
K
y
o
to

 U
n
iv

e
rs

it
y

2006

D
e
p
a
rt

m
e
n
t 

o
f 
C
h
e
m

ic
a
l 
E
n
g
in

e
e
ri
n
g





KyotoKyoto

Kyoto University – 

Department of Chemical Engineering 

 2 

 4 

 6 

 8 

 10 

 12 

 14 

 16 

 18 

 20 

 22 

 24 

 26 

 28 

 29 

 30 

 31 

32

CONTENTS

Outline

Location & History 3 

Organization 5 

Curriculum 7 

International activities 9 

People & Research  

Transport Phenomena 11 

Surface Control Engineering 13 

Chemical Reaction Engineering 15 

Separation Engineering 17 

Particle-System Engineering 19 

Materials Processing Engineering 21 

Process Control and Process Systems Engineering 23 

Environmental Process Engineering 25 

Process Coordination Engineering 27 

(International Innovation Center) 

Invited lecturers 28 

Professors emeriti 29 

Constituent numbers 30 

Campus map 31

Access 32



2

km

km km 



3

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 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.  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, 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 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. 

“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.   

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 middle of 

the second year.  The Department of Chemical 

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 thesis 

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.’s and several D. Eng.’s. 

More than 2200 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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Organization

Kozas (Chairs) 

1. Transport Phenomena 

2. Surface Control Engineering 

3. Chemical Reaction Engineering 

4. Separation Engineering 

5. Particle-System Engineering 

6. Materials Processing Engineering 

7. Process Control and Process Systems Engineering 

8. Environmental Process Engineering 

9. Process Coordination Engineering 
  (International Innovation Center) 
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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 

First grade (School of Industrial Chemistry)

Introduction to Industrial Chemistry I, II 

Basic Physical Chemistry A, B 

Basic Organic Chemistry A, B 

Analytical and Environmental Chemistry Experiments 

Calculus A, B 

Linear Algebra A,B 

Elementary Course of Experimental Physics 

Fundamental Physics A, B 

Information Processing Basics 

Exercises in Information Processing Basics 

Second grade (School of Industrial Chemistry)

Physical Chemistry: Fundamentals and Exercises 

Exercises in Basic Organic Chemistry 

Basic Inorganic Chemistry 

Fundamental Chemical Process Engineering 

Synthetic and Quantitative Chemical Experiments 

Advanced Calculus A, B 

Thermodynamics 

Physics of Wave and Oscillation 

Advanced Course of Classical Mechanics 

Analytic Dynamics 

Second grade (Chemical Process Engineering Course)

Physical Chemistry I (ChE) 

Inorganic Chemistry I (ChE) 

Fundamental Fluid Mechanics 

Mathematics for Chemical Engineering I 

Computer Programming in Chemical Engineering 

Chemical Reaction Engineering I 

Practical English in Science and Technology (ChE) 

Third grade (Chemical Process Engineering Course)

Transport Phenomena 

Fluid-Phase Separation Engineering 

Process Control 

Physical Chemistry II, III (ChE) 

Mathematics for Chemical Engineering II 

Numerical Computation for Chemical Engineering 

Chemical Process Engineering Laboratory 

Introduction to Environment Preservation 

Chemical Reaction Engineering II 

Solid-Phase Separation Engineering 

Fine Particle Technology 

Process Systems Engineering 

Simulations in Chemical Engineering 

Biochemical Engineering 

Chemistry and Environmental Safety 

Industrial Organic Chemistry 

Fourth grade (Chemical Process Engineering Course)

Safety in Chemistry Laboratory 

Process Design 

Engineering Ethics 

Graduation Research Work (Thesis Project) 

Master course (2 years)

Transport Phenomena 

Separation Process Engineering, Adv. 

Chemical Reaction Engineering, Adv. 

Advanced Process Systems Engineering 

Advanced Chemical Process Control 

Fine Particle Technology, Adv. 

