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Separation Engineering

Energy Process Engineering

Materials Process Engineering

Process Control and Process Systems Engineering
Environmental Process Engineering

2 0 N e o Y =

Particle Technology
10. Environment and Safety Engineering
11. Soft Matter Engineering

Kozas 1, 2, 3, and 11 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 working on developing
computational models for soft matter and complex
fluids. Recently, we have also extended our research
targets towards biological systems, such as living
microorganisms and membranes. Microscopic
molecular simulations (MS) have widely been used
for modeling conventional materials, however,
performing meaningful MS of complex fluids and
soft  matter systems  requires  enormous
computational times to access meso- and macro-
scale phenomena. We thus aim to develop unique
and new methodologies useful for soft matters and
biological systems based on advanced theoretical
approaches.

1. Direct numerical simulations (DNS) for colloidal

dispersions

We have developed a unique mesoscale method
for simulating colloidal dispersions. Our program has
been released as a colloid simulator KAPSEL, which
enables us to perform successful DNS simulations for
neutral and charged colloidal dispersions. We have
applied this method to analyze the dynamics of self-
propelled particles for a schematic model of micro-
organisms.
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Fig. 1. Configuration of polymer chains at four points (a)-(d)
on a thread of a polymer melt spinning process. Red:
longer polymer chain, Black: shorter polymer chain.
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2. Development of multiscale simulation method to
predict polymeric liquid flows and its applications
to industrial polymer processing

To manufacture more sophisticated polymeric
products, it is needed to predict and control flow
behaviors of polymeric liquids in industrial processes.
In general, it is diffult to do this for polymeric chains
with a molecular weight distribution and with
various types of polymer architecture, because a
microscopic state of polymer chains such as an
orientation and entanglements of constituent
polymer chains does strongly influence on the
macroscopic flow behavior. To deal with macro-
scopic flow behaviors and micro-scopic state of
polymer chains simultaneously, it has been desired
strongly to establish a multiscale simuation (MSS)
method that enables to bridge between the two
different spatial scales. For this purpse, we are
addressing to develop the MSS method and to apply
it to various industrial polymer processings. (See
Fig.1: application of the MSS method to a polymer
melt spinning process).

3. Physical modeling of biological tissues

Inspired by recent studies on the model of
crawling and dividing cells [Coburn et al., Phys. Biol.
10, 046002 (2013); Basan et al., PNAS 110, 2452
(2013).], we developed a unique particle-based
minimal model for crawling and dividing cells on
substrate (see Fig. 2). It mimics a real mechanics of
migrating/dividing cells with the mechanisms of the
contact inhibition of locomotion (CIL) and the
contact inhibition (Cl) of cell division in a
straightforward way. The present model has been
applied to simulate the dynamics of growing colony
composed of active cells. Some basic properties
seen in real growing colonies have been successfully
reproduced. The true mechanism behind such
complex biological systems will be discussed in
physical context.
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Fig. 2. An illustration of our particle-based two-bead model for

a crawling cell on substrate (1-cycle).
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Surface Control Engineering

Professor Minoru Miyahara

Assoc. Professor Hideki Tanaka
Junior Assoc. Prof. Satoshi Watanabe

Fig.

1.

Engineering for Nanoscale Confined Space
—Active use of interface for structure control—

For the present-day chemical engineering, which
changes its purpose from "composition control" to
"structure/function control", firstly needed would
be an equation, [interacting elements] x [external
field] = [controlled structure]: The interacting
elements such as molecules, ions and nanoparticles
often exhibit peculiar behavior when placed within
external potential fields of, e.g., nanospaces and
solid substrates. Their structure evolution and/or
phase transitions should thus be observed carefully,
understood physically, and modeled quantitatively
for active use of external fields originating from
interfaces for controlling the structures.

Concerning nano- and submicron-scale, which
enhances the interfacial effect, the researchers in
this laboratory devote their efforts to the following
research subjects, aiming at systematic under-
standing and contribution to chemical engineering
fundamentals, which would stand for potential
applications to production of functional materials
and various devices utilizing interfaces.

1. Simulation and modeling of phase behavior in

nanospace, and nanopore characterization

Recent advance in nano-spaced materials has
been producing fascinating porous media such as
MCM-41 and controlled nanoporous carbons. For
appropriate and extensive applications of these
new media, the understanding of phase behavior of
confined fluids in nanopores is quite important.

ZIF-8
Gate opening
Zn
2- mnthyllmldazolate

b= .

