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ABSTRACT: A model was developed to simulate the swelling and dissolution behavior of
glassy polymer films induced by environmental solvent penetration. The modified Fickian
equation was used to predict solvent diffusion behavior inside films, considering the tempera-
ture and concentration dependence of diffusion coefficient and moving boundary positions
caused by polymer swelling process, followed by dissolution process. The temperature and
concentration dependence of diffusion coefficient was obtained using the Vrentas-Duda's hole
free volume theory. The polymer dissolution process induced by the disentanglement of poly-
mer chains was predicted, founded on the reptation theory with the polymer and solvent
properties. The model confined to the glassy polymers was particularly applied to the poly-
styrene/ethylbenzene system. As a result, polymer swelling and dissolution behavior was sig-
nificantly affected by the variation of temperature and polymer molecular weight.

Keywords: dissolution, swelling, diffusion, reptation, disentanglement time.
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Figure 1. Representation of concentration profiles
and normalized boundary positions for one dimensional
solvent diffusion in thin polymer fiim in the direction
from polymer film surface ({,= X/ L*=1) to substrate

surface ({,= X,/ L*=0).
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Figure 2. Schematic representations of a one-dimen-
sional solvent diffusion and polymer dissolution proc-
ess: (a) Initial position of polymer/solvent contact
system (b) Moving positions of the solvent-polymer
and gel/glassy interfaces by swelling induced by sol-
vent penetration (¢) Moving positions of the solvent/
polymer and gel/glassy interfaces by dissolution after a
time period of ;.
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at temperatures of 120, 90, 70, 50, and 30 C.
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Figure 6. Normalized thickness of polymer film as a
function of normalized dissolution time at 30 °C for
various polymer molecular weights of 200000, 300000,
and 400000 g/gmol. For each molecular weight, the
upper curve represents boundary between polymer
and bulk solvent and the lower curve the boundary be-
tween glass and gel. The dashed curve corresponding
to each boundary indicates the continuous profile after
linear regression. The dissolution parameters chosen
were a=2, = 6, and ¥ =02 x 107", respectively.
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Figure 7. Normalized thickness of polymer film (M,
=400000 g/gmol) as a function of normalized dissolu-
tion time for various temperatures of 90, 70 and 50 C.
For each temperature, the upper curve represents the
boundary between polymer and bulk solvent and the
lower curve the boundary between glass and gel. The
dashed curve corresponding to each beundary indi-
cates the continuous profile after linear regression.
The dissolution parameters chosen were a=2, =6,
and ¥ =0.2x 1078, respectively.
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Figure 8. Fractional solvent uptake in polystyrene

(M= 400,000 g/gmol) during dissolution process at 90

C in case the dissolution parameters chosen as a=2, £

=6, and £ =0.2x 10'®, respectively. The dashed cur-
ve indicates the continuous profile after regression.
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