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Asahl Glass Company, Ltd.
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Production and Ct mption of CFCs in Japan

Production® Consumption*

120 118

Regulatory Trends-on
Ozone Depleting Chemicals in Japan

e e———————————————————

' '88 Ratification of the Montreal Protocol and
the Vienna Convention Approved

May CFC Control Law Issued

CFC Regulation Executed,

(I L CFC Reduction Technology Seminar Held for
Developing Countries

March ' Amendment of the CFC Control Law Issued

Process Flow to Commercialization
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Concept for CFC Alternatives

Introduction of Hydrogen Atom(s)

_HEC, HOFC
s Bolling Point Decreases
—= Extend the Carbon Skeleton
» Combustibility: Increases
== Limit the Number of Hydrogen Atoms

Potential Routes to HFC-

CCl>=CCl, CCl,=CHCI
CCILFCCIF, CCIF,CCIF;  (CR3CHCL,,

113 114 123
somierization

1
CF=CCIF  CF,CCl, CFCCILF  CRCHCIF
1113 113a 114a 124

CFiCH-CI
133a



Influence of Catalysts on the Hydrodechlorination
CFyCCIF —2 =~ CR.CHCIS — - CF.CH:F
24

New Alloy*
catalyst

Palladium
Catalyst catalyst
CFC-114a conv.

HFC-134a sel

HFC-143a sel

HCFC-124 conv. |
HFC-134a sel
HFC-143a sel.

Potential Routes to HC

CCl>=CClz CC‘F:(fZ’QC’- CClz=CHCI

CCIF:CCls
112a
CCI.FCCIF:
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CF:=CCl;
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CFyCCl; —————— | CRCHCI»
113a 5 133a

CF,CH,Cl
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List of CFC Alternatives

Refrigerant

;sible Alternatives for CFC-113
Manufacturer
Not-in-kind

Petroferm Bioact EC-7 a-Limonen/Surfactant
(MITT) Alocohol Ethanol, Isopropanol

(Custemer) Water Water
Du Pont | Axarel 38,52 Hydrocarbon/Surfactant

Product

Component

Fluorocarbon
Du Pont
Allied-Signal

Vertrel 434 HCFC-141b/123/CH,0H
Genesoly 2020 HCFC-141b/123
Genesolv 2010  HCFC-141b/123/CH.0H
Daikin Pefol Pentafluoropanol
Asahi Glass  AK-225 HCFC-225ca/225ch
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Physical Properties 6f HCFC-225ca/225¢ch

225¢ca 225¢ch : 113
CFchmlz CCF;CF;CHCF CGzFCCFz

Boiling Point (°C) | 514 56.1

Surface Tension
(dyne/cm, 25 'C)

Kauli-Butanol Value

Azeotropic Composition

" with CHaOH (wt%) | 84.7/53 93.3/67

| e36/64
Boiling Point ('C) 455 472 <
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PA= (o} SR R T £ AT

it & % i (£)*  ODP?
CFC-11 52 1.0
CFC-12 101 0.87
CFC-113 79 0.76
CFC-114 197 0.56
CFC-115 393 0.27
HCFC-22 15 0.043
HCFC-123 1.5 0.016
HCFC-124 6.5 0.017
HFC-125 43 0
HFC-134a 24 0
HCFC-141b 6.9 0.081
HCFC-142b 19 0.0455
HFC-152a LT 0
HCFC-225¢ca 158 0.01°%
HCFC-225¢ch ik 0.04%

*Scientific Assessment of Stratospheric Ozone : 1989
LLNL 2-D Model ~ *Physical Chemical Lab, Il 51
*NIST MIsEME S JORNT-HE: St

