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1. Introduction

Our research group is developing  catalytic

technologies to advance carbon recycling as part of 

efforts  to  establish  sustainable  energy  resource 

circulation systems. We focus on the design of novel 

catalysts, particularly heterogeneous catalysts, and 

their processes that enable the selective conversion of 

next-generation  carbon  resources,  such  as  carbon 

dioxide, biomass, and plastics. In this year (2025), 

our research has concentrated on the development of 

effective  catalyst reaction  systems  for  polymer 

synthesis from CO2 under ambient pressure, as well 

as the development of solid catalysts for the conversion 

of plastics into valuable chemicals. The details of these 

achievements are described below.

2-1. Development of a solid catalytic process for the

direct synthesis of polycarbonate diols from CO2 

and diols under ambient pressure

The development of technologies to reduce and 

utilize CO2 is essential for addressing global warming 

and establishing a carbon-circulating society. In our 

laboratory, we focus on the chemical fixation of CO2 

and  are  developing  solid  catalytic  technologies  for 

polymer synthesis via the non-reductive transformation 

of  CO2. Our research group has found that cerium 

oxide (CeO2) functions as an effective solid catalyst, 

enabling the selective synthesis of polycarbonate diols 

from CO2 and diols by flowing CO2 under ambient 

pressure.  This  reaction  is  severely  limited  by  the 

equilibrium; in a closed system, the equilibrium yield 

is less than 0.1% at ambient CO2, and the reaction 

hardly proceeds. In the catalytic system we developed, 

the water produced by the reaction is removed by 

distillation  via CO2 flow,  thereby  shifting  the 

equilibrium toward the product side and allowing the 

reaction  to  proceed. However,  from  a  practical 

perspective, the reaction rate is insufficient, and the 

reaction solvent poses issues for greenhouse gas (GHG) 

reduction. Therefore, we hypothesized that the solvent 

significantly affects the efficiency of water removal, 

and we aimed to construct a more efficient reaction 

system by clarifying the effects of solvent type and 

amount (substrate concentration).

Evaluation  of  the  effects  of  Hansen  solubility 

parameters and substrate concentration revealed that 

highly  hydrophobic  solvent  systems  (with  higher 

Hansen solubility parameters) provided higher activity, 

and that higher substrate concentrations also led to 

higher reaction rates. Fig. 1 shows the effect of the 

substrate  concentration  while  keeping  the Hansen 

solubility parameter constant, clearly indicating that 

higher  substrate  concentrations  result in  higher 

conversion.  Among  these  parameters,  substrate 

concentration was found to have a more significant

Fig. 1  Effect of the substrate concentration at the 
same Hansen solubility parameter (Ra=35.5) on the 
direct polymerization of flow CO2 and 1,6-hexanediol. 
Reaction conditions: 1,6-hexanediol 0.5−2 g, CeO2 0.1 
g, triglyme 1−3 g, diphenyl ether 0−4 g, and CO2 200 
mL min−1, 483 K, 2 h.
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catalytic performance.

Fig. 2 shows the  time-courses of the reaction 

systems  with  reduced  solvent  amounts  and  under 

solvent-free conditions. The less solvent systems (i.e., 

higher substrate concentration) exhibit clearly higher 

reactivity,  reaching  high  conversion  in  a  shorter 

reaction time.  In  addition,  the  average  molecular 

weight of the target polycarbonate diols was increased, 

demonstrating that it can also be controlled by adjusting 

the solvent amount.

Fig. 2 Time-courses with different solvent conditions. 
Reaction conditions: 1,6-hexanediol 2 g (17 mmol), 
CeO2 0.1 g, CO2 flow rate 200 mL min-1, 453 K.

2-2.  Development  of  heterogeneous catalysts 

effective  for  the  transformation of  polyolefin 

plastics.

In  recent  years,  plastic  waste  issues,  including 

marine  pollution  and  microplastics,  have  become 

increasingly  evident,  and  the  development  of 

appropriate  plastic  waste  management  technologies 

has become an urgent priority. Furthermore, to realize 

a low-carbon society, implementing the 3R principles

—reduce, reuse, and recycle—for plastics, which are 

valuable carbon resources, is essential. Our research 

group focuses on the chemical recycling of polyolefin 

plastics, which constitute the majority of plastic waste, 

and  is  developing  heterogeneous  catalysts  that  are 

effective for their conversion into valuable chemicals. 

To date, we have found that supported Ru catalysts 

exhibit  high  activity  for  the  hydrogenolysis  of 

polyolefin  plastics  under  relatively  mild  reaction 

conditions. In particular,  Ru catalysts supported on 

CeO2 and ZrO2 (Ru/CeO2 and Ru/ZrO2) were found 

to suppress the formation of low-value gas products 

while yielding valuable liquid chemicals and waxes in 

high  yields. However,  to  construct  more  efficient 

catalytic systems, further suppression of low-value gas 

products is required. Therefore, in this study, we aimed 

to  reduce  the  formation  of  such  gas  products  by 

controlling the size and surface composition of the 

active Ru metal sites.

  During catalyst development, we found that reducing 

the Ru loading and introducing Cu into the Ru metal, 

forming  a  Cu–Ru/CeO2 catalyst,  is  effective  for 

suppressing the formation of gas products. The catalyst 

structure  and  product  yields  under  optimized 

conditions are shown in Fig. 3.  Decreasing the  Ru 

loading reduced the  Ru  particle  size,  and  the 

introduction of Cu led to the formation of a surface 

Ru-Cu alloy. Consequently, the Ru ensemble size was 

decreased,  leading to a suppression of gas 

formation.

Fig. 3 Comparison of yields over various Ru catalysts 
under  optimized  conditions. Reaction conditions: 
LDPE 3.4 g, catalyst 0.2 g, H2 5 MPa, 8-72 h, 453 K.
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