Surface Control Engineering 

Engineering for Chemical Materials Processing 

Environmental System Engineering 

Electronic Materials Chemical Engineering 

Molecular Science of Fluids 

Special Topics in English for Chemical Engineering 

Ethics for Chemical Engineers 

Special Topics Chemical Engineering I, II, III, IV 

Research Chemical Engineering (Thesis Project) 

Doctoral course (+3 years)

Environmental Process Engineering 

Special Topics in English for Chemical Engineering 

Special Seminar in Chemical Engineering 1–6 

Introduction to High Technology Material Science 

New Engineering Materials, Adv. 
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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 Doctoral 

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 

Universität Erlangen – Nürnberg, Universität 

Dortmund (Germany), Korea Advanced Institute of 

Science and Technology (Korea), 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 Polytechnique de Grenoble (France), 

Seoul National University (Korea),  University of 

Utrecht (Netherlands), National University of 

Singapore (Singapore), Swiss Federal Institute of 

Technology (Switzerland), Uppsala University 

(Sweden), Stanford University, University of 

California, and University of Illinois – Urbana-

Champaign (USA). 

The Department has also 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 Universität München   

 (Germany)  1982 

Universität Karlsruhe (Germany)  1985 

Universidad Nacional del Sur 

 (Argentina)  1985 

Zhejiang University  (China)  1986 

Technical University of Denmark  
  (Denmark)  1987 

Lappeenranta University of Technology 
 (Finland)  1988 

Boris Kidrich Institute for Nuclear Science 
 (Yugoslavia)  1990 
Friedrich-Alexander Universität Erlangen – 

Nürnberg  (Germany)  1990 

Universität 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.  
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Koza 1 Transport Phenomena  

Professor Ko Higashitani 
 Assoc. Professor Ryoichi Yamamoto 
 Assist. Professor Yoichi Kanda 
 Assist. Professor Hiroyuki Shinto 

The systems including substances such as 

polymers, colloidal particles, emulsions, 

amphiphilic molecules, liquid crystals, and 

biological matters are called “complex fluids,” 

which have hierarchical structures of different 

scales of space and time unlike simple fluids.  The 

complex fluids play an important role in production 

of various functional materials such as electric and 

ceramic materials, fine chemicals, food, and 

pharmaceuticals.  The understanding and control 

of the complex fluids from a molecular point of 

view would thus be indispensable in establishing 

the process development methodology for highly 

functional and structural materials. 

1. Development of new simulation methods 

applicable to analyzing transport phenomena 

in soft matters and complex fluids 

We concern to understand the nature of unique 

properties of soft matters and complex fluids.  We 

are currently developing “a hybrid type molecular 

dynamics simulation method” which is applicable 

for simulating and analyzing transport phenomena 

in various kinds of soft matters and complex fluids, 

including colloidal dispersions in complex fluids, 

such as liquid crystals, electrolyte, etc, under some 

external fields. (See Fig. 1.) 

2. Micro-structures and interaction/friction 

forces between surfaces 

Using an atomic force microscope (AFM), the 

behaviors of water molecules, ions, surfactants, 

polymers, and liquid crystals at the solid-liquid 

interfaces are investigated to establish the 

fundamentals for the design of the surface of highly 

functional materials.  The interaction and friction 

forces between the surfaces in the order of 

nanometers, 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.  Also, 

computer modeling of the corresponding systems is 

performed using molecular simulations. (See Fig. 2.)

3. Nano-scale observation of adhesion/uptake of 

particles onto/into live cells 

We are currently developing a combined 

instrument of an AFM and a light microscope to 

observe and understand from a molecular point of 

view the adhesion/uptake of particles onto/into live 

cells.  This instrument will be a good tool to aid 

the design of DDS particles and to assess the 

impact of nano-particles on living bodies. 

