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Proposal of the Introduction of Economic Measures
for the further Development of Green Sustainable Chemistry
Masaru KITANO (Professor, School of Science and Technology, Meiji University)

The safety management of chemical substances should be performed on the whole life cycle of the
chemical substances by combining both regulatory measures and self initiative. The intensive use of
Material Safety Data Sheet (MSDS) is essential for the sound distribution, use and disposal of
chemical substances. Industries which provide MSDS should make efforts to fulfill all required items
in the Sheet by collecting information or generating safety data. Information requirements in the
Sheet should be considered as minimum for the safety management of chemical substances. On the
other hand, industries which receive MSDS should try to understand it well, and handle chemical
substances according to the proposed procedure described in the Sheet.
Now, we have to pursue the concept of sustainable development by making our society as Sound

Material Cycle Society.

When manufacturing chemical substances, the principles of Green Sustainable Chemistry should be fully taken into account.
Among the famous 12 Principles of Green Chemistry proposed by P.T.Anastas and J.C.Warner(Green Chemistry; Theory and
Practice, Oxford University Press 1998) ,
let me recall the importance of No.7 Principle .
It says,
{A raw material of feedstock should be renewable rather than depleting wherever technically and economically practicable.}
In order to facilitate the development and prevailing of Green Sustainable Chemistry, let me propose to implement the policy of
economic measures, environment loading surcharge.
Chemical substance is assessed not only on its adverse effects on human health and environmental organisms, but the energy and
raw materials needed and amount of noxious pollutants discarded etc. for the production of the substance quantitatively by Life
Cycle Assessment.
By the comparison of the candidate chemical substances , the substances evaluated as less Green, or less Environmentally
friendly are punished a certain surcharge.
At present I know it well that it is premature to introduce this approach.
Further study is necessary to develop quantitative green scale comparison method of the chemical substances on their whole life
cycle.
Furthermore we should discuss how much surcharge should be appropriate as the incentive of changing into more green
alternatives.
Again I should say much work and discussion is necessary to introduce this proposal actually. However I strongly believe and

hope that this proposal results in the development of Green Sustainable Chemistry not only for the present generation, but for the
next generation too.
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Industrialization of surfactant production process synthesized with subcritical water

Takeshi Shirasawa
Kao Corporation, Processing Development Research Laboratories

The industrialization of the synthetic process of a surfactant called alkyl glyceryl ether (AGE) has been
successfully conducted by utilizing water in subcritical condition. AGEs are widely used in products such as
surfactants for dishwashing detergent, shampoo, and body cleanser. According to conventional
manufacturing technologies, a catalyst and solvent are required in the reaction, which generates a large
amount of waste in the purification process leaving an environmental problem. To solve this, we established
a catalyst- and solvent-free process, in which water is utilized for playing the multifunction of catalyst,
solvent, and reactant. And in addition, excess water and thermal energy are effectively utilized. In the future,
application of reactive fluids with high environmental effects including this subcritical water is expected to
develop.

Alkyl glyceryl ether (AGE) is a nonionic surfactant, which has moisturizing performance, foaming
performance, and biodegradability, and also it can widely be used in household products including toiletries
and cosmetics. In general, AGEs are synthesized by hydrolysis of corresponding glycidyl ethers using acid
or alkali catalyst, and, appropriate organic solvents are required to homogenize reaction system as necessary
However, conventional methods generate a large amount of waste materials for industrial production in
order to remove catalysts and organic solvents from reaction mixture.
To solve the above problem, we developed an environment-friendly synthetic process without catalysts

and solvents and with decreased waste has been established, by using subcritical water which has the
following characteristics: (1) dissolving ability similar to organic solvents due to lowering of dielectric
constant, (2) increase in catalytic action due to activation of ionic dissociation.
In the synthesis of AGE using subcritical water, it was found that water concentration greatly affects the

reactivity. It was also confirmed that the rate of reaction was correlated to water concentration by 2.7th order
and that dimerization, which sequentially proceeded as a side reaction (Fig. 1), could be inhibited. From
these findings, we achieved drastic increase in reactivity and yield by utilizing well-chosen amount of water.
In the industrialization of this process, a tubular flow reactor was adopted. As the merits of this system, it

can be picked up that the sophisticated control of reaction time is possible, and that the process is suitable
for mass-production. In the investigation of scale-up by enlarging the diameter of a reaction tube, it was
found that reactivity tended to decrease because the mixing speed of glycidyl ether and subcritical water
could not catch up with the rate of reaction. As a countermeasure for this problem, an orifice contraction
flow type mixer was adopted, in which a space with a contracted flow in the same scale as the diameter of
laboratory reaction tube was deployed in the piping of actual apparatus. Thus, the same reactivity as the
laboratory could be reproduced.
The use of a large amount of water makes it indispensable to effectively utilize water and thermal energy.

