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OUTLINE OF THE DEPARTMENT

Location

The Department of Chemical Engineering is
located on the Katsura Campus which is the newest
of the three campuses of Kyoto University.
Katsura Campus, opened in 2003, is located in the
western part of Kyoto City. Kyoto, at the center of
Honshu Island, can be accessed from Kansai
International Airport within two hours.  The
campus is seven kilometers from Kyoto Station and
two kilometers from Katsura Station. The
majority of the Department is located in Building
A4, but the Department also has laboratories,
lecture rooms, and other facilities in 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
Diffusion controlled Unit Operations, Chemical
Engineering Thermodynamics, Chemical Reaction
Engineering, = Mechanical  Unit  Operations,
Transport Phenomena, and Process Control.

In 1993, the Faculty of Engineering reorganized
their departments for the purpose of intensification
of the graduate school. The Department became
composed of eight Kozas and one 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
Collaboration Center and the Environment
Preservation 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
Undergraduate Department of Industrial Chemistry.
Students of the department choose one of three
courses at the middle of the second year. The
Department of Chemical Engineering takes charge
of the education of the Course Program of Chemical
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Number of graduates of the Department
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Process Engineering. The course 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 30
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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. Transport Phenomena
. Surface Control Engineering
. Chemical Reaction Engineering

. Separation Engineering

1
2
3
4
5. Energy Process Engineering
6. Materials Process Engineering
7. Process Control and Process Systems Engineering
8. Environmental Process Engineering
9. Particle Technology
(Office of Society-Academia Collaboration
for Innovation)
10. Environment and Safety Engineering

(Environment Preservation Center)
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Career Options of Year 2009
Asahi Kasei Corp, Asahi Glass, Kao Corp,

Kawasaki Heavy Ind. Ltd., Public Servant (Kyoto
city), Suntory, Sanyo Chemical Industries, JFE
Steel Corp., Sharp Corp., Japan Energy Corp.,
Showa Denko, Johnson & Johnson, Nippon Steel
Engineering Co. Ltd., Nippon Oil Corp., Nippon
Steel Corp., Sumitomo Bakelite Co. Ltd, Toyo
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Ltd., P&G, Fuji Xerox Co. Ltd., Fuji Film Corp.,
Mitsui Chemical Corp. Yokogawa Electric Corp.,

Graduate School of Engineering, Ph.D course
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CURRICULUM

Undergraduate Course Program

of Chemical Process Engineering
Undergraduate Department

of Industrial Chemistry
Faculty of Engineering

Department of Chemical Engineering
Graduate School of Engineering

Undergraduate Program

First year (U. G. Department of Industrial Chemistry)
Introduction to Industrial Chemistry I, II
Information Processing Basics

Exercises in Information Processing Basics
Global Leadership (Introduction)

Basic Physical Chemistry A, B

Basic Organic Chemistry A, B

Mathematical Description of Natural Phenomena
Calculus A, B

Linear Algebra A, B

Elementary Course of Experimental Physics
Fundamental Physics A, B

Fundamental Chemical Experiments

Second year (U. G. Department of Industrial Chemistry)
Physical Chemistry: Fundamentals and Exercises
Exercises in Basic Organic Chemistry

Basic Inorganic Chemistry

Fundamental Chemical Process Engineering
Advanced Calculus A, B

Thermodynamics

Physics of Wave and Oscillation

Advanced Dynamics

Analytic Dynamics

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

Inorganic Chemistry I (ChE)

Fundamental Fluid Mechanics

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

Third year (Chemical Process Engineering Course)
Transport Phenomena

Fluid-Phase Separation Engineering

Process Control

Physical Chemistry II, IIT (ChE)
Mathematics for Chemical Engineering II
Numerical Computation for Chemical Engineering
Chemical Engineering Laboratory (ChE)
Introduction to Environment Preservation
Chemical Reaction Engineering 11
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)

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

Process Design

Engineering Ethics

Global Leadership (Advanced Seminar I1)
Graduation Research Work (Thesis Project)

Graduate Programs

Master course (2 years)

*Special Topics in Transport Phenomena

*Separation Process Engineering, Adv.