4. Development of functional device by wet 

method 

Wet process, drying and solidifying of particle 

dispersions, is expected as one of the lowest cost 

processes, which enables us to make easily the 

products with large area and/or porosity even in 

continuous operation.  The behavior of the multi-

phase flows therein is, however, enormously 

complicated.  We investigate the mechanism of 

the nucleation of precursor particles, the rheology 

of nano-particulate slurry, and the mechanism of 

crystal growth and then aim to develop the 

functional devices such as high-performance 

conductive films, and transparent porous electrodes. 

Fig. 1. Direct numerical simulations of electrophoresis of 
charged colloids. Arrow: velocity field, Color: 
density of counter ion. 

1.

Li+ Li+ Li+
O
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Li+ Li+ Li+

Lubrication plane

Li+ Li+ Li+
O
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Li+ Li+ Li+

Lubrication plane

Fig. 2. Schematic of the friction mechanisms in aqueous 
solutions obtained from AFM measurements. 

2. AFM
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Koza 2  Surface Control 
Engineering

Professor Minoru Miyahara 
 Assist. Professor Hideki Tanaka 
 Assist. Professor Satoshi Watanabe 

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. Molecular simulation and modeling of phase 

transition in nanospace 

Recent advance in nano-spaced materials has 

been producing fascinating porous media such as 

MCM-41 and organic-inorganic hybrid complexes.   

For appropriate and extensive applications of these 

new media, the understanding of phase behavior of 

confined fluids is quite important. 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. 

2. “Phase” behavior and structure control of 

nano-carbons 

Knowledge about behavior of nano-carbons such 

as C60 and SWCNT, as a mass, remains quite 

limited probably because their elemental size lies 

between molecules and particles. Brownian 

dynamics, as well as molecular simulations, 

provide insights into their "phase" behavior within 

fluid media and/or on substrates. Such insights and 

understandings will provide possible strategy for 

structure control of nano-carbon masses. 

3. Structure evolution by nanoparticles on 

adsorptive substrates or within wetting films 

Ordered structures made up by 100 nm or 

smaller particles, or nanoparticles in the broad 

sense, can exhibit unique functions. The relation 

between operation 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. Fundamental study on solid-phase evolution 

The key issue for efficient production of functional 

materials would firstly be how to control their 

nucleation processes, which must determine 

subsequently-formed structure of a higher order. 

Experimental as well as theoretical studies are aiming 

at finding basic mechanisms of solid-phase evolution 

from atoms/ions/molecules under appropriate external 

field for targeted materials.  

114 K: Disordered 112 K: Ordered

Pore wall

Pore wall
H=3.6nm

114 K: Disordered 112 K: Ordered

Pore wall

Pore wall
H=3.6nm

Fig. 1. Peculiar phase behavior of methane in carbon 
nanospace: Enhanced ordering (freezing) even above 
the freezing point for bulk fluid. 

1. 

100 m

direction of 

withdrawal

1 m

100 m100 m

direction of 

withdrawal

1 m1 m

Fig. 2. Order formation by submicron particles in wetting 
liquid film: Evolved macro-scale periodic pattern and 
micro-scale ordering structure. 

2.  
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Prof.  
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Assoc. Prof. 
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Assist. Prof. 
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 FT-IR

 C–SiC 

FGM  CVD 

PEFC

1. PEFC  JARI 

Fig. 1. Hydrogen PEFC apparatus & JARI cell. 
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Koza 3  Chemical Reaction 
Engineering

Professor Kouichi Miura 
 Assoc. Professor Motoaki Kawase 
 Assist. Professor Ryuichi Ashida 
 Assoc. Prof. (EPRC) Hiroyuki Nakagawa 

  The research in this chair 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 and other carbonaceous resources in 

novel reaction schemes 

  Innovative reaction processes are required for 

attaining effective and clean conversion of coal, an 

important resource in the near future, into energy 

and valuable chemicals.  We have developed 

several new coal conversion methods and are 

continuing to improve the coal conversion and 

liquid yield.  We are also carrying out develop-

ment of reaction models and kinetic analysis of 

complicated reaction systems such as pyrolysis and 

gasification of coal, heavy oils, etc.  Specific 

projects in this area include: 

(1) Estimation of macromolecular structure of coal 

using FT-IR and solvent extraction. 