As the reuse of water, by reducing the temperature of subcritical condition, each of AGE and water could be
easily recovered through oil-water separation. Then we recycled water to the reaction stage after being
completely separated from AGE through reverse osmosis filtration. As the heat recovery, through heat
exchange contacting between the high-temperature reactant and low-temperature raw materials, 80% or
more of thermal energy could be recovered. As a result, compared with conventional catalyst methods, E
factor, which is the environmental index of waste, could be improved from 3.5 to 1.2, and LCA as the index
of carbon dioxide could be improved from 8.4 kg-CO2 / kg-AGE to 6.4 kg-CO2 / kg-AGE.
New process is schematically shown in Fig. 2. Compared with commonly used acid or alkali catalyst, this

process could provide high yield, and short reaction time decreased from 9 h to 3 min (1/180). This
technology was put into commercial scale operation in 2005 and has been stably operated, and the product
has been widely used on the market. The cases, in which organic synthesis using subcritical water was
industrially realized, were very few. Therefore, this success, in which practical technology was established
overall, gives high expectations in future development.

9th GSCAward, METI Award(2009)
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9th GSCAward, MEXT award(2009)

Development of Environmentally Benign Direct Transformation Reactions
by Multi-metal Cluster Catalyst

Kazushi Mashima (Professor, Graduate School of Engineering Science, Osaka University)
Takashi Ohshima (Associate Professor, Graduate School of Engineering Science, Osaka

Large member of artificially synthesized chemicals such as medicines and polymers are essentially
important in our daily life, otherwise we could not keep it without these chemicals. In terms of
sustainability and environmental issue, it is a highly regarded task to develop modern synthetic organic
chemistry for fitting to ‘Green Sustainable Chemistry’. Categorically, there are two approaches: one is the
use of bio-based chemicals; however, all mass of required chemicals in our daily life could not be produced
in this way; the other is the development of catalysts for yielding chemicals with minimizing or diminishing
chemical wastes in synthetic processes. The latter approach is most rational and practical, so that a lot
research works have been conducted to develop any catalytic reactions so far.
We have been interested in such latter approach by a new metal cluster catalyst of tetrazinc cluster,

Zn4(O)(OCOCF3)6 (1), which is a functional model of metalloenzymes including two zinc metals at
catalytically active sites. Cluster 1 was readily prepared by sublimation of the corresponding mononuclear
complex (equation 1). Cluster 1 served as a unique catalyst for transesterification reaction, oxazoline
synthesis and furan formation reaction. For example, the flavor of apple could be prepared according to the
equation 2, where methanol was a whole side product, reaching e-factor of 0.66.

One of the most attractive catalytic features is O-selective acetylation of alchohols in the presence of
any amine groups, being in sharp contrast to the text-book knowledge that any acetylation reagents
favorably afforded amides in the presence of alcohols. This is notable cited as referring to a famous fable
of race by rabbit and turtle: lower reactive alcohol group, tartle, result in the victory of competition with
higher reactive amine group, rabbit. Such unusual chemoselectivity makes us to directly prepare esters
having an amine group, minimizing steps and wastes in synthetic process. It is an attractive feature as an
industrial application that zinc cluster catalyst 1 is economically cheap and is made of safe element of zinc.
Moreover, 1 has a potential to shorten synthetic routes in drug synthesis and functional materials. We

are continuously interested in developing cluster catalysts through such assembling of any metal ions in
order to contribute to ‘Green Sustainable Chemistry”.
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Figure 1. Some representative organic transformations catalyzed by zinc cluster, Zn4(O)(OCOCF3)6 (1).
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9th GSCAward, ENVAward(2009)

DevelopmentofNovelManufacturingMethodofASilaneCouplingAgent forGreenTire

Toshikazu Takata, Tokyo Institute of Technology
Nobuo Yamada, Daiso Co., Ltd.,

Reduction of rolling resistance by compounding silica to rubber of tire that consumes ca. 20% of total
energy of automobile is known as one of the measures to save energy. Addition of a silane coupling agent
is indispensable to uniformly disperse silica into the rubber to cause the effect in high efficiency. This
treatment results in 5-6% decrease in fuel efficiency that corresponds reduction of 1.0-1.2% CO2. The
authors have succeeded in developing the new manufacturing method of the coupling agent and
commercializing in a low price. It has brought about the increase in saturation level of energy-saving tire
(green tire) and eventually contributed to the decrease in energy consumption and in CO2 emission.

