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Trends of Polymer Processing Technologies in Japan
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Mitsui Toatsu Chemicals, Inc., 2-5, Kasumigaseki 3-chome, Chivoda-ku, Tokyo 100, Japan

ABSTRACT: Plastic materials are put to practical uses after being molded or processed into various
shapes by various methods. the requirements for plastic molding and processing, however, have re-
cently been polarized into two extremes: undergoing cost reduction and the exhibition of higher, or
perhaps even ‘extra’, performance and functionality. Mitsui Toatsu Chemicals, Inc. has been tack-
ling the development of a variety of precision molding and processing technologies as well as the de-
velopment of products based on these technologies. In this manuscript, the author will discuss a
foaming injection technology for thin or thick walled products having good surface appearances, vari-
ous precision filming technologies of thermoplastic polyimide developed independently by us and high
precision coating technologies of the same polyimide as applied onto either metal foils or polyimide
films. Also discussed will be super precision injection molding technology required for the molding of
the base plates for optical disks and CAE which supports these molding and processing technologies.
The advancement of these technologies along with that of synthetic technelogies for high polymer

materials is expected to bring out more and enhance the performance of plastic materials.

Introduction

The world plastic industry has been on its track
of stable growth with 90% of its production falling
into three sections of the world: North America,
Furope and Asia. Recently, however, Asia has
heen maintaining its increasingly prominent po-
sition in the world market. Figure 1 shows the ad-
vancement in the production of plastic materials in
each section of the world, the total of which re-
corded 120 million tons in 1995. Among the pro-
ductions in five major countries which are con-
currently shown in the Figure, the growth in the
Republic of Korea is especially favorable, and the
country is being considered as securing the fourth
position in the world.

In Japan, the production amount reached a re-
cord 14 million tons in 1995 with a substantial in-
crease in PP, PE and PVC as well as with a higher
rate of growth in general purpose engineering plas-
tics. Production ratios of various plastic products
are shown in Figure 3, in which a noticeably
growth trend is demonstrated for packaging ma-
terials such as films.

These plastic materials are put to practical use
after heing processd into various shapes by various
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Figure 1. Plastics production in the world by region.
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Figure 2. Production by plastics.

and mjection molding. It is no exaggeration to say
that processing technologies are the support of the
whole plastic industry. The requirements for plas-
tic processing, however, have recently been po-
larized into two extremes: namely, the re-
quirement for undergoing cost reduction in the
field of mass consumed commodity products and
the insatiable requirement for higher, or perhaps
even ‘extra, performances and functionalities.
Amid these requirements, new materials having
higher performances and higher functions as well
as a variety of new techniques of processing and of
obtaining higher precision have been developed. In
addition, by making the most of CAE (Computer
Aided Engineering) as a supporting technology, ac-
celeration in the speed of technology develope-
ment has become a matter of course nowadays. It
may be said that we are now exactly in a re-
volutionary period for molding technologies. It
would be overly amhitious, under these circums-
tances, to try to describe here the entire picture of
the trends in today's plastic processing tech-
nologies. The author would, therefore, like to in-
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Figure 3. Production of plastics products.

troduce some of those technologies which our com-
pany is now dealing with.

Foam Injection Molding

Weight and cost reduction are the umversal ne-
eds for molded products made from so-called gen-
eral purpose thermoplastic resins. In such a si-
tuation, foam-molding and material-reducing are
two items which have mostly been sought as the
means to satisfy the needs. Foaming agents of the
exothermic-decomposition type such as azodicar-
boamide (ADCA) have been used heretofore for
foam injection moldings. But it has been a difficult
job to mold them into thin-wall-foamed- products
and to increase the foaming ratio even for thick-
wall-molded-products, while keeping their surface
appearances in a good condition.

Mitsut Toatsu Chemicals, Inc. has given a com-
pletely new look into the basic principles of these
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Figure 4. Cross-section of injection molded test specimen.

CONCEPT OF CORE-BACK SYSTEM

<AT INJECTION>

Figure 5. Weight reduction by core-back molding.

problems and has successfully developed a
thoroughly new molding technology in combination
with the development of new foaming agents. This
development was made possible by letting foaming
agents of the endothermic-decomposition type play
the role of confining foamed cells into the resin lay-
er. This is achieved by modifying the foaming
agents so that their decomposition temperature
falls into the range of the plasticizing temperature
of each resin, and by applying to them a special
oligomer coating to give a delayed foaming effect
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<AT CELL FORMING>

so that they begin to decompose only after being
transferred into a molding die.

