EP O 351 323 Bl Description Background of the Invention 5 Field of the"
i nvention The present invention relates to an inprovenent in a nethod for
produci ng thalliumtype supercondumpParas1d2aed particularly, it relates to a
et hod for producing superconducting conpound oxi des containing thalilum
(TI), such pase fhtiblh- Ba- Ca- Cu type oxide, which show the perfect

super conducting property (resistance R=0) 10 at a very high tenperature.
Descripti orgag‘tgm[,,t}pof{helhﬁg,ﬁgn art Superconductivity is a phenonenon which is
descri bed 85 a Kind of phase change of el ectrons underwhich 15 an electric
resi st agce FRAOPIR invéition and t he perfect di amagnetismis observed. VWen
superconductor tech- nology is applied to electric power transm ssion,
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‘supet-condudTipsuch esiTiclacimCul typeakide whistpahiow the penfect syeergandyctingpropari(easistante it = And
in theé fia elatla ey highderoperature.cat mrent such as NMR, [err] neutron nedical
treatnent or high-energy physical experinents. In the electronagnet devices
for gener atgm_ma@mgef&gﬁﬁtuc 20 fields, super conduct or technol ogy is
expected to accel erate dev o rrent of he t Io‘% fumgwc W& der which
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t ype conmpoupdduetiondest cérebeeeduted. si gni fi cant advant age that high Tc
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techni qu%' ere Crg‘ Sw%en the ﬁlallI %wdgnnl%rew"gi‘uhurugai Xo?r%o%'oqges have been sintered, it
super conduct ors bn i“%a ce ||%p§golGﬁll6§ﬁrtklﬂﬁanmde
(T1) is a v |tthQ§($r9ve le®ly Rligfdress the leScape of
necessary t?ﬁﬁ ﬁ'oﬁtgﬁﬁé dfsil d%ﬁl?afth@ﬁoﬁ\i@ﬁm&'oﬂ!i@co%&ﬂnﬁe feitsi tHekrddttirigstered
conpound oxi iPdeviat Frotf HgsRell valesSin o i Bifficalt toBrbdlice A4intéHeyVEess having conisisteRt qudity
Her et of 0kse, apd\e&atid ightR\alid lthiPsresded. M xture for thalliumtype conpound

oxi des have bagius dédilaRb pdposbd to Barpy daEésiktering bf metetialipoedsr tixtuverfarhe thalliumype core:|
powder mi Xt ewhdioxided irf pige niadel6f goill ("Sciérde"ival. 200 0pmge 830 tqH34)\Arit29,/1988)tAslagyariattion, It isum
vapour fr omppeseiosimter tHe vaatesal powder rhixtere prappedin 4 golddeil inld $ebled pibe made otayat [Rersrty
suppress the escape of thalliumvapour oyt of the gold foil, so that the
atomc ratios of the conponent elenents in the resulting sintered mass wl |
deviate fromdesired values. In fact, it is difficult to produce a sintered
mass having consistent quality 55 and a stable high-Tc value by this
process. It has been also proposed to carry out the sintering of material
povvder mxture for the thal liumtype com pound OXI des in a pipe made of
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proposed to sinter the material powder m xture wapped in a gold foil in a
seal ed pi pe made of quartz [Report 2 EP 0 351323 Bl submtted to "Phys.
Review Letter” by S. S P. Parkin etEpb3s13238147 (60857) 3/18188]. These
nmet hods, however, have the problemthat oxygen supply to the materi al

powder thé&&ﬁm&U%"#?u% RiVewt oftbrefy o] Pof‘ﬁﬁ(n%tapﬂ\léﬁ'r (OB HdRee Or difficult,
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processes asndmproved mathodifer produbingthalivet{THybeeehpbund oxidestipeedondyciorsal | i um (T1)
type conpound oxi de superconductors. Summary of the Invention 10 The
_present | nveummagyof thedwentios an i nproved net hod for produci ng superconductors
of Ml IPum (TlI') type conmpound oxide by sintering a material powder