Since the silica / silane coupling agent system contributes to not only maintenance of wet skid property but also
reduction of energy, the spreading of the green tire has been expected. However, the saturation level of it was less than
10%, much lower than 60% in Europe, when the research for this development started. The reason for it layed on the high
price of the green tire, development of new manufacturing method of the coupling agent (i.e. bis(triethoxysilylpropyl)
oligosulfide) in low price for the reduction of the price of the green tire has been strongly desired.

The present development involves the creation of new manufacturing method of the silane coupling agent in high
quality and purity and its industrialization.

The authors cooperatively worked for the development of the new manufacturing method. Dr. Takata found the
novel synthetic method of sodium oligosulfide, a key intermediate for the preparation of the coupling agent, through the
direct solid-solid reaction of metal sodium (Na) and solid sulfur (S8) in an organic medium, after many efforts and trials.
And he established the new one-pot synthetic method of the coupling agent in laboratory-level using newly prepared
sodium oligosulfide.

Figure 1. Synthetic Scheme of The Silane Coupling Agent Using Sodium Oligosulfide Prepared by The Solid-Solid Reaction in
An Organic Medium.

Although the present laboratory-level synthesis required considerably high techniques, Dr. Yamada tried hard to
develop the manufacturing method in a industrial level. After repeated trial and error, the effective method capable of
manufacturing in pilot plant and actual plant was built up. The coupling agent was actually prepared in a 13 m3 plant that
was newly constructed, 130 million times bigger scale than the laboratory scale (5 mL). The remarkably high technology
in this development can be evaluated along with the reaction design based on the novel idea.

Figure 2. Newly Constructed Manufacturing Plant for The Silane Coupling Agent (Daiso Co., Ltd., at Amagasaki Factory)
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Nowadays the spreading of the green tire has largely progressed, and most eco-cars become using the green tires.
Both the additional plant building last year and the tire rating from this January clearly suggest the growing role of the
present development in the energy saving and the reduction of CO2 emission. In addition, the present development
contributes to the utilization of surplus resource of sulfur. Thus, the development can be evaluated from viewpoints of the
resource utilization as well as the energy saving and CO2 reduction.

9th GSCAward, ENV Award(2009)

Environmentally Benign Organic Synthesis Based on Characteristic Features of Microreactors

Jun-ichi Yoshida
Department of Synthetic Chemistry and Biological Chemistry, Graduate School of Engineering, Kyoto University

We have shown that microreactor synthesis can contribute to green sustainable chemical synthesis in the following ways. (1)
Better controllability by virtue of the fast heat and mass transfer leads to a high selectivity of the products. Therefore, less waste is
produced. (2) Microreactor synthesis avoids the use of auxiliary substances that slow down reactions to obtain better
controllability by virtue of the residence time control. This feature also enables reactions to be conducted at higher temperatures,
minimizing the energy required for cooling to control these reactions. (3) Microreactor synthesis can be performed in industrial
scales. It is also noteworthy that microreactor synthesis enables on-demand and on-site synthesis, which leads to less energy for
transportation and easy recycling of substances.

Recently, increasing attention has been paid to synthesis and production of chemicals using flow microreactors. We have
been studied organic synthesis and polymer synthesis based on characteristic features of microreactors such as fast heat and mass
transfer and short residence time.
Selectivity of chemical reactions is often determined by kinetics. For extremely fast reactions, however, kinetics often

cannot be used because of the lack of homogeneity of the reaction environment when they are conducted in macrobatch
reactors, such as flasks. Therefore, such reactions are not controllable in conventional macrobatch reactors. This problem
can be solved by the use of flow microreactors because of fast heat and mass transfer. Therefore, less waste (undesired
byproduct) is produced. For example, selectivity of Friedel-Crafts alkylation could be greatly enhanced. Desired
monoalkylation products were obtained in high selectivity, minimizing the production of undesired dialkylation
compounds.

