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OUTLINE OF THE DEPARTMENT

Location

The Department of Chemical Engineering is
located on the Katsura Campus which is the newest
of the three campuses of Kyoto University. Katsura
Campus, opened in 2003, is located in the western
part of Kyoto City. Kyoto, at the center of Honshu
Island, can be accessed from Kansai International
Airport within two hours. The campus is seven
kilometers from Kyoto Station and two kilometers
from Katsura Station.

The majority of the Department is located in
Building A4, but the Department also has laboratories,
lecture rooms, and other facilities in the EM Center
and Building A2.

History

The Department of Chemical Engineering, Kyoto
University, was founded on April 1, 1940, as one of
the first chemical engineering departments in Japan.

“Koza” is a small subdivision of the department.
Each Koza usually has one full professor, one
associate professor, and one assistant professor, and
specializes in a particular research area as shown in
the following pages. The number of Kozas (chairs
or laboratories) was only two in the beginning of the
Department but increased to three in 1941, four in
1942, and six in 1961, which were devoted to
Diffusion Controlled Unit Operations, Chemical
Engineering Thermodynamics, Chemical Reaction
Engineering, Mechanical Unit Operations, Transport
Phenomena, and Process Control.

In 1993, the Faculty of Engineering reorganized
their departments for the purpose of intensification
of the graduate school. The Department became
composed of eight Kozas and one cooperating Koza.
After consecutive reorganizations including the
creations of new Kozas of Particle Technology in
2010, of Environment and Safety Engineering, of
Soft Matter Engineering in 2016, and of Multiphase
Process Engineering in 2021, the Department
presently consists of twelve Kozas (including empty
ones).

Since the reorganization in 1993, six chemistry-
related departments have provided a unified four-
year undergraduate program under the name of the
Undergraduate School of Industrial Chemistry.
Students of the School choose one of three courses
at the middle of the second year. The Department
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of Chemical Engineering takes charge of the
education of the Undergraduate Course Program of
Chemical Process Engineering. The Course produces
around 40 B. Eng.’s every year.

The Department has graduate programs leading
to M. Eng. and D. Eng. degrees. Requirements for M.
Eng. are 22 credits of course work and a research
thesis. An original research thesis compiling more-
than-three-year research during the graduate
program is a part of the D.Eng. requirements.
Every year, the Department sends out 34 or more M.
Eng.’s and several D. Eng.’s.

Most of more than 2800 alumni of the Depart-
ment are presently playing active parts in various
industries including chemical industries, and the
Department is recognized as one of the best and
largest chemical engineering departments in Japan.
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Access to Kyoto

The most usual international airport
for visiting Kyoto is Kansai International
Airport (KIX) in Osaka. Train, limousine
bus, and shuttle van services are
available.

Train (80 min, JPY 3,000) to Kyoto
Station — JR-West operates an airport
express train named Haruka, which
departs almost every 30 min.

Limousine bus (90 min, JPY 2,300) to
Kyoto Station and some hotels — The
departure interval is 35—60 min.

Shuttle van (90-120 min, JPY 3,500) to
Kyoto — Shared ride airport van
services need reservation.
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The Department currently consists of the
o ];ilclimli:gg Valc(;ntK/?(jj;: (laboratories and chairs)
R av AT SR E (87 JHE)
1. Soft Matter Engineering
2. Surface Control Engineering
3. Chemical Reaction Engineering
4. Separation Engineering
5. Energy Process Engineering
6. Materials Process Engineering
7.  Process Control and Process Systems Engineering
8. Environmental Process Engineering
9. Particle Technology
10. Environment and Safety Engineering

Kozas 1, 2, and 3 compose the Chair of Chemical
Engineering Fundamentals, while Kozas 4, 5, 6, 7, 9,
and 10 compose the Chair of Chemical Systems
Engineering. Koza 8 is a chair by itself.
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Transport Phenomena

Professor Ryoichi Yamamoto
Assoc. Professor Takashi Taniguchi
Assist. Professor John J. Molina

We have been developing computational models
for soft matter and complex fluids, and we have
recently extended our research targets toward
biological systems, such as living microorganisms
and membranes. Microscopic molecular
simulations have been widely used for modeling
conventional materials. However, performing
meaningful simulations of complex fluids and soft
matter systems requires enormous computational
time to access meso- and macro-scale phenomena.
We thus aim to develop new and unique
methodologies useful for soft matters and
biological systems using new approaches based on
statistical physics.

1. Direct numerical simulations (DNS) for colloidal

dispersions

We have developed a mesoscale method for
colloidal systems named KAPSEL, which enables us
to perform successful DNS simulations for neutral
and charged colloidal dispersions. The method was
subsequently extended for various problems such
as electrophoresis of charged colloidal systems,
dynamics of particles in a high Reynolds number
regime (Re<1,000), behaviour of particles in phase-
separated fluids, rheological behaviour under shear
flow, and dynamics of arbitrarily shaped particles.
We have applied this method also to analyze the
dynamics of self-propelled particles for an idealized
model of micro-organisms. Recently, we started up
a company to utilize our knowledge [https://kapsel-
dns.com/].

2. Physical modeling of biological cells and tissues

We developed a physics-based model for
growing cell colonies, in which each element
incorporates a simple version of the regulatory
network that controls cell growth and division,
called the “cell cycle” (Fig.1(a)(b)). This hybrid
physics-biology explains why growth is fastest near
the colony edge but also how cells far from the
edge can behave very differently from normal
fluids: they tend to be smaller, can actually be
moving away from the growth front, and can
experience a pressure that is lower than elsewhere
(Fig.1(c)). Similar effects have been observed in
experiments on cells but have never been fully
understood. [ J. Li, S. K. Schnyder, M. S. Turner, and
R. Yamamoto, Phys. Rev. X 11, 031025 (2021).]