*Chemical Reaction Engineering

* Advanced Process Systems Engineering

*Process Data Analysis

*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 in Chemical Engineering I, I, III,
v

*Research Internship in Chemical Engineering

*Seminar in Chemical Engineering
Chemical Engineering for Advanced Materials

Research in Chemical Engineering I, II, III, IV

*Introduction to Advanced Material Science and
Technology

*New Engineering Materials, Adv.

*Instrumental Analysis, Adv. I, I1

*Frontiers in Modern Science & Technology

*Science & Technology International Leadership

*Exercises in Practical Scientific English

*Front-Runners Seminar in Advanced Technology
and Science

Integrated Materials Science I, 11

Integrated Molecular Science I, 11

Research Work (Master Thesis)

Doctoral course

(Advanced Engineering Course, 5 or 4 years
including a master course)

In addition to the subjects offered in the master
course,

*Special Seminar in Chemical Engineering 1-7
*Research Work (Doctor Thesis)

(Advanced Engineering Course, 3 years)
Classes offered in the course are highlighted by an
asterisk *
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INTERNATIONAL EXCHANGE

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
Universitdt  Erlangen — Niirnberg, = Universitét
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

[ — TIPS S ST
Ty |
| G|

South Wales, University of Sydney (Australia),
University of Toronto, University of Waterloo
(Canada), Tsinghua University (China), Institute
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 Universitat Miinchen
(Germany) 1982

Universitdt 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 Universitit Erlangen —
Niirnberg (Germany) 1990

Universitiat 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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Transport Phenomena

Professor Ryoichi Yamamoto
Assoc. Professor Takashi Taniguchi
Lecturer Hiroyuki Shinto

Prog.-Spec. Assist. Prof. Shugo Yasuda
Prog.-Spec. Assist. Prof. Takahiro Murashima
Prog.-Spec. Assist. Prof. Masayuki Uranagase
Prog.-Spec. Assist. Prof. Yukitaka Ishimoto

We have been working on various transport
phenomena of complex fluids and soft matters
(complex fluids, polymers, colloids, etc) by mainly
using  methods of computer simulations.
Microscopic simulations, known as molecular
dynamics (MD) and Monte Carlo (MC) simulations,
have widely been used for material’s simulations in
general. Such microscopic simulations, however,
tend to require enormous computation time for
performing meaningful simulations of complex
fluids and soft matters because meso- or macro-
scale phenomena are of particular interest often for
them. Alternative strategies based on new ideas are
definitely needed to achieve meaningful simulations
for those complex systems. We thus aim to develop
unique and new methodologies useful in chemical
engineering by using recent progress of several
theoretical approaches, while empirical methods
have mainly been wused to analyze transport
phenomena in chemical engineering so far.

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
[http://www-tph.cheme.kyoto-u.ac.jp/kapsel/],
which enables us to perform successful DNS
simulations for neutral and charged colloidal
dispersions. We have applied this method to analyze
electrophoresis of dense charged colloidal
dispersions. (See Fig. 1).

External electric field: E
—

Fig. 1. Direct numerical simulation of electrophoresis of
charged colloids. Arrow: velocity field, Color:
density of counter ion.
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2. Multi-scale simulations for soft matters

Theoretical studies of complex fluids and soft
matters are important both from scientific and
engineering points of view. We aim to achieve
efficient computer simulations of soft matters by
developing multi-scale methods which enable us to
perform consistent simulations of microscopic
(atoms, molecules, etc), mesoscopic (density fields,
interfaces, etc), and macroscopic (shapes of
materials, production processes, etc) variables to
understand several unsolved problems related to
transport phenomena of those systems. (See Fig. 2).

CFD (1D) MD (3D) NEMD (SLLOD):
mid-point

(symmetric b.c.)

1000 beads in a box
(N=10 x 100 chains)

o(t, @) = fl5(t', 2)]
(0<# <t)
memory
space save only

bottom plate
(non-slip b.c.)

