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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 facilitiesin Building A2.

History

The Department of Chemica Engineering,
Kyoto University, was founded on April 1, 1940, as
one of the first chemical engineering departments
in Japan. The number of Kozas (chairs) was only
two in the beginning but increased to three in 1941,
four in 1942, and six in 1961, which were devoted
to Diffusional Unit Operations, Chemical
Engineering Thermodynamics, Chemical Reaction
Engineering, Mechanica  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 affiliated Koza.
The Research Laboratory of Carbonaceous
Resources Conversion Technology founded in 1986
merged with the Department in 1996. After these
consecutive  reorganizations, the Department
presently consists of eight Kozas. The Depart-
ment is in close cooperation with the Innovative
Process Engineering Section of the International
Innovation Center, Kyoto University, as well as the
Nanotechnology Research Section of the Institute
of Advanced Energy, Kyoto University.

“Koza’ is asmall subdivision of the department.
Each Koza usually has one full professor, one
associate professor, and one instructor, and
specializes in a particular research area as shown in
the following pages.

Since the reorganization in 1993, six chemistry-
related departments have provided a unified four-
year undergraduate program under the name of the
School of Industrial Chemistry. Students of the
school choose one of three courses at the beginning
of the third year. The Department of Chemical
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Number of graduates of the Department.

Engineering organizes the core educational
program of the Chemical Process Engineering
Course. The department produces approximately
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 thess
compiling more than three year research during the
graduate program is a part of the D. Eng. require-
ments. Every year, the Department sends out 26

M. Eng.’sand severa D. Eng.’s.

More than 2000 alumni of the Department 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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CURRICULUM

Undergraduate Program
Chemical Process Engineering Course

School of Industrial Chemistry
College of Engineering

Master Program & Doctoral Program
Department of Chemical Engineering
Graduate School of Engineering

Undergraduate Program

First grade (School of Industrial Chemistry)
Introduction to Industrial Chemistry 1, 11
Basic Physical Chemistry A, B

Basic Organic Chemistry A, B

Anaytical and Environmental Chemistry Experiments
CalculusA, B

Linear AlgebraA,B

Elementary Course of Experimental Physics
Fundamental PhysicsA, B

Information Processing Basics

Exercisesin Information Processing Basics

Second grade (School of Industrial Chemistry)
Physical Chemistry I, 1

Inorganic Chemistry I, 11

Analytical Chemistry |

Organic Chemistry 1, 11

Chemical Process Engineering I, 11
Computer Programming in Chemistry
Fundamental Mathematics for Chemists
Synthetic and Quantitative Chemical Experiments
Advanced CalculusA, B
Thermodynamics

Physics of Wave and Oscillation
Advanced Course of Classical Mechanics
Analytic Dynamics

Third grade (Chemical Process Engineering Course)
Physical Chemistry 111, IV

Biochemical Engineering

Introduction to Environmental Engineering
Chemistry and Environmental Safety
Chemical Process Engineering Laboratory
Chemical Process Engineering Exercisel, Il
Chemical Process Engineering 111
Mathematical Methods in Chemical Process
Chemical Reaction Engineering

Numerical Computation for Chemical Engineering

Transport Phenomena

Separation Technology

Process Control

Fine Particle Technology

Process Systems Engineering

Simulations in Chemical Engineering
Practical English for Chemical Engineering

Fourth grade (Chemical Process Engineering Course)
Safety in Chemistry Laboratory

Process Design

Chemical Process Engineering Exercise 1l
Graduation Research Work (Thesis Project)

Graduate Programs

Master cour se (2 years)

Transport Phenomena

Separation Process Engineering, Adv.

Chemical Reaction Engineering

Advanced Process Systems Engineering
Advanced Chemical Process Control

Fine Particle Technology, Adv.

Surface Control Engineering

Engineering for Chemical Materials Processing
Environmental System Engineering

Molecular Chemical Engineering

Special Topics Chemical Engineering I, 11, I11, IV
Research Chemical Engineering (Thesis Project)

Doctoral course (+3 years)

Environmental Process Engineering

Special Seminar in Chemical Engineering 1,2,3,4
Introduction to High Technology Material Science
New Engineering Materials, Adv.

