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ABSIRACr

nc Oxygcn partial prcssurc ― tcmpcraturc phasc diagram of YBCO typc

supcrconductors rcportcd bcforc by us showcd that thc YBa2Cu40x phasc fonnation from

Y2Ba4Cu7°z With CuO,as wcll as from YBa2Cu3° y With CuO arc oxidation rcactions nc
total gas prcssurc― tempcraturc phasc diagram shows that thc YBa2Cu4° x phasc fonnation
temperature from Y2Ba4Cu7° z With CuO incrca“s with incrcasing the total gas prcssurc.

On this Phasc boundaっ'linc,thc fugacity of oxygcn incrcascs with incrcasing thc total gas

prcssurc cvcn at constant oxygcn partiaI Prcssurc.

INTRODUCT10N

Rcccntly wc havc rcportcd thc total gas pressurc ― oxygcn partial prcssurc ―

tcmpcrature phasc dね gram of YBCO typc supcrconductors(P回 ― P。2~T phasc
diagram)[1]・ According to thc P。2~T phasc diagram,thc YB%Cu40x(124 phasc)is stablC

awギT』軌基」li驚鳥薦鳳瞥:濯即&J鷺?鵞 1嵐懺!職|
CuO arc oxidation rcactions[1].P。 ―T Pha∞ diragram shows that thc phasc fonnation
tcmpcrature from 123.5 Phasc With Cu()to 124 Phasc increascs as Ptot incrcascs  Thc

ObiCCt市C Of this study is to obtain thc cffccts of Pbl on thc phase cquilibHum tcmpcraturc

and the fugacity of oxygcn. In this study,124 phasc samplcs、 ″crc Synthcsizcd at va● ous
Pld,10MPa of P。2 and 1300K of T.Thc fugacity of oxygcn(fOD Was Calculatcd as a
function of Pl。 !at constant P。 2 and T,and thc fugacity on thc Phasc boundary line Was also
calculatcd.

EXPERINIENTAL

Raw matcrials Y2° 3(Shin― Etsu Chcmical, Lot No.0449-SU), Baco3(Sakai
ChcmicJ,lot No.lX121)and Cuo 6∝ kawa chcmicals,Lot No 03432A)had a puity
highcr than 99.9%.ncsc pOwdcrs wcrc mixcd in thc atomic raJ0 0f Y:Ba:Cu=1:2:4 by

an agate mortar in ethanol for l.5h. Aftcr d,ing,thC rnixturc was prcsintcrcd at 1200K

for 48h in air. nc prcsintcred Powdcr Was ground and uniaxiany prcssed into pcncts at

20MPa,and hotヽ osta6cally prescd in oxygcn― argon gas mixturc(02~HID at drfcrcnt
conditions as shown in Tabic I.
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ablc I. Ъ cOぅ―HII conditions.
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nc oxygCn conccnttation of thc m破 turc was changcd to lx P。 2 at 10MPa.lThC prcssurc
mcdia of thc samplc D in Tablc l was the mixturc of 95% argon and 5% oxygen,for

hstancc.)SamplCs wcrc heaにd at 4CXI K/h,keptat 13CXIK undcr 10MPa of P。 2 and VaHous
Of■。t fOr 5 hours,and qucnchcd by adiabatic expantion of thc surrounding atmosphcrc by
dccrcasing Li from thC maximum trcating pressure to 30MPa in about 2 minutcs.¶hc
caに ulatcd c∞Ing ratc was about 12圃 K/h(3Ws)缶 om 1300K to 1070K(8∞

°
o,and

coolcd at 20CDK/h to r∞ m tcmpcraturc。 口hc 02~HIPPcd samplcs wcre invcstigated by
thc X―ray diffraction mcthod.

RESULTS AND DISCUSSUION

Fig.l shows thc Ptol― T phase diagram at constant P。 2°f10MPa. Thc 124 Phasc
tcmpcraturc stability range increascs with incrcasing PId.Fig.2 shows the P。 2~T Phasc
diagram at constant Pu Of 2∞ MPa. 124 phasc is stable at high P。2 rCgiOn。 ■he X―ray
diffractogram of samples A,B,C and D arc shoゃ m in Fig.3.M可 oHty Of the samplcs are
124 phasc.Ъ c htcndtics of(∞ 0,(∞Ю  and(10め diffractbns hcrcasc wih」 雨ng Pld.
Ъ c incrcasc of thcsc diffractions suggcst thc appcarance of somc impurity phascs which

havc siinilar diffraction pattcm with that of 124 phase such as 123 phasc with CuO or

123.5 Phase With CuO. Evcn at constant P。 2'Ptol gives somc cffccts on thc PhasC Stability.

1300      1400

temp(K)