Fig.2.  Schematic picture of multi-scale simulation
for polymer melt between oscillating plates.
2. REVIARIE O 5y TR 45~ L F R
r—n i Ralb—var OREEK
3. Molecular-scale observation of transport
phenomena of interfaces, particles, and cells

Detailed understanding of adhesion forces
between living cells and engineered materials is an
important subject in the carrier particle design for
Drug Delivery System (DDS) as well as in many
industrial processes. Recently, more attention has
been paid to the impact of nanoparticles on living
bodies (Nano-Risk) In DDS and Nano-Risk studies,
it is fundamentally important to obtain systematic
information on how the particles attached to the
cellular membranes cause biological, chemical, and
physical interactions with the living cells. We have
therefore performed molecular-scale observation
using an intelligent combination of Atomic Force
Microscopy (AFM) and Confocal Laser Scanning
Microscopy (CLSM) to clarify how the size, shape,
and surface property of particles affect the adhesion,
uptake, and toxicity for living cells (See Fig. 3).

0.6
0.4/ \ l l, &
—_ ,//9\\ T
=z 0.2f Approach
= «—
g o —
o "
w g2t \f T-step Retraction
04t J-step/o\ Tether
08, 2 4 6 8 10 12

Piezo Displacement [um]
Fig. 3. AFM measurement of interaction force between a
living cell and a 10-pum diameter particle.
3. FURRED AR ET A MERGIARY FLERL
T ORMEAHEAER IO AFM JIE
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Surface Control Engineering
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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, modeling and measurements of
phase behavior in nanospace
Recent advance in nano-spaced materials has
been producing fascinating porous media such as
MCM-41 and metal-organic frameworks. For
appropriate and extensive applications of these new

Flexible

T« o

@@

Fig. 1. Adsorption-induced lattice transition of
interpenetrating metal organic framework with
jungle-gym structure
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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.

—
%Wﬂ!wwqy.: s ——— ]
Spacing o

Fig. 2. Ordered stripe pattern formation of colloidal
particles in wetting liquid film by evaporation-
induced self-organization process.
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Chemical Reaction
Engineering

Assoc. Professor Motoaki Kawase
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The research in this chair of chemical reaction
engineering (CRE) is focused on modeling of
complex reactions and unconventional reactors as
well as analysis of functional materials production
processes for controlling the microstructure and
quality of the products. We aim to propose new
reaction processes and novel functional materials
based on understandings of the reactions and
processes. Current research projects include the
following topics:

v —

S|

Fig. 3. Hydrogen PEFC apparatus & MEA for measuring
PEM temperature.
1. Development of novel functional materials and  [X[3. /K3 PEFC FFr3LE L IR MEA
materials production processes

Since the reaction product is the final product in 2. Extension of CRE to electrochemical processes

the functional materials production processes, the We  are .extending CRE to electrochemical
shape, quality, properties, and functions of the  Pprocesses which CRE has not targeted.
product should be prepared and controlled in the (1) Polymer electrolyte fuel cell (PEFC)

reaction processes. We aim to build theories to In PEFC, various phenomena including mass
predlct the micrqstructure of solid prOduCtS in the transport, energy transport’ evaporaﬁon’ conden-
materials production processes. sation, sorption, Joule heating, besides electro-
(1) Chemical vapor deposition (CVD) chemical reactions, take place. We aim to build a

comprehensive CRE model of PEFC which

from gaseous reactants are categorized as CVD.  includes these complex phenomena.  The humidity
We are studying the production of a C-SiC in the cell dominantly affects the performance and
functionally graded material (FGM) by CVD and durability of PEFC. The temperature profile in the
the reaction modeling of pyrolytic carbon cell which is necessary for estimating the humidity
deposition from hydrocarbons for predicting the 1S being m.tenswely examined. '

growth rate and the product microstructure. (2)Electric double layer capacitor (EDLC)

EDLC supercapacitor is needed for high current

i R i ) density applications. We aim to improve the rate
By continuous precipitation using thin tubes, nm performance of the EDLC by designing the elec-

— um sized fine particles of various sparsely soluble trode structure suitable for rapid discharge. In

Reactions in which a solid product is prepared

(2) Fine particle synthesis by precipitation

salts having a gharp size diStri.bUtiOI} are  suc- addition, since EDLC is a simple system compared
cessfully synthesized. ‘We are investigating the with PEFC or lithium ion battery (LIB), it is useful
particle growth mechanism including the mecha-  in considering the electrochemical reaction engi-
nism which determines the product microstructure. neering fundamentals.
N,O co C3Hs ‘jz 3. CRE modeling of complex
= H H reaction processes
R 9 Jl L e (‘HZO MY We are also studying the
‘ @~ ‘ KCQ N>00 @ c¢ : .