i ncl udi ng at FEQ&IH?%NEE"VP'H&F provides @ impzaved mehostfopeaducingisuperqepdugiprs of thallium (TI) type
ment conpr i s§F Wa’sfﬂ?ibh "tg"é{‘ﬁa"ﬁ*at"éi"?"‘&?” Iepste 'EPrtEa"FW'%"%'EWF%F—'&"PP’%de
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the 0peni g Ghe prodebd B 1 Bradbrt AerGH a&emﬁa gaﬁu&ammeontp@eﬁdo&in@
mat er i al p PoM@ing tnaliih BV GrialiPee tﬁpﬁau 8 n{pGu Qhides'isreprbdahted B the dehbral for-
proc\e—és of e present invention is app |cabl e ;to any superconduct or
conposed of conpound oxide 20 cont mmhp,gaa;)pajnbwm (TI). One of the typical
thallium t ypehiiomnan kel yaits tl@bers sach @atisBMmg Ee@shgby/oft e general for- mul a:
[err] I n which éxms16x=onsh2.2axe oBantheasy ssach sati sfying the ranges of
[err] 255 respetvelyasl p= @no+npsuch ¢EHOaBRGBRH, oI CeBaluDwagnpl es of

ot hert hal | i umEsawples pfothegthaliumpesniaidingsorupeund pxidesyatensderkical lomperateregnoted inpanenthes-
not ed i n paeskietwhish theprepent pvantiondhappliceblpaesent i nvention |I's applicable, are:

T1-Sr-Ca-Cu-0 system (75 to 100 K), T1-Pb-Sr-Ca-Cu-0O
?ystE)m 7 ) T1-Sr-C80cuco &pgtelf), T1- Ba- ({f75ao Q0D IGN.st(em

92 K T1, Ln)-S system T1 La,
Pb) - Sr - Ca- O system&lc%boér ca %%6@ R)’?'tf'éi , Tl)(étgsortéjojt);"p l&;/))s't em

(90 K), Pb-T1-Sr-CuTd-Bpst(@nCa)-Cu-0 system (9248 K), 40 '

La- tTl Sr-Cu-0 systemp, Ln)-Sr-Ca-Cu-—O systér’ K séméol%Tﬁ- Sr-Cu-0
system

not e n: | an o,d 45 The
metallic foil is préfrér'aﬁ'lay &?Qde%f’céopd %'75\5?‘“ pl it{']ﬁ%: (Pt) or their
al l oys. The netal | i ogdi,pali)sspr-chepakbygtamde of si{99eK) (Ag), gold (Au),

pI atinum (Pt) or theﬂl{r'ﬂl VS, - 'Bhgg%itgherl ng oper ?Eéok‘ can be effected in

gr?l nary furnace he interior furnace I's pre?erably in the
con iom of an oxyd@TTY-Ey-SurdssHstem but, accokdl g t3FFhe present
i nvention, the sint Qrdm-@rn-dme-ocayst@med out in (&& Wy nosphere of air. 50
According to the present e tion, g as is fed continuously into the
metal lic pipe during t he té‘l”i r]ra %‘ ng‘ : The oxygen gas is suppl I ed
preferably at a rate of m)rethanO liter er mnute at 1 atm uaIX
the oxygln gadhemealisfeids M?P%‘E’"%Gﬁ%’déﬁ")-aﬁih"@dm?ﬁ'ﬁg §'l?¥%“(°1“°é?ﬂ'ﬁf"’° i ppaferably
si ntering c&‘ﬁd"gés“é?'ﬁ’é@'tg@ (%H)s%"%‘{m@‘) g‘E ressure t han
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tering operation. The oxygen gas is supplied preferably at a rate of more than 0.1 liter per minute at 1 atm.
Usually, the oxygen gas pressure can be about at ambient pressure (1 atm). The sintering can be effected

also at a higher oxygen pressure than 1 atm, -
The sintering is effected at a temperature between 880 and 920°C. When the sintering temperature is not
85 higher than 880°C, the resulting sintered mass becomes a mixture of different phases each having a different
critical temperature, so that the overall Tc of the sintered mass becomes lower. To the contrary, if the sintering
temperature is not lowsr than 920°C, the evaporation of thallium (Tl) increases excessively making it difficult
to adjust the composition of the sintered mass to the desired atomic ratios, and increasing precipitates which
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critical tenperature, so that the overall Tc of the sintered nmass becones
ower. To the contrary, if the sintering tenperature is not |ower than
920C, the evaporation of thallum ( TEPOi3&t3288les excessively nmaking It
difficult to adjust the conposition of the sintered mass to the desired
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CONPOUN g OX inidRrel whitthatkimproid siipdlcdiRiubig prépditids! YRrtitiarly stabf® lchidRibh SF8heQRGdaPbrhsdFh- | S
carri~d out wigTcoxygen-rich condition. (3) The sintered mass is not

