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Abstract

New materials are produced to create new technologies, and the new

technologies are also usefulto produce new matettals.A hotisostatic process(HIP)

is an established method to densify matettals,butis also an advanced new technology

to synthesize new materlals, HIP equipments have been developed for rnore than 20

years,but phase diagrams for HIPing have nct been developed we‖ . Almost a‖ HIP
users have been produclng new materials by try and error efforts.  If any new

advanced technologies are developed, a phase diagram is one Of the first

requirements to Obtain new materials.  丁he lrst part of this thesis treats

therrnodynarnical evaluation of phase equ‖ ibria under HIPing condition(chapters l tO

3).ApplicatiOns of HIPing to produce new funcuonal matenals(chapters 4 and 5)are

followed.

HIP is a process whlch can control total gas pressure,礼
υ and temperature,

五 independenJy. ohe more lndependent vattable,oxygen partial pressure,P。
2'iS

added in oxygen hOt isostatic process(02~HIP). ln chapter l,although HIP prOcess

are norrna‖ y conducted under a closed chamber, it is shown that the chernical

reactions take place to minlrnize the total Gibbs energy of the systern during HIPing.

l~hus lf a so‖ d―gas reaction is progressed under high tOtal gas pressure at a certaln

temperature, equilibrium partial pressure of a gas involving the chernical reaction is

different from that under ambient pressure atthe same temperature. Dependence of

he reOCtant gas Gibbs energy on the inert gas pressure is derived theoretica‖ y by
applying therrnodynarnics and statistical rnechanics. EIlingharn diagram is a famous

diagram which shows an equ‖ ibriurn partlal pressure of a gas involving a so‖ d―gas
reaction at a given temperature. 丁he EIlingharn diagrarn can not be rnodified under

¬lgh FLr and a new phase diagram in月 71nP。2~弓bt~T Space(called HIP phase
dlagram)is eStablished.Four dimenslonal HIP phase diagram is also established for

a system which lnvolves two reactant gases.

A concrete example,phase diagrams in Y― Ba―Cu―o superconoucJng system
Jnder various ttυ b gⅣen in chapter 2.Phase dほgrams of神 O vattaЫ es,|.e.,
R71nP。2 and ttunder constant Ftt Of 50 or 200 MPa,and another phase diagram of
神o variables PLt andア underlo MPa of P。 2 haVe been obtained for Y― Ba―Cu―o
system.A HIP phase diagram ofthree va‖ ables(Rコ nP。2~Ptは

~ア phase diagram)is

estab‖ shed from those data. HIP phase dlagrams can facilitate to distinguish effects

°f P02 and ttti lncreagng l%t haS an effect to increase oxygen ttgaclty,even under
oonstant P。

2・
By udng those phase dhgrams,phase translons frOm 2(YBa2Cu3°

7-0
oontaining CuO to Y2Ba4Cu7° 15-y,and also from Y2Ba4Cu7° 15-yC°ntaining CuO tO
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2(YBa2Cu4°8)are prOVed to be oxida」 on reaclons.Oxygen contents of YBa2Cu3° 7-x
and Y2Ba4Cu7° 15-y are less than their stolchiometHc values,|.e.,both of χ and y are

positive. 丁hese values of χ and y are estimated by the HIP phase diagrams. 丁he

method to calculate χ and y is also presented,

The HIP phase diagram can be extended to four vattables case,using tt Pta,

P02 and nttrogen panlal pressure,PN2'aS Variables.丁 he HIP phase diagram of Si一 N―

C― C)system involving oxidation and nltridation,is given in chapter 3. lt is confirrrled

expettmentally that the phase trans1lon temperature from SiC to Si3N4+C inCrё ases

wtth increasing Ptot under O.l MPa of PN2・ lnett gas pressure erects(up tO Ptot=loo

MPa)On nitridation and oxidation are discussed. Four dlrnensional HIP phase diagram

in Si―C― N― C)system is estlmated by applying the theory developed in chapter l.