Fig.l Total gas prcssurc― tcmpcraturc pha∝ diagram of YBCO typc supcrconductors at

constant oxygcn Partial pressure of 10MPa. Thc open squarcs,thc astcrisks and thc solid

triangics show thc condition at which the 124 Pha∝ , the 123.5 phぉ c with CuO and thc
liquid phasc wcrc stable rcspcctivcly.  lЪ e marks A, B, C and D have the samc
significance as in Tablc I.
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Fig 2 0xygcn partial prcssure― tcmpcraturc phasc diagranl ofYBCO typc supcrconductor

at constant total gas prcssurc of 200MPa. Thc solid circics sho、 v thc condition at which

thc 123 phasc with Cu()was obtaincd  Thc othcr inarks havc thc samc significancc as in

Fig l.
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Fig.3 X― ray diffractogranls of samplcs A,B,C and D in Tablc I. ]hc intcnsitics of

(0010,(00■4h and(108)diffracJon hcrcascs wih」 Ыng totJ gas pКssuκ .
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nc fugadty Of oxygen(foD,CalCulated ttom gcncralレ cd fugadty cocffidcnt cha■ 12]
for thc mixturc with argon,incrcascs with increasing P。 l at constant P。2 and T as shown
in Fig.4.ncsc changcs with ltt are stronger at low tcmpcraturcs,and at about 12CXIK

(arOund HIPping tmperaturc)arc cOnsidcraЫ y smJl.

As shown in Fig. 5, the iso― fugacity lines are almost pcrPcndicular to thc phase

bounda,Inc and thc igacity hcrcascs on thc phぉ c bounda,Inc(L.")Wih」Sng P。 .

nis impliCS that thc total gas prcsurc modifb7 the thcrmodynamic stabIIy as an

indcpendcnt variable. Thc shifting of fugacity by thc total gas pressurc changc can■ ot

cxPlain thc altcrcd thcmodynanlic stability.

50     !00     150

totat press.(MPa)

ng.4 ■ c igacity of oxygcn as a function oftotal gas prcssurc at constant oxygcn partial
prcssurc of 10MPa. Data based upon thc rcfcrcncc 3

CONCLUS10N

YBa2Cu4° x Supcrconductott wcrc synthcsized by 02~HIPping mcthOd at va■ ous tOtal
gas pressurcs, 10MPa of oxygcn partial prcssurc and 1300K of tcmperaturc. In thc total

gas pressurc― tcmPcraturc phasc diagranl,thc fugacity of oxygcn on thc phasc bOundaヮ

bettccn t卜、Cu7Q Wih CuO and YBち Cu4° x inCrcascs wih iSng totJ gas prcssurc at
constant oxygcn partial prcssurcs.   Iso― fugacity lincs On thc tOtal gas prcssurc ―
tcmpcraturc phase diagram arc almost pcrpendicular to thc phase boundary line. Thc total

gas prcssurc modif57 thc thcrrnodynamic stability as an indcpcndcnt va‖ ablc.The changing
of igacity of Oxygcn as a 釉nction of total gas prcssurc can not cxPlain thc altcrcd
thcrlnodynamic stability.
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Fig.5 Total gas prcssurc― tcmpcraturc phase diagram with iso― fugacity lincs Thc
fugacity on the phasc boundarics incrcascs with Hsing total gas prcssurc.
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AgO DOPED YBa2Cu4° 8SUPERCONDUCTOR UNDER
HIGH OXYGEN PAR71AL PRESSURE

■ヽ」ICHI SAWAI,K_ISHIZAKI,M.TAKATA AND A. KUZIUKEVICS
Nagaoka Univcrsity of Tcchnology,Nagaoka,Niigata 940-21,Japan

ABS豫 ∝

Gcncraly silvcr doping into YBa2Cu307 Supcrconductor improvcs thc critical tcmpcraturc

and critical currcnt dcnsity. In this work thc silvcr pcroxidc was doPcd into YBa2Cu4°
8

SuPCrCOnductor and sintcrcd by thc Ox)7gcn HOt lsostaticaHy Prcssing mcthod. Tllc critical

tcmpcraturc of thc 124 Phasc incrcascd by silvcr pcroxidc doping.

INTRODUCTION

Thcrc havc bccn many rcports of silvcr doping into YBa2Cu3° 7 Supcrconductor(123
phasc)Ъ c doPCd dlvcr improvcd thc c」 tical tcmPcraturc and c■ tical cuΠ cnt dcnSty of 123
phasc[1]Gcncraly thc 123 phasc with somc silvcr was synthcsizcd in air or oxygcn at l

atmosphcrc  Thc oxygcn paltial prcssurc is so lo、 v that thc doPcd silVCr locatcs at thc grain

boundaHcs of 123 Phasc aS mctallic silvcr[2].In almOst all cascs,Sivcr doping did not causc

any distinct microstructurc changcs of thc 123 phasc.  In this study thc Oxygcn IIot

lsostatically Prcsscd(02HIPpcd)YBa2Cu4°8(124 phasc)supcrCOnductor with somc silvcr
pcroxidc(AgO)waS Obtancd.Thc cHtical tcmpcraturc of 124 phasc was mcasurcd as a

func6on ofthc amount of dopcd AgO〔 3,4].