kIaRE7o T, AV UVBREERS5257
Oy R TRTEBHL TV EWLTEDTIE
BouhEEZTBY 7,

fFE7o LT, 9 —20FOH S D
HEE2OLBELLTBEE T, RIZEHLE
FE Uik oz, SEREE VO E T, XTiE
ORTOHFGERELD, FIHEHEL TR s
SHEEZ L TWAATTY, Kk, 4V ExE
Bya7orThsbll, 12, 113, 114, 1155
b QOB B B Fir & VD DIXE24E & 5393
e, WG, AV B ES 2570
VB ERAEMTH DI E VI T EBBDLMY
CEZhEBVwET, REFRLETFELRLD
. —DoDRFEFTHY £ HCFC D1231F. 2
DFGHL.ETHY £ 3,6 HCFC D134
AarVIOIEAFETHY FTH, ZOPIZIFER
DEETNTBYERHADT, bEEWRTIIRE:
EZR0wEnS IR0 EBnEd, 4.
BPULEESETWREEE L7 0 rD22508
S 15FEDS 5 HE—RERIC L > THWET
2, 1.6EBWLE IELEVWS I LT, AV VDT
TN —varZyrsd—, R7FTryryyibinn
F¥d, ZhiZCFC DIlI——&FKER AV~
REETARAAN VDR TBYET—%R1 &
WhLETE, ZOFYVEEHET 2 LD

HCFCs and HFCs Address Both Ozone Depletion
and Global Warming
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Future Programs -

 Environmental Studies (ODP and GWP)
and ‘Toxicological Testing (PAFT)

« Economical Processes for Commercial Production

« Technology Transfer to Developing Countties

« Research for the Next GenerationOCFC Alternatives
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AN EDUCATIONAL APPROACH TOWARD INTEGRATED ENGINEERING
(Education Workshop of CAETS, London, September 11, 1991)

1 Introduction

Modern technology has created many
benefits for our world. The intelligent machine
is said to be one of the examples, since it
approaches an ultimate goal of technology.
in the

production of “artificials”, materials, devices

Technological development results

or systems. It is based on the advance of
mechanics which highly integrates intelligence.
It will substitute for any difficult labors of
human beings by doing jobs such as automatic
cleaning, twenty-four hour nursing, and so on.
The social activities of human beings are also
significantly influenced by such technological
innovations. It can be said that well engineered
systems are now becoming the basis of our
social activity in the modern world.

On the other hand, engineering, which can
be called the science of technology, has been
developing by standing as not only classical
narrow specific technology, but also merging
other specific technologies and scientific areas.
It should be represented as integrated engineer-
ing. And this engineering has been accepted as
an independent and new area of science. Such
technological advancement inevitably causes
or requires a drastic change in engineering
education. Various efforts to promote the

education for future engineering have heen

Yasuharu Suematsu
Tokyo Institute of Technology

reported in Japan [1]-[3].
IT Integration of Technology

2.1 Revolution of Technology——A Historical
View——

It is believed that the brilliant footsteps of
human beings started a few million years ago.
They acquired tools and languages, which
enabled them to carry out various reforms.
The agricultural revolution started about ten
thousand years ago, which triggered popula-
tion growth. People invented letters, with
which information was able to be recorded and
accumulated. Rules written by letters made
social systems stable and active. The material
revolution occurred about two thousand and
several hundred years ago on the basis of the
technology of iron making. The iron and steel
manufacturing technology made it possible to
produce tools with high performance. For
example, printing machines were invented,
which accelerated rapid distribution of written
information into wider areas. The energy
revolution commenced about 250 years ago
with the invention of the steam engine. An
important engineering concept of system con-
trol was developed, which created the science
of artificial systems. The energy technology

has been accelerated by the energy of petro-
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leum and electricity.

The revolution of information technology
started about 150 years ago with the invention
of electrical communications, and later with
the computer technology due to the develop-
ment of electronics and opto-electronics. Since
information technology is fundamental of
technology, remarkable intelligent mechaniza-
tion has taken place in our society. According
to advances in the mechanization of intelli-
gence, intelligent machines that approach an
ultimate goal of artificials required by humans
are now being developed. It has been recog-
nized that the role of science on culture is
important for the development of integrated
technology. The recent trend is that things are
moving toward human-oriented technology.

We can learn from the history that artifi-
cials develop slowly but steadily being acceler-
ated by social needs. The importance of new
artificials is recognized when it is applied to a
system or it forms a new system. Imagination
of a future system is very helpful to produce
new artificials.