Research Chemical Engineering (Thesis Project)
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INTERNATIONAL ACTIVITIES

The Department accepts visiting researchers as
well as undergraduate, graduate, research students
from abroad. As a part of its international
cooperative exchange program, the Department has
a program named the International Doctora
Program in Engineering. This program provides
young students and researchers with a master
degree an opportunity to conduct further studies at
Kyoto University, leading to a doctoral degree.
The Japanese language is not required in this
program. An applicant must be a graduate of a
university with which the Graduate School of
Engineering, Kyoto University, has signed an
agreement of international academic exchange or
equivalent.

We have academic exchange agreements at the
college/graduate school level with 28 engineering
colleges/graduate schools including Hong Kong
University of Science and Technology, Dalian
University of Technology, University of Science
and Technology of China (China), Czech Technical
University in Prague (Czech), Friedrich-Alexander
Universitat Erlangen-Nurnberg, Universitat
Dortmund (Germany), Korea Advanced Institute of
Science and Technology (Kored), Delft University
of Technology (Netherlands), National University
of  Singapore  (Singapore),  Chulalongkorn
University (Thailand), and University of Texas—
Austin (USA).

Kyoto University has signed general memo-
randums for academic exchange and cooperation

with 79 universities including University of New
South Wales, University of Sydney (Australia),
University of Toronto, University of Waterloo
(Canada), Tsinghua University (China), Institut
National Polytechniqgue de Grenoble (France),

Seoul National University (Korea), University of
Utrecht (Netherlands), National University of
Singapore (Singapore), Swiss Federa Institute of
Technology (Switzerland), Uppsala University
(Sweden), Stanford University, University of
Cdifornia, and University of Illinois— Urbana-
Champaign (USA).

The Department has aso signed academic
exchange agreements of its own, some of which has
developed into the higher-level agreements, with
the following universities:

since

University of Wisconsin (USA) 1980
Technische Universitét Minchen

(Germany) 1982
Universitdt Karlsrtuhe (Germany) 1985
Universidad Nacional del Sur

(Argenting) 1985
Zhgjiang University  (China) 1986
Technical University of Denmark

(Denmark) 1987
L appeenranta University of Technology

(Finland) 1988

Boris Kidrich Institute for Nuclear Science
(Yugoslavia) 1990

Friedrich-Alexander Universitét Erlangen-
Nurnberg (Germany) 1990

Universitdt Dortmund (Germany) 1990

Intimate cooperation has been achieved with the
chemical engineering departments of these
universities as well as Chulalongkorn University,
Waterloo University, and National University of
Singapore.



Prof.
F. Ogino

ogino@cheme.kyoto—-u.ac.jp

Assoc. Prof.
T. Inamuro

inamuro@cheme.kyoto—u.ac.jp

Lect.
T. Maruyama

maruyama@cheme.kyoto—u.ac.jp

10

CvD

(SiG,, SiSn,

1
Fig. 1. Blockade of particlesin a sudden contraction pipe.



Koza 1 Transport Phenomena

Professor Fumimaru Ogino
Assoc. Professor Takaji Inamuro
Lecturer Toshiro Maruyama

In order to investigate transport phenomena in
micro scale fields of chemical and materia
processes, we study concerned fundamental
problems of the transport phenomena by using
experiments and numerical simulations. The
research of processes for making thin films related
to electronicsis also carried out.

1. Numerical simulations of multi-phase flows

Numerical methods for calculating the behavior
of interfaces of liquid-liquid and liquid-gas flows
are developed and applied to the problems of
complex multi-phase flows in chemical processes.
We have developed alattice Boltzmann method and
a lattice kinetic scheme for multi-phase flows.
Figure 2 shows the simulated result of rising
bubblesin along square duct. The density ratio of
the liquid to the gas is 1000:1. The complicated
structures of the interface and the velocity field can
be computed.

2. Transport phenomena in a stagnation flow on
arotating disc

Development of CVD with a rotating substrate
needs knowledge of transport phenomena of a
stagnation flow on a heated rotating disc. Velocity
and temperature fluctuations are measured, and
numerical simulations are performed. We found
that at high Grashof numbers tube-shaped vortices
appear on the disk and move in the radia and
azimuthal directions with stretching in the
azimuthal direction.