Argon

adsorption

1. Adsorption-induced lattice transition of zeolitic
imidazolate framework-8 (ZIF-8).
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Exploration by molecular simulation is conducted
not only for phase transitions in single-component
systems, but also for binary systems. Thus obtained
microscopic understandings are to be sublimated as
engineering models to predict the phase behavior,
and to be used for nanopore characterization.

2. Mechanism of lattice transition of compliant

crystals

As typically seen in metal-organic frameworks,
compliant crystals exhibit stepwise uptake of guest
molecules upon its lattice transition, which has
potential application in separation and storage.
Extensive molecular simulations together with free-
energy analysis vyield valuable insights into the
complicated phenomenon, which will provide
possible strategy for designing and applying these
materials.

3. Spontaneous structure evolution by nano-

particles under external field

Ordered structures made up by 100 nm or
smaller particles, or nanoparticles in the broad
sense, can exhibit unique functions. The relation
between operating condition and evolved structure
is investigated experimentally, with the aid of the
analysis by Brownian dynamics technique, which
should be, in general, applied more for engineering
purposes to fill the gap between microscopic
analysis and macroscopic operating conditions.

4. Production of functional particles by micro- and

nano-reactors

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. 2. Grid pattern formation of gold nanoparticles in wetting
liquid film by evaporation-induced self-organization
process.
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Chemical Reaction Engineering

Professor Motoaki Kawase

Junior Assoc. Prof. Ryuichi Ashida
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Fig. 3. Hydrogen PEFC apparatus & MEA for measuring PEM

Assist. Professor Hiroyuki Maruyama

The research in this chair is focused on modeling
of functional materials production processes,
electrochemical  processes, coal conversion
processes, etc. We aim to propose new reaction
processes and materials through the modeling

based on understandings of the chemical structures,

reactions, and processes.

1. Development and modeling of materials
production processes

Since the reaction product is the final product in
the functional materials production processes, the
shape, quality, properties, and functions of the
product should be prepared and controlled in the
reaction processes. We aim to build theories to
predict the microstructure of solid products in the
materials production processes.

Reactions in which a solid product is formed from
gaseous reactants are called chemical vapor
deposition (CVD). We are studying the thermal

CVD of pyrocarbon, the plasma CVD of silica for gas
barrier, and the thermal CVD of alumina for hard
coating as well as the reaction modeling predicting
the growth rate and the product microstructure.

temperature.
7K PEFC F2BREEE & R H MEA
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2. Extension of CRE to electrochemical processes

In Polymer electrolyte fuel cell (PEFC), various
phenomena including mass and energy transport,
evaporation, condensation, sorption, Joule heating,
besides electrochemical reactions, take place. We
aim to build a comprehensive CRE model of PEFC.
We derived dimensionless forms of the 1D model of
PEFC cathode and a new dimensionless modulus
representing a ratio of electrochemical reactivity to
proton conductivity in the PEFC cathode was
recently proposed. A sputter-deposited Pt catalyst
cathode is being developed for analysis purpose.
Measurement of water transport through the
polymer membrane is being intensively carried out
and effects of convective flow in the cathode on the
cell performance are being examined.

3. Development of effective utilization methods of
low-grade carbonaceous resources

We have been developing novel reaction
processes that can effectively upgrade and convert
unused low-grade carbonaceous resources such as
brown coals, heavy oils, and biomass wastes into
high-grade fuels, valuable chemicals and materials.
Co-processing of heavy oils and low-grade iron ore
for producing light oil and iron-ore/carbon
composite, upgrading of low-grade carbonaceous
resources utilizing degradative solvent extraction,
pretreatment methods of brown coal for producing
high strength metallurgical coke, a power
generation process utilizing redox reactions

between solid carbonaceous resources and liquid
inorganic media, etc. have been proposed and are
being developed.

Fig. 4. RF/DC sputtering system.
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Assoc. Professor Noriaki Sano

HRB Assist. Professor Tetsuo Suzuki

E!’ ﬂ'? In Koza 4, researchers devote their efforts to
establish new separation technology based on

Assoc. Prof. N. Sano variety of principles, such as adsorption, drying,

electric field, bio-activity, etc.
sano@cheme.kyoto-u.ac.jp
1. Development of hydrogen storage media
We  synthesize metal-dispersed carbon
nanohorns by use of “gas-injected arc-in-water”
HJH method, and investigate H, absorption property.
8K gk 2. Quantum chemical study on interaction between
adsorbent and adsorbate
Applying molecular orbital theory to adsorption
Assist. Prof. T. Suzuki systems, microscopic information on interaction
suzuki@cheme.kyoto-u.ac.jp such as stable adsorption structure and interaction
energy are studied
3. Development of water purification method using

S | T R e A B T O NT A B S L non-eqU|I|br|um.p_Iasma .
A water purification method with non-

SE N R NEERTNEE /N NE 2 23/ 8= TN S equilibrium plasma which is contacting water

WS BEBRVE B OBIR AT TUNB, surface is developed.
4. Separation of micro-size particles by
1. ) D
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IR —AR T IR — AR L. &E small particles, aiming the separation of rare metals
33 S R A T TN, and the purification of nano materials.
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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. Nano nuclear-fusion electric generation systems

We investigate novel high-efficiency nuclear
fusion power generators utilizing optical energy and
nanostructured materials.