The length of time that the solution remains inside the reactor—the residence
time—can be greatly reduced by adjusting the length of microchannels and flow
speed. This feature of flow microreactors allows controlled sequential reactions
involving short-lived intermediates, enabling powerful and straightforward
protecting group-free synthetic transformations avoiding the use of auxiliary
substances. In short, unstable reactive species such as organolithium compounds
can be transferred very quickly (residence time: milliseconds - seconds) to
another location to be used in the next reaction before they decompose.
Organolithium compounds have been widely used in organic synthesis

because of their high reactivity.However, organolithium compounds suffer from
a problem of functional group compatibility. In fact, it is difficult to prepare
organolithium compounds having functional groups, because such functional

groups react with organolithium compounds very rapidly. However, the use of flow microreactors enabled the generation and
reactions of organolithium compounds bearing functional groups such as alkoxycarbonyl and nitro groups without protection. It is
also noteworthy that the use of microreactors also enables organolithium reactions to be conducted at higher temperatures,
minimizing the energy required for cooling to control these reactions.
In summary, reactions that were difficult to control using the methods of conventional macroreactors can be controlled by

microreactors. Because we have already built and continuously operated several test plants for production of small molecules and
polymers, there is no doubt that flow microreactors can contribute to green sustainable chemical synthesis on an industrial scale.
It is also noteworthy that microreactors enable on-demand and on-site synthesis, which leads to less energy for transportation and
easy recycling of substances. There are great expectations that flow microreactors play a major role in environmentally benign
material production.

Figure1. A flow microreactor system
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9th GSCAward(2009)

Environmentally Benign Organic Synthesis Based on Characteristic Features of
Microreactors

Jun-ichi Yoshida
Department of Synthetic Chemistry and Biological Chemistry, Graduate School of Engineering,

Kyoto University

We have shown that microreactor synthesis can contribute to green sustainable chemical synthesis in the
following ways. (1) Better controllability by virtue of the fast heat and mass transfer leads to a high selectivity of
the products. Therefore, less waste is produced. (2) Microreactor synthesis avoids the use of auxiliary substances
that slow down reactions to obtain better controllability by virtue of the residence time control. This feature also
enables reactions to be conducted at higher temperatures, minimizing the energy required for cooling to control
these reactions. (3) Microreactor synthesis can be performed in industrial scales. It is also noteworthy that
microreactor synthesis enables on-demand and on-site synthesis, which leads to less energy for transportation
and easy recycling of substances.

Recently, increasing attention has been paid to synthesis and production of chemicals using flow microreactors
We have been studied organic synthesis and polymer synthesis based on characteristic features of microreactors
such as fast heat and mass transfer and short residence time.
Selectivity of chemical reactions is often determined by kinetics. For extremely fast reactions, however,

kinetics often cannot be used because of the lack of homogeneity of the reaction environment when they are
conducted in macrobatch reactors, such as flasks. Therefore, such reactions are not controllable in
conventional macrobatch reactors. This problem can be solved by the use of flow microreactors because of
fast heat and mass transfer. Therefore, less waste (undesired byproduct) is produced. For example, selectivity
of Friedel-Crafts alkylation could be greatly enhanced. Desired monoalkylation products were obtained in
high selectivity, minimizing the production of undesired dialkylation compounds.

Figure 1. A flow microreactor system

The length of time that the solution remains inside the reactor—the residence time—can be greatly reduced by
adjusting the length of microchannels and flow speed. This feature of flow microreactors allows controlled
sequential reactions involving short-lived intermediates, enabling powerful and straightforward protecting
group-free synthetic transformations avoiding the use of auxiliary substances. In short, unstable reactive species
such as organolithium compounds can be transferred very quickly (residence time: milliseconds - seconds) to
another location to be used in the next reaction before they decompose.
Organolithium compounds have been widely used in organic synthesis because of their high reactivity.

However, organolithium compounds suffer from a problem of functional group compatibility. In fact, it is
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difficult to prepare organolithium compounds having functional groups, because such functional groups react
with organolithium compounds very rapidly. However, the use of flow microreactors enabled the generation and
reactions of organolithium compounds bearing functional groups such as alkoxycarbonyl and nitro groups
without protection. It is also noteworthy that the use of microreactors also enables organolithium reactions to be
conducted at higher temperatures, minimizing the energy required for cooling to control these reactions.
In summary, reactions that were difficult to control using the methods of conventional macroreactors can be

controlled by microreactors. Because we have already built and continuously operated several test plants for
production of small molecules and polymers, there is no doubt that flow microreactors can contribute to green
sustainable chemical synthesis on an industrial scale. It is also noteworthy that microreactors enable on-demand
and on-site synthesis, which leads to less energy for transportation and easy recycling of substances. There are
great expectations that flow microreactors play a major role in environmentally benign material production.