cont am nat ed |Tye inBt@od/ dcogding to the Prebenbinventichds deéd&ibdédwith référedta tbFidD i whiticihisPatés one
nmet al  whi cherhisodient of om(td carey oui thdprédaat nmagtiodr | al powder. I n a concl usion,
according to the nethod of the present invention, it beconmes possible to
produce #§i gBrief Beg theRrawingsduct ors of thal.li um contai ni ng conpound

oxi des such the Tl -Ba-Ca-Cu t ype oxi de supercon- 20 ductors whih have

i mproved superfigohiadeEmig '“Wéﬁ!f@ eeubstantiglyschenatic erpss pectionaf pranperplys fof eatying out the
critical teﬂ'ﬁiﬂ"%fmtf"lﬁre Tc. The nethod according to the present invention is
descri bed WI t ﬁ'&%ﬁ‘@Pé‘WBBSW"FF _mpgmmqupnpfq%gfqyeaei‘eglsmq “MBGYH?E’H'E""H?’%W

t B%@rﬁ e entig De t

AUy T S speatom Braren o s SRRl RS A o
an spiarat £ s @ g:% i Eﬁtgvga sﬁgggcﬁt oFf i i BuiBRR: compo-
super ConQUCt OrFlgoﬁ Q ag hsﬁgﬁg mre (ltegﬁan% ﬁ%%'?ﬁeaéu@&%ﬂiﬂe%rdﬁér&ﬂc@rﬁ
is a graph §&Qm,me§ SRt (EndiRARency of the AC susceptibility of a

super conduct or pro- duced according to one of prior arts. Fig. 3 is a graph
show ng cri Dbtaidkd dbserpnon ithe prsterfed embddin@pisSt ance R=0) neasured on four

di fferent corrpo- sitrons when the sintering tenperature (T:[err]) is

vari The inbtgrial gowider nixtuyeé Qs iarap pediiv a roptatiicifdil 2 enatie df pregias aietal te pregalecs) package.
(resi st an c e Ths-)ckaye depiacedin e metaliie pipeodimadsiof precicun metlamd hvingiatclosadend\argirantopening

si ntering t iatan oppositerenil.gThem the mgtallifpiped ik placed inadurngse (nohshgwn){ While pxygéncgas isded by a
enbodi ment s nepale (not show) thrergh thejopaning gitiiepipad. the tamaeraturef the fifngeas plpvated gradully toc
foil 2 madeadtedgie rm%ﬂgtermfwere'arewlsbar'@inain&éfek%%dﬂewweg “b‘&é!k’atfj’é whih ig peces:

In a met 4l | Fﬂy&%&‘;gem gial & gﬁ'(s‘,:‘n‘ifﬁu%nnet al _and having a £ ggagglegnﬁgggvepth%n
openi ng at an '
furnace (nof g p’”\?\?ﬁ"?"%"“B')‘(?Q%‘W b @'Pf #@&’“B‘;ﬁqgﬁ% zel"%" %ot shown)

t hrough the_g g of the pipe 3, the tenperature of the furnace Is

el evat edsogr to a predeterm ned sintering tenperature which is

mai nt ai ned f olpRufls HGES] df es‘@a&kﬁu;dwmr hefrbult m&%.ﬁ%s siftdtod prbfin-
sinter the GRlphiode °cﬂ£?‘ﬂﬂfﬁfrs fherbdiftiRg sintdtsd Mgk ‘B Jz&ﬂ:d pBNvFeRsor 1,0,

I nvention Wahd cmrdmeu BFSrniiMo brbsard Orhatahéd d%GdéiiiﬁHiFH i atdRVHRI6S bF TI: é&lsa GFR R
of the preserateridl poiisai mitireiafe ddfibted 9 22€2bE Ab:tagxl to the fol l owing specific
exanpl esss Exarmme tmaterid) owder mixture Is pressed to a compact which is then wrapped in a foll made of gold (Au).
The compact wrapped by the gold foil is then placed in a pipe mads of silver (Ag) having a closed end and an
opening at an opposite end.
After the silver pipe containing the wrapped compact is setin a sintering furnace, oxygen gas Is supplied

