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World’s first “green” synthesis of plastics from CO:

~ Researchers succeed in a “green” direct synthesis of polycarbonate diol from
carbon dioxide and diol at atmospheric pressure without using dehydrating agents

~

Summary

Using a CeO: catalyst, researchers develop an effective catalytic process for the direct synthesis of
polycarbonate diols without the need for dehydrating agents. The high yield, high selective process has
CO2 blown at atmospheric pressure to evaporate excess water by-product allowing for a catalytic process

that can be used with any substrate with a boiling point higher than water.

Body

By combining a CeOz catalyst with atmospheric carbon dioxide, researchers from Osaka City University,
Tohoku University, and Nippon Steel Corporation have developed an effective catalytic process for the
direct synthesis of polycarbonate diols without using dehydrating agents. Their method, published in
Green Chemistry, does not rely on toxic chemical feedstock like phosgene and carbon monoxide, making

it the world’s first high yield “green” reaction system.

There is a worldwide need to reduce carbon dioxide, one of the major greenhouse gases, and
converting it into a useful chemical compound has attracted much attention in recent years. Various
effective catalyst systems have been developed but they rely on toxic chemicals that churn out
unmanageable by-products. Processes using substrates that are easily available and safe, with water as
the only by-product, have emerged as an alternative. Yet, high levels of water by-product keep these

processes from synthesizing enough polycarbonates.

"Most processes use a dehydrating agent to keep water levels low to overcome an equilibrium," said
Masazumi Tamura, Associate Professor of the Osaka City University, "but some of the issues to address
are the high pressure of carbon dioxide needed, the recovery and regeneration of the dehydrating agent,
and contamination of by-products generated by its use."

To bypass these issues, the research team developed a catalytic process that does not use
a dehydrating agent. By focusing on the difference in boiling points between the chemical 0

product/diol and water, the research team predicted a high
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carbon fixation yield by blowing in COz2 at atmospheric pressure to evaporate excess water.

“It became clear that among the metal oxide catalysts we used,” stated Keiichi Tomoshige, Professor
of Tohoku University, “CeO2 showed the highest activity.” This simple catalytic reaction system is the first
ever to successfully synthesize polycarbonate diols from carbon dioxide and diols at atmospheric
pressure. “This process, without the need of dehydrating agents, can chemically convert carbon dioxide
using any substrate with a boiling point sufficiently higher than water,” concluded Kenji Nakao, Head of
Research Section-l of Nippon Steel Corporation® and can be applied to the synthesis of carbonates,
carbamates, and ureas, which are useful additives for lithium-ion batteries and/or raw materials for

polymer synthesis.”

' --_% . o ;
w Engineering plastics

Biomass HO\R,OH Polyester

Dlo (IR bo. 0 Voo ="

ol = H{ R R™ (3> Polyurethane
o 0 Z

co, SERS Dy # \\BAcrylic resin

Carbon dioxide Polycarbonate diols

Green polymers made
from renewable resources '
-

Seats Sponges  Suitcases

b b b

¢ ¢ ¢ T Catalytic process of metal oxides for the synthesis of renewable polycarbonate diols
Funding

This paper is based on results obtained from a NEDO Feasibility Study Program (Uncharted Territory
Challenge 2050).
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