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Comparative Consideration on Glass Transition Characteristics

of Organic and Inorganic Glasses
Density Change of Glass Caused by Heating, Part 8

By
Toru KISHII
(Tokyo Shibaura Electric Co., Kawasaki, Japan)

Glass transition is observed on almost all materials in glassy state. Some properties
change abruptly at glass transition temperature, 7T,, which itself changes with experimental
conditions, and in glass transition region properties or structure of glasses change with time
to approach to their own equilibrium states respectively. It has been an unsolved problem
whether glass transition is a thermodynamical one such as second order transition or is
originated from relaxation phenomenon in freezing-in of glass structure.

Results of many investigators on glass transition characteristics of various kinds of
glasses (organic high polymer, chalcogenide or inorganic oxide glasses) are examined and
compared. Similarities are found in the following situations, namely; 1. Glass transition
is related to several mechanisms with different relaxation times and activation energies, 2.
T, changes with experimental condition in a similar fashion, 3. Many thermodynamical
functions show similar behaviors in transition region and 4. ‘‘Cooperativeness’ is recogni-
zed in a resembled form. On the other hand, there are some differences, namely; 1. Cha-
nge of T, with experimental condition is far more distinct in inorganic glasses, 2. Change
of viscosity or relaxation time with temperature is more striking in organic glasses, 3.
Cooperativeness is better distinguished in organic glasses and 4. Linear relations between
temperature and log viscosity or equilibrium specific volume are realized in larger temper-
ature range by inorganic glasses.

As a result, glass transition characteristics of organic glasses are resembled to those
of thermodynamical transition, and in inorganic oxide glasses transition seems to be a mere
consequence of relaxation phenomenon.

Following the author’s opinion, these differences are originated from 1. Difference of
flow-units which take part in transition, 2, Distinction in bonding forces and interference
between flow-units and 3. Different degree in tendency of glass structure to freeze-in at
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relatively low temperatures.
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Fig. 1. Change of specific volume of glucose
with temperature.
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Temp. of measurement : 360°C Temp. of measurement : 410°C
Temp. of pre-treatment : 410°C Temp. of pre-treatment : 360°C
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Fig. 3. Isothermal density change of a lead glass
with various thermal histories (Kishii®).
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Fig. 5. Isothermal contraction curves of
a lead glass (T,+430°C) at re-
latively low temperatures show-
ingra ther rapid change of volume
in the initial period of soaking
(Kishii®).
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Fig. 9. Temperature-volume
relation of polyvinylalcohol
with soaking time as para-
meter showing rather small
change of glass transition
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Fig. 10. Temperature-volume relation of
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on change of transition points with
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. Borosilicate glass
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Fig. 11. Comparison of behaviours of polystylene
and borosilicate glass near their transi-
tion points (Sharonov, Volkenshtein®,
Tool?®), 1: quenched, 3 :annealed, and
2 : slightly annealed samples.
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Fig. 12. Comparison of behaviours of volume or en-
thalpy of borosilicate glass and polystylene
during heatin (Tool*®, Sharonov, Vol’ken-
shtein®), 1 : quenched samples, 2 : annealed
samples.
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Table 3. Parameters in WLF equation for organic

and inorganic glasses.®®.

T, (°C) Sfo  asQ1074°C)

WLF eq. _— 0.025 4.8

B;O; glass 260 0.0235 0.96 -
Soda-lead glass 488 0.031 1.1 .
Soda-lime glass 515 0.033 1.3 .
Glucose 32 0.025 5.0 .
Selen 30 0.031 5.4 .
Ca(NOy).-KNOs . 56 0.033 11.2 A
Polyethyl methacrylate 62 0.024 -
Poly-n-butyl methacrylate 27 88% {;g -
Poly-n-octyl methacrylate —20 0.027 2.5 =

* : viscosity, ** : viscoelasticity
Loy T3 CEieksd. 0 OFLEE db/de
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Fig. 15. Relation between temperature and shift
factor ar or activation energy 4 H of
polystylene showing distinct inflection
near glass transition point (Hideshi-
ma!®?).
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Fig. 16. Viscosity and activation energy of
Na,0-4 SiO, glass (Moriya*'?).
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Fig. 17. Temperature-viscosity relations of some
commercial glasses showing rather
smooth course up to 10 pois in equilib-
riumstates (full lines) (Zijilstra'®), 1:
borosilicate glass, 2: soda-lime glass,
3: lead glass: : initial values.
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