H J‘j /@5 Reduction @D é ‘ &.5 \QA H modeling of complex reactions
2 v ‘E . o including hydrocarbon pyrolysis
D;\ ‘Q—@*- NO?Q 5@ bt ks@ co; % H’Og%‘«%;(. composed of hundreds of
L @ : P elementary reactions as well as

e o o S 0 @ 6 6060 < o ry

aftertreatment of automotive
exhaust gas over a three-way

Fig.4. Basic reaction model of aftertreatment of automotive exhaust gas over catalyst

three-way catalyst.

4. 3oCtE o BB EYET AE LIS DT T L



FNFX —FOMBRRI I R 2/ 8T, WAEHIR
FEBIZEFR S OBEEZ HIFL T,

SEETEHE

iz
HFq 2
Prof.
H. Tamon

tamon@cheme.kyoto-u.ac.jp

AR
£ #£E
Assoc. Prof.

N. Sano

sano@cheme.kyoto-u.ac.jp

Bh#

i NI S
Assist. Prof.
T. Suzuki

suzuki@cheme.kyoto-u.ac.jp

Y CIX ALK, BERS IR, MRS O REE
(Z L) [EFH TP COBKL O E OB Eh B A3 B
5.5%, WE s ERFEO TERIE -3 501
WL E BIEL, FICREBRIE, GRERIEE x5
ELTULFOT—<TH2EZ{T>TD,

1. WETR
(1) BAEFRICI DB AR T/ LV OFRR

LR FEH|~DN

BAE IR XK T DR R ZHAAEKTHD
TTas NV, VIB R, TR RICEB W TR
L, & DWW Rtk SR R0 2% Ak & o (K R BE %
ERRETT D,

2) BN FERICESEAEEREDOWRERE

TEFRAT

S TFELEEEE B L EICKY, e Ol g
RICBIT DR E T FHE DO EEE - R ET

16

2. SyBE RS REMEA B DB AR
(1) Z2HEBEME O~k ORIR

avA NERE —FREET DRICEC D
R OKDHEZMEI DO~ A 7 v sffBUCFIA L,
SBER~ A 7 1T N A ZTF) A FTRE 2R MR
~A 7 aN=J MROZIVEMEORIRITERY
MATVD,

(2) FIH—RDEBIBIREDI B
=R F ) Fa—ToF ) Kx—rlEE
L. 200 2 KRB O - Wik mE K
SVEREANT ~IS 9 2 72D DR FEE 1T > T B,
3. 2

(1) FHERENCL LML T BESAIT OB %

LT A ZNVOEIRCT 2 RO @diE L 1T
5 HEL LT, REEBERTORA DRI K
VIS DB EIKEN 2RI L TR 14y B
OBHFEZIT> T 5D,

(2) ET 7 ARBICEHT 20 FENIFEVI=2b—
vav

TN —)VEOTRIMHNES T ZARREDZEMENC K
ETREICE LT, A FEIIAERRIC K S ETE
ToTWB,

Fig. 1. SEM images of silica gel micro-structures:

(a) laminar sheets, (b) flat fibers,

(c) microhoneycomb, (d) polygonal fibers.
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Separation Engineering

Professor Hajime Tamon
Assoc. Professor Noriaki Sano
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 freeze drying
The peculiar nature of aerogels such as ultrahigh
porosity and large surface area can be obtained
through 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 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

Dielectrophoresis

designing and developing new adsorbents.

2. Synthesis of functional materials for
separation
(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) Syntheses of nanocarbons and development

of application

Nanocarbons, such as carbon nanotube, carbon
nanohorns, etc., can be synthesized by high-
temperature plasma and catalytic growth. We study
on these syntheses and application of these
materials for adsorption/absorption of fuel gas and
for advanced water-purification method.

3. Other Researches
(1) Separation of micro-size
dielectrophoresis
Dielectrophoretic force generated by polarization
of particles in non-uniform electric field is applied
to separate small particles, aiming the separation of
rare metals and the purification of nano materials.
(2) Molecular dynamic simulation on sugar glass
Molecular dynamic simulation has been
conducted to evaluate the influence of additives
(alcohol, etc) on the stability of sugar glass.

particles by

TiO, particles

Fig. 1. Photograph of the selective capture of TiO, particles by dielectrophoresis: The inter-
electrode distance is 500 um. The TiO, particles captured forms bridge-like aggregation.