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.

Fig. 1. Conceptual drawing
enhanced solar cell.
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Fig. 1. The injection molded PP foam with the world highest
expansion ratio fabricated by N2 foaming with
cellulose  nanofibers using core-back injection
molding
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Materials Process Engineering

Professor Masahiro Ohshima
Assoc. Professor Shinsuke Nagamine

Assist. Professor Yuta Hikima

Modern society is deeply indebted to various
materials for providing the several functional
products to our life. Among those materials,
macromolecules have the large potentials of giving
rise to various functions, such as lightness, flexibility,
elasticity, and fluidity. The material’s functions are
strongly related with 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 our major
interests of our research. Also, process
development of marine biomass for clinical
applications and inorganic materials for solar
system are our interest. Latest research topics are
nano-cellular polymer foaming, preparation of
ceramic nanofibers and Chitin porous materials.
Some of them are introduced here in this page:

1. Nanocellular Foam

In recent years, nanoscale, porous, structured
polymer materials have attracted significant
attention. We have been working on develop-
ment of nanocellular foams (NCFs) of thermoplastic
resins foamed by CO, or N, gas. An ultrahigh
expansion ratio of 18-fold isotactic polypropylene
(iPP) / cellulose nanofibers nanocomposite foams
were fabricated (Fig. 1), nevertheless, the
achievable highest expansion ratio obtained for
pure iPP foams was merely 10-fold.

2. Environmentally-benign Electroless Plating

The conventional electroless plating on plastic
resins requires the use of strong acid and a large
amount of water to impregnate the plastic with
catalyst. We have been developing a new
environmentally benign electroless plating process
using supercritical CO; that dissolves the precursor
of catalyst and plasticizes the resin. Recently we
succeeded in the electroless plating on strongly
hydrophobic polypropylene by blending it with a
hydrophilic copolymer that modified the surface
hydrophilicity and thickened the metal/polymer
composite layer (Fig. 2).
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Fig. 2. Schematic diagram and TEM image of electroless
plated PP blended with hydrophilic copolymer.
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3. Nanofibers by Electrospinning

Electrospinning is a simple method for producing
polymer nanofibers by applying a high voltage to
the polymer solution. We have been studying on
the fabrication of nanofibers with core-shell or
porous structure. Fig. 3 shows SEM images of
porous carbon nanofibers prepared from PVA.
The unique pore structure was formed derived
from salt particles generated by the decomposition
of surfactant during carbonization process. The

application of the porous nanofibers as electrodes
of electric double layer capacitor is being studied.

Fig. 3. SEM image of porous carbon nanofibers from PVA.
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4. NIR Imaging for Polymer Products Analysis

Near-infrared  (NIR) spectroscopic imaging
camera is a promising device to detect the
chemical information in polymer products. Two-
dimensional distribution of chemical composition
can be extracted from hyper-spectral cube (Fig. 4)
by chemometric techniques. The anisotropy in the
injection-molded poly-(lactic acid) (PLA) was able to
be visualized by combining NIR spectroscopic
imaging camera with polarized light.

Reflectance
!

Fig. 4. NIR spectral imaging data of injection-molded PLA.
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Process Control & Process

Systems Engineering

Professor Shinji Hasebe
Assist. Professor Osamu Tonomura
Assist. Professor Sanghong Kim

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.

Computational fluid dynamics (CFD)-based
design methods have been developed to derive the
optimal channel structure, shape and size of
microreactors. In addition, 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. In one of
the developed systems, nonlinear filters such as
unscented Kalman filter are used to estimate the
immeasurable state variables in microchannels
from the indirect measurement.

2. Process synthesis and development of supply
chain management system

The superstructure based synthesis procedures
are applied to various synthesis problems: i) the
process network that produces chemicals from

woody biomass, ii) the oil refinery process
considering the newly developed processing
facilities, iii) distillation process elementary

component of which is a tray, iv) the separation
processes consisting of distillation and membrane
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units.