(a) Cell cycle:
Biological picture

(c) Collective dynamics of
multicellular systems

(b) Cell cycle:
Physics-biology model

Fig. 1. Schematic illustrations for cell cycle (a)(b), which
controls cell growth and division, and coordinated
collective motions in multicellular systems (c).

B1. % ORI R IR &5 A Tl 3 27 (T 2
AFENTOLMIAAE B (a), (b)E, an=—0D5k
RREDZHER THRAET HMEBINITEM
TEEh () DML EIX].

3. Development of a multiscale simulation method

to predict polymeric liquid flows and its

applications to industrial polymer processing

To manufacture sophisticated polymeric products,
it is necessary to predict and control the flow
behavior of polymeric liquids in industrial processes.
In general, it is diffult to do this for polymeric chains
with a molecular weight distribution and various
types of polymer architectures, because the
microscopic state of the polymers, which includes
their orientation and the entanglements of the
constituent polymer chains, strongly influences the
macroscopic flow behavior. To deal with the macro-
scopic flow and the micro-scopic state of the
polymer chains simultaneously, it is necessary to
establish a multiscale simulation (MSS) method that
enables us to bridge between the two spatial scales.
For this purpose, we are developing the MSS
method and applying it to various industrial
polymer processes. (See Fig.2: Application of the
MSS method to a polymer melt flowing through a
rectangle channel).

(a)

t/. = 1000 2
el

2.00 [

[P @) (@)

.75
Fig.2. (a) Polymer melt flow at a rectangular corner in a
cannel, and (b) conformations of polymer chains
at points (1)-(6) in (a). o
X2, (a)E A Es 2 i s e o0 FiafiE L (D-6)D
NLE TO(b) &4y DR LA m Ok



R L5 5

s
- ¥ JohA

Prof. M. Kawase

; | kawase@cheme.kyoto-u.ac.jp

E A
F

Junior Assoc. Prof. R. Ashida

ashida@cheme.kyoto-u.ac.jp

Bh ¥
R K

Assist. Prof. H. Fujitsuka
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Fig. 1. Novel highly-efficient power generation method utilizing
liquid-solid reactions between metal ions and carbon.



Chemical Reaction Engineering

Professor Motoaki Kawase
Junior Assoc. Prof. Ryuichi Ashida
Assistant Prof. Hiroyasu Fujitsuka
Prog.-Sp. Assist. Prof. Shigeki Hasegawa
Prog.-Sp. Assist. Prof. Yulei Ma

The research at this laboratory is focused on
modeling materials production processes, electro-
chemical processes, coal conversion processes, etc.
We aim to help understanding the complex reaction
processes and to propose new reaction processes
and materials based on understandings of the
chemical structures, reactions, and processes.

1. Development and modeling of materials

production processes

Since a reaction product is the final product in
materials production processes, the shape, quality,
properties, and functions should be prepared and
controlled in the reaction processes. We are
studying the chemical vapor deposition (CVD:
reaction in which a solid product is formed from
gaseous reactants) of a nitride semiconductor and
the novel CVD of perovskite for solar cells.
2. Chemical reaction engineering of

electrochemical processes

In polymer electrolyte fuel cell (PEFC), electro-
chemical reactions, mass and energy transport,
condensation, sorption, and more take place. We
are building a comprehensive CRE model of PEFC.
We proposed dimensionless moduli governing the
behavior of PEFC. Measurement of water and gas
permeation through the polymer membrane and
the ionomer layer are being carried out. As well,
for the purpose of electrification of chemical plants,
electrochemical processes for producing chemicals
are currently being developed.

Fig. 2. A laboratory-scale polymer electrolyte fuel cell

equipped with cooling channels.

2. mEVKESAT S E R 5 F TR R

Fig. 3. Carbon-supported metal catalysts and
their precursors before carbonization.
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3. Development of effective utilization methods of

low-grade carbonaceous resources

We have been developing novel reaction
processes that can effectively upgrade and convert
low-grade carbonaceous resources such as brown
coals, heavy oils, and biomass wastes into high-
grade fuels, valuable chemicals and materials. A
power generation process utilizing redox reactions
between solid carbonaceous resources and liquid
inorganic media and a novel mesoporous carbon
material production process have been proposed
and are being developed.

4. Development of solid catalysts for selective
dehydrogenation and hydrogenation reactions
Hydrogen is highly valuable not only as an energy

resource but also as a chemical feedstock. In

order to realize highly-selective  hydrogen
production from hydrogen carriers and highly-
selective  hydrogenation of biomass-derived
compounds into chemical feedstocks, we are
developing noble structures of metal nanoparticle
catalysts that achieve high active and thermal
stability.  Additionally, we are focusing on the

design of the catalytic reaction systems that can
maximize the activity of the developed catalysts.

r d

Fig. 4. A surface area and pore size distribution analyzer.
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Surface Control Engineering

Assoc. Professor Satoshi Watanabe
Assist. Professor Shotaro Hiraide

The researchers in this laboratory focus on the
following research subjects, aiming at systematic
understanding and contribution to chemical
engineering fundamentals, which would stand for
potential applications to production of functional
materials and various devices utilizing interfaces.

1. Elucidation and application of adsorption-
induced structural transition behavior

Aiming to elucidate, control, and apply the
adsorption-induced structural transition behavior
of flexible nanoporous materials, research is being
promoted from various perspectives, including
microscopic analyses by molecular simulations,
crystal  synthesis, and macroscopic process
investigation for integration into adsorption
separation processes.