4



Powder s~ of [err] and CuO are kneaded in a nortar and the resulting powder
mxture is sintered prelim inarily ]C for 8 hours. The resulting
sintered mass is pulverized into.a p%;v\zlzg%:gé{/ml ch powders of [err] and CaO
are adm xed unifornly to prepare a materi al powder nmixture. The atonic

rati os of Tlintathe giiver@ipe throughthe ppeniag arullthqdmmamrwm@hen@mn@ajs@bvw te 905C. Bin-
2.3: 2.0: 3!gingignffected forPhaurppt eri al powder mixture |s pressed to a conpact
which is then Kg-2f E%wsertefepefam dependency pf the, G syspapjibilitrefa smmeEWb w-
the gol d f oisPrding torthe-pressptipveption. From Fig. 24, it appatgnt thgt Fh?évpe(cA@d}wtﬁraawdﬁq;

end and 4n 'Q}'"é(?"“aﬁ'le’iﬂP'fﬁfé’P’tyé“%ﬂ'”eﬂPFEi’"e‘inﬁQ‘a‘sﬂ‘? *Vé?’c‘}ﬂi"f?@’?ﬂ?ﬂ ?fr‘ﬁ"hgh‘?'he
wr apped co r| n? furnace, % &)&’ led 4

EP 0 351323 g?} giittsa'm’eetw “B 'ﬁrBLPéﬁ"aFHWS% ming byefﬁ'a'e't‘ M PERRP et o
of - the sint urnace |Is elevated to 905[err]C. Sin- tering is effected
for 3 hOlilJS g“vgéxe hpvtfs a tenperature dependency of the AC

suscepti bi | |$y—e-ta——a—eu1¥e-|heonductor of Exanpl e 1 ac- cording to the present

i nvention. Frogg Kty athﬁaeJ(e'in loSi, SRR c?m:chtt % :?.HQa% HQ&\% X %&ﬂed
accor di Ng t G Boood fllGndh e .n'ttsvssm bifEr o’é«c p care
nmeans that t eln?Msp@aE&Qu wreppedl caipac si X di?e ] 19 e ng B @ Streal ithout using
critical  efRadivg bip& '(Tc at reS| stance R = 1 determ ned by

conventional frgks H‘cﬁbﬁtdﬂﬁ&l’amtedednﬁenWthKAcE&m@@&@@ﬁdeﬁﬁnmﬁC&mﬁﬁaﬂ@e
conpar at i ve exafpigr&iuded b tife@oivartionalinbtady. THe ciive SrFigSZB Dbt insdtiiend Rasistepsid portion
Exanpl e | | swhish BRiaged bythé prgseack df @ iolvercTo ghdsé inthe ¥itdréindssl t he sane sintering
furnace at 905[err]C for 3 hours. In this case, however, the w apped
corrpact res Slompayatyel Egamplec2 | y | n t he oxygen gas stream wi t hout usi ng 15 the
silver pipe. Fig. 2B shows a tenperature dependency of the AC

suscept i bi | i t yAssfcopperatjye exammis2ca eompast whidhds i@enared bythe samefrethod bR Exsmpld ( isianipgd
t he convent ihesld fafband & respiting wigpred casfpagtiinplacedin agiiversires oot h and has a

st epped porti oA t'\f?r?ﬁi’m“‘l“@"%&%é‘& eb‘iﬁ of theﬂ T eipeqre dosgd in gn ﬁ"d\ﬂk‘!"a’l’@" - Sintedng is offectorl
si nteredg"ma 9219"9 Cofer 3houts Ie 2. a
conpact whi ¢ g&a 3((79 esgsm‘w)wdma@ %‘a'fp'?éd 'aw‘aghvenveaf
gold foil aﬁ'ﬂ"affﬁg B aeerey pped conpact is pl aced in a silver pipe. In

this case, ﬁm\{eg$ opp05|te ends of the silverpipe are closed in an
air-tigh ES ering is effected 25 1In the sanme sintering furnace as