EXPERIMENTAL

nc starting matcrials arc Y203,BaC03,CuO and AgO which had a pu● ty of morc
than 99 9% At fist Y2° 3'BaC03 and CuO wcrc mixcd at cach ratio as shown in Tabic I
and cJdncd at 1243K(970° o for48 hous h aI Si市 cr was addcd as AgO h thc amoum
of at%corrcsponding to 100cAg/1Ag+Cu》・ThC prc―gntcrcd Powdcr Wtt uniaxial:y prcsscd

hto cyundHcal pdにts at 20MPa(10mm damdcr and about 2mm mickncss)and COH
IsostalcJけ Prcsscd(CIPPCd)at 200MPa for l minutc Samメ cS WCrc,thcn,甘 catcd by
°2~HIP(Kobc Stccl,02~PrOfcssor HIP)tCChniquc. Samplcs wcrc hcatcd at a ratc Of 400
杓Ъ,kcPt undCr 40MPa of P。 2 and 200MPa of Pl。 l at 1270K oftcmpcrattlrc for 5 houns,and
qucnchcd by adiabatic cxpansion of thc surrounding atmosphcrc by dccrcasing thc total gas

prcssurc fronl thc maximunl trcating prcssurc to 30MPa in about 2 nninutcs  Thc obtaincd

coding ratc was abOut 12圃 K/h(3K/s)缶om thC trcathg tcmpcraturc to 1070K(800° C),

and coolcd at 20001ひ Ъ to room tcmpcraturc.

■ cc● tical tcmpcraturc,at which thc rcsistivity turns to zcro,、 vcrc mcasurcd by four

probc mcthod.
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Fig. l Thc x― ray diffractogram of AgO dopcd samplcs.
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RБULヽ AND DISCUSS10N

■ cX―ray diffractograms of AgO dopcd salnplcs show that thc supcrconducting 124
phasc is fromcd in all cases. The pcaks ofimpuritics,such as Y2° 3,21l phasc,123 5 phasc,
CuO and some othcr compounds consist of Y,Ba and Cu dccrcasじ aS AgO doping fraction

increascs.  Small amount of Ag mctal was dctcctcd for samplcs dopcd morc than S at%

AgO.AgO was not dctcctcd directly in any case. In the X― ray diffractogram,the intcnsitics

Of(0010 and C00り dffractims hcrca∝ asthc AgO doping iac6on hcrca∝ s.■c hcrcasc
of these diffractions suggests the Ag substitution into Cu― sitcs,incrcasc of oxygcn atoms in

thc plancs or thc appcarancc of mmc impurity phases which havc similar diffraction pattcm

with that of 124 phasc such as 123 phasc or 123.5 phasc.

¶hc critical tcmperaturc was measurcd as a function of AgO doping.■ lc rcsults are

shown in Fig.2 nc critical tempcrature,at which thc rcsistivity ttrns to zcro,incrcascs with

increasing the amount of dopcd AgO up to l%. lЪ c c五 tical tcmpcraturc bcgins to dccrcasc

slightly with increasing thc amount of doped AgO morc than l%. It suggcsts that thc

solubility limit of Ag into Cu sitc is aЮ und l at%. Because AgO could replace CuO cvcn

Cu()Prescnted in stoichiomctric 124 phase,thc AgO substitutcd phasc is tcasonably stablc.

Fig.3 shows thc rcsist市 ity of thc samplcs l,2 and 4 as a function of tcmpcraturc.
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(=l ulAg/cAg+Cu》・勁e samplcs corcspond from numbcr l to 5 of Tabic I,and arc 02~
HIPpcd undcr P。 1=200MPa,P。 2=40MPa at 1270K for 5hours.
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Fig.3 Thc resistivity of samplcs as a function of tcmpcraturc.

CONCLUSION

By thc doping of AgO into YBち Cu408 Superconductor,thc c● 6cal tcmpcratttrc(■
,zeЮ )

hcrcascd about 4 dcgrccs to 75.7K by doping AgO at l%of Cu contcnts.■ 笙Ю bC」nS tO

dccrcasc slightly by AgO doping morc than l%of Cu contcnts.This rcsult suggcsts that thc

solubility limit of Ag into Cu sitc is around l%.
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