(2) Fractionation of coal by the extraction of coal at 

elevated temperature and pressure. 

(3) Development of a novel catalytic reaction 

scheme for utilization of various organic wastes. 

(4) Kinetic analysis of the pyrolysis and gasifica-

tion of coal, tar, heavy oil, etc. 

2. Development of new functional materials and 

materials production processes 

  Material research such as development of origi-

nal advanced catalysts, porous carbon, carbon–

silicon carbide functionally graded material (FGM), 

and other functional materials are being carried out.  

The processes for materials production are also our 

research targets.  Specific projects in this area 

include:

(1) Production of porous carbons and metal/carbon 

catalysts from coal or various resins. 

(2) Development of nanoreactors utilizing 

nanospace and flash heating for novel 

nanomaterial production. 

(3) Production of a C–SiC functionally graded 

material by chemical vapor deposition. 

(4) Continuous precipitation of monodisperse 

inorganic particles by use of a tubular reactor. 

3. Chemical reaction engineering modeling of 

various reaction processes 

  We are also applying chemical reaction 

engineering to new processes as follows: 

(1) Modeling of polymer electrolyte hydrogen fuel 

cell (PEFC). 

(2) Modeling of automotive catalytic converters. 

10 nm10 nm10 nm50 nm50 nm50 nm

Fig. 2. 4 nm Ni/C catalyst. Fig. 3. Carbon nanospheres. 

2.  4 nm Ni/C 3. 

from allene from propane 

1 nm 1 nm
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1 nm1 nm 1 nm

Fig. 4. Pyrocarbon prepared from propane and allene. 
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extraction. 

5.  
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RDF

 RDF 

.

.

Fig. 1. SEM images of silica gel micro-structures:  
 (a) laminar sheets, (b) flat fibers,  
 (c) microhoneycomb, (d) polygonal fibers. 

1. SEM
 (a)  (b) 

(c) (d) polygonal



17

Koza 4  Separation 
Engineering

Professor Hajime Tamon 
 Assist. Professor 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. Adsorption Technology 

(1) Preparation of organic/inorganic aerogel 

adsorbents 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 adsorbate 

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.

2. Drying Technology 

(1) Molecular imbedding function of amorphous 

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 

micromorphologies 

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 

materials for electric double layer capacitor 

Binder-free carbon electrodes are prepared by 

carbonization of organic gels synthesized via sol-

gel polycondensation. Electric double layer 

capacitance per volume is improved by considering 

synthesis conditions, drying methods and chemical 

treatments.   

100nm

Organic aerogel

100nm

Carbon aerogel

100nm

Organic aerogel

100nm

Organic aerogel

100nm

Carbon aerogel

100nm

Carbon aerogel

Fig. 2. SEM images of organic and carbon aerogels. 
2. SEM
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1.  

Fig. 1. Particle deposition layer formed by high-speed impact.

100 m
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Koza 5  Particle-System 
Engineering

Professor Hiroaki Masuda 
 Assoc. Professor Shuji Matsusaka 

Assist. Professor Hiroyuki Maruyama 

Main research activities in this chair are analysis 

of the phenomena relating to particles and the 

rational handling of them.  Although particle 

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 theme is 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 

distribution of aerosol particles. 

(3) Analysis of electrostatic force exerted on a 

charged particle. 

(4) Electrostatic control of particle deposition. 

2. Adhesion and removal of particles 

Particle-particle, particle-wall and particle-fluid 

interactions are fundamental factors directly 

affecting the behavior of particles. 

(1) Measurement and analysis of particle adhesive 

force using a scanning probe microscope. 

(2) Study on particle deposition and reentrainment. 

3. Mechanical unit operation 

Apparatus of high performances for fine particles 

should be developed taking into account the 

adhesive property. 

(1) Micro-feeding of fine powder. 