The uncertainty in the product demand and the
time scale difference in the problems are dominant
reasons that disrupt the unified modeling of the
planning and the scheduling problems. Supply
chain management systems are developed by
considering the various types of uncertainties and
the different lead times on processing and shipping.

3. Data-based process monitoring, process control,
and quality management

The data-based systems that can improve
product quality and productivity by extracting
useful information from operation data have been
developed and applied to various industries

including chemical, steel and pharmaceutical. The
system is based on multivariate data analysis. The
research topics include maintenance-free adaptive
soft-sensor design, Just-In-Time statistical process
control, model-free data-driven controller tuning E-
(PAT)

FRIT, process analytical technology for

pharmaceutical processes, and so on.
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Fig. 1. Blockage diagnosis in parallelized microreactors
(MRs) : (a) an increase in the production capacity
of a microplant by external numbering-up
approach and (b) a result of blockage diagnosis by
using the ratios of flowrate differences between
normal and abnormal conditions at one sensor to
those at the other sensor.
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Fig. 2. Application of E-FRIT to a petrochemical plant.
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Environmental Process
Engineering
Professor Kazuhiro Mae

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. The

current research activities cover the following topics.

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.

(a) Pretreatment of biomass under mild conditions
for separation into

(b) New pyrolysis method for wood biomass.

(c) Kinetic model of biomass pyrolysis
gasification.

(d) Efficient acid saccharification of cellulose

(e) Production of monomer materials from biomass
through selective oxidation.

and

2. Development of new environmental catalysts

The harmful pollutants must be destructed
completely. Several new catalysts are developed
to remove efficiently the pollutants. In addition,
the catalysts and reactor systems for methane
reforming and CO shift reaction are developed.

(a) Production of porous FeOOH and its application
for the removal and recovery system of F~ and
PO.> ions.

(b) Development of new catalysts for CO shift
reaction at low temperatures.

(c) Methodology for strict structural control of
catalyst using a microreactor.

3. Design of ecological industry

As s new concept for ecological processing is
proposed, co-production scheme of energy and
materials using waste heat and materials is
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.

Direct saccharification, ‘

Ligno-ceflulose Efficient Refinim}r
3 orphus 30“ !(n°o°
cellulose 007
B S Crenicas
‘ Lignin
Economical ‘Eﬂ
collection GTL ﬁ
Pretreatment l,_
T T
Standardization New o
of biomass Gasification
method —

Fuel Cell

Fig. 1. Research strategy for efficient biomass utilization
biomass.
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4. 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 as follows:

(a) Development of various micromixers and
microreactors and basic research for micro
reactor system. (Collaboration by several Kozas)

(b) Production of nano-particle by several micro
reactors.

(c) Development of compact reformer for fuel cell.
(d) Production methodology for polymer having
strict structure production using microreactor.

(e) Development of micro device for rapid liquid-
liquid extraction

(f) Developments of gas-liquid microreactor.

(g) Development of micro distillation device.

I;\Iano—
 pigmen

Fig. 2. Original microreactors developed in our laboratory and
nano-particles produced by use of these reactors.
(2. YHF7EE TR L CEle~vAonl) T 72—, Tb%
FWTT VBB E DREIZRLY)
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Fig. 1. Measurement of adhesive strength distribution of
two-component electro-magnetic particles by air

flow method (particles are aligned in chains perpen-
dicular to wall surface).



Particle Technology

Professor Shuji Matsusaka

Our research is focused on analyzing the
phenomena that occur during powder processes
and on 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 as well as
environmental protection. In particular, the analysis
of the dynamic behavior of particles and the
evaluation of 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
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. In fact,
applications for charged particles have been widely
developed, e.g., electro-photography, dry powder
coating, and electrostatic separation. As operations
such as dispersion, agglomeration, and particle
transport can be remotely controlled by electro-
static forces, further technological innovations are
expected in this direction. To realize the full poten-
tial of the existing technology, an in-depth under-
standing 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. Analysis of triboelectric charging of fine parti-
cles.

3. Development of a particle charge controller
using centrifugal force and its application.

4. Characterization of fine particles triboelectri-
cally charged in gas—solid pipe flow.

5. Characterization of particles triboelectrically
charged by a two-stage system with vibrations
and external electric fields.

applications of particle

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 agglomer-
ated 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 on account of 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, for
particles having a diameter of less than 1 um, the
complications due to adhesiveness are pronounced
and it is therefore imperative to develop new
techniques as well as analyze particle behavior for
overcoming these issues.
1. Control of the movement of fine particles using
multiple vibration modes.
2. Development of a novel fluidized bed system
using vibration convection mechanism.
3. Development of micro-feeding of nanoparticles
based on vibration shear flow.
4. Development of a pneumatic transport system
for nanoparticles.

