduching chihftsitidn HalingtheRdminalformua € is from1l to 3, dis
fromlto5eis from3/10 to 1 x =qf6,cHct0z + d + e + y) where y Is from
1/2 to 3, sdérBinconposition having a superconducting transition tenperature
of at | east 70als.frofl/d.to H2super conducting conposition as in Claim1 wherein
"a" is about 1bBfrofrbf'tos about 2, "c" is about 2, "d" is fromabout 3 to 4,
"e" ps about léBfeamd 69’ is fromabout 1/2 to 2. 3. A super conduct i ng
conposi tion asdisfro@ e 1 wherein "a" is about 7110, "b" and "c" are each
equal to 2, 45eisfrom3Ptoils about 3, "e" is about 3110 and "y" is from about
1/2 to 2. 4. Ax'r(‘t)‘cé§§+fddr°1’rﬂl¥'1hﬁfgyéiff9€r%ﬁ uct i n 03 %r ons consi sting
essential | ?a'6F°"i'ﬁ°§'FWd‘a‘§'E%? RREINIEGIPE ragon te'f“?eﬁt‘é' n%)%} (ld s of TI, Pb, Ca,

sr afifd ?‘J A%upJ K&rﬂﬁng‘é&%p&%}i’%hﬁaﬂm g'%’ergwaé rgébouthﬁa‘bh RAbdueg, "B |§(éﬂéﬁlez kR a

confined: af Sit® b 2 @rémafﬂnur'ﬁrs maBelklesr] to [err] and
mai nt ai ni ng sal terrper ature for

3. Asuperoonductmg composition as in Claim 1 wherein "a" is about 7/10, "b" and "c" are each equal to 2,
45 "d" is about 3, "e" is about 3/10 and "y" is from about 1/2 to 2.

4. A process for making superconducting compositions consisting essentially of mixing stoichiometric quan-
tities of oxides of Ti, Pb, Ca, Sr and Cu to provide the composition of Claim 1; heating the mixture ina .
confined atmosphere to a temperature of about 850°C to 940°C and maintaining said temperature for
about 3 to 12 hours to form said composition; and cooling said composition.

5. Aprocess as in Claim 4 wherein the stoichiometric quantities of the oxides or oxide precursors are selected
to provide the composition of Claim 2.

6. Amethod for conducting an electrical current within a conductor material without electrical resistive losses
55 comprising the steps of:
cooling a conductor material composed of a composition of Claim 1 to a temperature below the T
of said composition;
initiating a flow of electrical current within said conductor material while maintaining said material

8



50 about 3 to 12 hours to form said conpositiofm—and—cool i rg—Saie-
conposition. 5. A process as in Caim4 wherein the

guantiities of the oxides or’ oxi de Ereazse30BS are sel &B ﬂawlmmlmm" he
conposition of Claim2. 6. A nethod for conducting a L

currentwthi rbe@wg,gg\gmgg,%mrmt erial without electrical resistive |osses 55
conmprising the steps of: cooling a conductor material conposed of a
conposi ti on KJokdphasomeffedt devize wbsighetha bupereoduadtios\matiral domptises the cangdosition of Claim 1.
conposidion; initiating a flow of electrical current within said conductor
mat eri-al whi | e maintaining said material 8 EP 0 428 630 Bl bel ow said
terrperatur%ﬂterﬂanwrﬂmephson ef fect device wherein the superconductive

mat erial conprises the conposition of Caiml. 5 Patentanspriche 1.
Supr al ei t ehdSumalsiarfefsarpenseizyne mitdernonbalienEermeh Formel 10

1TPb. CabSr . CudOX wor i n a 1/ 10 biTsPBERSCYOx b bis 4 ist, ¢

| bis. 3 ist, “ogn 1 bis 5ist, e 3/10 bis I ist, x
—(a-lvb+c+d+e+ %’F%Sl st, wobei di e Zusammenset zung ei ne

Supr al el t ungs- Ooer tferrper atur von weni gstens 70 K hat 20 2.

Supr al eltende Zus tzung nach Anspruch 1, worin "a" etwa 1/2 ist, "b"
etwa 2 cwet d" etwa 3 bis 4|st "e" etwa 1/2 ist und "y"
et va 112 b| s | Staq bgjbgggght@&gg1m§ensetzung nach Anspruch 1, worin
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SSSCCUB?SI 048 "revgd sk ﬂﬂ?‘?"’ééﬂ?ﬁ?‘ﬁ'& “E'g'ﬁﬁ(?@gu X $tper at ur E'Pber etwa 3 bis 12
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st ochi-onet ri sGiasrichR BESiusllion, Gih Eihitad Qbr m&ﬁun\jweﬁkw‘bg&cﬁ&een&mﬁspme auf eine
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6. Verfahren stuhdfed, @inldRyestnite ZusainmbisbizGrgl2e BildSh, lufd e Abkiihein lded ganamhtaeBusammen-
Lei t er -Rht er isatzengohne el ekti sche W- derstands-Verluste, unfassend die

Schrltte des Abkuhl ens sines aus ei nerZusammenset zung des Anspruchs |
best ahendef L\erfalgen ngah Anspraghd. wern diejstbehipmetrisehgrMengp def Hxideodendpr Vprsiyfer derQxide
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l'a formul e nodes Verhifassens eines elektrischen Stromflusses im Inneren des Leiter-Materials, wahrend dieses Ma-
\_/ 40 terial unterhalb der angegebenen Temperatur gehalten wird.

7. Josephson-Effekt-Vorrichlung, worin das supraleitende Material die Zusammensetzung des Anspruchs
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Revendications
1. Une composition supraconductrice répondant a la formule nominale
TlyPbyCapSr,CuyOy
. 80 ol
avaut de 1/10 4 3/2,
bvautde 144,
cvautde 143,

55 dvautde1 a5,
- evautde 3/104a 1,
x = {at+b+ctdtety), avecy valant 1/2 2 3,
ladite composition ayant une température de transition de supraconduction d’au moins 70 K.



Tl PbCabSr CudQA 50 ou a vaut de |/10 a 3/2, bvaut t de | a
3, 55 dvaut de 1 a 5, evautded/10a 1, x Qﬂm Hi\ m vec y
valant 1/2 a 3,  ladite corrp05| t i ONERQ 428630 BE tenperat u=rec

supr aconduct’i on d'au nmoins. 70 K 9 EP 0 428 630 B1 C

2.+ Une £ 0Me 8dnpoSibnStbrdcaidlftitd Shiér 1£8veh @bdtibh 1 BndiRNERAVARSNRIR 12, rs:lam%nv.mn
| aquel-l e avauy c fvénviRA 2]d vaut dBhRioh 8BV & @it shviroh 1103 vaBIthentiRR 12,4 20 Vaut
d environ 3 A%, e vaut environ 112 et | vaut d environ 112 A 2. 5 3.
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