3. Heat and mass transfers with chemical
reactionsin porous media

The lattice Boltzmann method for fluid flows
and heat/mass transfer in porous structures is
developed and applied to simulations of transport
phenomena in porous structures at high Reynolds
numbers. Flow characteristics and concentration
profiles of diffusing species at a pore scale in a
three-dimensional porous structure are obtained at
various Reynolds numbers. At high Reynolds
numbers, the concentration profiles are highly
affected by the flow convection and become
completely different from those at low Reynolds
numbers.

4. Flow and heat transfer of two-phase flows
with neutrally buoyant particlesin a pipe

The distribution and the velocity of particles of
solid-liquid flows in a pipe are investigated by
experiments with an image processing method and
by numerical simulations. The Segre-Silberberg
effect, in which particles migrate laterally away
both from the wall and the centerline and reach a
certain equilibrium lateral position, isfound both in
the experiments and in the numerical simulations.
We also investigate the blockade of particles in a
sudden contraction pipe as shown in Fig. 1.

5. Creations of new functionality materials

Creations of new semiconductor materials and
functionality materials are investigated. Current
research subjects are the creations of group
semiconductor aloys (SiG,, SiSn, GeSn, GeC, SiC)
and the new solar battery.

Fig. 2. Simulation of rising bubblesin along sgquare duct.
2.
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Koza 2 Surface Control

Engineering

Professor Ko Higashitani
Assoc. Professor Minoru Miyahara

Instructor Yoichi Kanda

Instructor Hiroyuki Shinto

Molecules near an interface often show peculiar
behavior that would never be observed in bulk
phase. “Colloidal system”, for which a fine-
particle dispersion would be a typical example, is
no other than a “mass of interfaces,” while it plays
an important role in production of various
functional materials such as electric and ceramic
materials, fine chemicals and pharmaceuticals.
The understanding and control of interfacial
phenomena at the molecular level would thus be
indispensable in establishing the process develop-
ment methodology for the new century. In this
laboratory the researchers devote their efforts,
aming at the understanding and control of
macroscopic behavior of colloidal systems, to i)
clarifying the behavior of atoms and molecules at
solid-liquid interface, ii) analyzing quantitatively
the thermodynamic and hydrodynamic behavior of
fine particles, and iii) applying the obtained results
to various engineering purposes.

1. In-situ measurement of micro-structure and
interaction force at interface by atomic force
microscope (AFM)

Behavior of water molecules, ions, surfactants
and polymers at the solid-liquid interface are
investigated by AFM imaging to establish the
fundamentals for the design of the surface of highly
functional materials. The interaction forces

iZ
0
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0

0 2

4 [um]

Fig. 1. Anin-situ AFM image of polyelectrolyte molecules
adsorbed on mica surface in solution.

1
AFM )

13

between surfaces in the order of hanometers, which
control the particles’ behavior in colloidal systems,
are also extensively studied by AFM to clarify the
relation between the force and the various factors
such as surface properties, medium properties and
adsorbed molecules.

2. Molecular simulation of nanoscale solid-liquid
interfacial region

Molecular dynamics and Monte Carlo
simulations provide insights into complicated
molecular behavior under the influence of the solid
surfaces, e.g., those in interfacial region, between
macroparticles, and within nanoscale confined
space. Thus clarified characteristic behaviors are
to be sublimated as engineering models with
experimental verifications.

3. Mesoscale simulation of interaction forces
between surfaces

Surfaces separated by tens of nanometers
sometimes exhibit unusually strong interaction
forces that cannot be accounted for by conventional
models. Effect of surfactants, e.g., may be
thought as a dominant factor, and mesoscale
simulation techniques are utilized to clarify the
mechanisms and to establish engineering models
for such mysterious forces.

4. Dynamics of particles in flow fields and in
adsor ption fields

Colloidal systems in industrial operation mostly
encounter flow fields. The adsorbed layers and
interaction forces makes the particle motion in
fluids quite complicated. Simulations of particle
motion by trgjectory analysis and discrete element
method are carried out to establish the funda
mentals of the behavior of particles in liquids.
Also, a Brownian dynamics technique is applied to
two-dimensional particle-array formation on a solid
surface as an adsorptive field for the particles.

Fig. 2. A 3D simulation for dispersing large coagul ated
particlesin shear flow.
2. 3D
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produced from sawdust by hot-press carbonization.