oo st ur ettt AR A B R Tl o o

mod
determ ned R¥affiden.cibe

guh.opieoe nethod is 109 K. Exarrple 2to5 30

Exanpl e 1 | g4hpent afici-8a:64 £9ab8.2lohe mat eri al powder nixture except the
atom ¢ r 3 | Gxarfifle 4! 14:8a:386u = Lo2iR.olse material powder m xture are nodified
as fol | ows: Hxigids:e RCa:Ba:Ce21.80540:30 2. 4:2.3:2.0: 3.0 Exanple . 3: TL:Ca: Ba: Cu
= 3.6: 2. 3: 2. 0: Bach cotfipactixwiiied indold {Au)foin TIREGomPactwrlpidd By the dolf)fold is@hdmpmabgal ira pipe
I Ca; Ba: Cu madd of3iver Bgjlhabing@a Bodea et and apapebing ah oppapped. i N gol d (Au)foil. The
co rrplact W app eAfteothetsiver gl adntéiaing the srapped nomiHasidsowt in B siaterinig|fienase.ceyged gasild supplied
(Ag) havithg o the siyecpineritrough thecaneningend the teammeraiyreodt the eintering furpdce isrelevated. §intetilt§r!s
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Claims

1. In a method for producing superconductors of thallium (T1) type compound oxide by sintering a material

55 powder including at Jeast one thallium-containing powder, the improvement comprising wrapping said ma-
terial powder mixture in a metallic foll made of precious metals or their alloys, placing the material powder

mixture wrapped in the metallic foil in a metallic pipe made of precious metals or their alloys and having

a closed end and an opening at the opposite end and then firing said metallic pipe at a sintering temper-
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Claims

1. In amethod for producing superconductors of thallium (TI) type compound oxide by sintering a material

55 powder including at least one thallium-containing powder, the improvement comprising wrapping said ma-
terial powder mixture in a metallic foil made of precious metals or their alloys, placing the material powder

mixture wrapped in the metallic foil in a metallic pipe made of precious metals or their alloys and having

a closed end and an opening at the opposite end and then firing said metallic pipe at a sintering temper-

5




45* and the sintering tinme when the sintering tenperatur fixed at
910[err] C. A superconductor obtained fromthe conpact orim Irm, t"fmmg
(Th:Ca:Ba: Cu = 1.2:3.5:1.0:3.0) whi Er0i381323B1 tered at Im
hours shows the highest Tc of 125 K. Anot her superconductor obt ai hed from

the conpact of oz BéiideR 880 dnd bad-Ewhiid ofydergas istupplisttirfto the metdllic 'tﬁ&l&%’re%bmng%f d |

at 910[err] C f pmeliuRaBti botwebrSIGnimiUAS 40holirs Sothal L hatbfal Pdwd
In a net hod fore,upamual ng superconaucfo rs of thallium (TI) t ype conpound

oxide by sintering a material 55 powder including at |east one

t hal | i ums coRt aTheimethog asgonding toiClaim 1 whereinsaidievrercondugions ofithedjiunv( Biype nemoanddxidware
terial powder feprReentedby the genemstfonilac f oi | nmade of precious metals or their
alloys, placing the material powder M urBadCihed in the metallic foil in
a metal lic pi pfBWHER®: 'bra'rﬁvem wemcarsﬂswamas al | oys and having a cl osed
end and an openi nFSEPHEBIRAATK TS BAP=URE t hen firing said rret aI i c p| pe
at a>si nPeri ngretRafjyaly andp = ( 0.0 351 323 81 B

ature betwegn '
o1 bt ough ¢ L st ackdfy Rt ﬁé‘ﬂﬁ'ﬁ‘aér"’"%'ﬂ*'%‘??*&%ﬁﬁ“?g&%""’(’?ﬁ’é‘%ﬁﬁ”ﬁ%‘%E'*JFs
so that the material powderm xture wapped in the netallic foil is

sinter ed 24. Tt musetiod actomiing @i =thy titp df Olaitl Hitb Fwheréih ediemetalticcpips isSindae ot il (°g), @bls
of thallum ( TeA), pistimem Rty o themelliopsci de are represented by the general

formul a: [err] i n which n, x and are nunbers each satisfying ranges of .
lerr] 10 5 Thedstintacrorpo fiFAJA # Wherin 8 SXy981 1 3epolsd abs e gmerthan
Caim1l or 2 whilteiesr aigyty t&? '1“3" 8Perato& nmde of gol d(Au), platinium (Pt)

