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1.Introduction

The relationship between phase stability ofYBCO

type superconductors,sintering tempcraturc,コ弓and
vgen partial pressure,p。2 WaS rCported in the form

_^a phase diagran■ by Karpinski et al.The phase dia―

gram showed that YBa2Cu408(124 phasc)was sta_

ble at high ρ。2 and 10w tt YBa2Cu308(123 phase)
at low ρ。2 and high tt and Y2Ba4Cu7015(123.5
phase)at high ρ02 and high■ Their samplcs werc

canned in an encapsule containing oxygcn gas as a

pressure mcdium to sintering[11,therefore the total

not be distinguished. Wada ct al. also reported a

′02~rphase diagam for a′。2 in thC rangc from 10~4
to l MPa and r in the range 970-1270 K by using

TG and DTA analysis 12],butthey did not consider

ρtot either.In the prescnt work,the superconducting

samples werc synthesized using a oxygen hot iso―

static process(02‐ HIP)under variOus′ tot,′。2 and
r tO cxalnine the stability condition for different
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The phasc stability of a YBCO type superconductor has becn studicd for difFcrent total gas prcssures,oxygcn partial pressurcs

and temperatures by using a oxygen‐ hot‐ isostatic‐proccss A total gas prcssurc Vcrsus tenlperaturc phase diagram at constant

oxygcn partial pressure(10～IPa),and an oxygen partial pressurc versus tcnlpcrature phase diagram at constant total gas pressure

(200 MPa)wcre Obtained.Thc depcndcncc ofthe phase transformation temperature ofthc YBCO type supcrconductor on the
oxygcn panial pressurc and the total gas pressurc was examined_Thc phase stability analysis reveals for thc flrst time that the

transforrnation tcmpcraturc of this YBC(D type superconductor depcnds on both the total gas prcssurc and thc oxygen partial

pressure

phascs of YBCO type superconductors.

2.Experilnental

All samples were prepared by solid statc reactions

uSing 02~HIP(Kobe Steel,02‐PrOCessor HIP)Raw
materials Y203(Shin― Etsu Chemical,Lot No.0449‐

SU),Baco3(Sakai Chemical,Lot No.0021)and
CuO(SOekawa Chemicals,Lot No.03432A)had a
punty higher than 99.9%.These powders werc m破 cd

in an atomic ratio of Y:BaiCu=1:2:4 by a glass

mortarin ethanol for 15.h.This rnixture、 vas reacted

twice at 1200 K for 48 h in air with intermediate

grinding. The powdcr was uniaxiany pressed into

pellcts under 20 MPa(10 mm diam.and 2 mm
thickness).The pellets wcre then 02~HIPped at var‐

lous trcatment temperaturcs in two differcnt ways:

(1)Changing ρ。2 at COnstant′ tot of 200 MPa.

(2)Changing′ tot at constant ρ。2°f10 MPa.
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The heating rate was 400 K/h.Thc samples wcrc

coolcd in two diffcrcnt ways:

(1)Quenching by adiabatic expansion of the prcs―
surc mcdium gas,in othcr words by rcleasingρ totflom
thc maxirnum treating pressure,c.g.200～ IPa,to 0 1

～
IPa in about 2 min Thc cooling rate of thc at―

mosphcrc was about 12000 K/h(3K/s),fI・Om the
treatment tempcraturc to about 1073 K, then ftlr‐

nace coolcd to roonl temperaturc at a ratc of about

2000K/h(0.6K/s).Q― marks in the igures ofthc
prcsent work indicatc this cooling condition. Sam―

plcs close to phase transition lincs were quenched

(2)Cooling down naturally aftcr turning Off the
hcatcr.Thc cooling ratc、 vas about 2000 k/h(06K/

S).

A typica1 02~HIPping program is shOwn in flg l.

Ⅳ【ost ofthc sarnples wcrc kcpt for 5 h at each treat―

ment temperaturc.

X‐ray diffractograms were taken to identitt cwS―

talline phases Thcre was not any appreciable di■

fercncc in the X―ray diffractograms betwcen samplcs

treated for 5,10and20hat l173KunderPtotof200

ⅣIPa with′。2 °f40 MPa. All other samples werc

treated for S h

3.Results

ln flg.2,thc log′
t。1_rphase diagranl at a constant

′02(1° MPa)iS ShOWn for a′ tot range of 10-200
MPa and a r rangc 1200-1500 K Thc open
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Fig l Typica1 02~HIPping prOgram.Heating rate is 400 K/h

Prcssure mcdium was an argOn― oXygcn gas mixturc(02%=01,
1,3,5,10 and 20)and hcld attcmpcraturcs betwccn l173 K and

1473 K fbr 5 h orlnorc■     ´
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Fig 2 Log ρtot― r phasc diagram at β。2=10｀4Pa This phasc dia
gram shOws thc ρtot cffccts on the phasc stability of an YBCt
typc supcrconductor Thc marks“ Q"indiCate quenched sam―
plcs.Thc Open squarcs,11c astCrisks and the solid tHanglcs show

thc condition at which thc 124 phasc,thc 123 5 phasc with CuO

and thc liquid phasc wcrc stablc, respectivcly_ Thc marks in

brackcts in flg 2 arc thc rcsults of Karpinski ct al Thc A― A′ cuⅣe

showsthc phasc boundan/Ofthe 123 5 phasc with Cu()and thc

124 phasc,and thc A′ ―A″ cuP/e showsthe phasc boundar/ofthC

123.5 phase with Cu()and thc 124 phase including the results of

Karpinski ct al Thc B― B′ cup′ c is the mclting line

squares,the astcrisks and the solid triangles show the

condition at which the 124 phase,thc 123.5 phase

、vith CuO and thc liquid phasc、 vcre stablc rcspcc―

tivcly.Thc A― A′ cuⅣc shows the phase boundaw

bct、veen thc 123.5 phase with CuO and thc 124 phase,

and the B― B′  is thc melting line. Data pOints in

brackets are from the rcsults of Karpinski ct al.[1].