1. FHEKENC X ATiO, B OFEORE T - MM IEEEIL500um, e S 72TiO, KL
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-Low spontaneous combustibility

-Low ash and low sulfur content
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-Low ash and low sulfur content Effective utilization
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.

Hydrothermal s o8 -Environmentally friendly
- [ o e
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N

HaCHy)  .production of fuel gas
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Energy Process Engineering

Professor Kouichi Miura
Assist. Professor Ryuichi Ashida
Assist. Professor Xian Li

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 upgrading techniques of
unused carbonaceous resources such as low

' Reduction completion
| temperature was

- 1.0 T T i i T Fl'"""'l
—_ ..
o 0.8F o 7
T \Nano-Fe203/.'
E 0.6 Resin 7
o oo ~ Iron ore/carbon
g 0.4r i composite’|
3 in the literature
$ 0.2F | ™ P
x ;

0 J { Resin 4, 4 4

500 700 900 1100 1300

Temperature [°C]

Fig.2. Reduction behavior of iron ore in nano-sized
Fe,Os/thermoplastic resin composite
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Fig. 4. Carbon nanospheres.
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Fig. 3. Concept of heavy oil upgrading utilizing reactive
separation.
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rank coals, heavy oils, etc.

(4) Development of a novel catalytic reaction
scheme for utilization of various organic wastes.

(5) Investigation of reduction mechanism of iron
ore in iron ore/carbon composite.

(6) 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, and other
functional materials are being carried out.
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.

”

“Carbon nanospheres

- Shape: hollow sphere
ot : 3-4nm

: 4-5nm
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Materials Process Engineering

Professor Masahiro Ohshima
Lecturer Shinsuke Nagamine
Assist. Professor Kentaro Taki

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 here in
this page:

1. Polymer Foaming

Polymer blend foams with nanoscale size cell
structure (Nanocellular polymer blend foams) can
open a new world for seeking the molecular level
activities : Nanocellular plastic foams (NCF) are
characterized by 10 meter scale cell size, which is
A batch CO, foaming
method was conducted to foam the polymer blend
systems. The bubble nucleation and growth were
highly controlled in dispersed domains in these
blend systems. Nanocellular foams, 40-200 nm cell
size with cell density higher than 10" cm™, were
realized by exploiting the sea-island morphology
and differences in CO, solubility, diffusivity, and
viscoelasticity between the disperse domains and
the matrix. The nanocellular foam would reduce
the thermal conductivity as well as the di-electric

close to the molecular scale.
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conductivity to the level that the conventional
foams cannot realize.

2. Formation of Self-organized Structure by
Unidirectional Freezing Technique

Microhoneycombs and fibers could be fabricated
by a pseudo-steady unidirectional freezing of
polymer solutions or colloidal dispersions, followed
by freeze drying. Fig. 3 shows photograph and
SEM images of a SiO, microhoneycomb monolith
having the reverse opal structure in its framework
prepared by applying this technique to the aqueous
dispersion of SiO, nanoparticles and PS-HEMA
submicron particles.

Si0, microhoneycomb having reverse opal framework
prepared by uni-directional freezing of SiO,/PS-HEMA
dispersion.
3. Hollow Nano-fibers by Electrospinning
Hollow nano-fibers of metal oxides are easily
prepared by electrospinning a polymer aqueous
solution and introducing the thread-like projected
solution into the metal alkoxides in organic solvent.
The rapid hydrolysis of the alkoxide at the water-oil
interface results in the formation of core-sheath
structure. Furthermore the flower-like surface
morphology could be formed by the high-

temperature alkaline treatment (Fig. 3), which
contributes to the enhancement of its photo-
catalytic activity.

Fig. 3. (a) SEM and (b) TEM images of TiO, hollow
nanofibers with flower-like surface morphology.
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3. Synthesis of environmentally benign processes,
and development of supply chain management
system with uncertainties

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. Development of a new 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 fine particles with narrow size distribution.
The final goal of this research is development of a
new fundamental approach to design, operation, and
control of micro chemical processes. Now, we are
conducting researches into modeling and simulation
for microreactor design. In addition, we are
currently developing a physical model-based
process monitoring system which is applicable for
diagnosing faults such as channel blockage and
catalyst deterioration in microreactors.

