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Development of chemical recycling for polyurethane elastomer by using carbonic acid
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The widespread and increasing use of plastics poses a great challenge for the sustainability of
human society. To date, the majority of these post-consumer polymers are discarded, being
either landfilled, incinerated, or illegally dumped in the oceans, which causes serious
environmental problems. Thus, it has been imperative to construct efficient recycling processes
to avoid the pollution caused by plastic waste, and also to save fossil feedstocks in the monomer
synthesis. Although mechanical recycling (melting and remolding) contributes to prolongation
of the lifetime of polymers, it is still quite limited, for instance, due to high sorting
requirements and decreasing material quality in each cycle. On the other hand, chemical
recycling, namely decomposing polymers into their monomers, offers a sustainable loop of
plastic production. The monomers obtained by this process can be used to prepare polymers
without loss in properties, thus creating ideal circular economy for utilization and production of
plastics. In these regards, pyrolysis, hydrolysis, alcoholysis, and aminolysis have been used for
the chemical recycling of polyurethanes. However, these processes suffer from disadvantages
such as cost competitiveness, low efficiency into monomer conversion, and generating
additional chemical wastes. Therefore, more efficient and sustainable depolymerization
processes for polymer recycling are required.

In this study, hydrolysis reaction of multi-block type of polyurethane elastomer was carried
out under pressured carbon dioxide in water for the development of novel environmentally
benign chemical recycling. The elastomers were synthesized from polytetrahydrofuran (PTMG),
4,4’ -diphenylmethanediisocyanate (MDI) and 1,4-butandiol (BD). High pressure carbon dioxide
with water generates the carbonic acid. The generated carbonic acid acts as an acidic catalyst
for the hydrolysis of the multi-block type of polyurethane elastomer. The hydrolysis reaction
produced the corresponding diamine, BD, and PTMG as the resulting products.

After optimization of the reaction conditions, the high selectivity and yields into the monomer
conversion were achieved.
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