Fig. 2. Multilayered structure of bubbles generated in a
fine powder bed oscillating horizontally with small
amplitude.
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Fig. 3. Micro-feeding of nanoparticles based on vibra-
tion 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 developed the technology to decompose
non-degradable organic compounds utilizing UV
irradiation, catalyst, and electrochemical reactions.

2. Oxidative decomposition of VOC by active radicals
formed from non-thermal plasma

Volatile organic compounds are converted to
photochemical oxidants, which are air pollutants.
VOCs are destructed by solid catalysts and active
radicals formed from non-thermal plasma discharge
at room temperature.

3. Utilization of wet biomass resources

It is essential to utilize wet biomass as valuable
resources in Japan. Diluted bio-ethanol is reformed
in agueous phase to convert H, or CH4 using active
carbon-base metal catalysts. Solubilized biomass
fraction is oxidized in aqueous phase to convert to
valuable chemicals by oxidation control and low
energy input.

1. EREMmE O KRE T TR~ Kb ae

Fig. 1. Non-thermal plasma reactor with unique twisted
wire electrodes for decomposition of VOC at
room temperature.
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Soft Matter Engineering

Assoc. Professor
Christopher Patrick Royall

Undergraduate classes

Kazuyoshi Baba

Senior Manager,

Production Technology Management,
Daicel Corporation

Process Design

Kazuhei Namura
Technical Office, Faculty of Engineering
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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 Industrial Chemistry

Information Processing Basics (Engineering)

Exercises in Information Processing Basics
(Engineering)

Introduction to Engineering

Basic Physical Chemistry (quantum theory)

Basic Physical Chemistry (thermodynamics)

Basic Organic Chemistry |, Il

Mathematical Description of Natural Phenomena

Calculus with Exercises A, B

Linear Algebra with Exercises A, B

Introductory Statistics

Fundamental Physics A, B

Elementary Course of Experimental Physics

Fundamental Chemical Experiments

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 |, |l

Third year (Chemical Process Engineering Course)
Transport Phenomena

Fluid-Phase Separation Engineering
Process Control

Physical Chemistry II, Il (ChE)
Mathematics for Chemical Engineering |l

25

Numerical Computation for Chemical Engineering

Chemical Engineering Laboratory I, Il (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
*Separation Process Engineering, Adv.
*Chemical Reaction Engineering, Adv.
*Advanced Process Systems Engineering
*Process Data Analysis
*Fine Particle Technology, Adv.
*Surface Control Engineering
*Engineering for Chemical Materials Processing
*Environmental System Engineering
*Special Topics in English for Chemical 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
*Advanced Modern Science Technology
*Instrumental Analysis, Adv. I, Il
*Frontiers in Modern Science & Technology
*Project Management in Engineering
*Exercise on Project Management in Engineering
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
*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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CAREER OPTIONS The pie chart shows distribution of companies
and organizations which the new graduates of the

Department entered these 5 years. In April 2017,
1 ESEH OB LRBE TH O 2K one graduate entered our PhD course and other

BNCKNZ R T, ALFREFLIC, BR, R graduates found jobs at Mitsubishi Chemical (2),

. NN - Sumitomo Bakelite (2), Kao (2), Nikki (2), Sumitomo
l/\ I/n I/\ -
SRVEERII B CARENB RSN TS Chemical, Fuji Film, JSR, Idemitsu, JXTG, Suntory,

EOND, 20164 RZFE T H OHERITIR Novartis Pharma, TEC, MODEC, JOGMEC, Nippon
DBV THAD, ZFE=7INN A ERKRX—TF (K, Steel & Sumitomo Metal, JFE Steel, Murata,
o - 5 7 N Mitsubishi Heavy Industry, Kawasaki Heavy Industry,
SANATIVT AL
?EE\“ FRER LA T 1 (B ) G% IHI, Yamaha, Nissan, Mitsubishi-Motors, JR West,
b, B £ 7 A0 A JSR, HOBHEPE | FARE Bridgestone, Toyo Tires, Nippon Paper, Osaka Gas,
2T VAT Ry — N LT A —— Chube Electric, IBM Japan, Recruit, Sumitomo
XINVAM, BN — SNV T A AT 7 .
BT U= T UL S = J % Mitsui Banking, Mitsui & Co., and Itochu Enex.
P — N — Bik N
JOGMEC, #r H #{£4 ., JFERXTF —/ v AT H
. . . . : 10
YEpT, =288 T2 )IIRFFE T3, HI, v~ . g;{sf%é";;;’;;f o
. . Electrigae s ers . :
I B B, =28 [ B ok T2, IRV A, 7Y Oy TP o i
FAR HEET AT 3, HARME, KPH 2, Stoel motal R
B EE #ER
AR ). BAIBM, U2 —h, =3 ERSYT. " Fooun Machinery