The development of artificials can be
classified into the following four levels, (1)
scientific feasibility, (2 )experimental (engi-
neering) feasibility, (3 )demonstration, and
(4 )commercialization. Since, at the final
level, i.e., commercialization, the technology is
always developing drastically, any artificials
are considered to be always developing.

It should be reminded that the areas, where
technological revolutions have taken place in
the past, are still enjoying further development.
2.2 Current Technology and Advanced Tech-
nology

Modern engineering requires a balance
between the current technology and advanced
technology. Technology related to fabrication
and manufacturing is also considered as a part

of academic areas. As new concepts of
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engineering frequently originate from current
technology as well as advanced technology, the
optimum number of staff and students required
in areas of current and advanced technology
should be determined on the basis of hoth
educational and research considerations.

2.3 Integration of Technology

Integration of technology is due to, on one
hand, widening of application areas of the
specific area of technology and, on the other
hand, widening of basis for each specific area.
The other aspect of integration is the techno-
logical contribution to the management, main-
tenance, planning, strategy, and policy making
of social systems.

Education on technology has often heen
carried out by approaches in a specific area of
technology and also in conjunction with other
specific area of technology. From an educa-
tional point of view, it is important to build
each department of specific engineering, which
consists of well merged and matured specific
technology [Table 1] .

[l Basis of Engineering Education

3.1 Bases of Teaching Subjects

It is widely recognized that the basis of
engineering education consists of, in addition
to research, the following three basic issues.

The first is the basis of natural science.
Natural science consists of two important
disciplines. One is a mathematical logic which
is valid in a specialized condition, and the other
is a systematic understanding of experimen-
tally observed natural phenomena in limited
areas assuming idealized conditions. This is so
called, in a mathematical sense, the world of
general solutions.

The second is understanding of culture and
social science, such as, social system, human-
ity, communication, outlook on life, engineer-

ing spirit, and social demands, so called the



heart ware. Management of social systems

should also be included. Since culture and
social science contain illogical concepts, they
can be referred to basically as the world of
particular solutions, but also may includes the
world of general solutions.

The above mentioned two areas have been
referred to as general education.

The third is the fundamentals of engineer-
ing. It consists of materials, devices and
components, apparatuses, systems, together
with related fabrication, manufacturing, test-
ing, maintenance, etc., typically called the hard
ware and the soft ware. This is basically the
world of general solutions but again this
includes the world of particular solutions. Its
main part is engineering, which is discussed in
more detail in the following section.

3.2 Scientific Specification of Engineering

It is well known that engineering is a
science which is the systematic understanding
of technology intended for the synthesis of
artificials, This is in contrast to natural
science which is the systematic understanding
of nature intended to satisfy human interests.
A scientific construction or systematic under-
standing of technology is a groundwork to be
carried forward for further development of
technology. It does not comply with the
concept of, so called, engineering science which
is normally emphasized as an applied science.
The development of technology depends on the
systematic understanding of artificials with an
interface to natural science and society [Table
2],[2]. Such a work on systematic understand-
ing of technology has been established on some
of limited hardware and software as well.
However, such systematization is not yet fully
constructed on other aspects of technology due
to the complexity of subjects as well as the
inclusion of human factors.

3.3 Research at Engineering School

It is widely recognized that research at
Engineering Schools is a key function of
looking for some new technologies and of
creative education, aiming eventually to create
“harmony of research and education”. From
an educational point of view, so called “on the
job training” (OJ7T) of students is carried out
through research to achieve creativity, deepen-
ing of learned subjects, and widening of scope.
However, the supervisor should have educa-
tional concern to widen engineering and scien-
tific areas of students by giving advice to them
intentionally not only making discussion with
their research procedures. And teacher alone,
who engages advanced researches, can reform
the educational area of technology as well as
their teaching subjects in accordance with
rapid innovation of technology.

Research activities at Engineering Schools
are conducted for artificials, which is basically
different from those at Science Schools. It is
very different from those done in industries,
because students are involved. However, the
research cooperation togerther with industries
is essential to tackle the problems which our
society encounters.

Creative researches with fewer time con-
straints are more typical in universities, where
students can learn a great deal through partici-
pation in research. Research at Engineering
Schools can be categorized into several types :
(1) to find a possibility of novel technology for
future systems,

(2) to find a genetic technology,

(3) to construct science of technology,

(4) to find procedures to understand engi-
neering, which is primarily based on humans
and social mechanisms.