(2) Dry dispersion and high efficiency classifica-

tion of industrial sub-micron powder. 

4. Simulation 

To clarify and control the particle phenomena, 

the combination of theory, experiment and simula-

tion are required. 

(1) Analysis of electrification based on the 

quantum chemistry. 

(2) Analysis of electrostatic force exerted on a 

charged particle. 

(3)Behavior of particles in gas-solids pipe flow. 

Electrometer

Power voltage supply

Powder

Vibrating 

upper electrode

Lower electrode

Electromagnetic 

shield

Thermohygrostat

Computer

Fig. 2. Apparatus for measuring contact potential 

difference. 

2.  

Fig. 3. Microscopic observation of particle behavior 

through a high-speed camera (120,000 fps).

3.  
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. CO2

CO2

CO2

 CO2

PMMA-PS

 SEM 

(Fig. 2) 

.

Fig. 1

.

CO2

Fig. 4

PMMA

Fig. 1. Ordered microsize holes observed on the polymer 
sheet after drying polystyrene + polyethylene 
glycol + toluene solution.
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Koza 6  Materials Processing 
Engineering

Professor Masahiro Ohshima 
 Assist. Professor Kentaro Taki 

Control Mass Transfer in Materials, Phase 

Separation, Nucleation and Growth in Micro-

Macroscopic Spaces and Time for Creating New 

Functional Materials 

Modern society is deeply indebted to various 

chemical materials for providing the several 

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 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 

interests 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, mass transfer induced phase separation 

in drying and crystallization as well as micro-

chemical devise developments. Some of them are 

introduced as follows: 

1. Scf CO2 assisted polymer processing  

When CO2 dissolves in polymer, polymer is 

plasticized.  That is, viscosity is reduced, glass 

transition temperature is reduced and several other 

properties are changed.  Taking advantage of these 

CO2 effects, new polymer-processing schemes, 

which can realize surface modification, nano-scale 

pattern transfer on polymer products and CNT 

infusion to polymer surface, are invented and 

patented. Fig. 2 is an AFM image of the surface of 

PMMA plastic plate compressed under CO2 10MPa 

at 40°C. 

2. Polymeric Foaming 

Using CO2 as an 

environmentally benign 

foaming agent, thermo-

plastic polymers are 

foamed so as to create the 

micro/nano-cellular struc-

ture. Bubble nucleation 

and growth are phe-

nomena to be analyzed 

and controlled.  Nano-cellular foam was realized 

in PMMA-b-PS diblock polymer as illustrated in 

Fig. 3. 

3. Formation of Self-organized Structure by 

drying polymeric solutions 

Drying of polymer blend solutions sometimes 

creates peculiar structure as illustrated in Fig. 1 

Formation mechanism of the morphology and its 

relationships with drying conditions are 

investigated.

4. Nanoparticle  

Several polymer particles are created by 

precipitation mechanism from polymer + CO2 + 

solvent solutions. 

500.00 nm

Fig. 3. Nanocellular foam.

10MPa CO2Press 6MPa@40oC10MPa CO2Press 6MPa@40oC

Fig. 2. Nanoscale channels transferred on PMMA plastic 
plates by CO2 assisted nanoimprinting technology.

5 m

1 m

5 m5 m5 m

1 m1 m

Fig. 4. Foamed nanosize PMMA particles.
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Koza 7  Process Control & 
Process Systems 
Engineering

Professor Shinji Hasebe 
 Assoc. Professor Manabu Kano 
 Assist. Professor Osamu Tonomura 

  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 chemical processes consist of various types 

of devices such as micro heat exchangers, 

micromixers, and microreactors.  The major 

advantage of microdevices is high efficiency of 

mixing and heat exchange.  Therefore, micro 

chemical processes are expected to exceed the 

capabilities of conventional chemical plants.  The 

final goal of this research is development of a new 

fundamental approach to design, operation, and 

control of microchemical processes.  Now, we are 

developing the systematic approaches to optimally 

design microreactors and to successfully diagnose 

channel blockage in stacked microdevices. 

