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Abstract

Solvent resistance, or resistance to solvent swelling and dissolution, is a highly desirable property of
many semicrystalline polymers, which enables their applications as structural materials, containers
of liquids (including food and drinks, but also fuel and chemicals), surface protection, membranes,
and textiles. At the same time, the recalcitrance to dissolution hinders the processing of
semicrystalline polymers. This presents a limiting factor in our ability to recover valuable polymers
from biomass and plastic waste. Thus, there is both a need and an opportunity to develop
environmentally responsible solvents and processes capable of dissolving polymers that are not
meant to dissolve.

To this end, a phenomenological model is presented that captures the phenomena governing the
dissolution of semicrystalline polymers, e.g., solvent diffusion, transformation from crystalline to
amorphous domains, specimen swelling, and polymer chain untangling. The model is validated for
the case of cellulose (cotton) fiber swelling and dissolution in various solvents. A parametric
sensitivity analysis is carried out to assess the impact of various parameters on the dissolution of
cellulose fibers. To emulate large-scale processing of cellulosic biomass where the particles exhibit a
distribution of size and degree of crystallinity, a model is developed in which the behavior of a
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population of particles is obtained from an ensemble of individual polymer particle dissolution
models. Using this population ensemble model, various particle size distributions are analyzed for
different dissolution parameters.

The insights obtained from these studies would be useful for the rational selection of solvent
systems and design of processes for the large-scale dissolution, fractionation, and reprecipitation of
semicrystalline polymers such as cellulose and polyethylene, with benefits toward biomass and
plastic waste valorization.
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