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Historical Development of lon Exchange Resin Technologies in Japan
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B Abstract

lon exchange resins are particulate synthetic organic substances with properties that make them capable of
exchanging ions within the resin with various ions in a solution. Utilizing these properties, ion exchange resins
can be used to make pure water from groundwater by removing salt (NaCl) and other ionic substances dissolved
in the water. lon exchange resins also provide many other interesting functions, and as such have a wide range
of industrial applications. For instance, ion exchange resins are used for water treatment in thermal and nuclear
power plants, and for production of ultra-pure water used in the electronics industry. They are also used for
separation and purification in the manufacture of pharmaceuticals and food products, for manufacturing raw
materials for polycarbonates and acrylic thermoplastic resins, and for a variety of wastewater treatments.

This study looks into the history of ion exchange resins and related technological developments, with respect
to related theories, performance, functions, manufacturing, applications and future technologies, with a particular
focus on their role in relation to contemporary society, lifestyles and industrial technologies.

As soil has natural ion exchange capability, soil treated with fertilizer can exchange ions contained in the
fertilizer, such as ammonium ions, phosphate ions and potassium ions. These ions retained in the soil can
be used as fertilizer for a certain period of time, without further application of fertilizer. Humankind has been
taking advantage of this phenomenon since long ago, despite a lack of knowledge about how it works. In 1850,
scientists in the United Kingdom finally discovered the science behind the ion exchange phenomenon. However,
that discovery failed to result in any significant practical developments right away, and it wasn’t until 1935 that
the next big invention was made—that of synthetic organic ion exchange resins.

This invention attracted great interest worldwide as the purified water used for boilers had been strongly needed
at the time. Soon after, industrial production of ion exchange resins began in Germany in 1938, then in the U.S.
in 1940. Although at war, Japan promptly started research on ion exchange resins in 1938, and then proceeded
with industrial production of the resins respectively in Kyoto and Kitakyushu in 1945, in both cases upon request
of the military. With the end of the war bringing a stop to production in both locations, Mitsubishi Chemical
Corporation swiftly decided to pursue commercial opportunities for ion exchange resins, and accordingly launched
commercial production in 1946 at facilities in Kurosaki, Kitakyushu City.

The initial products of ion exchange resins were made of phenol-based resins, but then after styrene-based
products were started to manufacture also in Japan in 1955, the performance and types of ion exchange resins
greatly improved and their application also became rapidly more widespread. In 1957, Tokyo Organic Chemical
Industries Ltd. launched production of ion exchange resins in Japan using licensed technology from the U.S.
Rohm and Haas Company. Since then, Mitsubishi Chemical Corporation’s DIAION and Amberlite, which uses
Rohm and Haas technology, have held a dominant position in Japan’s ion exchange resins and its technology for
many years, and up to this day.

During that time, most of Japan’s major chemical companies attempted to enter the market, but were unable
to achieve full-fledged commercial viability of ion exchange resins despite their various efforts. This study details
such developments in the industry over that time frame, as much as possible. As a consequence of unique
developments, Japan’s ion exchange resin industry came to be led by a single purely domestic manufacturer,
Mitsubishi Chemical, and the three water treatment companies, Organo Co., Kurita Water Industries Ltd., and
Nippon Rensui Co., all three having been founded in the post-war period, between 1946 and 1952. These four
players have dominated the industry for more than 60 years.

Because of the prolonged dominance with continuity, the industry is now marked by close ties and longstanding
relationships among players in three roles: ion exchange manufacturers who look after the research and
development, production and improvement of resins; water treatment companies who look after the process
development, construction and maintenance of equipment; and end users who discover practical needs to which
the innovative application of ion exchange resins can be made. In Japan, the superior business structure has
taken shape that enables users who purchase ion exchange resins to be assured of top-notch products and
technological services, while resin manufacturers and water treatment companies can directly access accurate
information with respect to customer demands for developing new technologies and improving processes.

Consequently, Japan’s ion exchange resin industry has turned out a lot of world-class technologies, thereby
underpinning overseas expansion of Japanese companies with respect to semiconductors and liquid crystal
displays which have taken the world by storm, the development of the global monosodium glutamate and lysine
business, the trailblazing expansion of antibiotics and other pharmaceuticals, as well as the development of
advanced environment protection processes and resource-conserving technologies.

Although few people ever have the opportunity to view ion exchange resins first-hand, the substances are
bound to remain an underlying technology in countless industries, and new technologies that will address social
needs in the future are being constantly developed and proposed. Japan’s technological competence in the realm
of ion exchange resins is anticipated to make further strides, amid further research and development efforts and



moves seeking practical application with respect to new products and technologies. At the same time, we expect
to see future trends in the industry toward developing more extensive business approaches designed to facilitate
closer relationships with customers, which can then be adopted worldwide, particularly in developing Asian
economies, thereby spurring further progress and ongoing development.
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