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Solar energy provides all the energy that our society needs for sustainable living. Water and carbon dioxide can be used to develop chemical processes that

are clean and friendly to our environment. In the supercritical state, both water and carbon dioxide can be made to mimic the properties of many organic

liquids that provide both performance and advantages and environmental benefits. With these solvents, our laboratory studies biomass conversion, material

synthesis, waste recycling, synthetic chemistry, polymer processing and separation processes.
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The energy from the sun can drive 95 billion tons of carbon a year. Using
only 10% of this solar energy, we can live a sustainable life in harmony
with nature. Both water and carbon dioxide, especially in the supercritical
state, can be used to develop chemical processes that are clean and friendly
to our environment (Fig.1).

Supercritical water and carbon dioxide (CO,) have properties close to
those of organic solvents, which are excellent in both operability and
environmentally friendly (Fig.2). Such chemical processes include
biomass conversion, material synthesis, waste recycling, synthetic
chemistry, and polymer processing. For example, our laboratory studies
the reaction and separation process of cellulose-based biomass (cellulose,
hemicellulose, and lignin) using supercritical CO, combined with ionic
liquids (Fig.3). The reaction and separation of biomass dissolved in ionic
liquids can be controlled by manipulating physical properties of
supercritical CO, using temperature and pressure. lonic liquids can be
easily separated and recovered after the reaction due to their extremely
low vapor pressure, and therefore they are attractive as alternative
environmentally friendly solvents.

Our laboratory conducts research and development of chemical systems
and chemical processes mainly using environmentally friendly solvents
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Fig.2 Green Chemical Process

such as supercritical fluids, especially carbon dioxide and water. Our
research topics are reforming of biomass, plastics, hydrocarbons, and
heavy oil in high-temperature and high-pressure water, synthesis of fine
inorganic oxide particles by hydrothermal synthesis, and development of
hydrogen storage in clathrate hydrates. We now collaborate with
researchers around the world.

Research

A green chemical process is one that sustainably transforms renewable raw materials
into products for society using safe, fast (efficient), and clean (non-polluting)
operations and methods. A green chemical process uses the fundamental principles
of Green Chemistry and Green Engineering and exists in harmony with the
environment. Students use their own ingenuity to conduct research on

(1) creating new COz-free energy sources (carbon-neutral electricity),

(2) developing new chemistries processes for selective amination or hydrogenation of
biomass-related compounds,

(3) proposing new safe solvent mixtures to replace the hazardous solvents used in
pharmaceutical industries,

(4) developing new functional biocarbon catalysts from biomass with hydrothermal
methods,

(4)creating new green synthesis routes and separation methods to produce biofuels,

(6) developing new materials with supercritical fluids.

Key to many green chemical processes is the conceptual idea for of converting
renewable materials into energy or products through the choice of solvents, catalysts,
conditions, and operations along with safety of safe materials and methods and

attention to the 3Rs (Reduce, Recycle, and Reuse) in each conceptual step.

International exchange and conference

[1] K. Oshima, K. Nakamura, N. Sato, H. Guo, R.L. Smith Jr., Application of analytical
centrifugation to chemical systems for measurement of properties and phase equilibria,
The 9" International Symposium on Molecular Thermodynamics and Molecular
Simulation (Invited Lecture) 09/2021

[2] H. Guo, Y. Abe, R. L. Smith Jr., Synthesis of ethyl levulinate from C5/C6
carbohydrates with amino- sulfonated functional carbon materials, The 7" International
Solvothermal and Hydrothermal Association Conference (Invited Lecture) 10/2021.
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