Koza 3 Chemical Reaction

Engineering

Professor Kouichi Miura
Assoc. Professor Motoaki Kawase
Instructor Hiroyuki Nakagawa

The research in this char is focused on
development of environmentally benign chemical
reaction processes for production of energy and
valuable chemicals and development of novel
functional materials and materials production
processes. Current research topics are as follows:

1. Development of new conversion processes of
coal, biomass and other carbonaceous
resour ces in novel reaction schemes

Innovative reaction processes are required for
attaining effective and clean conversion of coa, an
important resource in the near future, into energy
and vauable chemicals. We have developed
several new coal conversion methods based on
detailed investigation of the coa structure.
Continuing efforts are put into the process
development for improving the coal conversion and
liquid yield. We are aso carrying out develop-
ment of reaction models and kinetic analysis for
complicated reaction systems such as coal pyrolysis,
gasification reactions, etc. Specific projects in
thisareainclude:

(1) Estimation of macromolecular structure of coal
using FT-IR and solvent extraction.

(2) Production of clean coal through the extraction
of coal at elevated temperature.

(3) Development of a novel catalytic reaction
scheme for utilization of biomass and various
wastes.

(4) Kinetic analysis of the pyrolysis and gasifica-
tion of coal, tar, etc.

co,

I ]
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lignin phenol AcOH
Fig. 2. Various water-soluble organics could be
decomposed at 350°C.
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(5) Coke deposition during reforming of natural
gas.

2. Development of new functional materials and
materials production processes

Material research such as development of origi-
nal catalysts, porous carbon, carbon-silicon carbide
functionally graded material (FGM), and some
other functional materials are being carried out.
The processes for materials production are also our
research target. Specific projects in this area
include:

(2) Production of porous carbons with controlled
pore structure from coal or various synthesized
resins.

(2) Development of metal catalysts
dispersed on porous carbon supports.

(3) Development of a new method to produce
metallurgical coke.

(4) Production of a C-SIC functionally graded
material by chemical vapor deposition.

(5) Kinetic analysis of various carbon CVD.

(6) Continuous precipitation of monodisperse
functional particles by use of atubular reactor.

highly

Fig. 4. Lanthanum phosphate particles precipitated by a
tubular reactor.
4,
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Koza 4 Separation

Engineering

Professor Hajime Tamon
Assoc. Professor Shin Mukai
Instructor Tetsuo Suzuki

In Koza 4, researchers devote their efforts to
establish  methodologies for separation and
purification operations that are tightly connected
with solids with heterogeneous nature such as
porous media, sintered materials and powders.
Typical subjects of research include adsorption and
drying, with emphasis on the understanding of
equilibrium and dynamic nature of systems with
solid surfaces and/or with confined spaces. In the
following, current research activities are listed and
explained briefly:

1. Adsor ption Technology

(1) Preparation of organic/inorganic aerogel

adsor bents by supercritical/freeze drying

The peculiar nature of aerogels such as ultrahigh
porosity and large surface area can be obtained
through supercritical or freeze drying. Both organic
and inorganic aerogels are studied in the aspects of
interrelation between adsorption characteristics and
microscopic surface structure.

(2) Quantum chemical study on interaction

between adsorbent and adsor bate

Applying ab initio molecular orbital theory to
adsorption systems, microscopic information on
interaction such as stable adsorption structure and
interaction energy are studied to establish the
strategy for designing and developing new
adsorbents.

(3) Activated carbon from municipal waste
Municipal solid waste incinerators will be
changed to the plant of Refuse Derived Fuel (RDF)
for reducing emission of dioxins. In order to
develop new usage of RDF, we are trying to
produce activated carbon for dioxins from it.

17

2. Drying Technology

(1) Molecular imbedding function of amor phous

matrix of sugar

Enzymes and other functional macromolecules
can be stabilized when imbedded into an
amorphous structure of sugar obtained through
freeze drying. Physico-chemical nature of
imbedding effect is studied to establish strategy for
activity preservations.

3. Other Researches

(1) Synthesis of porous materials with unique

micromor phologies

We found that porous materials with unique
micromorphologies, such as fibrous and
honeycomb-like, can be synthesized by freezing
colloidal solutions unidirectionally. We are using
this new synthesis method to develop materials
which have suitable characteristics for the usage in
separation microdevices.

