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Numerical Simulation of Water Diffusivity through Polymer Filled with

Plate-like Particles

Takaaki Matsuoka
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Abstract

Diffusion behavior of water through a composite filled
with plate-like particles was numerically analyzed using the
finite element method to examine the excellent water barri-
er property of nylon-6/clay hybrid (NCH). In NCH, the
clay was dispersed as 1000 ~10001 ~1 nm plates. The cal-
culated results were compared with experimental ones with
regard to relative diffusivity, which is defined as theratio of

the diffusion coefficient of NCH to that of nylon 6. This
comparison gave good agreement between them. The com-
puter simulation demonstrated that the water barrier proper-
ty of NCH depended on the volume fraction, size,
orientation, and placement of the clay; and that it ismainly
increased by the obstacle effect of highly oriented clayey
plates.
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Fig. 1 Schematic representation of a diffusion
path through a polymer filled with plate-like
particles.
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Table 1 Experimental relative diffusivity of water

through nylon 6 and NCH.
Polymer | Clay™ Diffusion | Relative
contents | coefficients | diffusivity
V(vol%e) | D (cm%s) | D./Dy(9) 2
Nylon 6 0 5.39x 10~ 1.00
NCH2 0.9 3.17x 107 0.59
NCH5 2.2 1.59x 107 0.29
NCHS8 34 0.89x 107 017

*1 Clay : montmorillonite
*2 D./Dy,=(Dof NCH) /(D of nylon6)
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Fig. 2 Regularly arranged model (model A).
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Fig. 3 Finite element mesh and plate arrangements for
model A.
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Fig. 6 Calculated concentration contours for model A
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