2. Data-based process monitoring and quality
management

The data-based quality improvement system that
can improve product quality and productivity by
extracting useful information from operation data
has been developed and applied to various
industries including chemical, steel, semiconductor,
and pharmaceutical. The system is based on
multivariate data analysis referred to as process
chemometrics. This research theme also covers
statistical process monitoring and soft-sensor design
for processes whose characteristics change with
time.
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Most of 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, a
process synthesis method using superstructure has
been developed for waste treatment processes. The
developed system is applied to the synthesis
problem of biomass supply chain.

Production management system with
uncertainties of production demand and yield is
under development. We are also developing a
supply chain management system in consideration
of cooperation of domestic and overseas
productions.

4. Process control

This theme covers a wide scope including direct
controller tuning from closed-loop operation data
without process models, integration between
process design and control system design for heat-
integrated distillation columns, and control
performance assessment and monitoring for model
predictive control.
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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 Environmentally
Benign Chemical Processing, 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
gasification.
(d) Production of monomer materials from biomass
through thermo-chemical conversion.

and

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 FeCls
and its application for the removal of F~
PO,>" ions.

(b) Development of new catalysts for removing
VOC and CO at low temperatures.

and

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 the proposed
technologies, the following items are investigated.
(a) Production of energy and materials through the
co-production using waste heat and materials.

network based on
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Fig.1. Research strategy for efficient biomass utilization
biomass
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(b) 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

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) Development of micro device and operation
method for super-critical fluid.

Nano-
pigment

[My 150m, Mv/Mn 1.3
71 ‘Q"

Fig.2. Original microreactors developed in our laboratory
and nano-particles produced by use of these reactors.
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Particle Technology

Division of Intellectual Property
Society-Academia Collaboration
for Innovation

Professor Shuji Matsusaka
Assist. Professor Hiroyuki Maruyama

This Koza is affiliated with the Society-
Academia collaboration for Innovation (SACI).
The aim is to create a new interdisciplinary research
field by merging technologies, such as particle
technology, aerosol science, electrostatics,
nanotechnology.  Particles are widely used in
various fields and the particle behavior varies
complicatedly depending on the conditions; thus, a
full understanding and the development of particle
handling methods are required. Current research
topics are as follows:

1. Electrification of particles

Contact electrification of particles is a fundamental
phenomenon occurring in powder handling
processes, and the electrostatic force acting on
particles significantly affects the particle behavior.
Therefore, the control of the charging is important
for powder handling. In addition, applications
using charged particles have been widely developed,
e.g. electro-photography, dry powder coating, and
electrostatic  separation. Since  dispersion,
agglomeration, and transport of charged particles
can be remotely controlled using electrostatic force,
the development of new applications is expected.
To realize it, a correct understanding of the particle
charging, charge distribution control, particle
movement  control, and relevant  online
measurement techniques are required.

(1) Clarification of the mechanism of particle
charging in a steady electric field.

(2) Control of the movement of charged particles
under an unsteady electric field with spatial
and temporal variation.

(3) Analysis of the simultaneous transfer of mass
and charge in a powder bed.

(4) Development of a high-accuracy measurement
system for charge distribution of fine particles.

2. Evaluation of Adhesion and flowability of
particles

Particle-particle and particle-wall interaction
forces are important factors directly affecting
powder handling, and it is required to develop
appropriate methods for measuring adhesive
property between primary particles or aggregate
particles, and for evaluating the flowability.

(1) Analysis of adhesive strength distributions in
various complex fields.

(2) Analysis of flowability profiles.

3. Mechanical handling of nano and submicron
particles

To produce highly functional products, the
demand for using nano and submicron particles is
increasing. Particle adhesiveness increases with
decreasing particle diameter and powder handling
becomes more difficult. In particular, for small
particles less than 1 um in diameter, the problems
are serious, and it is urgent to develop new
techniques, as well as to analyze the particle
behavior.

(1) Development of micro-feeder for nanoparticles
using a shear vibration.

(2) Development of a system for particle dispersion
using an ultrasonic vibration and airflow.

(3) Development of a pneumatic transport system
for nanoparticles.