(2) Development of carbonaceous anode

materialsfor lithium ion batteries

The relationship between the structure and the
lithium ion capacity of carbonaceous materials is
investigated to develop a high capacity anode for
lithium ion batteries. In particular, carbonaceous
materials in which Si clusters are dispersed are
prepared and tested.

=3

Fig. 2. SEM image of RF cryogel.
2. RF SEM
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Fig. 1. Particle deposition layer formed by high-speed impact.
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4, Simulation

Koza 5 ParUCIe'SyStem To clarify and control the particle phenomena,
Engineering the combination of theory, experiment and simula-

tion are required.
Professor Hiroaki Masuda (D) Analysis of electrification based on the

guantum chemistry.
(2)Analysis of the behavior of charged aerosol
: : particles.
Instructor Hiroyuki Maruyama (3) Impact electrification of particles in gas-solids
pipe flow.

Assoc. Professor Shuji Matsusaka
Instructor Ken-ichiro Tanoue

Main research activities in this chair are analysis
of the phenomena relating to particles and the & % =-500V Rear edge
rational handling of them. Although particle Z f
phenomena are very complicated, full under-
standing of them is required for active usage of fine
particles and also for environmental protection.
Therefore, the analysis and control of particles
suspended in air, behavior of powder such as
agglomeration and adhesion of particles, and
evaluation of powder characteristics are studied.
Each research background and themeis as follows:

1. Electrification of particles

Particle charging is a fundamental phenomenon
relating to powder handling. It is commonly a
nuisance and the source of explosion hazards.
Various application have, however, been developed
throughout the world, e.g., electrophotography, dry
powder coating, on-line measurement of particles,
and many others. To improve the handling and
the performance of such applications, a correct
understanding of the mechanism of particle
charging and the control of the movement of
charged particles are required.

(1) Analysis of the mechanism of particle electrifi-
cation and relaxation.
(2)Measurement and analysis of the charge

0 .
distribution of aerosol particles. y [um] 0 Center line
(3)Analysis of electrostatic force exerted on a fAerosol
particle. Flow

(4) Electrostatic control of particle deposition.

2. Adhesion and removal of particles

Particle-particle, particle-wall and particle-fluid
interactions are fundamental factors directly

f 200

affecting the behavior of particles. 150
(1) Measurement and analysis of particle adhesive 100
force using a scanning probe microscope. Front edge £
(2) Study on particle deposition and reentrainment. 50
3. Mechanical unit operation 6000 0
Apparatus of high performances for fine particles 3000 ' o[pm]
should be developed taking into account the y [um] 00 Center line
adhesive property. f Aerosol

Flow

(1) Micro-feeding of fine powder.
(2)Dry dispersion and high efficiency classifica-

: . . : Fig. 2. Electrostati trol of particle deposition.
tion of industrial sub-micron powder. e FOsIEC contral of particie deposition

2.
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Koza 6 Material Processing

Engineering

Professor Masahiro Ohshima
Instructor Shin-ichi Kihara

Micro-Macroscopic Space and Time Control in
Material Processing

Modern society is deeply indebted to various
chemical materials for providing the severa
products to our life. Among those materials,
polymer is one of the materials having the large
potentials of giving rise to various functions, such
as lightness, flexibility, elasticity, and fluidity. The
material functions are strongly related with the
material structures in the level from nano, micro to
macro-scales. Employing the computer simulation
and modern processing machines, our laboratory is
developing new material processing technologies
for creating new functional materials. Research and
development mainly focus on controlling the
material structure consistently from nano to macro-
levels. Integration of supercritical fluid with present
plastic processing technologies is a key factor of
our research. Also, material processing in mirco-

space, i.e., mirco chemical processes, is our interest.

Latest research topics are micro-cellular polymer
foaming, nucleation and growth mechanism, shear
induced phase separation in microspace and micro-
tube devise developments. Some of them are
introduced as follows:

1. Polymer processing using super critical CO,
Polymer foaming products, such as interior
material of a car, exist in the world since they can
carry out weight saving without reducing other
superior functions. The foaming method is
classified into chemical and physical foams. The
later become an effective process in recently
because of low environment load. In spite of its
superior features, the foaming condition and its
phenomenon is not fully revealed until now. In our
laboratory, we study on the elucidations of cellular
nucleation and growth mechanisms for supercritical
CO; resolving into homo-polymer, polymer blends
and polymer composites, and we are aiming at
application to foaming fabrication processes.

