R KANSAI UNIVERSITY
66 NEWS LETTER

Research Front Line

WA RAR

BEREERTZO3. «Study on Resource Circulation Engineering

1EEI51EE1_I®

KECIV T U= DORIFE

RIJZEE O pEEEEIGH T CO PRI %

Development of next-generation concrete

materials with low environmental impact

Reduction of CO, emissions by utilizing waste from thermal power plants
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° Factu of Environmental and Urban Engineering
—— Associate Professor Mitsuaki Matsuoka
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In order to realize a sustainable society, the effec-
tive utilization of industrial waste and by-products is
required. Associate Professor Mitsuaki Matsuoka of
the Faculty of Environmental and Urban Engineering is
studying on a geopolymer that can be used as an al-
ternative material to cement by reusing “fly ash” (coal
combustion fly ash) emitted from coal-fired power
plants. Since cement concrete emits a large amount
of carbon dioxide during the manufacturing process,
this is expected to contribute to reducing the environ-
mental burden.
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Department of CGhemical, Energy and Environmental Engineering

aiming for solving energy and environmental problems

—— Please tell us about the department and laboratory that you be-
long to.

The Department of Chemical, Energy and Environmental Engi-
neering, to which | belong, was originally established as the Depart-
ment of Chemical Engineering in the Faculty of Engineering. Follow-
ing that, in 2007, the Faculty was reorganized into the Department
of Energy and Environmental Engineering, Faculty of Environmental
and Urban Engineering. In 2022, the name of the Department has
been changed to the current name. Through the implementation
of the SDGs AO entrance examination, we are fostering human
resources who can contribute to solving energy and environmental
problems.

Chemical engineering is the study of how production processes,
physical and chemical phenomena are carried out within facilities and
equipment at production sites, and deals systematically with theory
and technology. Among the various fields of chemistry, we are partic-
ularly conscious of social implementation. Our department conducts
research that contributes to the solution of energy and environmental
problems based on our knowledge of chemical engineering, and
many of our students have an interest in such problems when they
enter the university.

In our laboratory of Resources Recycling Engineering, we are
engaged in the development of treatment processes for waste and
by-products, including the recovery of valuable resources, value-
adding, and recycling, and the creation of inorganic materials using
by-products through the knowledge and technology cultivated so far.

Using fly ash as concrete material

—— What type of research is covered by the study theme “Development
of high-strength geopolymer cured materials by surface activation of
fly ash particles?”

Fly ash is an industrial by-product emitted in large quantities from
coalfired power plants, and amounts to nearly 10 million tons per
year in Japan. It is used for roadbed materials and as there is no-
where for it to go, it is disposed of in landfill sites.

The study | am working on looks at how to reuse this fly ash as
concrete material. In fact, the cement used in concrete has a calcina-
tion process at the time of production, and this emits a large amount
of carbon dioxide. In recent years, a new material called “geopolymer”
has been extensively studied as an alternative material to cement that
can reduce carbon dioxide emissions. Geopolymer concrete using fly
ash as the main raw material is not only environmentally friendly, but
also has excellent structural strength, acid and heat resistance, and
promises to be effective when used in special environments such as
aging infrastructure and sewage pipes.

While conventional cement hardens even at room temperature, fly
ash does not harden easily in general temperature environments, and
it has issues that require heat treatment and long-term curing. There-
fore, we are developing a design process that will enable fabrication
under curing conditions equivalent to those of cement.

Activate materials by applying mechanical energy

—— What conditions and processes are involved?

| will start by explaining the mechanism of hardening. Fly ash is
composed of a glass phase and a crystalline phase, mainly silica
(silicon dioxide) and alumina (aluminum oxide). This is several tens
of microns in size, and it appears as a spherical fine particle when
viewed under an electron microscope. When fly ash is immersed
in an alkaline solution and water glass metal ions dissolve from the
particles and tetrahedral frameworks of SiOs and AlO4 were formed.
However, the surface of the particles is stable, and this makes it dif-
ficult for metal ions to dissolve at room temperature.
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Correlation between compressive strength of
geopolymers and mechanical treatment time.
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Therefore, an experiment was attempted in which mechanical
energy was applied to the particles, the crystallinity of the particle
surface decreased, and the particles changed from crystalline to
amorphous, facilitating the elution of metal ions. This is referred to as
surface activation. The Curing reactivity is accelerated and the com-
pressive strength of the geopolymer is increased. We are studying
whether it can be applied to active fillers other than fly ash.

—— How do you add mechanical energy?

We make use of various devices in our laboratory. For example,
there is a device known as a “planetary ball mill,” which imparts centrif-
ugal force and finely pulverizes particles, and a device with a rotor that
rotates at high speed and imparts friction and shear force to particles.

Chemical engineering required at production sites

—— What do you find most interesting about your research?

There is a significant variance in the curing reaction speed and
compressive strength depending on the pretreatment and experimental
conditions. | have an interest in discovering such cause-and-effect rela-
tionships. For example, the conditions can be changed for any number
of patterns, such as the rotational speed and processing time of the fly
ash pulverizing device, and the type and amount of fillers to be added
in addition to fly ash. If we change everything at once, we will not know
what is affecting what, so we organize the conditions and experiments,
changing the conditions one by one. By doing so, information that “this
parameter affects the curing speed” and “this one affects the strength”
gradually comes to light. Research on experimental systems often fails
to reveal clear correlations. However, | think the type of person who
can repeat experiments steadily and patiently will find it interesting.

— In what kind of fields are the students from your laboratory active?

Regardless of gender, they are active as researchers, techni-
cians, and engineers in a wide range of industries, including chemical
manufacturers. Whereas engineers for production and environmental
management in factories and other production sites are indispens-
able human resources for all manufacturers, it is only chemical en-
gineering departments that can provide knowledge and skills in unit
operations to facilitate the understanding of each production process,
and in fact, the supply of human resources is scarce in this field.

Aiming to achieve a sustainahle society

—— Please tell us your future aspirations.

When all is said and done, the goal is to connect this geopolymer
research to social implementation. My field of research is ceramics
and powder engineering, but as a member of the chemical engineer-
ing faculty, | began to become aware of environmental issues, and
started research on environmentally friendly and recyclable materials.
Recently, we have been studying the immobilization of toxic ions us-
ing geopolymers.

Nowadays, the convenience of people‘s lives has been pursued
to the breaking point. A disadvantage of this is that we must now
question whether we can sustain this society. | have two young chil-
dren. The sustainability of society is a real problem when we think
about what society will be like when these children become adults,
such as environmental issues and the unstable global situation. No
matter how superior the characteristics of a product, it is not sustain-
able if it requires processes that have a high environmental impact or
low production efficiency in mass production. We hope to contribute
to the realization of a sustainable society through research on the
recycling and circulation of resources and the development of envi-
ronmentally friendly production processes.

In addition, since many students have recently enrolled in the
field of energy and the environment, we expect that they will utilize the
knowledge and technology of chemical engineering learned at Kansai
University and play an active role in society with these aspirations.
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