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ABSTRACT

Society has expected to the Chemical Industries to industrialize the innovative chemical
processes for producing important products, which processes are environmentally friendly
and yet useful for utilizing CO,. Now, such an excellent chemical process is revealed.

The world’s first non-phosgene process for producing an aromatic polycarbonate (PC)
using CO; as a starting material has succeeded in development and industrialization by Asahi
Kasei Corporation, Japan. The new process is not only environmentally friendly but also
economically superior to the current processes. Furthermore, the plants under commercial
operations, in which this process is used, have fixed CO, into the polymer in the largest
quantities.

All polycarbonate (PC) in the world had been produced using CO as a starting material
until the new process was industrialized in 2002; among them, more than about 90% of
polycarbonate (PC) had been produced by so-called phosgene process.

The phosgene process must use not only highly toxic and corrosive phosgene (COCl,)
made from CO and Cl,, but also large quantities of solvents, water and methylene chloride
CH,Cl, which is suspected to be a carcinogen. Furthermore, the phosgene process must
execute the disposal treatment of large quantities of wastewater to remove the contaminated
organic materials before discharge from the factory.

The Asahi Kasei Non-Phosgene Polycarbonate Process enables high-yield production of
the two products, high-quality polycarbonate (PC) having excellent properties and high-purity
monoethylene glycol (MEQG), starting from ethylene oxide (EO), CO, and bisphenol-A,
without waste and wastewater.

The Asahi Kasei Process not only overcomes the drawbacks of the current processes but
also achieves resource-conservation and energy-conservation. Furthermore, the reduction of
CO; emission (1,730 tons/10,000 tons of polycarbonate production) is also achieved, because
the products have fixed the all CO, used chemically in the products as the main chain
components. That is, CO, is chemically divided to CO part and O part, the CO part composes
the carbonate group of the polycarbonate (PC), and O part composes the one OH group of
monoethylene glycol (MEG).

The first commercial plant (65,000 tons/year) constructed by Chimei-Asahi Corporation
in Taiwan has been successfully operating since June 2002, and the capacity has been
increased to 150,000 tons/year since 2006.

The adoption of the process is rapidly expanding in the world. Following the success of
Chimei-Asahi Corporation, three plants (each 65,000 tons/year) constructed under licensing
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of Asahi Kasei have been successfully operated since 2008, respectively. Furthermore, the
biggest plant (260,000 tons/year) in Saudi Arabia has started in 2011.

The success of Industrialization of the Green and Sustainable Chemical Process, Asahi
Kasei’s innovative non-phosgene polycarbonate process from CO,, is a typical example,
which makes Economic, Environmental and Health Impacts on the society and humanity.

In addition to the non-phosgene PC process from CO,, an outline of the chemical fixation
of CO, in the polymer, which is useful for reduction of CO, emission, and non-phosgene
MDI process, are also described. The latter two also just fit the theme Economic,
Environmental and Health Impacts and fit the mission that the society and humanity expect
from the chemical industry.



PREFACE

Society and humanity have expected the Chemical Industries to industrialize the
innovative chemical processes for producing useful, convenient and indispensable products or
materials, which processes are environmentally friendly or utilize CO, as a raw material and
recycle CO, into useful products.

Concerning the subject for preservation or improvement of the global environment,
society and humanity have expected that chemistry, chemical engineering and chemical
industry would have been playing the important roles as before, because they have been
solving many important environmental problems up to this time in response to the
requirements from the society and humanity. Many chemical processes have been converted
to more environmentally friendly and more economical processes after their many years’
endeavors.

In spite of many of their endeavors, however, some processes have remained without
changing for many years owing to the difficulties in overcoming the hard technological
barriers. For example, the processes using toxic phosgene, which is one of the chemical
weapons, are such remained chemical processes.

An aromatic polycarbonate (PC), which is one the important and indispensable materials
in our daily life, is the most consuming engineering plastic, about 3.5 million tons per year in
the world for the use of mobile phones, smart phones, CDs, DVDs, car parts, cameras,
personal computers, etc. Until recently, the production of all polycarbonate (PC) has used CO
as a starting material. Furthermore, more than about 90% of them has been produced by so-
called “phosgene process” using phosgene (COCl,) manufactured from CO and Cl,.

However, the “phosgene process” for producing polycarbonate (PC) has several
environmental problems based on the use of highly toxic phosgene and the use of large
quantities of chlorinated solvent such as CH,Cl,, and the use of large quantities of water.
Therefore, the actualization of an environmentally friendly and economical process, that is,
green process or green sustainable process for producing polycarbonate (PC), has been longed
for many years.

On the other hand, carbon dioxide (CO,), one of the greenhouse gases, is widely
recognized to be a main material causing the global warming (Climate Crisis), and the
reduction of the emission into the environment is required all over the world.

Naturally, the content of CO, in the atmosphere had been well balanced, because the
emitted CO, into the atmosphere by the activities of living things had been fixed by several
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natural functions. However, it is said that the increase of CO, by the large quantity of fossil
fuel consumption since the Industrial Revolution has broken the balance.

The amount of the carbon resources being used as chemical raw materials is little
compared with the amount of the carbon resources being used as fuels for automobiles and
thermal power generations where a large quantity of CO, are exhausted. However, the
absolute quantity for the chemical use is not so little. The chemical industries have been
contributing to society and humanity by offering useful and convenient materials or products,
including the products useful for energy-saving or resources-saving. Therefore, it is the best
chance for the researchers and technologists belonging to the chemical industries to fulfill
their important missions for solving the urgent subject of society and humanity.