pharmaceutical
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Career options for graduate students (sum of past 5 years).
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SUPER GLOBAL COURSE

by T~V DR FE DB E AT A N
e RZBTHIEEHEL T, SRR LR
AR E LD A — 18— o — S L KA R B
3£ (Top Global University Project) ZBRtAL 7=, &
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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

27

called “Top Global Courses” at graduate schools
covering research areas in which KU 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, have participated in this program
as “Top Global Courses 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, most lectures are conducted in
English, lecture courses by
faculty members of overseas partner universities
MIT. The long term
internship at the partner universities
executed with the aim of encouraging graduate
students to develop broader perspectives and an
In addition, international
student-organized

including intensive
such as research-based
is also

international mindset.

workshops and international
workshops are held in order to share information
on our research activities, both domestically and
abroad and to expose students and researchers to
an international research environment, thereby

further enhancing our strengths in research and

education.
The
participates positively in this project, and 4 out of
12 graduate students studying in this course in
2019 belong to our department.
URL of the Unit for SGC in Chem. and Chem. Eng.
http://www.jgp-cche.t.kyoto-u.ac.jp/

Department of Chemical Engineering

Photos: SGC International Workshop



EIBR3E

EEA b7 m— NURXAOHF T, RELTH R
K ENLOWRE R FEEZIT AN, #E -
I HDHEEHI, EERIIARERIZEBITDS
WFFERE B2 3 E LT T 5, TR, @BE104E
MR BRIICIHIE L= 4 - SV E AR E O
& #1510 N DOHERS 2R L D, KOl 4%
HHLT VT EORTRITL DA A, BRINLALRE kK
EDRTEH A THD,

[E AR D BARFE LT, HKELTOLL T D
IEENEIToTWVD,

1. #HRKEISFAEZE L, ELREICZT
AIVTHIRIEEL, AR G2 B TD,
2. MHREBEENCEHZLRHAEESHELHEAL,

AEH CHAABIEHICTEIE TN,

EFHE, mEEEREYEA, ELEERED
ERE SN, SRS ICBIRL T)5,

BN DORFHELEOFZAZRBEIZE SN,
WHE DO KZLPE P AEOB YN ETHEETTRD
LEBIT, WAV FED HARBIETOAL X —
VI HEEFHEL TV D,

WA AR CE L A D P DT
IZix, B EEREREO AN FRBRICA KT oM
DD, NFRERIZ8 H L2 H 12 77215,

ADTEB D BRI 2B, RV ERLVRL
VEKREFBEDAH =TT a T T NTHD, B
FHEHRBD2r AR, BENAE L FAECAEZRA

25

3.

4.

VIZIREEL, RV DEETA L Z— iy T HHE
R D, £, BITIIRVELU R KRZEDEY) -
b TFHEROFA%Z64 HARIZZIT AR, H
KOEET2r HHOA L 2=y THHELR FE
ML TWD, W KRFDFATHIX, HHE I E
DIALDE NS Z DT, A& A TP Z HGE
TRlF T %, 20104F D D1, MSTATBIE AN B AR
T R OB P A A PR SR (S a— R
T4, a—h ey NOT T T AIBRIRENTE
D, MRFEEEILIZOXHASHTHORELENK
A, BB XBEBERELL RS Z—
Ty T HFERRL TS,
AAREBNOKEEZZITT, =707 L%
P URIT D BREROENL KT (=7 - AR
Bl H AT K E-JUST) 2 Al7% 3% X EIE I
20104 EENDBE L TW\D, RELHE NP
725C, E-JUSTL % - AL F R DEE - B E
EXELTND, IRIEEL TV S oGS 1
W B RRIIAR I TIEEIL TW5, E-JUSTOIZ
b, FadararRE(FA), Ur—F——RK¥E
(I F5) 72 EICHE D&, BESCHIIELLT
729728, WHRORF LB TR E IR T
BY, R, FAEDIRE, ZITANBITo TN,
8 Ry FT ST A2 B A it K72 DT
http://www.oc.kyoto-u.ac.jp/agreement/
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http://www.ch.t.kyoto-u.ac.jp/ja/information/
internship
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I Myanmar

[ Switzerland
[ Russia

O USA

M France

15

10

O Egypt

@ Colombia
@ Canada

I Mexico

B Denmark
B UK

@ Finland

M Algeria

B Indonesia
M Australia
B Bulgaria
B Taiwan

M [ran

B India

W Pakistan
B Romania
B Germany
B Malaysia
W Korea

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 (Gt

B Thailand

HEIN OO I AERFITE $L - B E SO HERS Number of foreign researchers and students by nationality.
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INTERNATIONAL ACTIVITIES

The Department is welcoming visiting research-
ers as well as admitting undergraduate, graduate,
and research students from all over the world.