2. Spontaneous structure evolution by nano-
particles under external field

Ordered structures made up by nanoparticles
can exhibit unique functions. The relation between
operating condition and evolved structure s
investigated experimentally, which should be, in
general, applied more for engineering purposes to
fill the gap between microscopic analysis and
macroscopic operating conditions.

3. Production of functional particles in strongly-
mixed filed provided by microreactor

The key issue for efficient production of functional
particles would firstly be the control of their nucleation
processes, which must determine subsequently formed
higher-order structure. Extensive mixing in micro-
channels and confinement in nano-reactors such as
dendrimers will give basic insight for optimal
external field for targeted materials.

Fig. 1. Binary colloidal monolayer composed of 2 um and 45
nm SiO, particles fabricated by evaporation-induced
self-organization process.
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Energy Process Engineering

Assoc. Professor Katsuaki Tanabe

The research in this koza is focused on the
development of the technology for renewable
energy production and high-efficiency energy
conversion/utilization.

1. High-efficiency, low-cost solar cells

We explore novel photovoltaic materials systems,
low-cost mass production schemes, higher-
efficiency  device operation principles and
structures for the realization of wide use of solar
cells.

2. High-performance hydrogen storage systems

We introduce novel engineering techniques to
improve the existing hydrogen-storage systems via
a series of hydrogen dynamics modelling.

3. Nanomaterials engineering for nuclear fusion

We study nuclear fusion reactor materials,
particle and thermal cycles with particular interest
in nanomaterials, surfaces and interfaces towards
practical electric generation.

4. Environmental information engine nanodevices

We conduct fundamental investigations for
nanoscale energy transducers to  extract
environmental order or information as new energy
resources to be converted into electrical works.

1. T /HEE S ALK oA A—

Fig. 1. Conceptual drawing of a nanostructure-
enhanced solar cell.




SHIESH

iR
=5 KK

Prof. N."Sano

A8 Y sano@cheme.kyoto-u.acljp

EXIR
Bl Rt

' Assoc. Prof. K. Nakagawa

kyuya@cheme.kyoto-u.ac.jp

Bh¥
AR Bx

Assist. Prof. T. Suzuki

suzuki@cheme.kyoto-u.ac.jp

Bh¥
Al e

Assist. Prof. H. Maruyama
Hiroyuki.Maruyama

@cheme.kyoto-u.ac.jp

Yo B TIREER B L OML 2 BEEL .
WA Hof, B, B SRREEICHE SV
Bl E AR E DB R Z1T > TWD, Fo, T /38—
VEOFLNT B D 53 B TS~ D S 2 A
KLTND, EHIZ, BRAREEMERELTZH
AE LRI Z B D e AR N E S DA A AT
ST,

1. ER—RIEEMBICRIKRITRARS
FlDFSE

12

HAEANKFT — I EIEIC > TE BT kL
IS —AR o F IR —r 28K, BF
TIZBITDKRBWREFHEE TN TND,

2. FEABICIIMHTSEERMORSRE

LT AZ NV DEINS T /B O @i b 21T
FiEELUT, FHEUKEN ) ZHH LI R 153 Bl
WOBAREIT>CND, H—RF /) Fa—T%E
WU FWAZ LT XD, TERkDFE EIKEN D HETIT sy
HIfE7S R 70455 5L 2 FH C & D 2E1E & BHFE T2,

8. HREERLI IBERBEDHH

RIS T HAZXNETF /- 7ar A RITE
BHIEEIIRFR A — L OREEZ AL TWD, &
mn DFFORE 2 IR REME X Z N O FEE LR B
S>TWD, B DK OBENZTHHIZar b r
— /L TELT U ADFEZEL T, BAICHTZH
LWBEREZ T 5.3 57200 OB 9Ea L T,

4. BFELEMFRICEIEFRRDORER
BT

S FHUBIEE B B LICRIRICEY, lx OWsE
RIZBT WA 5y F LRIE ED WAL - P h
FNF—FOWHA I REGHZ&T, WA
FTBAZEFREOMEEL B AL TD,

5. BRERARHICIIMAFOERE. BE
DIRFE DR T EDEAFE

PRI I SRR TR U TIE R AE T2 80
R I TR L, PR T D Rz IR RE O BEER IR B A
FtE TR IZEHl 928 LW T A DB 21T,

Fig. 1. Carbon particles captured by dielectrophoresis.
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Separation Engineering

Professor Noriaki Sano
Assoc. Professor Kyuya Nakagawa
Assist. Professor Tetsuo Suzuki
Assist. Professor Hiroyuki Maruyama

In Koza 4, researchers devote their efforts to
establish new separation technology based on
variety of principles, such as adsorption, drying,
electric field, etc. Here, we are exploring new
application of nanomaterials like carbon nanotubes
to separation engineering. In addition, we are
researching the process technologies on freezing
and drying for food and medicine.

1. Development of novel metal-carbon hybrid
materials as adsorption media for hydrogen storage
We synthesize metal-dispersed carbon nano-

horns by use of “gas-injected arc-in-water” method,

and investigate their property to adsorb hydrogen.

In such materials, hydrogen spillover effect may

occur, and thus hydrogen can be stored effectively.

By his research, we aim to develop low-cost and

high-performance hydrogen storage media.

