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Clean water is a present and growing concern
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Polymer membrane synthesis by immersion precipitation
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Figure inspired by: www.synderfiltration.com/learning-center/articles/introduction-to-membranes



Polymer membrane synthesis by immersion precipitation
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Microstructural variety in membranes
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How can we model microstructure formation?

A difficult challenge

Continuum fluid dynamics

Teran et al. Phys. Fluid. (2008)

Self-consistent field theory (SCFT)
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Fredrickson. J. Chem. Phys. 6810 (2002)
Hall et al. Phys. Rev. Lett. 114501 (2006)

Key idea — cheaper models




Multi-fluid models

Two-fluid model
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Multi-fluid models

Two-fluid model The Rayleighian

Ri{v;}] = - free energy
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de Gennes. J. Chem Phys. (1980) Doi and Onuki. J Phys (Paris). 1992



A ternary solution model
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Characterization of model thermodynamics
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Calculated interface width for many parameters
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What explains the interface width data?
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Characterization of phase separation dynamics
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There are two dynamic regimes

domain size
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Early-time regime — initiation of spinodal decomposition

Linear stability analysis

Two key parameters




Long-time regime — coarsening
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Comparing simulations to the LSA
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Comparing simulations to the LSA
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NIPS
quench process
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How does a quench happen by mass transfer?
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Anisotropic quench
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Early-time behavior — the infinite film limit

Key concept — time scales

— Unbounded — Bounded
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Immediate spinodal decomposition into multi-domain films
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A finite-sized film can exhibit delayed phase-separation
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Finite-film data collapse with a similarity variable
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Conclusions (1D) Future: microstructure (2D)

Saedi et al. Can. J. Chem. Eng. (2014)