2. Development of micro-chemical devices
The maximum use of the interface effect, which

21

is not actualized by the macroscopic system, may
be carried out under the microscopic scale. Such
micro-chemical devices have potentials to create
the high accurate novel materials and perform a
chemical reaction at the high efficiency and their
accumulation becomes a micro-chemical plant on
chip.

Fig. 2 shows that the architecture which is an
example of the new micro chemical device
developed at this laboratory. The glass pipe piled
up on the concentric circle and a regular size
droplet can be manufactured continually by
introducing fluid into each pipe. The feature of this
equipment is in the point of using well the balance
among the amount of shear stress, interfacial
tension and residence time in micro space.

3. Numerical simulation for emulsion system

The coalescence, break-up of multi-phase, and
irreversible mass transfer are observed in foaming,
dry processing, etc., and they make complex flow
systems. The dynamical phenomenain such system
will be induced by substance motion through the
interface, accompanied by interface formation and
its growth, and the rheological responses, serves as
the key of development of functional material. Not
only the experimental technique but aso numerical
flow analysis is performing in order to elucidate
and model the detail phenomena.

The hollow sphere
emulsions produced by our
origina tri-axial micro-tube.

Liquid C
Liquid B

Flow

Liquid A

Fig. 2. Tri-axial micro-tube device and the hollow spheres.
2.
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Koza 7 Process Control &

Process Systems

Engineering

Professor Shinji Hasebe
Instructor Manabu Kano
Instructor Masaru Noda

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. Optimal design and operation of micro
chemical processes

Micro chemica plants (MCPs) consist of many
types of microdevices, such as micro heat
exchangers, micromixers, microreactors, and so on.
Microdevices are efficiently designed and
fabricated by high advanced computational fluid
dynamics as well as CAD&CAM system. The
merits of MCPs are rapid mixing, high-speed heat
exchange, high heat transfer efficiency, and so on.
Therefore, MCPs are expected to exceed the
capabilities of conventional macroscopic plants.
The final goa of this research is development of a
new fundamental approach to design, operation,
and control of MCPs.

2. Process control, process monitoring, and
guality management

The data-based quality management (DBQM)
system, which can improve quality and productivity
by extracting useful information from operation
data, isunder development. The DBQM system is
based on multivariate data analysis referred to as
process chemometrics. In addition, this research
theme covers statistical process monitoring, control
performance monitoring, soft-sensor  design,
process control, and integration of design and
control for complicated process systems including
microchemical processes.

3. Dynamic optimal operation of chemical
processes
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Dynamic optimal operation plays an important
role in the development of high efficient chemical
processes. Therefore, we are studying new types
of on-line dynamic optimization system, optimal
design method in consideration of dynamic
operation for chemical processes. Topics in this
area include the development of an on-line
optimization system for a batch distillation column
and an optimal design of a fuel cell cogeneration
system.

4. Decentralized supply chain management
system

We have devel oped an autonomous decentralized
scheduling system, in which each scheduling sub-
system of a production stage generates a plausible
schedule taking into account the schedules of other
production stages. Now the extension of the
proposed framework to the planning and
scheduling of overall supply chainis being studied.

5. Synthesis of environmentally benign processes

Most of the waste products in process industries
gtill have unused properties. By using such
properties at other processes, the total capacity of
the wastes can drastically be reduced. From that
viewpoint, we are developing a process synthesis
method by which appropriate process structures of
awaste are systematically generated.

Contour of
Temperature

Hot stream

293 K Cold stream

Fig. 1. Stacked Plate-fin
microdevice: CFD
simulator FLUENT®
(top) and Glass
microdevice (left).

CFD
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Koza 8 Environmental Process

Fig.

Product Yield [kg/100kg-sample]

Engineering

Professor Kazuhiro Mae
Instructor Taisuke Maki
Instructor Isao Hasegawa

The research in this chair is focused on the
development of environmentally benign technology
based on severa 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, methane, and hydrogen from
biomass by supplying waste heat.
(@) Development of pretreatment methods of wet

biomass for an efficient use.
(b) Flash catalytic pyrolysis of biomass.
(c) Kinetic model of biomass pyrolysis.

Il Samplein solvent vapor

B Samplein nitrogen gas
] Solvent vapor
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2. Effect of solvent vapor on the flash pyrolysis
Japanese cypress.

