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Inert Gas Pressure Effects on Phase Stability of Oxides
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Phase stability of Y-Ba-Cu-0 superconducting phases was evaluated as a function of temperature, oxygen
partial pressure and total gas pressure by the hot isostatic pressing method using argon and oxygen mix-
tures as a surrounding atmosphere. The phase transformation temperature from Y,Ba,Cu;0, to YBa,;Cu,0g
increased with increasing the total gas pressure, even if the oxygen partial pressure was kept constant. It in-
dicates that the equilibrium partial pressure of a gas involving the chemical reaction changes if a solid-gas
reaction is progressed under high total gas pressure. Dependence of chemical potential of the reactant gas
on the inert gas pressure was thermodynamically discussed on the basis of Lewis-Randall’s empirical scal-
ing law and Ishizaki’s approximation. These two approximations resembled each other at pressures less

than the usual HIPing pressure.
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Fig. 1. RTIn po~T phase diagram of Y-Ba-Cu-O superconduc-
ting oxides under the fixed total gas pressure of 200 MPa. Mixing
atomic ratio of Y : Ba: Cu=1:2: 4. The marks [] indicate the ex-
perimentally observed 124 phase stable conditions, % 247 phase
+CuO, @ 123 phase +CuO and A liquid phase. The two dashed
lines are the results of Karpinski et al. under the conditions of Po,=
P, which indicate the boundary line among the 124 phase, the 247
phase +CuO and the liquid phase.
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Fig. 2. Py—7 phase diagram of Y-Ba-Cu-O superconducting ox-
ides under the fixed oxygen partial pressure of 10 MPa. Mixing
ratio of Y:Ba:Cu=1:2:4. The marks [] indicate 124 phase
stable conditions, %k 247 phase +CuO and A liquid phase.
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Fig. 3. The coefficient of fugacity as a function of the total gas
pressure for argon, oxygen and nitrogen.

< ( 2> t > < 0)7 ( )
al tot anO P, T/ T al tot

d/lOz: Vo, dProt <6>
BEOND. P Z£ERXERT. FFEBRAE T AT 5%
DFTALXNVF—2E 2B, TV ¥MORS D%
ERIHIELEEZDUBERDDDT o, AW, (B)RIC
£V po, DEJHKFE 0dP O 7 1ZI3FEFR DS TIVER To, %,
PITREZEP#AVS. BO)ROESELXIRICT 5720,
EATFDE 512 LT oo, & Py DBEFLE L TEET 5. HIP LEE
FHEDELSICEENADEN PR TIERE LS L, [EH
F1EALEDLERIMOSFOFEICL > TEL PSS
5 eE2ZONG. £ I TAIET HIP MEEHEIZE W TITE
BHADEGZFNENOENVEFERIZE LT,

%ozljoz‘Q‘nArﬁA;: vV (7)
ERELWY. BRETIVIVEISTFERL=ZEARLL, €
WVEBLRBRE THS DT lo,=0 &3 NIE, (no,+na.) Do,
=Ve7zh. Vi Py ORRICIIEBESEORBEIER, P
V= (no,+na)RT %A LT, HIP & Tl Lz

) _<av> RT i
A ) dno, PWDT*Ptot

Lirh. BBREBREEEN ATOBEOT S EIVER To, 1T,
(MNAPEETELLEGTREFEITEEL, FLUNIZ@)RXT
LEz20NBEWSERICES. F2T, BEHATTOBLER
JEDFEEEIRGO) AR E (DAL LGRRD X SITRDS LA

TE5.
. Prot 0 Py
10,= o, +RTS +RTS
B Ptot

Po, d Py,

P* 0y

P,
:mJ+RTmﬁ@+RTmﬁ% 9)

CCT, BIHOBGSOTRMEP” 13, (DABKILTHET
FEOTRETH Y, FRBWEEE LS. (OREHLDE3
HiZ, EJ Po, OMBARFICT NIV % Py T THEALKLLE E
12, po, ICHFETH2HEEMRCTESL. ORLEQ)REHETH
iE, ABFOITLIRICIIT S ¢o, LB,

—_ Ptot
b0,= P (10)
30.0 b
L 0,
po’ =50MPa
o2 Po'=100MPa po’ =50MPa
20. 0 Sl O\ por =75MF{a\\
On the basis of Lewis-Randall's \\ Pe’ =100MPa" \
B empirioal law \ < XY
b o ¢
L | BT
10.0 [~ 1 10 100
P, /P2
o E
1 I 1 L
0. 01 Ol 1 10 100 1000
P.o./MPa

Fig. 4. Comparison of the coefficients of fugacity calculated on
the basis of Lewis-Randall’s empirical scaling law and Ishizaki’s ap-
proximation. The two approximations resembled each other at the
pressures less than 200 MPa.
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Table 1.

50~100 MPa & L7280 ¢ tHEEHY, BRRUTEFHFICOWV
THELCERZH4ICE 20 5. HIP £4REOE HEH,
4725200 MPa LUFOfHE CI13, P” 275 MPafB@E & ¢ 5%
L, AKOFLE Lewis-Randall OFEEERNIT & < —F3 5.
21T A0)RITISWT P” %75 MPa & 3T ¢o, 12138 & 7%
D, fo,132100x1.3%x0.2=26 MPa &BEE & /¢ 5.
AL EA T WEESAIST LTRWS 7 TV
F i, BEAAZMOEIETHEICBW GEFICERELT
BY, KEEETACET AT —2BEREIN TS, L,
HIP B GAFIC BT 2R E T AT OB LERDBN¥ET —
ZITEBRBNCRO DN TV, LT, BRTIIEEN

Equilibrium Conditions of Oxidation Reaction under High Gas Pressure

approximations partial molar volume

of oxygen

equilibrium  condition | characteristics

of oxidation reaction

equation of state of | n v, =n,v, =V

the total gas pressure

AG" =RTnp,,

ideal gas

effect is neglected

Ishizaki’s

compressibility factor is not

AG® =RTlnp,

necessary for calculation,

approximation n.-v..+n.v. =V P
e R A + RTln—"Z— fairly good approximation
P
tion of state of o compressibility factor is

equati v_ B ZozRT AG° =RTIn Po,
real gas 02— P +RT In q)o necessary for calculation

101 2

Table 2. Nomenclatures
G/kJmol ™! the Gibbs energy per mole of the system
G /kdmol ™ the molar Gibbs energy in the standard state
A G/kJmol™! the change in G due to a specified change in the state of the system
A G /kdmol™!

the change in standard Gibbs energy

A G/kJmol ™!

the standard Gibbs energy of formation

P /MPa pressure

/MPa the standard pressure(101325Pa)
p/dimensionless pP/F

V/m® volume

v/m? partial molar volume

7/°C or T/K temperature

R/kJmol 'K the gas constant

Z/dimensionless

the compressibility factor

n/mol the number of moles

,a“/kJmoI_1 the chemical potential in the standard state
,4.//k-Jmol_1 the chemical potential

F/ MPa fugacity

f/dimensionless 2l

&/dimensionless

fugacity coefficient
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