2. Process control, process monitoring, and 

quality management 

  The data-based hierarchical quality improvement 

system (HiQIS), which can improve quality and 

productivity by extracting useful information from 

operation data, is under development.  The HiQIS 

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. Synthesis of environmentally benign processes 

and Development of decentralized supply 

chain management system 

Most of the waste products in process industries 

still 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 

a waste are systematically generated. 

We have developed 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 chain is being studied. 

4. Dynamic optimal operation of chemical 

processes 

  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. 

373 K

293 K

Hot stream

Cold stream

Contour of 

Temperature 
373 K

293 K

Hot stream

Cold stream

Contour of 

Temperature 

Fig. 1.  Stacked plate-fin 

microdevice (top) and 

Multi-hole-type micro-

mixer (left) : CFD 

simulation by Fluent®.

1.  

.
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Koza 8  Environmental 
Process Engineering 

Professor Kazuhiro Mae 
 Assoc. Professor Taisuke Maki 
 Assist. Professor Isao Hasegawa 

 Assist. Professor Nobuaki Aoki 

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.  

The staff also manages the chair of Environmental 

Atmospheric Chemistry, Department of Technology 

and Ecology, School of Global Environmental 

Studies.   

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. 

(a) Liquid phase degradation of wet biomass under 

mild conditions. 

(b) New pyrolysis method for wood biomass. 

(c) Kinetic model of biomass pyrolysis and 

gasification.

2. Development of new environmental catalysts 

The harmful pollutants must be destructed 

completely.  Several new catalysts are developed 

to remove efficiently the pollutants as follows: 

(a) Production of porous FeOOH from waste FeCl3

and its application for the removal of F  and 

PO4
3 ions.

(b) Development of new catalysts for removing 

VOC and CO at low temperatures.  

(c) Development of an inorganic/organic hybrid 

membrane for the removal of CO2.

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 ecological 

industry network based on the proposed 

technologies, the following items are investigated.  

(a) Production of energy and materials through the 

co-production of biomass with various metals. 

(b) Development of pre-carbonized process for the 

separation of waste mixture. 

(c) A new evaluation method for environmental 

impacts associated with technology. 

4. Development of various micro reactors    

–Basic research of micro chemical engineering– 

Novel devices available for green chemistry are 

required to produce valuable materials with low 

CO2 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) Development of micro device and operation 

method for super-critical fluid. 

Fig.1. Production of Fe/Carbon composite from wastes and 
biomass 

1.

Fig.2. Original micromixer (KM-Mixer) for various 
reactions and polystyrene nano-particles produced by 
use of this mixer. 

2. (KM-Mixer)
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1.
Fig. 1. Barrier-type packed-bed plasma reactor.
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Koza 9  Process Coordination 
Engineering

Division of Research 

Management,

International Innovation Center 

Professor Toshiro Maruyama 

This Koza is affiliated to the International 

Innovation Center (KU-IIC). The research in this 

affiliated Koza aims at the creation of new field of 

science and engineering by coordinating various 

existing fields, such as nanotechnology, bio-

technology, micro system, solar energy and 

applications of plasma. 

1.  Structures and characteristics of

nanoparticles and nanowires 

  Low-dimensional structures such as nano-

particles and nanowires are thrust area of material 

research in recent years due to their potential 

applications in optical and optoelectronic devices. 

In our laboratory, we are involved in the synthesis 

of GaN nanowires [Fig. 2(a)] using catalytic 

nanoparticles assisted growth and tailoring their 

structural, optical and electronic properties suitable 

for optoelectronic devices. Synthesis of Au [Fig. 

2(b)], Ag, Cu and Cu3N nanoparticles using radio 

frequency magnetron sputtering and studying their 

size-dependent properties are also in progress. 

