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The method of estimating the glass transition pressure is proposed･A

COnStitutive equation of viscoelastic solid mechanics such as a 3-parameter

modelis employed for analyzing pressure relaxation behavior of liquids at

COnStant Strains･In generating high pressures up t015GPa,a diamond-anVil

highーPreSSure device and the ruby fluorescence pressure sensing method were

employed･The glass transition pressures at r00m temPerature
Of 4Methan01-

1Ethanoland16Methanol-3Ethan0l-1Water obtained by this method arelO.6GPa

and12･3GPa respectively･These values show good agreement with the existed

Values which obtained frorn the r､uby fluorescenceline broadening method･

1.=ntroduction

=n a c001ing process,SOmeliquids do not crystallize but remaininliquid

State･Whether crystallization or glass transition occurs depends on their

m01ecular stmcture and c001ing conditions(super c001ing). Glass transition

temperature is detected by the discontinuity of the thermal expansion

COefficient,andits viscosity goes t01012pa･S Or mOre･The glass transition

als0 0CCurS by pressing, and glass-1ikeliquids show viscoelastic behavior as

non-Newtonian) and pressure relaxation can be observed at the constant strain

COndition･In this paper･the method of estimating the glass transition

PreSSure is shown for such a behavior of liquids by applying constitutive

equation of viscoelastic s01id mechanics such as a 3-Parameter mOdel.

For the generation of high pressures up t015GPa,a diamond-anVil high-

PreSSure device and the ruby fluorescence pressure sensing method were employed･

The experimentaldata of the pressure relaxation for some alcoh0lmixtures are

analyzed by this method.

2.Viscoelastic model
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The generalform of the viscoelastic constitutive equationis expressed as

f｡11｡WS.1)

Aロ = B∈
(1)

Where o and c are the stress and strain r･eSPeCtively.A and B are differential

OPeratOrS eXPreSSed as

A=k…oak謡,B=k室｡b遥
This equationis derived from the combination of some springs and dashpots.

The f0110Wing two assumptionszare employed for the application of this modelto

the viscoelastic behavior ofliquids under high pressure.

(1)only hydrostatic
stress(pressure p)and strain(v0lumetric compression

Ev)components
are consideredin this analysis.

(2)whileloading,meChanicalmodulisuch
as viscosity or elasticity depend on

the pressure,butin the present analysis,meanValues during theloading

PrOCeSS are employed.Thus,

(Z)
pl~ po

Where C(p)is a mechanicalmodulus as a function of pressure,eisits mean

Value and po,Pl are the pressure before and afterloading respectively･In the

CaSe Of a3-Parameter S01id shownin Fig･1Idifferentialoperators
are as

f0110WS.

A小売㌫,B=誌(綿
Where Kl,K2 are mean Values of bulk

modulus of each spring, and 市 is that

Of v0lume viscosity･As for the boundary

COndition, Ⅴ0lumetric str争in→Cv is

loaded by Heaviside unit step function

H(t),

∈ⅤニEoH(t) (4)

Dqshpot

Sp｢i[g2

(5)

Taking Laplace transformation of equa-

tions(2),(3)and(4)then operating Fig.13-element viscoelastic m｡del

inverse Laplace transformation, We have

the f0110Wing relaxation equation.

p(t)=Eo(
雷王
Kl+Ⅹz

e~モ･雷)

T=斗 雷=
Kl+Kz Kl+K2

(5)
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Where T is the relaxation timeI Kis the mean value of a bulk modulus when t

tend to infinity･Experimentalresults,P-t relationsI are fitted by the

equation(5)in order to yield the viscosity Tl. The glass transition pressure

is obtainedbyinterp01ating(or exptrap01ating)p-¶ relation t01012pa･S.

3.ExperimentalResults

The mixtures of4Methan0l-1Ethan01(4MIE)2)and16Methan0l-3Ethan01-1Water

(16M3EIW)3)in v0lume are employed as the samples.These mixtures show the

hydrostatic behavior up t010 GPa and thus they are often used as pressure

transmitting media in the research of high pressure. A diamond-anVil high-

PreSSure device was used for the pressure generation. The pressure(i.e. a

hydrostatic stress component)relaxation was observed under constant strain at

r00m temperature. The pressureis determined by the ruby fluorescence method

within the error range of O･03GPa4)･ The pressurein the sample was

loaded, and kept constant v01ume(stroke)at r00m temPerature. The pressure

decreased gradua11y as shownin Fig.2. The best fitting curves of equation(5)
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Fig･2 Pressure relaxation and viscoelastic fitting curves

in this figure provide the mean value of v0lume viscosity described above. The

V01ume viscosity afterloadingis derived from equation(2).The shear viscosity

(genera11y called viscosity)is estimated from the v0lume viscosity using the

relation analogous to that of elastic moduli.

G =
5K(1-Zlノ)

Z(1+可

u=旦缶三詳
Where Gis shear modulus,tLis viscosity

and v is Poissonls rati0.The Poissonls

ratio v of the glassy state s01id is

assumed to be about O.3, then obtained

Somple
Liquid

〉01ume (Sheo｢)
Viscosity

∩(Pq･S) 〉瑠紺
句MIE 5.06×1018 2.5加ユ018

16M5EIW 2.10×1019 9-68×10柑

Tablel V01ume viscosity and

(shear)viscosity
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Viscosities are shownin Tablel. The

Fig･3･ These pressures are estimated

t01012pa･S･Inthisfigure,リ=帖e6p

loyed,Wherel⊥ois the viscosity at the

COnStant.This relationis commonin the

Viscosity of lubricants under high

pressureモ)工nFig.3,the glass transi_

tion pressures obtained from the ruby

fluorescence line broadening method are

also inserted･ The glass transition

PreSSureS Of 4MIE and16M3EIW in this

WOrk arelO･6GPa and12･3GPa,reSPeCti-

Vely,On the other handin using the

fluorescence line broadening method,

10･4 GPa and14･4 GPaI reSPeCtively.

These values show that as for 4MIE,

there is a g00d agreement between the

glass transition pressures of both

methods, but not for16M3EIW.In the

CaSe Of 16M3EIWI the pressures were

Obtained by four rubies in the same

Cell･ The optical alignment was

readjusted to each ruby, SO the

reproducibility of this process might

yieldsless accuracy.

glass transition pressures are shown in

from theinterporation
of the viscosity

aS a PreSSure-Viscosity relationis emp-

atmospheric pressure,βis the materials
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Fig･3 Glass transition pressure and

Viscosity-PreSSure relation

4･Concluding Remarks

工n spite of severalcoarse assumptionsI the glass transition pressures are

eStimated successfully from the pressure relaxation analysis by applying the

Simple viscoelastic model･Moreover this method may serve to estimate the

Viscosity of very high viscous materials under high pressure.Butin order to

eStablish this method,mOre discussions andimprovements are required.

This work has been partly supported by Glant-in-Aid for Science Research

from the ministry of Education,Science and Culture.
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