Now, thanks to the above development, foam-
molding to give good surface appearances has been
materialized, even for products having a wall thick-
ness of as thin as 0.5 mm and being considered as
having no room for further weight-lightening. An
example is shown in Figure 4. Thick-wall-molded-
products, on the other hand, require a longer
period of time to cool the inner part and, at the
same time, tend to produce so called sinks, dents
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on their surface, due to the volume shrinkage in ac-
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Figure 6. Pressure change and surface temperature at cool-
ing stage.

cordance with the cooling-off, leading to heavily
spoiled appearances of molded products. Our tech-
nology, when being practiced in these fields, can
help to maintain better appearances and di-
mensions and to shorten cooling cycles. Therefore,
it can be applied to various molding products as a
replacement of the existing gas injection molding.
Furthermore, the molding of products having a
foaming ratio of two to three has became possible,
as shown in Figure 5, through the development of
these foaming agents and the molding process dur-
ing which the volume of the die cavity is increased.
The adoption of resins containing these new foam-
ing agents allows a drastic reduction in the cooling
time for the molding process as shown in Figure 6.
This has become possible because our technology
is placing its base on a concept which is quite dif-
ferent from that in the past. The technology has
been put to practical uses such as for weight-tight-
ening, sink prevention and the speed-up of the
molding cycle. A remarkable result is being ob-
tained, as an example, for the moiding of various
large size products having a high stiffness made
from materials containing glass fibers.

Table 1. Relationship Between Structure and Melt Properties
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Table II. Relationship Between Structure and Glass Tranosition Temperatures (T,)
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Polyimide Film and Flexible Copper
Laminates (FCL)

Polyimide materials heretofore in use have only
a limited application fieldbecause they are either of
a thermosetting or of a non-thermoplastic type and
have poor processabilities. It has been a technical
theme for long years to give good processabilities
to polyimide resins without sacrificing their su-
perior characteristics such as high heat resistance,
excellent chemical resistance, high strength, electri-
cal characteristics and incombustibility.

Mitsui Toatsu Chemicals, Inc. has carried out a
systematic synthesis and evaluation of polyimides
obtained from wvarious new diamine compounds and
aromatic acid anhydrides, and has successfully cla-
rified the relationship between a polymer structure
and melt-fluidity or heat resistance. Namely, we
found out, as is shown in Table 1, that a polyimide
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having a superior thermo-plastic fluidity (TPI) can
he ohtained when the substituting position of di-
amine monomer i$ in the meta-position and when
the molecular chain length between two amino
groups is very long. This discovery has led us to
the commercialization of "AURUH *, a polyimide
resin which is moldable both by injection and ex-
trusion processes i spite of its high heat resistance.
This polyimide, as is shown in Table I, has a glass
transition temperature of 250°C and a melting
point of 388 °C and is being used for a variety of in-
jection molded porducts (refer to Figure 7), ex-
trusion molded products and printed circuit hoards.
The solution cast method is heretofore the only
method available for the production of polyimide
films. But now, thanks to our development of TPI,
the melt-extrusion method has also become a-
vailable such that the manufacturing of film having
a thickness of a significant variety is now possible
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with high productivity. At the time of film
manufacturing by extrusion, however, some spe-
cial meas ures for facilities and technologies are re-
quired such as the drying of the polyimide by the
most suitable facilities for it, the selection of metal
materials for equipment which do not give any bad
effect on the polymer at a temperature higher
than 400 °C, a flowing-path design having less hold-
ing-up secton, and a temperature control of film
making atmosphere. This film or sheet obtained
has an amorphous structure having a heat resist-
ance of 250 °C. By applying biaxial orientation to

Figure 7. AURUM products(injection molding).

it, though, it is possible to produce extremely thin
film having a thickness of up-to a few um and an
enhanced strength with heat resistance of higher
than 300 °C (refer to Figure 8).

Mitsui Toatsu Chemicals, Inc. is also exploring a
variety of products (refer to Figure 9 utilizing
TPI as a hot-melt adhesive for electronic materials
by making the best use of its characteristics of
high purity, low dielectric constant
pairability. Shown in Figure 10 is an already com-
mercialized product group named “Neoflex™

and re-

Figure 8. AURUM film.
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TPI Lamination Structure
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Figure 10. TPI lamination structure.

which is produced by forming a TPI layer on metal
foil or polyimide film as the base material. Tech-
nologies of coating and drying, high temperature
drying and roll-to-roll continuous lamination are in-
volved in the production of Neoflex.

In the coating and drying process of Neoflex, it
is a requisite to continuously coat varnish made
from polyimide precursor into multi layers, before
moving into the drying process, on a wide variety
of base materials such as polyimide films and cop-
per foils having thicknesses of 10 to 100 um. The
important pomts of the process are the uniform
coating of each layer at an accuracy on the micron
order. the conveyance of film without causing any
crease and meandering, preventive measures for
the curling of products which could be caused from
the difference of thermal expansion coefficients
between metals and resins under the condition of
high temperature drying, and preventive measures
for the oxidi zation of metals.

Mitsui Toatsu Chemicals, Inc. is alse producing
film products of other types which are named
“Wrapping Film'. These are products having a
structure 1 which the polyimide core is sandwich-
ed by copper foils, and which are produced from
base material having a laminated structure of cop-
per foil as the base film and TPI as the surface lay-
er. Our process, being different from the batch
press system heretofore in use, is a continuous one
which adopts a continuous heat roll-laminating sys-
tem of our own. This is the world first roil-to-roll
process by which we could make great strides to-
ward enhanced productivity in the manufacturing
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C D — R Media Structure

Figure 11. CD-R media structure.

of “all-polyimide-film-sandwiched-by-copper-foil .
Compact Disk (CD)

As an example of the precision processing of
high polymers, there is precision injection molding
of the base plate for optical disks. This is a tech-
nology which requires the highest precision among
various kind of injection molding of high polymers:
prescise transcriptions of the pit & groove shapes
at the accuracy of the sub-micron level, exceilent
mechanical properties including configurational and
dimensional stabilities, and the acquisition of ex-
cellentoptical properties by making birefringence
as low as possible.