2. Oxidation of gold nanoparticle 

  The oxidation of gold nanoparticles is studied by 

both the theoretical and experimental analysis. The 

stability of gold-oxide nanoparticles is discussed on 

the basis of thermodynamics and the HRTEM and 

XPS measurements of sputter-deposited nano-

particles.

3. Catalytic decomposition of methane in

dielectric barrier discharge plasma

  Catalytic decomposition of methane in plasma 

made by dielectric barrier discharge has been 

experimentally studied to clarify the effect of 

plasma on catalytic reaction.

4. Kinetics of polymerase chain reaction 

  This study focuses on the development of a 

kinetic model of the polymerase chain reaction, 

which is an important diagnostic tool for the 

amplification of DNA. The enzyme-catalyzed 

elongation of the annealed complex 

(primer:DNA:polymerase) occurring in the 

amplification process is modeled by a simple model 

for an enzyme-catalyzed reaction. The quantitative 

PCR and the plateau effect are quantitatively 

discussed on the basis of the proposed model. 

5. Centrifugal-force driven flow in micro 

channel

  Micro-channel flow driven by centrifugal force 

was studied by analytical and experimental 

methods. The relation of flow rate as a function of 

angular revolution speed was derived. The 

experimental verification was made by measuring 

the outlet volume of water through micro-channels 

set radically on the turning plate of the centrifugal 

force separator. As a result, the assumption stating 

the effect of the secondary flow due to Coriori 

force on the axial flow to be negligibly small is 

found to be valid under the experimental condition 

of this study. The cavitations occur in micro-

channel flow driven solely by centrifugal force.

The analysis predicts the occurrence of cavitations 

with a satisfactory preciseness. 

6. Spot heating of the surface of solid by laser 

  Recently, the laser is used to heat a spot of the 

solid surface in various fields of applications. The 

characteristic of laser is prominent in controlling 

the heat flux. However, the usual purposes in 

applications are not controlling heat flux but 

temperature at a spot of the surface. The 

discrepancy between the controls of heat flux and 

temperature is discussed on the basis of analysis of 

transient heat conduction to solid.  

7. Effectiveness of multi-linear gradient method 

and proposed separation index for multi-

component separation in liquid 

chromatography   

  Simulations are made for the multi-component 

separation in liquid chromatography using multi-

linear gradient method, and an index of separation 

is proposed for the multi-component separation. 

The results of simulations are evaluated by this 

index to determine the optimum parameters for the 

method and to show the effectiveness of multi-

linear gradient method. 

(a)(a)

Fig. 2. GaN nanowires and Au nanoparticles. 
2. GaN Au
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  Numbers 

 Professors 9 

 Associate professors 6 

 Lecturers 0 

 Assistant professors 11 

 Invited lecturers 6 

 Postdocs 4 

 Administrative officials 2 

 Part-time employees 7 

 Graduate students (doctoral course) 20 

 Graduate students (master course) 58 

4  Undergraduate students (fourth year) 56 

3  Undergraduate students (third year)  42 

 Research student 1 
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Access to the Department

From the Katsura Station (Hankyu)  

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

Kyoto Kotsu Bus #20 for “Katsurazaka Chuo” and get 

off at “Katsura Innovation Park Mae.” 

From the Mukomachi Station (JR) 

Take a Keihan Kyoto Kotsu Bus #22 for “Katsurazaka 

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

From the Kyoto Station (JR, Kintetsu) 

(1) Go to “Shijo” by Subway, transfer to Hankyu at 

“Karasuma,” and come to “Katsura.” 

(2) Take a Keihan Kyoto Kotsu Bus #21 or #21B for 

“Katsurazaka Chuo” and get off at “Katsura 

Innovation Park Mae.” 

(3) Take a Kyoto City Bus 73 for “Rakusai Bus 

Terminal,” get off at “Kokudo San’nomiya” and 

walk for 15 min. 

By car 

Drive 8 km from the Kyoto-Minami exit or 12 km from 

the Oyamazaki exit of the Meishin Expressway.  Enter 

at the main gate of Cluster A.
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