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we== Introduction

Thin Film Composite (TFC) Membranes
* TFC polyamide (PA) membranes first synthesized in late 70s by Cadotte et al.
» State-of-the-art desalination by reverse osmosis (RO) >99% rejection

* A thin (<250nm) PA selective layer on top of a porous support

* Fabricated via a rapid, er’rhermic, polycondensation reaction:
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Habib and Weinman, Desalination (2021)
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The inability of a system to sustain itself against small perturbations.

Stable

© CanStockPhoto.com - csp43866710

Unstable
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e Instability

The inability of a system to sustain itself against small perturbations.

Transition from stable to unstable: e.g., laminar to turbulent flow
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https://www.youtube.com/watch?v=yOWRJtXvpSo
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Interfacial Stability - Classical Binary System

Organic phase

Interface
Aqueous phase

Gradients in interfacial tension drive a flow:

Marangoni flow
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M Susceptibility to instability

Reaction

Organic phase ,
Inhomogeneity

Aqueous phase

Support

The support is a geometrical disturbance:

regions of faster/slower polymerization ® increased interfacial heterogeneity

— increased tendency to become unstable!

(much like a rough pipe vs. smooth pipe...)
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Ma et al., Environ. Sci. Technol. Lett. (2018), Hermans et al. React. Funct. Polym.(2015), Jiang et al. Adv. Mater.(2018), Xu et al. IMS (2017)
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Variations in the organic phase
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Water solubility

Wang et al., Macromol Chem and Phys (2019)
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Susceptibility to instability

« Adding a solvent increases both axis of the ‘phase diagram’

Wang et al., Macromol Chem and Phys (2019)



Concept of linking stability to morphology via a ‘phase diagram’ was demonstrated.
Transition from smooth to crumpled film outcome of ‘stable’ to ‘unstable’ state.

Increasing ‘polymer formation rate’ and/or ‘susceptibility 1o instability’ results in more

crumpled PA fiim morphology.

Recast data from literature corresponds well with our framework.

Future work:
Experimental Design: varying specific physical attributes to study effect on morphology.
Theoretical quantification: to provide insight on instability sensitivity to various physical
attributes.
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