2.

2. Development of new catalysts and membranes
for environmental protection
Nitrite-nitrogen must be destructed because these
pollutants are harmful to humans as precursors of
cancer. Several new catalysts are developed to
remove efficiently the pollutants as follows:
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(a) Development of Carbon membrane catalyst.

(b) Removal of nitrite-nitrogen in wastewater using
FeOOH.

(c) Development of inorganic-organic membrane.

3. Design of ecological industry

A new concept for ecological processing is
proposed. The concept is to produce valuable
materials and energy by combining waste materials
and waste heats. To build up an ecologica
industry network based on the proposed
technologies, the following items are investigated.

(d) Production of iron carbide from scrap, waste

acids, and biomass.

(b) Development of a new evauation method for
environmental impacts based on sequential use
of material and energy.

(c) Design of a new process scheme harmonized
between steel making and petroleum refining
processes.

T T T T
= (a)NO-IE-560
i W
2>
D
c Fe
G (b)NO-IE-760 L
(]
2
s (c)NO-IE-1200
[0
1 1 1 1
10 20 30 40 50 60
20 [degrees]

Fig.3 A new method was developed to produce iron at
760°C through iron carbide.
3.

760

4. Development of various micro reactors

—Basic research of micro chemical engineering—
Novel devices available on site and moving

vehicles are required to minimize the emission of

CO; and environmental pollutants. A few micro

reactors with a new concept are proposed and their

performances are investigated as follows:

(a) Development of micro-mixer.

(b) Basic research for the design and operation of

micro reactor system.
(c) Production of fine particles using micro reactor.

5. Basic research for non-equilibrium reaction
engineering
A new methodology in a non-equilibrium state is
investigated based on the reaction and separation
under vibration or pulsation of mass fraction and
energy.
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Fig. 1. SEM image of PTFE porous membrane.
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. . importance for the application to tissue
Process Coordination regeneration and others. This research aims a the

Engineering

control of differentiation mechanism of ES-Cell
with the investigation of trace metal elements using
synchrotron radiation.

Division of Research

4. Extraction operation using micro-mixers

Management, ) ) .
9 (Joint research project with Mae-Lab of ChE)

llliuela N (S AN Micro chemical process utilizes the physical and
chemical phenomena occurring within channels of
micro meter order. The purpose of this research is
to clarify the emulsion formation and separation
processes in various micro-mixers.

Professor Masataka Tanigaki

This Koza is affiliated to the International 5. A new production process of transparent

Innovation Center (11C), established on April, 2001. conductivemembranes
Prof. Tanigaki’s main duties here, as the head of (Joint research project with Fujita-L ab. of 11C)
Division of Research Management, are the con- A new production process of homogeneous

joint research projects, organization of multi-client  peing studied, by spraying the dispersed solution
marketing research, and incubating venture  ith ultra-sonic wave and the following calcination.
businesses. The research in this affiliated Koza  Thjs new technique is supposed to contribute to the
are those in which Tanigaki was working a the  |ow-cost solar energy cells, the supply of liquid-

Materials Processing Engineering, such as the  crygtalsand avariety of other applications.
production process of polymeric porous membranes,

liquid membrane operations, together with new
processes in cooperation with the Division of

Creative Research, |1C and others. R A

1. Production of polymeric porous membranes

PTFE porous membranes with controlled pore
size of 1-10 um are easily obtained by a series of
simple mechanical operation, such as extruding,
rolling and expansion, and the subsequent heat
treatment (Fig.1). Production conditions are
studied in a close link with the membrane structure.
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2. Development of electro-static pseudo liquid

f—
membrane (ESPLIM) processes Ny ZIT L=}

Strong electrical field applied to an agueous
phase greatly enhances the extraction efficiency in
the new Electro-Static Pseudo Liquid Membrane N
(Fig.2). Mass transfer mechanism and the process
evauation of this ESPLIM for the separation-
concentration of useful metal component from
waste water and the ozonization process of
pollutant elements are examined.