The 10th Annual Green and Sustainable Chemistry Symposium

The 10th Annual Green and Sustainable Chemistry Symposium was held at
the Hitotsubashi Memorial Hall (National Center of Sciences) on March 4-5,
2010. The theme of the conference was “Toward a Sustainable Society: The
Prospect and Practice of GSC.” About 370 members from academia, industry
and the government participated, about 45 more than last year.
Because the conference was the landmark decennial of the GSC

Symposium, for the opening addresses, Mr. Tsuneo Moriya, Chair of the GSC
Network (GSCN), and Dr. Hiromichi Shimada, Chair of the GSCN
steering committee, reviewed the network’s activities thus far and
expressed hopes for GSCN’s further expansion and advancement.

The keynote addresses were given by Professor Hideki Fukuda, President of Kobe
University, and Dr. Seizo Miyata, Senior program manager at the New Energy and
Industrial Technology Development Organization (NEDO). Both speakers focused on
the possibility of fossil fuel alternatives. Professor Fukuda discussed biomass resources
and provided a survey of microbial reactions for chemical production. His speech
showed the high possibility of these resources. Dr. Miyata gave an extremely

fascinating talk on the possibility of using substitutes for platinum, a scarce
element, as electrode catalysts, such as fuel cells.
During the science session, seven researchers and engineers at the forefront of

development gave addresses that expounded on the main theme. Professor
Michikazu Hara (Tokyo Institute of Technology), Professor Akira Isogai
(University of Tokyo), and Mr. Seiichi Terakura (Mitsubishi Heavy Industries)

introduced the possibility of biomass resources, catalysts, and processes to convert chemical products,
and the results of R&D in advanced materials and their future prospects. In addition, Dr. Yoshinori
Nishikitani (Nippon Oil Corporation) discussed the possibility of making organic solar cells highly
efficient, which greatly encouraged researchers working on fossil fuel alternatives. And Professor
Junichi Yoshida (Kyoto University) and Dr. Mikiko Sodeoka (RIKEN) discussed the novel organic
synthetic processes and reactions that are environmentally friendly.

Opening speech by GSCN Chair,

Mr Tsuneo Moriya

Keynote address

by Kobe University President,

Professor Hideki Fukuda
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On the second day of the symposium, four winners of the GSC Awards gave presentations. Also, Mr.
Atsushi Fukuda (Ministry of Economy, Trade and Industry) and Mr.
Hirota Tani (Ministry of Education, Culture, Sports, Science and
Technology) discussed the efforts of their respective ministries.

The GSC Symposium held poster sessions to foster discussions
between the presenters and conference participants. There were 119
posters at the conference, creating an atmosphere of vigorous
discussions. The topics of the presentations were wide-ranging, and
included catalysts, organic synthesis, fossil fuel alternative resources
(biomass, battery cells), reducing the environmental load (water

processing, saving energy, recycling, disposal of harmful substances), methods of evaluating GSC, and
education. However, more than 40 percent of the presentations focused on catalysts and organic
synthetic processes. In the future, in addition to these subjects, we would like to have more posters on
the development of products and social systems related to GSC and debates on the possibility of GSC.

Also, looking at the affiliation of the presenters, those from industry made up
less than 20 percent. We would like to ask those from industry to be more
active in making presentations in the future.

The Best Poster Prize was given to seven young researchers who had the
most impressed presentations. The referees spent the great efforts for the
final decisions. The award winners will be introduced in the e-mail magazine
No. 129.
In the same space as the poster sessions, three major domestic companies set

up exhibits to introduce their R&D and new GSC-conscious products. These
booths were highly praised by university professors and students for giving
them understanding of the companies’ efforts.

The seminar, “GSC Seminar: Chemistry Co-existing with the Environment
for a Sustainable Society” sponsored by NEDO was held in the second

morning. Five oral presentations were given, including the keynote speech
by Dr. Makoto Misonoe, Professor emeritus of the University of Tokyo.
Participants of the conference told us that they appreciated hearing the
presentations from GSCN and NEDO together.
On the evening of the 4th, the GSC Awards ceremony and the annual

reception were held at the Josui Kaikan. Even in such a casual environment,
the attendants continued to exchange the fervent discussions on GSC
activities.

Poster session

Company exhibition corner

Reception in the evening

Conference hall

during the keynote addresses


