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Purpose of
this study

 Many kinds of external stimuli, such as, temperature, pH, photons,
ions, electric current (field), e.t.c. , can control the volume of the gel.
In the case of volume phase transition, an enormous change in
volume can be induced by an infinitesimal change of one of the these
stimuli and this is of great importance in its application, as an
actuator, sensor, switching device, DDS and so on. 
 The dynamics of the volume-phase transition process of gels has
been described by the collective diffusion model of gel networks,
which well reproduces the liner phenomena. But, it was found
experimentally that the shrinking process is strongly decelerated
and stopped transiently in a "plateau period'' due to the formation of
surface skin. In the end of the "plateau period'', various patterns
appear and the gels restart to shrink. The collective diffusion model
of gel networks can't reproduce these non-liner phenomena, such as
surface skin which functions in DDS. Here we have constructed the
Stress-Diffusion Coupling Model of gels, in which the general
deformation of polymer networks, the continuity of solvent and the
coupling between solvent diffusion and network stress are
considered, and formulated the simulation scheme for large
deformation of gels. Using this model we have simulated the
shrinking process of slab NIPA(N-isopropyl-acrylamide) thermo-
responsive gels undergoing spinodal decomposition by finite element
method with delaunay triangulation in comparison with the
collective diffusion model of gel networks.

System
(Material)

NIPA(N-isopropyl-acrylamide) Gels
 [experiments]
  E.S.Matsuo and T.Tanaka, J.Chem.Phys. 89, 1695 (1988)
  A.Suzuki, S.Yoshikawa and G.Bai, J.Chem.Phys. 111, 360 (1999)

Program MUFFIN – GELS - , ver1.0

Method　
&

Some
important

input
parameters

(Method) 
Model1: Stress-diffusion coupling model
Model2: Corrective diffusion model of polymer networks
(Inputs)
Standard NIPA(N-isopropyl-acrylamide) gels with water solvent.
polymer volume Fraction in reference state = 0.5
crosslinking number density in reference state = 0.05 - 0.20
Ginzburg-Landau free energy for mixing free energy

Advance 
&

Problem

(Advance) The stress-diffusion coupling model, which can describe
the actual solvent diffusion of gels, can reproduce the non-liner
phenomena in the volume phase transition process, which related to
the constraint phenomena of the solvent diffusion.
(Problem) Furthermore, we will start the research of 3D simulation ,
electric field effects for ionic gels and another simulation scheme of
the stress-diffusion coupling model, in which we consider the direct
simulation of two fluids model among analysis of the velocity of
solvent flow.
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Results  (Remarks)

Left : Model2, Right : Model1

Model2, Left : Soft Cases (spinodal region), Right : Hard Cases

Model1, Left : Soft Cases (spinodal region), Right : Hard Cases
 By the stress-diffusion coupling model, in the spinodal region, we have reproduced
the "plateau period" in the shrinking process of thermo-responsive gels. During the
"plateau period", the instability grows and the "bubble-like" inner patterns due to
the phase separation appear. After finishing the formation of inner patterns of gels,
the gels restart to shrink. Those results nicely reproduce the phenomena  which
were experimentally observed. In the liner shrinking process, in which gels shrink
uniformly, the results of the collective diffusion model of gel networks and the
stress-diffusion coupled model equal.