or the|r al §OYfie nathod accdd o § QdisUlerk; h@ ikl of pow-
wher'®n sai d ﬁ&éﬂgﬁﬁﬁgﬁa o O Ybig or9£f° "k m&ﬁb .&#ﬁ?’%&mﬁé&t)

or their all oy&,eoﬁmn;ﬁ]ﬁmmwoﬁ%ﬁ,g&ﬁgmg& any: one of Claiml to 4 wherein
the oxygen is supplied at a rate of nore than 0.1 liter per mnute during

t he sinteri hg Tpenetiod acrordid@ to sy ofkine Claist Hio 6 whereio thdimutpriel powdey miatore ipdomBhctadiy 1
to 5 whe®ei n t ;pressioeioreithd maleriabiowderimixture ie wiagped bythemetallic tofl. pow ders each
conposed of an el emental powder, an oxide powder or a carbonate powder
containing at |east one of constituent elenents of the conpound oxide. 7.
The net hod Betestensnrgche any one of Claim1 to 6 wherein the material powder

m xture |s conpacted b ress before the mat er i aI [ X

I's wrapp¥d By Ys5@Raus '“F%‘?"Ps Sﬁ‘g‘i v TV ﬁ;gﬁ' - di:t‘\’;:‘E
Her st .el ! ung el sSerung bei ? : a uve eaus mgggenoder hren Legie
Thal I'ium(Ti) - U C1T e Sy ﬁrﬁchv\rﬁ In IRt
Thal liumenth aTvek Le ,zu 58S EndelAd olhE ]
das Mat egl al pu nrdga T etioh

i egl e-- rungen aﬁmMe rﬁdieftéﬂu fethiell ¥ Wintd 'y ﬁ)Stundendurch
Mat er i al pul versremfﬁme inldls ﬁl&alh@i an i Evird 8bdals d&d I8k Metafitblie @Gdwidkbife Materialpulver-
Legi erungen zuUgendch gésinteiast. €91 geschl ossenes Ende und el ne 6ffnuna am ae-
S5 aenfl berI eaenden Ende aufweist, und dann das Metallrohr bei ehner
Si nter't ewpeRat Vierfajinah sach nspB&H 1.midvezBén @ Suprdieiereys der Werhindungl vaBa Tve des Trblfivya(Tl)-
Cber el ne Zei t Q¥idacdurch die slidemping Faumelut e und 40 St unden durch die 6ffnung In
das Metal |l rohr zugefi | hrt wird, so dadBfCagadadnbidhe Metallfolie

ei ngewi ckel te ﬂ?éf!q?ﬁ’!"é!" QPéF‘L"' & ezahlen,gind, dip iswpilsdeq folggngen Bereighap genfiges, nach
Anspruch 1, bej ﬁ"ﬁ‘%ﬂ- P5PRE9sF=¥50¢ der. Ver bi ndung vom Typ des
ThalllurrfsTl @?l d's iPeh die all geneine Formel Ti4(Cal ., BS.)mnCunrnQy
dargestel | t 35' (éHahdeR n&lR Andruch 1 oder 811 welchéh Lie Mol ausEdia (A “ﬁhﬁns(Péigdlr ihren Le-
f ol genden Ber ejielafgen 8&ddhgeN: 65n5i 6, 45n512, 0, 2<xc0, 8 und -25y5+2 ,f5
und p = (6+8+n§

4. Verfahren nach einem der Anspriiche 1 bis 3, bel welchem das Metalirohr aus Silber (Ag), Gold (Au), Platin

% (Pt) oder ihren Legierungen besteht.

5. Verfahren nach einem der Anspriiche 1 bis 4, bei welchem der Sauerstoff wihrend der Sinteroperation
mit einer Rate von mehr als 0,1 Liter pro Minute zugefiihrt wird.

85 8. Verfahren nach einem der Anspriiche 1 bis 5, bei welchem das Materialpulvergemisch ein Gemisch aus
Pulvern ist, die jeweils aus einem reinem Pulver, einem Oxidpulver oder einem Carbonatpulver bestehen,
das wenigstens eines der Bestandtelle des Verbindungsoxids enthait.
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