Appllcations of 02~HIP are glven ln chapters 4 and 5, New materials can be

synthesレed under htth P。2in 02~HIP・ 性にposdЫe b produce o刈 des whに h can not

synthesized under ambient oxygen pressure.  丁o oxidize s‖ ver is diff!cult under

ambient oxygen pressure. 丁hus,s‖ver replacement lnto the lattice of superconducting

oxide is also difficult, because the reaction forrnula of s‖ ver replacement includes

oxygen as the reactant gasi YBa2(Cul_xハ gx)4°8(χ iS abOut o.01)superconductor is

synthesized at 10oo° C under 40 MPa of P。 2 and 200 MPa of Ptot by o2~HIP・
Evidences of silver replacementlnto Cu(1)Site in YBa2Cu4° 8 are presented by Raman
scattering method and infrared absorption method. Raman scattering spectroscopy

shows thatthe phonon frequency of O(4)一 Cu(1)StretChing vibration increases and that

Of O(1)―Cu(1)Vibra10n decreases by doping sllver,where O(4)and Cu(1)are the

particular oxygen and copper atoms in an YBa2Cu4°
8 untt Cell(delned in chapter 4).

lncrease ln the phonon frequency is due to an increase in the force constant of O(4)―

Cu(1)bOnd and decease・ in that of O(1)― Cu(1)bOnd by a silver replacement lnto the

Cu(1)Sne.丁his provё s that silver atoms replaced copper slte.Ag-O bOnding is
detected in the 124 phase by an infrared absorption method also.

Another app‖ cation of a HIP process is to produce porous rnaterials, ln chapter

5, an unique usage of a superconductlng material is presented.  A pOrous

superconducting materlal is employed to separate a mixture of paramagnetic and

diamagnetic gases,lulds and powders. Oxygen and argon are paramagnetic and

diamagnetic materials,respectively. A rnlxture of oxygen and argon can be separated

ln a hlgh magneuc gradient(3dB/dO,Where B is the magneuc ttux density and dBだ x
†s its gradlent. Such a hlgh BdB/dx can be obtained by a superconductin9 11ter, lt is

based on the Melssner effect.   丁he app‖ ed magnetic Лux to the porous
superconducting filter passes through penetratlng pores only,it rneans that rnagnetic
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lux density and its gradient becomes very high on the surface close tO pores of the

ilter. 丁he mixture of paramagnetic and diamagnetic gases can be separated there.

Experimental results showed that a 50% oxygen and 50% ar9on mixture became a

61% oxygen and 39% argon miXture after passing through the filter in the external

magnetic field B=o.o33丁 . A90% oxygen and lo% argon mixture became loo%

oxygen in the external fleld BLo,o3丁 and O.o15丁 .

Sumrnlng up the present thesis,the fb‖ owing is clarified. ltls shown that Gibbs

energy is usefulto discuss equ‖ ibrium in HIPing condition. The equ‖ ibriurn cOndition

in HIPing ls derived, Molar volume of oxygen,v。
2'in the gas rnlxture is deterrnined

to depend on not Only P。 2 but also Ptot.HIP phase diagrams of Y― Ba―Cu―o
superconducting system and Si― c_N―C)system have been obtained and those are

900d guides ibr the researchers and 02~HIP users to synthesize new materials. lt

has been proved by using HIP phase dlagrams thatthe equ‖ ibrium partial pressure
of the gas involving the chemical reaclons changes with changing ttt.丁 he method
to calculate the value of oxygen nonstoichiometry of Y― Ba一Cu―o superconducting
phase by using HIP phase diagrarn is also presentedo  A new oxide materlal

YBa2(Cul_xAgx)4° 8 1X iS abOut o.ol)iS Synthesized by using 02~HIP'Also 02~HIP
process is usefulto produce porous rTnaterials and the porous YBa2Cu3°

7iS prOduced.
A rllixture of paramagnetic and diamagnetic gases is separated using the porous

YBa2Cu3° 7 by applying Meissner effect,