Our company is commercially producing CD-R, a
recordable CD, of which the structure is Mustrated
in Figure 11: a structure whereby a coloring matt-
er layer as the recording layer. a reflecting gold
layer and a protective resin layer are respectively
laminated on a base plate made from polycar-
bonate. On this base plate are grooves having a
width of 0.3 to 0.8 um and a depth of 50 to 180 nm:
formed by injection molding. The length of the
groove on one disk reaches up-to 5 km and the al-
lowable variative range of the groove shape is less
than 100%. In Table III, only a small part of the
mechanical properties required for the CD-R base
plate is demonstrated in comparison with those for
CD. Now that the recording of signals on an optical
disk is technically more difficult than the repro-
duction of them, two to five times higher precision
is required for all properties including camber,
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Table III. Required Mechanical Properites

CDh CD-R
deflection 400 um 80 Um
tit angle +0.6° +0.25°
eccentricity +70 pm +35um

camber angle dnd eccentricity at the time of mold-
ing the CD-R base plate compared with the CD
base plate. In order to satisfy these regyuirements,
the greatest circumspection must be paid to all
sorts of meas ures including optimization and pre-
cision-enhancement in die designing, optimization
of various molding conditions, and the enhancment
of precise controllability in injection molding. For
the die designing field, simulation techniques by
CAE are also being practically utilized.

Thanks to the combination of this high precision
hase plate molding technology and the recording
laver using our original phthalocyanine coloring
matter, our CD-R has superior properties so that it
can cope with higher speed recording up to six
times and is widely patronized by customers with
the brand name of “Mitsui Gold ™. This molding
technology is also being applied to the DVD-R, the
disk of the next generation which allows high den-
sity recording.

Plastic CAE (Computer Aided Engineer-
ing)

CAE has made great strides in the last ten years,
taking a position as an indispensable tool in the de-
velopment of molding and processing technologies.
CAE is now widely used in many business circles
surrounding the molding and the processing of plas-
tics from the manufacturers of high polymers and
dies to the molders and assemblers of high poly-
mer products. Since the time when "Moldflow™, a
CAE softwear for injection molding, celebrated its
debut, a series of softwear products not only for in-
jection molding but also for extrusion and blow
moldings have appeared. An example of CAE
analysis of an injection molded car bumper is ex-
hibited in Figure 12. CAE is also beginning to play
an essential role in the field of structural analysis
as a supporting tool for the development of molded
and processed products.
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Figure 12. Results of flow analysis.

Molding processes of high polymers are com-
posed of the combination of “melting’, flowing’,
“cooling’ and “solidifying . Although all of these
phenomena must be simulated for the purpose of
carrying out CAE, the flow of material and heat
transfer occurs simultaneously and structures caus-
ed by orientation and crystallization are also man-
ifested at the same time, which in turn, determine
the physical properties of molded products. All of
this causes difficulties to predict
phenomena of CAE..EspeCially. the accurate pred-
iction of the qualities of molded products such as
physical properties, dimensional accuracies and sur-
face appearances is the task of the future awaiting
a solution.

CAE gives an answer based on idealized and
theoretically systematized phenomena and does
not necessarily answer directly to the needs on the
working floors. It i1s important, therefore, to cul-
tivate engineers who can apply the results from

the wvarious
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CAE into the solution of problems on the working
floor.

Conclusion

High polymers in practical use today are being
manufactured as the products with various defects
originating from their manufacturing processes.
They are, therefore, heing put into practical use
with their actual physical properties being consi
derably lower than those of theoretical values.
There are expectation that new functions which
could not be seen in conventional polymers will be
realized, if more strict structural controls are ap-
plied during the course of high polymer synthesis
and molding, leading to the achievement of an
epoch making technological renovation. For in-
stance. from the fact that polyethylene exhibits 200
times more strength when it is controlled to have
an entirely stretched chain structure by a gel spin-
ning method, we can be hopeful of getting closer to
the theoretical strength of high polymer materials.
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Material designing and form-giving technologies
are somewhat similar to the two wheels of a cart
in the molding process of high polymers. However,
because of the difficulties accompanying the
emergence of high polymers either of a new type
or of having a strictly controlied structure, the im-
portance of controlling the polymer structure of a
high order through their modification and pro-
cessing willgather increas ingly heavy weight.

At the same time that the macro-structure is
given hy polymer processing, changes in the micro-
structure are brought about by molding conditions,
exerting a large effect on the quality of the result-
ing molded products. Therefore, it should become
possible in the future to control or design the qual-
ities of any molded products through the control of
their higher-order-structures by polymer pro-
cessing as well as by polymer synthesis. Also ex-
pected is the development of a processing method
which can show higher performances and func-
tionalities by intentionally giving a unique higher-
order-structure.
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