10

3. Differentiation mechanism of ES-cell ey .
(Joint research project with Ide-Lab. of 11C) A B AE

Embryo Stem Cell is capable of differentiating Fig. 2. ESPLIM apparatus.
into a variety of different cells and is of great 2.
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Fig. 1. I-V curve of dye-sensitized solar cell using titania
nanowires.
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Nanotechnology Research

Section

Institute of Advanced Energy

Professor Motonari Adachi

In the research section, feasibility study of
obtaining especially high efficiency of light-to-
electricity conversion was carried out utilizing the
quantum effects of confinement of electrons in
nanoscale narrow regions. We succeeded in the
formation of nanoparticles, nanotubes, and
nanowires and are now trying to make 2- and 3-
dimensional assemblies of these nanoscale
materials, in order to contribute to development of
a highly efficient solar cell.

1. Formation of highly crystallized materials of
ceramics and realization of highly efficient
next generation solar cells

Integrated ordered mesoporous silica materials
were successfully formed by a templating
mechanism using self-organized assemblies made
of surfactant molecules and metal alkoxides. We
extended the method to various metal oxides and
composite metal oxides using surfactants and block
copolymers as shape-directing agents. Highly
efficient dye-sensitized solar cells were skillfully
fabricated using highly crystallized nanomaterials
obtained by the above method, utilizing the high
electron conductive properties of these materials.

2. 2- and 3-dimensional arrays of hanomaterials
and formation of metal nanowires

Arrays of nanoparticles of metals or
semiconductors with narrow spacing form a
superlattice by strong electric coupling, resulting in
the formation of minibands, which allow long-
range electron transport. Third generation solar
cells collect the energy of hot-electrons as electric
energy without loosing it as thermal energy,
utilizing these quantum size effects. Extremely high
efficiency of light-to-electricity conversion is
expected. Two-dimensional arrays of novel metal
nanoparticles were accomplished by a colloid

chemical method using a Langmuir-Blodgett trough.

We also succeeded in the formation of nanowires of
novel metals by controlling the formation
conditions of metal nanoparticles.
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3. Elucidation of formation of integrated
ordered structure and control of nanoscale
structure

Formation mechanism of nanoscale integrated
ordered structure is not sufficiently elucidated,
because these ordered structures are often formed
within a few minutes. Small angle X-ray scattering
patterns were measured using strong X-rays from
the synchrotron radiation X-ray facilities at SPring
8 for elucidation of a formation mechanism. We are
investigating formation processes of mnanoscale
materials by surfactant assisted tenplating
mechanism at the liquid-liquid interface.
Controlling the shape and size of nanoscale ordered
materials is an important and challenging subject.
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Fig. 3. X-ray diffraction of lamellar structure made of
surfactant and germanium alkoxide.
3.

100 nm

Fig. 4. SEM image of germanium oxide films made at the
interface in the experiment shown in Fig. 3.
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Masahiro Kinoshita

Associate Professor
Institute of Advanced Energy, Kyoto University

Chemical Process Engineering Exercise |l

Go Suzuki

Instrument Engineering Department
Toyo Engineering Co., Ltd.

Process Design

David Mann
Sumikin-Intercom, Inc.

Practical English for Chemical Engineering

Jun Fudano

Professor
Kanazawa | nstitute of Technology

Special Topics Chemical Engineering Il
(Ethics for Chemical Engineers)

Osamu Okuma

Senior Manager, The New Industry Research
Organization; Research Management Fellow,
International Innovation Center, Kyoto University

Environmental System Engineering

Andrew Perons
Sumikin-Intercom, Inc.

Special Topics in English for Chemical Engineering



PROFESSORS EMERITI

Term of service

Fumitake Yoshida 1940 -1976
Takeichiro Takamatsu 1970 — 1988
Eizo Sada 1977 — 1994
Morio Okazaki 1965 — 1997
Kenji Hashimoto 1963 — 1999
Makoto Harada 1964 — 1999
lori Hashimoto 1989 — 2003

CONSTITUENT NUMBERS

Numbers
Professors 10
Associate professors
Lecturer 1
Instructors 11
Invited lecturers
Postdocs
Administrative officials
Part-time employees 6
( ) Graduate students (doctoral course) 14
( ) Graduate students (master course) 54
(4 ) Undergraduate students (fourth year) 55
(3 ) Undergraduate students (third year) 40
Research students 3
as of November 2003
( 15 ) ( 16 )

Head of the Department  Prof. M. Ohshima (Apr 2003-Mar 2004), Prof. K. Higashitani (Apr 2004-Mar 2005)
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Innovation Park Mae.”
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