2. Separation of particles

dielectrophoresis

Dielectrophoretic force generated by polarization
of particles in non-uniform electric field is applied
to separate small particles, aiming the separation of
rare metals and the purification of nano materials.
3. Control of food structure based on drying

Foods have a very wide range of structures

ranging from molecular size to nano-micron size.

micro-size by

ey

Pd-Pt alloy

Fig. 2. TEM image of carbon nanohorns dispersed with Pd-
Pt alloy nanopartices synthesized using arc discharge.
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The various functionalities of food are strongly
related to these structures. Through the
development of a process that can control the
transport of water in food, we are researching to
give food new functions.

4. Molecular studies on adsorption phenomena
and hydration states

With the goal of obtaining useful microscopic
knowledge in separation engineering, food
engineering, etc., thermodynamic and kinetic
studies are conducted regarding the hydration state
of adsorption phenomena and saccharide polymers
etc., using the methods of computer science such
as molecular dynamics method and molecular
orbital method.

5. Development of rapid evaluation method for
drying and aggregation of fine particles using
high sensitivity photo luminescence analysis
We try to develop a new method to evaluate the

extent of drying and aggregation of fine particles by
analyzing photo luminescence emitted from particles
under irradiation of ultraviolet. The high sensitivity
detection may lead to non-contact and rapid method
for this purpose.

Fig. 3. X-ray CT image of dried apple (upper) TEM image of
submicron-sized food capsules containing nutrient
components (lower).

3. HifR) I D X CT B (F). KERDEZNDT D
YT Y ARXDREE T BN OFEEBBEHEE (T).

Fig. 4. Schematic of model structure of agaro-
oligosaccharide.
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500 nm

Fig. 1. SEM images of a) PMMA-co-PtBA and b) PS-b-PtBA
nanocellular foams.
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Materials Process Engineering

Professor Masahiro Ohshima
Assoc. Professor Shinsuke Nagamine

Modern society is deeply indebted to various
materials to provide several functional products to
our lives. Among those materials, macromolecules
have the potential to give rise to various functions,
such as lightness, flexibility, elasticity, and fluidity.
The material’s functions are strongly related to the
order of structures in the level from nano, micro, to
macro-scales. Employing the computer simulation
and modern analyzer, our laboratory is developing
new material processing technologies for creating
new functional materials from macromolecules.
Research and development mainly focus on
controlling the material structures created by
diffusion, phase separation, nucleation, and growth
and developing the optimal processing device for
the control. Integration of supercritical fluid with
present plastic processing technologies is one of
the significant interests of our research. Also, our
interest is the process development of biomass for
the automobile and clinical applications. The Latest
research topics are nano-cellular polymer foaming,
preparation  of  cellular  nanofibers  and
biodegradable polymers. Some of them are
introduced here on this page:

1. Nanocellular Foam

Nanoscale, porous, structured polymer materials
have attracted significant attention in recent years.
We have been working on developing the thin-film
nanocellular foams through chemical foaming of
blowing agent embedded polymers. By thermally
cleaving the functional groups in polymers such as
the tert-butyl ester group in PtBA, gas can create
the cellular structure. The developed method
successfully prepare nanocellular foams with cell
sizes from 100 to 200 nm from poly(methyl
methacrylate-co-tert-butyl acrylate) (PMMA-co-
PtBA) (Fig.1a). The cell size could be further
reduced to around 25 nm through the foaming of
self-assembled poly(styrene-b-tert-butyl acrylate)
(PS-b-PtBA) templates (Fig. 1b).

2. Soy protein-based fiber for meat substitute

Plant-based meat substitutes have been actively
developed for sustainable food production. This
study attempted to fabricate the soy protein-based
fibers imitating the meat fiber texture by wet
spinning technique combined with ion-induced
gelation of alginate (Fig. 2a, b). The fiber diameter
was close to those of meat muscle fibers and
controllable by the speed of the rotating collector.

The produced fibers have similar protein content
and mechanical strength to those of meat (Fig. 2c)
and have applicability to the meat substitute with
simulated nutrition and texture.

Breaking Stress [MPa|

Fig. 2. (a) Appearance and (b) Microscopic image of soy
protein fiber. (c) Breaking stress of soy protein fiber
and various meats after heat treatment.
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3. NIR spectroscopic monitoring technique for
polymer processing processes

Near-infrared (NIR) spectroscopy is a promising
device for monitoring chemical and polymer
processes. We have developed the monitoring
technigue of blowing agents in the foam injection
molding (FIM) process. NIR spectrometer was
connected at the tip of the FIM machine via an in-
house high-pressure resistant probe (Fig. 3) and
optical fibers. The change in CO2 concentration
was successfully detected inline from NIR
absorbance spectra during the FIM process (Fig. 4).

Fig. 3. The inhouse high-pressure resistant NIR probe
3. FEIBHFE Lo e AR AN 9 7 e —7. 230°C,

120 MPa O =R 5 )£ T ¢ H mrie.

J
[

itk

002 |

=
= =

TR P N

e}
=

11om prossure

001t | 2

Absurbunce (CO-

[njee

=

1]
2500

0
2600

2700 2800

Elapsed time 5]

2600

Fig. 4. Change in (red) NIR absorbance at CO, peak and

(black) the injection pressure during the FIM process.
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Process Control & Process

Systems Engineering

Professor Ken-lchiro Sotowa
Assist. Professor Osamu Tonomura
Assist. Professor Oh Tae Hoon

Under the current social situation which has a lot
of complicated and difficult problems, such as an
environmental problem, development of an
advanced production system producing a
competitive product with saving resources and
energy is desired. Process Systems Engineering (PSE)
is a research area where the systematic
methodology for realizing such an innovative
production system is investigated. PSE covers all
aspects of design, operation, control, planning, and
logistics for the process industries. Current research
topics are as follows:

1. Development of a fundamental approach to
design, operation, and control of micro chemical
processes

In microspaces, viscous force, surface tension,
conduction heat transfer, and molecular diffusion
become dominant. These features achievable in
microspaces make it possible to handle highly
exothermic/endothermic and rapid reactions and to
produce particles with narrow size distribution. The
final goal of this research is development of a
fundamental approach to design, operation, and
control of micro chemical processes.