The flgure should not bc cancdh“ phase diagran■"

ln thc preclse sensc,bccause thc number of rcactlol

componentsis variablc and thc length ofthc reaction~~

period lnay not be largc cnough.The namc was used

following the usage of other authors[1]. The ex_

pcrilnental conditions are vcry silnilar except for ρtot
and ρ02・ ThC reaction period was morc prccisely
specifled (and quenching was adapted to prcscⅣ e

thc high temperature phasc)than in the rcported

work of ren [1].conSidCring thcsc reasons,the re―

sults of thc present work could more adcquately bc

called a``phase diagram''.

In flg.3,the logρ。2~rphasc diagrarll at a constant

ρtot(200 MPa)is shOWn fOrthe′。2 range l-40 MPa
and the rrange lloO-15001く  The solid circles sho、 v

the condition at which the 123 phase、 vith CuO、 vas
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Fig 3 Logρ 。2~r phasc diagram at ρ:。t=200 MPa All samplcs
、verc kept for S h or FnOre at thc conditions indicated After hcat

trcatmcnt,Q― markCd Samples wcre quenched by adiabatic ex―

pansion ofthc surrounding atmospherc(abOut 12000 K/h),thC

othcrs wcre coolcd down at a rate or about 2000 K/h The Solid

circlcs show thc condition at which thc 123 phasc with CuO was

obtaincd The othcr marks havc thc samc signiflcancc as in

flg 2

stable.All other rnarks havc thc samc signiflcancc as

in flg.2.

4.Discusslon

ln flg 3,123 phase with CuO transformsinto 124

phase under about 7 MPa′ 。2 おr r in the rangc
l173-1373K.This result is quitc different from that

Karpinski ct al.,who showed thatthc phasc trans―

lormation tcmpcraturc fron1 124 phasc to 123 phasc

with CuO is about l100 K in the ρ。2 range O.1-0.6
レIPa[1].Figure 3 also sho、 vs that the phase trans‐

forination tcmperature from 124 phase to 123.5

phase with CuO and from 123 phase with CuO to

123 5 phase with CuC)depends on the′ 。2・ The 123 5

phase with CuO stable tempcraturc rangc bccomes

smancr as ρ。2 riSeS and rlnally disappcars.This re―
sult is siFnilar to that of Iく arpinski et al,butthe phase

transformation tcmpcrature and the mclting pOints

in our results arc higher than the results of Karpinski

ct al.Thc work of Karpinski et al.and Wada ct al.

suggested that thc 124 phase、 vas stablc in the lo、v

ρ02 regiOn,but rlg.3 sho、/s that the 124 phasc is nOt

stablc at lo、 vρ。2 if ρ10t is high

Figure 2 sho、 vs the effects ofthe total gas prcssure

on phasc stability Thc phasc transformation tem_

perature frorn the 124 to the 123.5 phase with cuO,

sho、vn bythe A― 、́
′
solid curvc incrcascs as ρtot riSes.

Ishizaki suggested that the standard Gibbs energy of

the reactions may be affectcd by high gas prcssure

[3,4]The marks in brackets in flg 2 are bascd on
thc results of Iく arpinski et al.Including his results,

the phasc transformation temperaturc is shown by

thc A′―A″ dashed cun/e.

Our results sho、 v that thc phase transformation

telnperaturc from 124 phasc to 123.5 phase with CuO

is 1350 K at′tot=200 MPa and′。2=10 MPa,and
the results of Karpinski ct al. sho、 v that the phasc

transformation  temperature  is  1250  K  at

ρlot=′02‐ 10 MPa Both rcstlits suggest that the

phasc transformatlon tcmpcraturc increascs as′ tot

riscs.

Using rlgs 2 and 3,thc thrce― diinensiona1 log′ tot―

1° g ρ02~T phase diagram lnay be obtained as sho、 vn

in ng.4.Figure 3 is included in flg.4 asthe ABCD

planc(′ tot=200 MPa)and flg.2 is includcd as thc
EFGH plane(ρ 。2=10 MPa).Figure 4 also includes
thc rcsults of Karpinski ct al.in thc OICD′ 。2=′ t01
plane.Considering the thrcc― dilnenslonal phase dia―

temp(K)

Ptot(MPa)

Fig 4 The threc dilncnsionallogム 。(Iog P。2~r phase diagram
of thc YBCO type supcrcOnductor Fig. 3 Corresponds to thc

ABCD plane,and flg 2 to thc EFGH planc Fig 4 also includcs

thc rcsults of Karpinski ct al as thc ttICD planc
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gram,the results obtaincd by Karpinski et al.are in―     with CuO to 123.5 phase with CuC)at 200 MPa of
deed recovered at the condition ρtot==ρ。2'and agrec    total gas pressure depcnds on the oxygcn partial
reasonably well with the present results.              pressurc.

(3)At a total gas prcssure of 200ン IPa, 123 phasc

with CuO transformst0 124 phase at 7 MPa oxygcn
5。 Conclusions partial pressure for the tcmperature range l170-1370

K.
The threc― dimensional log′ 。2~1°g′tot_7 phase
diagram Of an Y13C()typc superconductor has been

determined.This phase diagranl shows that           References
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