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Abstract:

Discovering the chain-shuttling polymerization system allows us to tailor-make olefin block copolymers (OBCs), a
new type of thermoplastic elastomer (TPA) with unique properties due to their alternating multiblock structures. This
system consists of two catalysts with different reactivity ratios and a chain-shuttling agent (CSA). Polymers with low
comonomer incorporation (“hard-blocks”) are produced by one of the catalysts, while polymers with higher
comonomer incorporation (“soft-blocks”) are produced by the other. A multiblock structure alternating between hard
and soft blocks is produced by adding CSA to shuttle growing polymer chains back and forth between both
catalysts.

The analysis of OBC chain microstructures can be accomplished using several techniques, such as GPC,
TREF, and CRYSTAF. However, the specific OBC chain microstructures, such as the distribution of the number of
blocks per chain, the distribution of the length of the hard and soft blocks, and the distribution of chains with a
particular composition, cannot be directly probed by these characterization techniques because they can only
measure the overall chain microstructures.

In this work, mathematical equations were developed to describe OBC microstructures. The Monte Carlo model
was used to validate the proposed model. The equations can describe average features of microstructures,
molecular weight distributions (MWD), and chemical composition distributions (CCD) well. They can also explain
how reaction probabilities (i.e., catalyst selection, propagation, chain-shuttling, and termination probabilities) affect
microstructures. Most importantly, CCD multi-modality criterion for OBCs was developed for further materials design
by controlling catalyst ratio and comonomer incorporation in each catalyst.
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