CFD-based design methods have been developed
to derive the optimal channel structure, shape and
size of microreactors. The data-based and model-
based monitoring systems that can achieve the
stable long-term  operation of microplants
with/without numbering-up structure have been
developed and installed in pilot plants. Various
techniques have also been developed for building
automated experimental systems for flow synthesis.

In addition to such R&D of micro-chemical processes,

consortium activities are underway with the aim of
disseminating the developed technology.

2. Chemical equipment design for process intensification

The basic structure of chemical equipment used
in the chemical industry for material production has
not changed for decades. With higher energy
conservation and environmental friendliness
required, it is necessary to fundamentally review the
rationality of chemical equipment design and
process design. We aim to develop new chemical
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equipment and processes by taking an approach of
organizing and combining basic chemical operations
and phenomena. For example, we have devised an
energy-saving distillation apparatus that operates on
a principle different from the conventional one, and
have clarified its excellent performance through
experiments and simulations.

3. Optimization of environmentally friendly system

From an even larger perspective, we are
conducting research on dispersed chemical
processes to effectively utilize locally dispersed
resources such as biomass. One way to make the
fossil resource-based chemical industry sustainable
is to shift to a renewable raw material-based industry.
Biomass is renewable, and research is underway to
manufacture various chemical substances using it as
a raw material. In order to make effective use of such
technologies, it is necessary to optimize which
reaction should be carried out, when and where it
should be carried out, considering the cost and
environmental impact. We are developing a system
that can analyze the structure of such problems and
quickly find the optimum conditions.

4. Process System Engineering using Artificial
Intelligence Technology

The recent advances in sensing and data
management technologies have transformed
traditional manufacturing systems into modern

digitalized ones. In line with this transformation, a
novel data-driven method is demanded to improve
automation and product quality. We aim to develop
data-efficient and stable data-driven Artificial
Intelligence (Al) algorithms that can outperform
human-level decisions in scheduling, controlling,
and fault detection. For example, we have
developed the data-efficient reinforcement learning
method and demonstrated its performance in
optimizing the feeding strategy of CSTR, SMB, and
fed-batch bioreactor. Additionally, data-based
optimization of operating conditions for the
crystallization process is in progress.
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Fig. 1. Optimization of environmentally friendly chemical system.
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The airflow method measures the adhesive

strength distribution of two-component

electromagnetic particles (particles are aligned in
chains perpendicular to the wall surface).
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Particle Technology

Professor Shuji Matsusaka

Our research focuses on analyzing the
phenomena that occur during powder processes

and developing new handling methods for powders.

Although fine particles are widely used in industry,
their behavior is complicated and varies according
to the conditions used; thus, a full understanding is
needed from the viewpoints of the advanced
applications of fine particles and environmental
protection. In particular, analyzing the dynamic
behavior of particles and evaluating powder
properties such as particle adhesion and
electrification are important for fine-particle
handling in gases. Current research topics are as
follows:

1. Fundamentals and applications of particle
electrification

The contact electrification of particles is a
fundamental phenomenon that occurs during
powder handling processes, and the electrostatic
forces acting on particles significantly affect particle
behavior; thus, the control of particle charging is
important for powder handling operations.
Applications for charged particles have been widely
developed, e.g., electro-photography, dry powder
coating, and electrostatic separation. As dispersion,
agglomeration, and particle transport can be
remotely controlled by electrostatic forces, further
technological innovations are expected. To realize
the full potential of the existing technology, an in-
depth understanding of particle charging, charge
distribution control, particle movement control,
and relevant online measurement techniques is
needed.

1. Particle electrostatic charging by atmospheric
pressure low-temperature plasma.
2. Particle electrostatic charging by Photoelectron
emission.
. Analysis of induction charging of fine particles.
4. Characterization of fine particles triboelectrically
charged in gas-solid pipe flow.
5. Characterization of particles triboelectrically
charged by a two-stage system with vibrations
and external electric fields.

w

2. Evaluation of adhesion and flowability of
particles
Particle—particle, and particle—wall interaction
forces are important factors that directly affect
powder handling, and appropriate methods need
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to be developed for measuring the adhesive
property between primary particles or agglomerated
particles and for evaluating the flowability of
particles.
1. Analysis of adhesive strength distributions of
particles subjected to various external forces.
2. Analysis of flowability profiles.

3. Handling of submicron- and nano-particles

The demand for submicron- and nano-particles is
growing due to the need to produce highly
functional products. However, their adhesiveness
increases with decreasing particle diameter, and as
a result, powder handling becomes more complex
for small particle diameters. In particular, the
complications due to adhesiveness are pronounced
for particles with a diameter of less than one um.
Therefore, developing new techniques and
analyzing particle behavior is imperative to
overcome these issues.

1. Control of the movement of fine particles using
multiple vibration modes.

2. Development of a novel fluidized bed system
using a vibration convection mechanism.

3. Development of micro-feeding of nanoparticles
based on vibration shear flow.

4. Development of a particle agglomeration and
dispersion system in an electric field.

Fig. 2. The multilayered structure of bubbles generated in
a fine powder bed oscillates horizontally with a
small amplitude.

