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A Theory on Transformation Phenomena of Glass

By Toru KISHII

Mechanical and Material Engineering Dept., (in Field of Lamp and Tube),
Tokyo Shibaura Electric Co., Ltd.

Glasses transtorm; namely, their properties change with time when they are kept at transformation range of temperature.

Many have studied these phenomena; and in some cases anormalous changes were also found. Moreover, even at normal

transformation occurs as are known at secular ice point change of glass thermometers.

a reaction model is introduced. It represents the energy state of a glass

room temperatures,

To analyze the phenomena described above,

structure by an assembly of the free energy minimums (or briefly, energy levels) which can be occupied by structural

units of the glass. The model is composed of level Ly, La-«--- , and L; is composed of the levels ki, and li,, And again.
Iij is composed of 13, and I

The transformation L; <— Ly, for example, corresponds to the growth and disappearance of microphases which bring

about the change of structure, and their activation energies are of the order of about 100 kcal/mol; li,~<—>li, corresponds

to the expansion, contraction and rotation of the chain structure unit and the activation energies are of the order of

50 kcal/mol ; 1, <> 1%, corresponds t

o the movement of alkali ions and their activation energies are small.

The density change 4D may be represented as the sum of exponential functions, and their relaxation times or their

activation energies distribute in a rather wide range.

Several experimental results, including density change of glass by heating at temperatures from ordinary to transformation

degrees, ice point change or thermal after-effect of glass thermometers, thermal expansion characteristics of glass and

density change or deformation of glasses by applied stresses,

are considered and compared with theoretical forecast.

Agreements between experimental and theoretical results were qualitatively satisfying.
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Contraction of chilled lead glass samples by
‘heating at various temperatures
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Release of thermal stresses in chilled glass
rods by heating at various temperatures
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Schematic representation of relation between thermal
history and thermal expansion characteristics of glasses
Thermal expansion curves of glasses: (O quenched
from temperature Tm, (@’ guenched from Tx and
then treated at T3 (@ guenched from T and @’
quenched from T2 and then treated at T's respectively
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Refractive index change under ordinary pressure
of a lead silicate glass after applying pressure of
9,000 atmospheres for 4 hrs. showing reversible
change®”
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An example of density change measurements
of a glass at various temperature and under
pressure®, showing irreversible change of

density
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