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Introduction

The synthetic rubber industry in Japan started
in the late 1950s and went through a period of ra-
pid growth during 1960s and 1970s with the pro-
gress of motorization. As the car industry became
matured in the 1980s, the synthetic rubber in-
dustry also entered into a period of steady growth.
Now, about 1.7 million metric tons of rubber is con-
sumed annually, of which 1 million tons is syn-
thetic rubber. This paper will describe the trend of
the industry during the recent ten years.

Consumption and Production

Figure 1 shows the consumption of natural and
synthetic rubbers during 1984~1994. Apart from a
temporary increase during 1988~1491, the in-
dustry as a whole grew only slightly during the
last ten years, reflecting its maturation. The re-
lative proportion of natural vs synthetic rubbers re-
mained almost unchanged during this period. The
total production of synthetic rubber in 1994 was
around 1.3 million tons. The industry is still heavi-
ly dependent upon the automobile industry, which
consumes more than 60% of the synthetic rubber
products.

In Figure 2, the annual production of major types
of synthetic rubbers in 1985 and 1995 1s compared.
Styrene-butadiene rubher(SBR) is still the do-
minant type. Among other types, ethylene-pro-
rubber{EPR) and butadiene rubber(BR)
have grown considerably during the last decade.
This trend can clearly be seen in Firure 3, which
shows the growth of various types during the last 10
years. On the other hand, isoprene rubber(IR},
which was once attracted much expectation as a
substitute for natural rubber, has increased in usage.
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Figure 1. Rubber consumption and production in Japan dur-
ing 1084~1994.

The high growth of EPR corresponds to the re-
cent trend in automohile industry toward the ex-
pansion of the usage of polyolefin materials both in
interior and exterior car parts. Polyolefins are re-
placing other materials in many cat parts, bumpers,
dashboard panels etc. Various types of EPR are
used for the impact modifcation in these ap-
plications. The increased usage of BR, on the other
hand is due to several factors. One important fac-
tor undoubtedly is the increased penetration of stud-
less tires. Other factors include increased usage in
tire tread and side wall,

Figure 4 shows how the usage of synthetic rubb-
er as a whole is distributed among various areas of
applications, No fundamental change is seen in the
pattern of usage during the last 10 years. Tire and
tube market is still the largest area of apphcation,
accounting for about 60% of the consumption. It
will be noticed that the proportion of tire and tube
market has decreased slightly, while industrial
goods market has increased. The latter trend cor-
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Figure 2. Annual production of the major types of synthetic rubbers.
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Figure 3. A comparison of the growth of major types of synthetic rubbers within the last decade.
responds to the above-mentioned expansion of As indicated above, the industry as a whole re-
EPR in automotive applications. mained relatively unchanged during the last decade.

However, there have been vartous technical de-

Technical Trend velopments in this period. Some of the important
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Figure 4. Major areas of rubber application; 1985 vs 1995,

developments will be described here.

Design of Tread Material for Better Tire Per-
formance. In response to the market demand for
hetter fuel economy and better safety driving,
much effort has been done in recent vears towards
the design of a new tire tread material that fulfills
both of these requirements.

The better fuel economy requires reduced rol-
ling resistance of tire, while better safety driving
is related to hetter wet skid resistance. Though
the extensive studies, these performance charac-
teristics have heen translated to viscoelastic prop-
erties of the tire tread compound, reduced rolling
resistance to reduced tan & at low frequency (10~
20 Hz), and hetter wet skid resistance to increase
tan d at high frequency (10°~10" Hz). On the basis
of the well-known time-temperature superposition
principle, these can further be translated to the
reduced tan & at 50 °C and increased tan & at 0 °C,
respectively, So the main issue here is to increase
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tan & at 0 °C and to decrease tan & at 50 °C of the
tread compound (Figure 5).*

The way to the increased tan 6 at 0 °C is straight-
forward : to bring the glass transition temperature
(T} of rubber to the neighborhood of 0°C It was
found that the combination of styrene co-
polymerization and the mntroduction of controlled
amount of 1,2-vinyl unit was necessary to achieve
without undesirable effect on other properties.
This can be achieved by lithium initiated anionic
polymerization,

On the other hand, the decreased tan & at 50 °C
was ,achieved by controling the rubber-filler in-
teraction. Extensive studies have shown that the
introduction of the terminal functional groups in
polymer effectively reduces the tan 8 of the com-
pound at 50°C. Among various functional groups
studied. terminal Sn-function was found to be the
most effective. Figure 6 shows the effect of the in-
troduction of terminal Sn-function in polymer on
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Figure 5. Design of tread material for a better tire performance.

tan 8 at 50°C of the compound. It is clearly in-
dicated that the introduction of terminal Sn-func-
tion reduced tan & significantly, while the same
amount of the Sn-function introduced along the poly-
mer side chain had little effect. Thus, a Sn-ter-
minated SBR with medium to high vinyl content
was designed for the new tread compound, which
was produced by the anionic solution poly-
merization process.

Another approach to better rolling resistance
and wet skid resistance is the use of silica-filled
compound. With a properly designed rubber matrix,
silica-filled compound was found to show better
balance between rolling resistance and wet skid
resistance, together with good abrasion resistance.
Much efforts are being directed toward the rubber
design for better performances.

