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Enthalpy Relaxation of Polymeric Glasses

Hirohisa Yoshida

The excess enthalpy of polymeric glasses was determined by the use of a differential
scanning calorimeter (DSC). The obtained values of excess enthalpy were used for analyzing
the enthalpy relaxation process. From the relationship between enthalpy relaxation time
and excess enthalpy, the relaxation times at zero (7,) and infinite { oo ) annealing time were
obtained. At glass transition temperature (Tg), the activation energy calculated from 7.
showed a good agreement of that from WLF equation. In order to compare the rate of
enthalpy relaxation, the relaxation time at half of initial excess enthalpy { 7, ) was employed.
The effects of primary and secondary structures on the enthalpy relaxation process of
polymeric glasses were analyzed quantitatively. It was concluded that the enthalpy relaxation
in polymeric glasses proceeded as a result of a cooperative segmental motion of a few or
less than 10 repeating units. The effect of enthalpy relaxation on the physical properties of
polymeric glasses were estimated. The mechanical properties of polymeric glasses, such as
Young’s modulus, tensile strength and the deformation form were found to be affected by
the molecular mobility and the deformation rate. It was found that the diffusion process
was affected by the enthalpy relaxation of polymeric glasses, due to the control of molecular

mobility and the stability of glassy structure which occurred with enthalpy relaxation.
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dependence of the enthalpy (a) and the
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line) glasses at a constant heating rate.
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Fig. 2 Relationship between heat capacity and temperature

for quenched polystyrene.
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Fig. 3 Heat capacity changes with temperature
for annealed polystyrene. Samples were
annealed at 345K for 1 (A), 6 (W), 20

(2) and 100 hrs (@) after cooled from
390 K at 10 K/min.
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Fig. 4 Effect of heating velocity and sample
weight on the obtained enthalpy. The
values were obtained by the use of
Perkin Elmer DSC 1B (@) and DSC I1
(O).
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Fig. 5 Relationship between excess enthalpy and
annealing time for polystyrene. Numbers
show annealing temperatures. Difference
between glass transition temperature and
anneahng temperature was shown in paren-
theses.
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Fig. 6 Variation of In(AH;/AH,) with annealing
time for polystyrene. Numbers show an-
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glass transition temperature and annealing
temperature was shown in parentheses.
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Fig. 7 Changes of enthalpy relaxation rate with
time for polystyrene. Numbers show an-
nealing temperatures. Difference between
glass transition temperature and annealing
temperature was shown in parentheses.
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Fig. 8 Relationship between relaxation time and
excess enthalpy for polystyrene. Open
circles show the expected value of 74 and
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Fig. 9 Normalized plots of enthalpy relazation
times for polystyrene. T, and 7, are glass
transition temperature and annealing tem-
perature, respectively.

DD,

R OB BRI ERET 272010, T4y, T,
Ty ZRBEOFHICTH LT T 2y b LD Fig. 10 T
Hbo BABHIEIT L= 2BMOBERERSRL, K
RTREN 2,

™ '=4exp (—Ea*/RT) (6)
TLT, FPa*BRITOFEBILIANE—TH B, BiB
TR (6) REDF LN DB BT DIEILT A £ —
DA 7oy t> 513 2124K] /mol, 7(y 5512 4262K]
/mol, Ty 613 6253K] /mol T#H 5, Ty 5%

—195—




wow #oo8
T/X
350 35 340 33
T T T T
10* o)
103
= 102} Tiz)
~
o
10 b
1 F /NC(O)
-1 1 i 1
1
0 85 200 2%

71 /kK-1

Fig. 10 Arrhenius plots of enthalpy relaxation
times for polystyrene.
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late).
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Fig. 13 Strain rate dependency of Young’s
modulus (F) for original (O) and

230 hrs annealed (@) polystyrene.
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Fig. 14 Relationship between time lag(r) and
enthalpy decrease with annealing for poly-
styrene(PS)-ethanol and poly(styrene-co-
acrylonitrile) (SAN)-ethanol systems.
Numbers in parentheses show difference
between glass transition temperature and
annealing temperature.
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