(a) (b)

Fig. 2. Control of the movement of charged fine
particles under an unsteady electric field
with spatial and temporal variation; (a)
linear type; (b) cloud type.
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Fig. 3. Micro-feeding of nanoparticles based on a
novel shear vibration method.
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Environment and Safety

Engineering

Assoc. Professor Hiroyuki Nakagawa

The research in this koza is focused on the
development of the technology for environmental
preservation and safety life from the viewpoint of
chemical engineering.

1. Treatment of chlorinated organic compounds

Chlorinated 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
chlorinated organic compounds through the
catalytic hydrothermal gasification.

2. Treatment of trace elements in wastewater

Trace elements such as As and Se are strongly
toxic even at low concentration level although they
are believed to be essential elements for human
beings. Selective removal of them from
wastewater is examined for the advanced treatment.

3. Utilization of solid wastes

Non-destructive solid wastes are generally
landfilled for disposal after fixing the pollutants.
The amount of solid wastes has to be reduced since
the capacity of landfill sites is limited. Ferrite
wastes generated by the treatment of inorganic
wastewater contain heavy metals such as Ni that
can be utilized as catalyst. They are applied to the
environmental catalysts.

K1 BlEEE>7 =T A NFEZEY)

Fig.1 Ferrite waste is soft magnetic material. It can
be easy separated from water by magnets
after utilizing as catalyst for water treatment.
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Go Suzuki
Plant Engineering Center,
Toyo Engineering Co., Ltd.

Process Design

David Mann
Sumikin-Intercom, Inc.
Practical English in Science & Technology (ChE)
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Kyoto Kotsu Bus #20 for “Katsurazaka Chuo” and get

off at “Katsura Innovation Park Mae.”
B 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.”

B From the Kyoto Station (JR, Kintetsu)

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

(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.

IEHRFAFAR
Graduate School
of Infomatics

BEZaXV - 55118
Katsura Monument (Clock tower)

Il ,
Campus Service Center
(Shop, cafe & restaurants)

Inttech Center ,t N TR SRS
Cluster B Funai Tetsu‘rJo Auditorium
B HIR { “\ MRt 5 —
Faculty office ‘ L Funai Center
____.. _
RAKEF ¥/ VIET

Kyodai Katsura Campus Mae

ADSRE—BFHX

Cluster A school office™

Cluster A

b5 TR A IR E:
AV T A — AR
Most laboratories of the Department of

Chemical Engineering are located in

Building A4

),

[ A d:
EEFgHgtyS—
ICC

LS N—273>
IN—2DFf
Katsura
Innovation
Park Mae

EEOSHR
500 m
to Route 9
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Campus Map & Access (Yoshida Campus)
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B From the Kyoto Station (JR, Kintetsu)
Take a Kyoto City Bus 17 for “Kinrin Shako” or 206
Bus off at

“Hyakumanben.”

for “Kitaoji Terminal” and get
B From the Imadegawa Station (Subway Karasuma Line)
Take a Kyoto City Bus 203 for “Ginkakuji Michi,
Kinrin Shako” or 201 for “Hyakumanben, Gion” and

get off at “Hyakumanben.”

W] TR (B 2D 20 B From the Kawaramachi Station (Hankyu)
USRI RT3 A (3, 17, 31, 201748 TIE Take a Kyoto City Bus 3, 17, 31, or 201 and get off at
]~ “Hyakumanben.”

W ETAIER (B 7285 M From the Demachiyanagi Station (Keihan)
RAFEAR2057 Walk eastwards for 20 min.

THFREB=E L9 3 5 (FHER)

School office of Industrial Chemistry is located in Faculty of Engineering Building No.3 (West).

SlE

Imadegawa St. TFE3SEE (FE8R)

Faculty of Engineering

FIRHETIIER = Building No.3 (West)

Keihan Demachiyanagi

S WEES Jﬂ :D
1
= el
NENEEE \_“_1

Central Library

|
[ ]

i

BRFTECTEEE
Clock Tower -
Centennial Hall
FRAIEFTET —
Kyodai
Seimon Mae = I I:I |:|
R—5E .
Higashi-Ichijo St. T ZFEMERS _ THESSEE
Faculty of Englneerlng Faculty of Engineering
Integrated Research Building  Building No.8
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