Hydrogenated Diene Polymers. In an effort to
improve the performance of rubbers based on poly-
dienes and to expand their scope of application, hy-
drogenated diene polymers have been developed
and have found applicatron in recent years.

One of such materials is the hydrogenated nitrile
rubber (HNBR) developed and commercialized by
Nippon Zeon Co.” The material was made practical
by the development of catalyst that can hydro-
genate C=C double bond in NBR selectively and ef-
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Figure 6. Effect of the Sn content in SBR on tan & at 50
°C; @, SBR modifed with Bu,SnCl at polymer chain ends; A,
SBR modifed randomly with Bu,SnCl at side chains.

ficiently. The hydrogenation imparts better ther-
mal and weathering resistance to the material,
while retaining good oil resistance of NBR. Re-
cently the company announced the development of
HNBR with better low temperature properties.
This was said to be done by controlled optimiza-
tion of the polymer structure.

The largest application of HNBR is in timing belt,
accounting for about 60% of consumption. Other
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application includes seals, fuel hoses, diaphragms
and industrial rolls.

Another material in this category is the hydro-
genated styrene block copolymers originally de-
veloped by Shell and commercialized under the
trade name Kraton G. The polybutadiene block of
the SBS block copolymer is selectively hy-
drogenated to improve the thermal and oxidative
stability. At the same time, hydrogenation makes
the central block compatible with polyolefins,
while polystyrene block is compatible with styren-
ic and many types of aromatic polymers. So the
material have also found application in the plastic
modification area.

A recent development related to the above is
the hydrogenated stereoblock polybutadiene under
development by JSR. Here, a stereoblock polymer
of the structure, (1,4-PBD}-(1,4/1,2-PBD)-(14-
PBD) is first prepared by anionic living po-
lymerization. The control of the stereostructure is
accomplished by the addition of polar compounds
during polymerization. Hydrogenation converts the
1,4-PBD and 1,4/1.2-PBD blocks into polyethylene
and ethylene-butylene copolymer blocks respec-
tively. The material has better compatibility with
polvolefins.

Metallocene Catalyst Technology. Metal-
locene catalysts can be designed to have a very
good copolymerizabtlity of olefins, particularly ole-
fins bearing a long side chain by a proper molec-
ular design of the catalyst. Figure 7 shows the
monomer reactivity ratio, #1, of ethylene in the co-
polymerization of ethylene and alpha-clefins with
varying length of side chain.**

The figure shows that ansa-metallocene of C2v
symmetry have smaller rI, i.e., higher reactivity
of comonomer. This feature of the metallocene cat-
alyst opens a possibility of producing the long-
chain olefin copolymers on a commercial scale. In
addition to the application on the production of
linear low density polyethylene (L-LDPE), much
effort is being directed toward the development of
new type of olefin elastomers, Elastomeric
ethylene-l-octene copolymer has been developed
and commercialized in USA (Engage from DuPont
Dow Elastomers).® In Japan, several companies are
actively developing these types of materials. They
are supposed to have significant influence on the
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Figure 7. Influence of the length of side chain in como-
nomer in the copolymerization of ethylene and alpha-olefin
by metallocene catalysts. Metallocene type; A Cp.ZrX, B
[EBI1ZrX, C: MeSi{Cp).ZrX,; D: iPr,C(Cp)(Flu)ZrX,.

plastics modification area. Another new possibility
made possible will be the use of new termonocmers
that could not be used with the traditional vana-
dium-based catalysts for EPDM. It is supposed
that extensive effort is being directed also toward
this direction. These new olefin elastomers based
on metallocene catalyst are beginning to make in-
roads into the plastics modification market but
their influence on the traditional rubber market is
still to be seen.'

Thermoplastic Elastomers. Finally the trend
of thermoplastic elastomers (TPEs) will he men-
tioned briefly in relation to the rubber processing."
Figure 8 shows the worldwide consumption of na-
tural and synthetic rubbers and TPE. The con-
sumption of TPE is still small compared to those
of traditional rubbers, although the proportion of
TPE is gradually increasing. In Figure 9, annual
consumption of major types of TPE in North
America, Europe and Japan is compared. It in-
dicates that the scale of TPE consumption in Japan
is small as compared to those in North America
and in Europe.

Although much effort has been directed toward
the development of TPEs with better properties,
they have not yet come to change the major part
of the rubber processing. Traditional methods of
rubber processing, Le., bunbary mixers, rolls and
hydraolic presses, are still the dominant tech-
nologies. This is presumed to be due to the in-
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Worldwide Consumption
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Figure 8, Worldwide consumption of thermoplastic elastomers.
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Figure 9. Consumption of thermoplastic elastomers in North America, Europe and Japan.

trinsic limitation of TPE in heat resistance and will be required in order to overcome these lim-
elastic recovery. A soft segment with better heat itations. Further effort of TPE development will
resistance together with better morphology centrol be directed towards these goals.
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Future Trend

It is expected that the current trend will con-
tinue for the foreseeable future. Owing to an in-
creased use of new rubber material for better tire
performances, anionic solution polymerization pro-
cess will become more important as a rubber pro-
duction technology. It is to be seen how and to
what extent the elastomeric metallocene polymers
make inroads into the rubber market.
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