Most researches that are done under tight
time constraints and are expected to have some
definite profits, are typical for industries.

Those can be categorized as follows :
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(5) basic researches to consolidate technol-
ogy,

(6) development of new technologies,

(7) development for commercialization of
technology.

The recent trend in integration of technol-
ogies necessitates that research to be carried
out in cooperation with researchers in various
fields including specific areas of technology,
many areas of science, and also in cooperation
with those in industries, even though most
university research is in the basic area. New
concepts and outstanding developments in

technology often originate from currently

established technology as well as from
advanced technology.
IV Toward Education for Integrated

Engineering

4,1 Goal of Engineering Education

It is a common understanding that the aim
of engineering education is to provide both
professional capability and creative ability of
students. According to the ability of students
and the limited period of each course, the goal
to achieve will be different from course to
course. An example of the goal of educational
levels may be :

(1) for Ph.D. student’s level : professional
and creative ability ; ability to accom-
plish a creative object set by themselves
with wide and sufficient professional
capability,

(2) for M.Sc. or M.Engrg. student’s level :
professional ability ; ability to accom-
plish a given object with sufficient
professional capability,

(3) for undergraduate student’s level : abil-
ity to accomplish a given object under a
given process.

4.2 Practice of Engineering Education
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In the age of integrated technology, the
importance of the graduate study has to be
emphasized, and educational curricula should
be consistent all the way from undergraduate
to graduate courses. Basis of teaching subjects
were mentioned in 3.1. In addition to teaching,
promoting research is necessary for the cultiva-
tion of creativity, deepening of learned sub-
jects, and widening of scope.
should be the
humanistic education associated with profes-

Engineering education

sional education. An emphasis of three differ-
ent kinds of subjects, namely the heart ware,
the hard ware and the soft ware, is considered
to be essential for engineering students ;
subjects of the natural science, the humanity
and the social science, and the engineering.
This implies that general education is extreme-
ly important for widening of scope. Considera-
tion is also necessary to encourage students to
bring up their professional confidence and
professional identity in their early days.
Broadening professional areas too much may
give uncertainty to younger students. And
then, widening of engineering and scientific
area as well as deepening of creative abiity of
students can be developed through research
under supervisors who have educational con-
cern.

In summarizing these I would say, firstly,
general education should be emphasized.
Secondly, teaching of engineering by buliding a
department of specific engineering, which
consists of well merged and matured specific
technology. Thirdly, research activities should
be carried out in cooperation with other
specific technologies and many other areas. In
this way, combining general education, educa-
tion of specific engineering with research by
cooperation with many other areas can be
achieved [Fig.1] .

Among a variety of educational styles, so



called engineering science education can be
considered as another option, in which students
may find their interest in some specific areas
after achieving their own scientific bases.
4.3 Features and Problems of Engineering
Education in Japan

Engineering Schools in Japan have edu-
cated a large number of students maintaining a
balance between current and advanced technol-
ogv. In the current Japanese social environ-
ment engineers enjoy high prestige and work in
companies that provide continuing education.

However, there appears many aspects to
consider the present engineering education in
Japan due to rapid change in industries.
Reports come from the Ministry of Education,
Science, and Culture of Japan to reform higher
education by introducing more flexible educa-
tional systems and/with their self-evaluation.
Reports on engineering education also come
from the Ministry of Education, Science, and
Culture of Japan and the Engineering Academy
of Japan (EAJ) [1], [2] .
heading of the proposal from the EAJ is shown
in Table 3 [2] .

One of the subjects to be considered is that

For a reference,

reform is always impeded by insufficient

resources to improve educational environ-
ments. In order to break through the situation,
closer research cooperation between univer-
sities and industries is being discussed.
Another aspect is deficiency and inability of
engineering students to meet requirements of
industries. In this context, additional resources
will be needed to meet the demand of both
society and industry. More communications
between universities and industries have been
pointed out. Establishment of top forum on
engineering education consisting of representa-
tives of various sectors has been proposed to
solve these problems.