2. WUINRCTARENZ AT A E N O [IRE DT AL

Fig. 3. Micro-feeding of nanoparticles based on
vibration shear flow.
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Environment and Safety

Engineering

Assoc. Professor Hiroyuki Nakagawa

We have focused on developing safety and
environment-friendly processes for environmental
cleanup and utilization of carbon resources which
are considered to be low-grade.

1. Treatment of persistent organic compounds

Non-biodegradable organic compounds are likely
to cause serious environmental problems when
they are released to the environment since the
degradation rate of them is generally rather slow.
We have been developing the technology to
decompose non-biodegradable organic compounds
utilizing ultraviolet irradiation, Fenton reaction,
catalyst, and electrochemical reactions.

2. Energy conversion process carbon-

supported metal catalysts

using

Carbon-supported metal catalysts are prepared
through the carbonization of ion exchange resins
with metal ions. These catalysts are used for the
reforming of various organic substances to convert
to valuable energy resources such as hydrogen.

3. Utilization of biomass wastes resources

It is essential to utilize biomass wastes as
valuable resources in Japan. Solubilized biomass
fraction is oxidized in aqueous phase to convert to
valuable chemicals by oxidation control and low
energy input. Hydrogen is produced from effective
pyrolysis of woody biomass.

1. 2 fLE R FEEMRE A2
2% (Fentonf2{LAZISH)

Fig. 1. A flow type electrochemical reactor with macro-
porous carbon electrodes for Fenton reaction.
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Environmental Process
Engineering

Assoc. Professor Taisuke Maki
Assist. Professor Yosuke Muranaka

The research in this chair is focused on the
development of environmentally benign technology
based on several new conversion methods.

1. Development of new biomass conversion

methods

Biomass is a promising resource as a highly
condensed energy media of solar energy. From
this viewpoint, several new methods are developed
to recover chemicals, hydrogen, and energy from
biomass by supplying waste heat based on the
knowledge of biomass structure.

2. Design of ecological industry

As a new concept for ecological processing is
proposed, co-production scheme of energy and
materials using waste heat and materials s
investigated. On the other hand, a new evaluation
method for environmental impacts associated with
technology is presented; the possibility of ecological
industry network is investigated.

3. Development of various micro reactors
—Basic research of micro chemical engineering—

Novel devices available for product engineering
are required to produce valuable materials with low
CO, emission. Various micro reactors with new
concepts are proposed and their performances are
investigated.

Fig. 1. Original microreactors developed in our laboratory and

nano-particles produced by use of these reactors.
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E8 ik Shigeki Hirano

KRG XA =t Fellow,
HE Osaka Gas Co., Ltd.

{LFEITEFREN Special Topics in Chemical
Engineering IV

El F Atsushi Tamagawa

TFRECIESZGAST Section Leader,
AR - LNG7 Ot RE&ETER Gas & LNG Process Engineering Department,
o gl —K— Chiyoda Corporation

VAR V& 5y Process Design

“/“a’/ 7214 John Pryce
FEFENEED Part-time lecturer
BEEE (LEILP) Scientific English (Chemical Engineering)

TECHNICAL STAFF

2% MFE Kazuhei Namura
FATEs  HiTE Technical Office,

J tFEERRIN—T Faculty of Engineering
| SR ERMTXIE
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PROFESSORS EMERITI

TEATHA M Term of service
G 7% Morio Okazaki 1965 — 1997 I AN Ko Higashitani 1992 — 2008
FEA V5 Kenji Hashimoto 1963 — 1999 =V #F— Kouichi Miura 1976 — 2013
&A%  lori Hashimoto 1972 - 2003 FAES G Shinji Hasebe 1981 - 2019
FKE LA Fumimaru Ogino 1968 — 2003 Al — & Kazuhiro Mae 1986 — 2022
At BAX  Masataka Tanigaki 1972 — 2006

AB@R

CONSTITUENT NUMBERS

Numbers as of 1 April 2023
Bz 6 Professors
HEHTZ 7 Associate professors
Al 1 Junior associate professor
B (Re e Bh & L) 10 Assistant professors (including Program-Specific staff)
FEH EEEAD 3 Invited lecturers
S E N FE 1 Guest scholar
ZANESPNE T S tE oy 2 Guest research associates
i = 12 Postdocs and research staff
Btk B 1 Technical staff
FHE 2 Administrative staff
P& L= 2 Administrative support staff
FEH Nk 7 Part-time assistant staff
RFEBeAd (L% YERRR) 15 Graduate students (doctoral program)
RFFEAE (B3R 70 Graduate students (master’s program)
FEFEA (4 FIR) 46 Undergraduate students (fourth year)
FEREEAE (3 HEIR) 38 Undergraduate students (third year)
oA 0 Research students
KeRlbt ot 72 0 Special research students (graduate course)
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CURRICULUM

Undergraduate Course Program
of Chemical Process Engineering

Undergraduate School

of Industrial Chemistry

Faculty of Engineering
Department of Chemical
Engineering

Graduate School of Engineering

Undergraduate Program

First year (Undergraduate School of Industrial Chemistry)
Introduction to Engineering

Introduction to Industrial Chemistry

Basic Physical Chemistry (quantum theory)

Basic Physical Chemistry (thermodynamics)
Basic Organic Chemistry |, Il

Fundamental Chemical Experiments
Fundamental Physics A, B

Elementary Course of Experimental Physics
Mathematical Description of Natural Phenomena
Calculus with Exercises A, B

Linear Algebra with Exercises A, B

Introductory Statistics

Information Processing Basics (Eng.)

