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Fig. 1 Pattern evolution during the phase separation process for typical four cases: (a)hydrodynamic model ( Model H) ,

(b) viscoelastic model with shear relaxation modulus only, (c¢) viscoelastic model with bulk relaxation modulus only, and

(d) viscoelastic model with both shear and bulk relaxation moduli
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Fig. 2 The time evolution of (a) the characteristic wave
number, (b) the average fraction of polymer in polymer
rich phase and solvent rich phase for four cases in Fig. 1

The short dash dot line in (b) is the initial fraction of

polymer.
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Fig. 3 (a) Volume fraction (¢ ) profiles for the low-content
component in case (A) along the z direction (at positions of x =
32 and y =32); (b) A typical volume fraction evolution in the

phase separation of off-critical binary fluid
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Fig. 4 Temporal changes in the average magnitudes of the bulk

and shear mechanical forces for case (D)
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Fig. 5 Pattern evolution during the viscoelastic phase separation process for three typical systems with different bulk relaxation
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Fig. 8 The time evolution of the average magnitudes of the
bulk (a) and shear(b) mechanical forces for the systems with

various bulk relaxation moduli
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Three-dimentional Numerical Simulations of Viscoelastic Phase

Seperation in Polymer Solutions

1,2 . 1
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(' State Key Laboratory of Polymer Physics and Chemistry , Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)
(* University of Chinese Academy of Sciences, Beijing 100049 )

Abstract The morphology and dynamics of viscoelastic phase separation in polymer solutions are investigated
by the use of a graphic process unit ( GPU) accelerated three-dimensional numerical simulation of a
viscoelastic model for the first time. The results show the bulk stress is a prerequisite to the phase inversion. In
agreement with the phase inversion observed in previous experiments,the polymer rich domain first forms a
continuous network structure and then shrinks and inverts to a dispersed droplet structure. Interestingly , the
growth of the bulk relaxation modulus suppresses the concentration fluctuation in the early stage of phase
separation ,and the phase inversion is thus delayed by the increase of bulk relaxation modulus. On the other
hand, the growth of the bulk relaxation modulus increases the domain growth rate in the late stage of phase
separation and leads to larger-sized polymer rich domains. Additionally, the growth of the shear relaxation
modulus can help polymer rich domains to maintain network-like structures,and in the case of a larger shear
relaxation modulus,the shear stress can exist for a longer time due to the slow relaxation of irregular polymer-
rich domains in the late stage of phase separation.

Keywords Viscoelastic Model, Polymer solution, Viscoelastic phase separation, Three-dimensional

numerical simulation
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