The Faculty of Engineering and Graduate School
of Engineering currently have scientific exchange
agreements in place with a total of 41 universities
in 20 countries around the world. To promote
mutual cooperation in scientific research, these
agreements facilitate measures that encourage
joint research implementation, exchanges of
students, researchers and academic staff, and
exchanges of scientific information. Especially,
under inter-departmental student exchange
agreements, the students who come from the
oversea partner universities can participate in the
research activities and classes in our department
with tuition fee exemptions. The details can be
seen at the URL shown at the end.

Kyoto  University currently has scientific
exchange agreements in place with a total of 153
universities, 4 university groups, and institutes in 50
countries.

One of the major international exchange
activities of the Department is the international
internship program between our Department and
Technical University of Dortmund in Germany.
This program was established in 1990 and it has
been lasting more than 25 years. Every year, we
send six Japanese students to Germany at the end
of July. They are dispatched to several German
companies or institutes and granted an opportunity
of experiencing two-month internship. In return,
we welcome six German students in October and
assign the two-month internship in a Japanese
industrial company to each student. In the year
2015, the internship program was supported by
four German companies (ATEX Explosionsschutz
GmbH, BASF Personal Care and Nutrition GmbH,

- _"__Il -_ .. 3 ' ] ,' L]

, s
v e | =
Photo: A Japanese intern student at Bayer Schering Pharma
in Germany. A picture of her appeared in a local newspaper.
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Photos: Scenes of exchanging culture and opinion through
the internship program.

Bayer Pharma AG, Covestro AG), and six Japanese
companies (Daicel Corporation, Kaneka
Corporation., Kobe Steel, Ltd., Sanyo Chemical
Industries, Ltd., Showa Denko K.K., and Sumitomo
Bakelite Co. Ltd.). We would like to appreciate the
companies in both countries who support this
program and give the opportunity the young
prospecting students to learn the business and
culture.

The newest activity in our department is the
Egypt-Japan University of Science and Technology
(E-JUST), which is the new university in Alexandria,
Egypt, built as the product of a long standing
partnership between Egyptian and Japanese
governments. Our department fully supports their
education and operation of the Department of
Chemical and Petrochemical Engineering, School of
Energy, Chemical and Environmental Engineering as
a Kyoto University’s international  activity.
Associate Professor Kenji Yoshimoto is sent from
Kyoto University to E-JUST. He works at our
Department during his stay in Japan.

Overseas Partner Institutions:
http://www.oc.kyoto-u.ac.jp/agreement/en/
faculty-mou/

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

E-JUST:
http://www.ejust.cpier.kyoto-u.ac.jp/?lang=en
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PROFESSORS EMERITI

Program-Specific Assoc. Prof.

Japan-Egypt Cooperative Education
and Research Unit, Center for the
Promotion of Interdisciplinary Education and

Research

E-JUST Academic Staff
Assoc. Professor Kenji Yoshimoto
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TEAHAR Term of service
el 4= Eizo Sada 1977 — 1994 ¥ Bt Masataka Tanigaki 1972 — 2006
[fliF <F%  Morio Okazaki 1965 — 1997 A 5AFE Hiroaki Masuda 1973 — 1979,
fEA R Kenji Hashimoto 1963 — 1999 1989 — 2007
JRHE 3 Makoto Harada 1964 — 1999 /AN Ko Higashitani 1992 — 2008
A HH%  lori Hashimoto 1972 — 2003 —1# ZF—  Kouichi Miura 1976 - 2013
$KHF SCH. Fumimaru Ogino 1968 — 2003 R 5 Hajime Tamon 1977 - 2017

