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Figure 1 Illustration of the model set-up (the bottom of the polymer is in contact with the solvent).
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Figure 3 Concentration distributions of internal solvents after Case II diffusion occurred in two models
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Figure 4 The change curve of normalized concentration with length direction after solvent diffusion in columnar hydrogel
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Figure 5 The change curve of normalized concentration with length direction after solvent diffusion in sheet polymer
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Figure 6 Columnar hydrogels: Curve of the normalized diffusion interface over time
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Analysis on Non-Fickian Diffusion and Swelling
Deformation Based on Dual-phase-lag Method

LI Neng, LI Xu”~
(School of Science, Hubei Key Laboratory of Theory and Application of Advanced Materials Mechanics ,
Wuhan University of Technology, Wuhan 430070, China)

Abstract: In some glassy polymers, the transport behavior of solvent molecules exhibits non-Fickian diffusion features
which are different from the classical Fick's law, and this process is usually accompanied by swelling and large deformation
of the material. In this paper, the characteristics of non-Fickian solvent diffusion and swelling deformation of gels are
investigated by using a two-phase hysteresis method, which is analogous to the theory of non-Fourier effect in heat
conduction analysis. In other words, two controlling parameters related to solvent concentration are introduced to describe
the material properties during the glassy transition process. The governing equations for describing diffusion and swelling of
different material systems, namely one-dimensional gel rod and a two-dimensional gel plate, are numerically solved by the
{inite difference method. Our obtained results show that the concentration distribution of solvent molecules in these two
polymers is significantly different from that under the case of Fick diffusion. There is a sharp boundary between the swollen
part and the non-swollen part, and its moving speed is approximately a constant. At meantime, the theoretical predictions
are in good agreement with the existing experimental results, which further verifies the validity and ability of the two-phase
hysteresis method to characterize the kinetics of Non-Fickian diffusion.

Key words: Polymer; Non-Fickian diffusion; Swelling; Large deformation; Relaxation time
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