To increase graduate students, especially

Ph.D. students, is crucial. The current status is
that there are not very many Ph.D. students at
each university. This comes from the fact that
professionals do not receive proper treatment
and that scholarship is not sufficient what so
ever.

Continuing education has been carried out
quite satisfactorily in industrial sector to
promote the practical side. However it is not
believed to be sufficient for providing the
knowledge necessary for high technology
areas. In this sense, the opening of Engineering
Schools to continuing education is highly
desirable. The willingness to accept more
foreign students is also being discussed.

The reduction of eighteen years-of-age
population will soon come in Japan. Consider-

ation must be given also to this.
V  Conclusion

It is considered to be extremely important
to establish engineering education which
matches the age of integrated technology. As
the goal of such an education, we have to think
of bhoth professional capability and creative
ability. The role of general education can not
be over emphasized. It is also required to
systematize the field on science of technology.
Merging of specific areas of technology to
form a wide specific area is necessary.
Graduate study has to be emphasized at
Engineering Schools to meet such trend. To
maintain a balance between current and
advanced technologies is important for both
education and research. Above all, university
research should be increased.

The well-balanced combination of (1)
general education, (2) teaching in wide spe-
cific engineering and ( 3) advanced research in
cooperation with many other areas including
the natural science is considered to be a right

way to achieve the final goal of “Education for
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Engineering”.

To establish continuing education at grad-

uate level is an urgent matter.

The development and reform of engineer-

ing education is important to all aspects of our

society, therefore requiring social consensus

and interest.
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Table

(1)

(3)

(5)

(6)

1. Example of engineering classified
in the specific areas :
Material and chemical engineering ;
analysis, synthesis, evaluation, fabri-
cation, manufacturing system.
Bio-technology ;
heredity mechanism, function of living
body, bio-materials.
Mechanical engineering ;
mechanism, dynamics, design, fabrica-
tion, robotics, intelligent machine,
vehicles, manufacturing system.
Aircraft and Space Engineering ;
~control system, transportation.
Electrical and computer engineering ;
energy (atomic), electronics, communi-
cation, computer, soft ware, and ser-
vice and manufacturing system.

Civil engineering ;

Table 3. Heading of proposal

building, urban design, hydraulics,
transportation engineering, architec-
ture (design and structure).

(7) Systems engineering, cultural science

and technology ;

social system (planning, policy mak-
ing, environment), management Sys-
tem, econometrics, human communica-

tions.

(8) Environmental engineering ;

analysis, synthesis.

Table 2, Science of technology together with

natural science [1].

(1) Science of the nature ;

physics, chemistry, bio-science, (math-
ematical science),

(2) Science of the artificials and science of

the nature ;
materials, elements and components,

devices, equipments and apparatus,

(3) Science of the artificials;

hardware subsystems, hardware sys-
tems, soft-ware systems, total system,

social system.

from the
Engineering Academy of Japan [2].

A. Question and Subject at Issue

1. The origin of imbalance between
supply and demand of able people.

(1) Two side views of imbalance between

supply and demand of able people.

(2) The situation which can not catch up

the present situation.

(3) Approaches to advanced technologies

-comprehensive counter-
measures of continuing education.
2. Problems in the quality of education.
3. Establishment of common basis for
international accreditation

-Toward university education valid



for the world level-

Understanding of the reality of engi-
neering education and strategic orga-
nization.

Move of university administration

toward flexible organization.

B. Countermeasures of enigineering educa-

tion

Problems of imbalance between sup-
ply and demand of qualified people
caused from reform of industrial struc-
ture.

Systematic countermeasures in engi-
neering education

~-the role of academic councils and
professional institutions.

Reflection of opinions from enter-
prises to wuniversity education and
exchange between them.

Qualitative turn of engineering educa-
tion

~from specific education to integrated
education.

Continuing education.

Evaluation of universities, accredita-
tion.

Problems in higher education specific
in Europe and America, and those in

our country.

Research Teaching —:|

Wide S[}eciiic Engineéring |
O
' X |
GenLral Integrated
Education . Engineering

Education for Integrated Engineering

Figure 1. Education for integrated engineering.
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