AB¥ER
CONSTITUENT NUMBERS
Numbers as of 1 June 2017

iz 7 Professors
WEBFZ (R EHEBEZ & T0) 9 Associate professors (including Program-Specific staff)
i) 2 Lecturer
B (R Bh & T) 9 Assistant professors (including Program-Specific staff)
FEH EREAD 2 Invited lecturers
A= 7 Postdocs and research staff
H ik 8 1 Technical staff
EEER 2 Administrative officials
FEH ER S 8 Part-time employees
Rpbed (1% W) 18 Graduate students (doctoral program)
RFERAE (B 74 Graduate students (master’s program)
FEFAE (4 FR) 49 Undergraduate students (fourth year)
FEFA (3 FIR) 40 Undergraduate students (third year)
W 0 Research student
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FrNRAYT&T7IVER (FEHF v+ NR)
Campus Map & Access (Yoshida Campus)

WA ER JR- 3 8K) 225 M From the Kyoto Station (JR, Kintetsu)

TN TR [ gy SRARELE | 17X, £720E Take a Kyoto City Bus #17 for “Kinrin Shako” or #206
(206%%%) sl AL RBEARAZ—IF NV JfTETTH for “Kitaoji Bus Terminal,” and get off at “Hyakuman-
I3 |~ ben.”

W5 B (M T 885 L) 226 M From the Imadegawa Station (Subway Karasuma Line)
/732 (2035 40) [ SRR <18 - SAR B ) 17, Fi2iX Take a Kyoto City Bus #203 for “Ginkakuji Michi, Kinrin
(201%%0) 1 & 7« ik ) AT C TE 5] ~ Shako” or #201 for “Hyakumanben, Gion” and get off

at “Hyakumanben.”

WA JHTR (B 2) 225 B From the Kawaramachi Station (Hankyu)

USR] JRET T2 A (3, 17, 31, 201%4%8) CIH Take a Kyoto City Bus #3, #17, #31, or #201 and get off
JTi |~ at “Hyakumanben.”

W ETHIER Gt 25 B From the Demachiyanagi Station (Keihan)

HAEHR2047 Walk eastwards for 20 min.

TR EBE T3 568 (FEE)
The School Office of Industrial Chemistry is located in the West Wing of the Faculty of Engineering Building No. 3.
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FrIoNARYTET 7R (X v INR)

Campus Map & Access (Katsura Campus)

WAEER (BRR) 225 %
FEBRVE O 235173 (PE6R8) F72 135 B AR A i
73Z(20, 20B, FE6F) M H g ) 17&C A /" —
Al R—IHi] o~
W) ER(R) 225
YA SR Tk vo sk BRI )17 Z (65)
FI TR AR AN A Dot AR R 0 |17 (22
%) T A/ _R—T a0 /=Rl ~
B CHERBR (JR- UT8%) 2065
(D) e FET TSR] ~, IREIWCERVBRZ TR
) 25 ThE ] ~(REBR2SIE ERD * 25 HR)

(2) B R AT /N A (21, 21A%K) [H4m B P
P | 1TE T TREA ) _R— a7 =701 ~

(3) /A (T3%%%) [ PE SAZ—IF L) 4T7& CIEH
B =5 ~, EEY 5D
HEHR15%y Q / —~

W = D
HEBMEE E KRR
BFIC, HHICH &
FHA

~—

M From the Katsura Station (Hankyu) *

Take a Kyoto City Bus P86 (nishi 6) or a Keihan Kyoto

Kotsu Bus #20, #20B, or P86 (nishi 6) for “Katsurazaka

Chuo” and get off at “Katsura Innovation Park Mae.”

M From 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.”

Ml From the Kyoto Station (JR, Kintetsu)

Option 1. Go to “Shijo” by Subway, transfer to Hankyu
at “Karasuma,” and come to “Katsura.” (From
“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.”

Option 3. Take a Kyoto City Bus #73 for “Rakusai Bus
Terminal,” get off at “Kokudo San’nomiya” and
walk for 15 min.

M From expressways (Car)

The “Oharano” and “Kutsukake” Interchanges of the
Kyoto Jukando Expressway are nearest to the
Katsura Campus.

CUOSRA—FHRX

Cluster C school office

FE= AV (BFETEE)
Katsura Monument (Clock tower)

12 FHR
Campus Service Center
(Shop, cafe & restaurants)

HEEFEH Faculty office
T fF B F A —
Int'tech Center Funai Center

- - (Gymnasium)
MATRIESHEE

Funai Tetsuro Auditorium

RAIEF 2/ VRFT
Kyodai Katsura Campus Mae

AO—AEE
Rohm Plaza

(A== 0 ADSRB—FFEX Cluster A school office
IR Cluster A
AT TAL — A

Most laboratories of the Department of

Chemical Engineering are located in

Building A4.

A S N—2320/Y—DF
Katsura Innovation Park
Mae

EES &
500 m to Route 9 *
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