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Green processing and engineering are required for the chemical engineering of pharmaceuticals, foods, beverages, cosmetics, chemicals, and so on.

For this purpose, we aim to use only non-toxic solvents such as carbon dioxide, ethanol, and water for extraction and separation processes, instead of

harmful or potentially toxic solvents. Recently, we developed an entropy-based solubility parameter—an extended Hildebrand solubility parameter—

for high-pressure fluids (sub/supercritical fluids) and have applied it to designing extraction and separation techniques in order to achieve sustainable

green chemistry. We are promoting these experimental and theoretical approaches based on chemical engineering to study and develop new

environmental sciences and technologies.
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Fig. 1 Hildebrand solubility parameter (SP) and
entropy-based solubility parameter (eSP)

Application of our entropy-based
solubility parameter

The Hildebrand solubility parameter (SP) is useful for chemical
engineering processing, such as for extraction and separation techniques.
Selecting suitable solvents for production of targeted functional natural
resources is usually difficult for high-pressure processing.

Although the SP has been widely used under ambient temperature and
pressure conditions, we recently extended its value for high-pressure
fluids such as sub-/supercritical fluids (Fig. 1). This parameter is termed
the entropy-based solubility parameter (eSP), which extends the regular
solution theory (Fig. 2). Now that our thermodynamic property has been
made available, we can more easily predict high-pressure extraction and
separation processes and drastically reduce the economic and time costs
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Fig. 2 Correlation between SP and eSP
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Fig. 3 Flow-type subcritical fluid separation apparatus

for trial-and-error experiments. Thus, people would choose these things
using the eSP as a tool for selecting a suitable solvent or mixtures for
designing high-pressure extraction and separation processes. These
contents are based on “The Commendation for Science and Technology
by the Minister of Education, Culture, Sports, Science and Technology:
The Young Scientists’ Prize (2018).”

Development of flow-type subcritical
fluid separation

Recently, we developed a flow-type subcritical fluid separation apparatus
for separating colors, flavors, and so on from targeted natural resources
(Fig. 3). The JASCO Corporation collaborated to make interlocking back-
pressure regulators and another related setup based on our time-
programming regulation concept.

This year, a small and multifunctional subcritical fluid separation
apparatus was designed with a low cost and is being developed. Although
the apparatus has not been widely used in other research, we would like
to conduct PR activities with NEDO to promote the green separation
processes.
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Fig. 4 Results of prediction of retention time with separated
chemicals on supercritical fluid chromatography.
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