Exercises in Information Processing Basics (Eng.)

Second year (UG School of Industrial Chemistry)
Physical Chemistry: Fundamentals and Exercises
Exercises in Basic Organic Chemistry

Basic Inorganic Chemistry

Fundamentals of Chemical Process Engineering
Introduction of Polymer Chemistry

Advanced Calculus | - Vector Calculus
Advanced Calculus Il - Differential Equations
Thermodynamics

Physics of Wave and Oscillation

Analytic Dynamics

Advanced Dynamics

Second year (Chemical Process Engineering Course)
Physical Chemistry | (ChE)

Material and Energy Balances

Inorganic Chemistry | (ChE)

Fundamental Fluid Mechanics

Mathematics for Chemical Engineering | (ChE)
Computer Programming in Chemical Engineering
Chemical Reaction Engineering |

Global Leadership Seminar |, Il

Chemical-E-Car Design and Experiment

Third year (Chemical Process Engineering Course)
Transport Phenomena

Fluid-Phase Separation Engineering

Process Control

Physical Chemistry I, Il (ChE)

Mathematics for Chemical Engineering ||
Numerical Computation for Chemical Engineering
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Chemical Engineering Laboratory I, II (ChE)

Introduction to Environment Preservation

Chemical Reaction Engineering Il

Solid-Phase Separation Engineering

Fine Particle Technology

Process Systems Engineering

Simulations in Chemical Engineering

Biochemical Engineering

Chemistry and Environmental Safety

Industrial Organic Chemistry

Practical English in Science and Technology (ChE)

International Internship of Faculty of
Engineering |, Il

Fourth year (Chemical Process Engineering Course)

Safety in Chemistry Laboratory

Process Design

Engineering Ethics

Graduation Research Work (Thesis Project)

Graduate Programs

Master’s program (2 years)

*Advanced Topics in Transport Phenomena
*Advanced Topics in Transport Phenomena (in Eng.)
*Separation Process Engineering, Adv.
*Chemical Reaction Engineering, Adv.
*Chemical Reaction Engineering, Adv. (in Eng.)
*Advanced Process Systems Engineering
*Process Data Analysis

*Fine Particle Technology, Adv.

*Surface Control Engineering

*Engineering for Chemical Materials Processing
*Environmental System Engineering

Process Design

Special Topics in Chemical Engineering | — IV
*Research Internship in Chemical Engineering
*Chemical Engineering Seminar | — IV

Research in Chemical Engineering | — IV
*Introduction to Advanced Material Science and

Technology (in Eng.)

*Advanced Modern Science Technology (in Eng.)
*Instrumental Analysis, Adv. |, Il

*Project Management in Engineering

*Exercise on Project Management in Engineering
*Safety and Health Engineering

*JGP Computer Simulation (CFD)

*JGP Computer Simulation (MO)

Research Ethics and Integrity (Science & Technology)
*Basics of Academic Information Literacy
*Presentation for Graduate Students

Research Work (Master Thesis)

Integrated Master's-Doctoral Program

(5-year or 4-year programs of Advanced Engineering Course)

The subjects offered in the master’s program and
*Special Seminar in Chemical Engineering 1-7
*Frontiers in Modern Science & Technology
*Research Work (Doctor Thesis)

Doctoral Program

(3-year program of Advanced Engineering Course)

The classes offered in the doctoral program are
shared with the other programs and are highlighted
by asterisks * in the lists above.
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INTERNATIONAL ACTIVITIES

The Department welcomes visiting researchers
and admits undergraduate, graduate, and research
students worldwide.

The Faculty of Engineering and the Graduate
School of Engineering currently have academic
exchange agreements with 23 oversea universities
and institutes (as of Dec. 8, 2022). These agreements
promote cooperation in scientific research,
encourage  joint research implementation,
exchanges of students, researchers, academic staff,
and scientific information. Notably, under inter-
departmental student exchange agreements,
students from overseas partner universities can
participate in research activities and class courses at

our Department with tuition fee exemptions.
Recently, the Graduate School of Engineering
established on-site laboratory in  Shenzhen

International Graduate School of Tsinghua University
in China and offers a double degree program, mainly
environmental engineering. All the details can be
found at the URL shown at the end.

Kyoto University has overall 200 scientific
exchange agreements with 182 universities, three
university groups, and 15 institutes in 55
countries/regions (as of May 10, 2023).

One of our major international exchange activities
is the international student’s internship program
between our Department and the Faculty of
Biochemical and Chemical Engineering, T. U.
Dortmund in Germany. This program was
established in 1990, and it has been
lasting more than 30 years. Every
year, we send five Japanese
students to Germany at the end of
July.  They are granted an
opportunity of experiencing a two-
month internship at German
companies or institutes. In return,
we welcome five German students
in October and assign each student
a two-month internship at a
Japanese industrial company. We
appreciate the companies in both
countries who  support  this
program and allow  young
prospecting students to learn the
business and culture. Japan Student
Services  Organization  (JASSO)
financially supports both Japanese
and German students. In 2022, the
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Photo: Wrap-up meeting at T. U. Dortmund in 2020

internship program was supported by two German
companies (ATEX Explosionsshutz, Enivimac Eng.,
GmbH) and T. U. Dortmund University, and five
Japanese companies (Sanyo Chemical Ltd., Kobe
Steel Ltd., Resonac Holdings Corporation (formerly
Showa Denko K.K.), Toray Industries Inc., and
Mitsubishi Chemical Corporation).

In addition, our Department has a close
relationship with Chulalongkorn University in
Thailand and other overseas universities. The

professors and students visit each other university
occasionally.