For the chemists and chemical engineers, chemical fixation of CO, is one of the most
important and familiar trials to reduce the emission of CO,. A lot of research and
developments for the chemical fixation of CO, have been reported; however, the
industrialized process is a few except for the urea production from CO, and NHj.

Now, the innovative process for producing polycarbonate (PC), which enables satisfying
both requirements for solving the remaining environmental problems and for reduction of
CO, emission by the chemical fixation, has been revealed. Namely, a novel non-phosgene
process for polycarbonate (PC) production using CO, as a raw material developed by Asahi
Kasei Corporation, Japan has been successfully industrialized.

The main purpose of this book is to describe about the non-phosgene Asahi Kasei Process
for producing polycarbonate (PC) from CO,. The other purpose is to describe the outline of
chemical fixation of CO, in the polymers and about the non-phosgene isocyanate process
developed by us.
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Chapter 1

INTRODUCTION: SOCIETY AND
CHEMICAL INDUSTRY

1.1. MISSION OF CHEMICAL INDUSTRIES

The important mission of the chemical industries is to offer the useful and convenient
materials or products to society and humanity at reasonable prices for their values.

Using raw materials, such as naphtha, natural gases, coals, air, water, and sodium
chloride, the chemical industries have been offering the intermediate materials or primary
products to the other chemical or related industries.

Such intermediate materials or primary products are, for example, all kinds of gases
(hydrogen, oxygen, nitrogen, inert gases, etc.), all kinds of basic inorganic compounds
(chlorine, sodium hydroxide, soda ash, hydrochloric acid, nitric acid, sulfuric acid,
phosphoric acid, etc.), ethylene, propylene, butadiene, benzene, toluene, all kinds of
monomers (styrene, acrylonitrile, acrylic acid or esters, methyl methacrylates, vinyl chloride,
etc.), all kinds of organic solvents, alcohols, aldehydes, organic acids, organic esters,
chemical fertilizers, dyes, detergents, surfactants, insecticides, pesticides, agricultural
chemicals, inks, paints, all kinds of polymers or plastics (commodity plastics such as
polyethylene, polypropylene, polystyrene, PET, polyvinyl chloride, polymethylmethacrylate,
polyacrylonitrile, ABS; engineering plastics such as polycarbonates, polyamides, PBT,
polyacetals; specific polymers such as fluoropolymers, silicones; thermosetting resins such as
unsaturated polyester resins, urea resins, etc.), synthetic fibers, synthetic rubbers, etc.

Furthermore, the chemical industries have been offering the materials or products to the
many other industries relating our daily lives directly, such as clothing or fabrics and shoes
industries (fibers, man-made leathers, rubbers, polyurethanes, etc.), food industries (films,
casings, plastic bottles, etc.), living or housing industries (plastics, paints, fabrics, insulating
foams, etc.), medicinal or medical industries (medicines, man-made kidneys, plastics tubes,
sheets, films, etc.) electric or electronic industries (plastics, silicon wafers, photo resists, etc.),
automobile and the related industries (rubbers, plastics, fabrics, etc.).

Thus, the chemical industries have played important roles for making our lives more
plentiful, safer, more convenient, more comfortable and by offering the useful materials or
products.
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Almost all chemical industries in the world have been continuously endeavored to
accomplish the above important mission for many years.

Another important mission of the chemical industries is to solve the subjects concerning
the local environment or the global environment using their excellent chemical technologies.

1.2. ENVIRONMENTAL PLOBLEMS AND CHEMICAL INDUSTRIES

Society and humanity would have continuously expected chemistry, chemical
engineering and chemical industry to play important roles in solving the subject for
preservation or improvement of the local and global environment as before, because they
have solved many important environmental problems up to this time in response to the
requirements using chemical technologies.

Concerning the chemical processes, chemical industries have converted many chemical
processes to more environmentally friendly processes after their endeavors for many years by
development and industrialization.

For example, chemical industries have changed the acetaldehyde production process from
the hydration of acetylene using a mercury catalyst to the catalytic ethylene oxidation
(Wacker Process). The reason of the process conversion was that the discharged wastewater
of the chemical plants containing mercury compounds into the sea or the river caused a
miserable disease (the Minamata Disease) to many people, who ate the fish and shellfish in
the Minamata Bay or Agano River in Japan (Water Pollution).

This water pollution, which caused the miserable and pitiable effects to the society and
humanity, accelerated the process conversion from the process using mercury to the non-
mercury process. Further, chemical industries have changed most of brine (sodium chloride
solution) electrolysis processes for producing NaOH and Cl, (chloroalkali process) from the
mercury cell process or the diaphragm cell process, which uses permeable diaphragm made of
asbestos fibers, to the membrane cell process using the ion exchange membrane.

In Japan, chemical industries have changed all of the mercury cell electrolysis processes
to the membrane cell processes or to the diaphragm processes until 1986; furthermore, the
entire diaphragm processes changed to the membrane cell processes, which are more effective
in the electronic power consumption until 1999. Unfortunately, however, some of the
mercury cell processes and the diaphragm cell processes have remained without the process
conversion in the world.

The other typical example that is used to explain how the chemical technologies played
important roles for solving the subject for preservation or improvement of the global
environment is the endeavors to prevent Air Pollution.

For the nitrogen oxides (NOx) and sulfur oxide (SOx) of the fixed emission sources such
as power stations and industrial facilities, the effective catalytic de-NOx (de-nitrification)
processes and de-SOx processes have been developed and operated in the world.

Furthermore, the combined technologies of chemical and automobile industries have
converted the hydrocarbons, CO, and NOx, which are emitted from mobile emission sources
such as automobiles, to less harmful gases for prevention of air pollution by the catalytic
conversion of the exhaust gases of automobiles. This is also one of the excellent chemical
processes.