Overseas Partner Institutions:
https://www.oc.kyoto-.ac.jp/agreement/list/#bureau-8
https://www.oc.kyoto-u.ac.jp/agreement/mou/

International Internship Program:
http://www.ch.t.kyoto-u.ac.jp/en/information/
internship

Photos: Japanese intern students in Germany in September, 2022.
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http://www.jgp-cche.t.kyoto-u.ac.jp/
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Under the umbrella of the Top Global University
Project supported by MEXT, Kyoto University started
“the Japan Gateway: Kyoto University Top Global
Program” in 2014. This program plans to establish
international joint education programs called “Top
Global

research areas

Courses” at graduate schools covering
in which Kyoto University has
significant international competitiveness.

The six chemistry-based departments of the
Graduate School of Engineering, which constitute
one of the world’s largest graduate schools in the
field of chemistry and chemical engineering, have
participated in this program as “Top Global Course in
Chemistry and Chemical Engineering.” Taking full
advantage of the strengths of these departments,
we aim to establish an advanced education system.

In this course, all lectures are conducted in English,
by faculty
members of overseas partner universities such as

including intensive lecture courses
MIT. The research-based long-term internship at the
partner universities is also executed with the aim of
encouraging graduate students to develop broader
perspectives and an international mindset. In
addition,

organized international workshops are held in order

international workshops and student-

to share information on our research activities, both
domestically and abroad and to expose students and
to international  research

researchers an

environment, thereby further enhancing our
strengths in research and education.

The Department of Chemical Engineering has
participated positively in this project since the

beginning. In 2023, 4 of 15 graduate students

studying in this course belong to our department.

Photos: SGC International Workshop
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Chemical Process Research Consortium Website
http://cpr-c.t.kyoto-u.ac.jp/
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As an official consortium at the Graduate School
of Engineering, the Chemical
Process Research Consortium (Head: M. Kawase)
was launched on March 12, 2020.
of

Kyoto University,

Itis aconsortium
industry-academia collaborations that aims
development and commercialization of highly
efficient next-generation environmentally benign
chemical processes based on theories of chemical
engineering. The Consortium is composed of 17
corporate members and all the faculty members of
the Department. The following Groups were
established in the Consortium and are working for
specific research purposes:

- the Nanomaterials Process Study Group (Head:
M. Kawase) aiming to promote the research and
spread of process science of nanomaterials synthesis
through  industry-academia  collaboration  for
accelerating commercialization,

and marketization of highly efficient production

implementation,

processes of various nanomaterials, and

- the Microchemical Production Study Group
(Head: K. Sotowa) aiming to promote the research &
development and spread of microreactor and
technologies  through  industry-
academia collaboration for accelerating implemen-

microdevice

tation, commercialization, and marketization of
next-generation plants consisting of
microreactors and microdevices. The Microchemical
Production Study Consortium launched in 2011 in

chemical

which some professors of other departments also
took part was converted to this group.

Through this collaboration, the Department
members can understand the true needs of industry
and the Consortium’s Groups can carry out activities
beneficial to corporate members by conducting
strategic studies, building new academic theories,
and providing lectures.

than simply supporting the Department.

The Consortium is more

Events of the Consortium and the Groups

Plenary meeting of the Micro-Gr. in June, November
Lecture courses by the Nano-Gr. in July, August
Lecture courses by the Nano-Gr. in August, October
Plenary meeting of the Consortium in September
Nano-Gr. seminar in December

Annual report meeting of the Nano-Gr. in February

Wrap-up plenary meeting of the Micro-Gr. in March
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mFrom the Kyoto Station (JR, Kintetsu)
Take a Kyoto City Bus #17 for “Kinrin Shako” or #206
for “Kitaoji Bus Terminal,” and get off at “Hyakuman-
ben.”

mFrom the /Imadegawa Station (Subway Karasuma Line)
Take a Kyoto City Bus #203 for “Ginkakuji Michi, Kinrin
Shako” or #201 for “Hyakumanben, Gion” and get off
at “Hyakumanben.”

mFrom the Kyoto-Kawaramachi Station (Hankyu)
Take a Kyoto City Bus #3, #17, #31, or #201 and get off
at “Hyakumanben.”

mFrom the Demachiyanagi Station (Keihan)

Walk eastwards for 20 min.
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The School Office of Industrial Chemistry is located in the West Wing of Research Building No 9.
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Campus Map & Access (Katsura Campus)
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mFrom the Katsura Station (Hankyu) *

Take a Kyoto City Bus P46 (nishi 6) or a Keihan Kyoto
Kotsu Bus #20, #20B for “Katsurazaka Chuo” and get
off at “Katsura Innovation Park Mae” or “Kyodai
Katsura Campus Mae.”

mFrom the Katsuragawa Station (JR)

Take a Yasaka Bus #6 or a Keihan Kyoto Kotsu Bus #22
for “Katsurazaka Chuo” and get off at “Katsura
Innovation Park Mae” or “Kyodai Katsura Campus
Mae.”

mFrom the Kyoto Station (JR, Kintetsu)

Option 1. Go to “Shijo” by Subway, transfer to Hankyu
at “Karasuma,” and come to “Katsura.” (From the
Katsura Station, see * above.)

Option 2. Take a Keihan Kyoto Kotsu Bus #21 or #21A
for “Katsurazaka Chuo” and get off at “Katsura
Innovation Park Mae” or “Kyodai Katsura Campus
Mae.”
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Most laboratories of
the Department of
Chemical Engineering are located in Building A4.
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