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Forward
On the 9" issue of the Bando Technical Report

I would like to extend my sincerest greetings and thanks to our customers for their continued support of our
products, technology and services.

As we look back on the year 2004, it difficult to ignore the many natural disasters including typhoons and
earthquakes which plagued Japan as well as many other countries worldwide. It is said that global warming has
been the major cause of the abnormalities in temperature, which has led to many of the phenomena recently
experienced such as typhoons and heavy floods.

While we all know that we must save energy in order to protect the environment, it is sometimes difficult for a
company to completely follow through with their intentions as the required action may have a large impact on a
company’s business.

Nevertheless, in order for businesses to survive in the long term, we as a company need to thoroughly
consider the environment and its protection. Although it may only be a small measure, we must promote research
and development to take the environment into consideration, otherwise our company will not survive.

The company will celebrate its centennial anniversary in 2006. Instead of recalling the past 100 years, what
we have to do is consider what action is needed to inaugurate our bicentennial anniversary amid changing
environments in terms of the natural and economic environments.

I am pleased to announce the publication of the 9th edition of the BANDO TECHNICAL REPORT. In this
current edition we present 6 reports including a report contributed by Professor Emeritus Yasuhiko Shirota of
Osaka University, who also acts as Professor of Fukui University of Technology.

We would appreciate your taking a glance at the BANDO TECHNICAL REPORT for the benefit of your
research and production development. If you have any comments or advice we would pleased to receive them.

W FT $Ze LD

Seishiro Tkemura
Senior Executive Officer
Marketing, Engineering and R&D
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Amorphous Molecular Materials
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Yasuhiko SHIROTA

This article describes some fundamental aspects of amorphous molecular materials and the recent progress of our studies on

photo- and electroactive amorphous molecular materials, e.g.. photochromic amorphous molecular materials, amorphous mo-

lecular resists, and amorphous molecular materials for use in organic electroluminescent devices. It is shown that like polymers,

small organic molecules can also form stable amorphous glasses if their molecular structures are properly designed and that like

crystals and liquid crystals, amorphous molecular materials constitute a new class of versatile materials for various applications.

A new field of organic materials science that deals with amorphous molecular glasses has been opened up.
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EPDM with well-balanced processability for dynamic
applications
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1. INTRODUCTION

Recently ethylene-propylene-diene terpolymer
(EPDM) is increasingly utilized in dynamic
applications such as engine mounts and belts. In
these applications the compounds have relatively low
filler and oil content to minimize heat build-up when
subjected to deformations at high frequencies. In a
typical formulation, the compounds contain 50 to 70
parts of carbon black and 10 to 20 parts of oil per 100
parts of gum rubber by weight. On the other hand,
loading levels of carbon black and oil in conventional
static applications such as roofing sheets and weather
strips are typically more than 100 parts per 100 parts
of gum rubber by weight. The lower level of filler
and oil in dynamic applications makes the compound
more elastic.  Consequently the handling of the
compound on a roll mill becomes extremely difficult.

Roll-mill behavior of a rubber compound was
classified into four regions by Tokita and White!;

U nE AT e T
TR&D & v ¥ —

GHTHEMTNIET ABIZLEEL S
—mﬂzﬁ% L . Tokita-White @ & — Jb 3 JUIIILE & By
BHEDR) v —EfIC
PL—Ft70MRIZHL, CNOEDIMTIENT v 2%

— b IR
&t%wavﬁummmmi+b/%wﬂ*Wﬁtfﬁ”‘
W72 3 B HES FROT N T 7 ABST & B TR OR SR

7 ) — YR RMBED T4 2 — A & “i
o=k I AIEEIC D W

DEEBET L, BT — Vil

O ORI RETHLIEERT ,Z2OL

VIEEICRV 2O r b o TEY . BOGFETEL T 7 AR
LTwaEtEZLNS,

Region I (a rigid elastic compound), Region II (a
viscoelastic compound, forming a tight rubber band
around a roll mill), Region III (a viscoelasitic
compound with viscous nature, sagging or bagging
on the mill) and Region IV (a viscous compound,
forming a band because of increasing tack to the
roll). The roll-mill behavior changes from Region 1
toward Region IV with increasing temperature or
decreasing shear rate. In a roll-mill operation a
compound is preferably processed in Region Il for
better dispersion of fillers®.

Focusing on the better handling of a low filler-
loaded compound on a roll mill, the compound must
be processed in Region II or IV to form a rubber
band. The roll-mill behavior of a compound is
related closely with its viscoelastic characteristics,
which depend on compound recipe. choice of gum
rubber and process conditions such as temperature
and shear rate (gap between the rolls). From a
scientific point of view, Nakajima®¥ explained the
four regions of processability based upon a new
failure envelop of a gum rubber, a locus of the

relation between modulus at break and elongation at
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break. This paper, on the contrary, focuses on more
conventional and practical approach applied in
industry.  The viscoelastic characteristics of the
compound are evaluated most practically and easily
by Mooney Viscometer. The roll-mill processability
of compounds containing various grades of EPDM is
related with viscoelastic properties expressed in
Mooney Index and Mooney relaxation slope. A
correlation of the viscoelastic properties with
molecular structure of EPDM leads to design of a
new EPDM polymer with excellent roll-mill
processability for dynamic applications.

In addition to the roll-mill processability, the
polymer must give sufficient green strength and tack
for the better handlings of calendered sheets. The
high green strength prevents tear of the calendered
sheet. The high tack is required to insure easy
handling of rubber sheet during the winding process.
The green strength of EPDM  compound
predominantly depends on crystallinity of the
polymer due to ethylene sequence. However, the
higher crystallinity leads to lower tack of rubber
sheet. In this paper. a practical approach is
attempted to design a new EPDM polymer with good
balance of those process behaviors.

2. EXPERIMENTAL

2.1 Preparation of rubber compounds and Mooney tests

The recipe of the rubber compounds contains 100
parts of EPDM gum rubbers, 70 parts of carbon black
(N330), 20 parts of paraffinic oil, 5 parts of Zinc
oxide and 1 part of stearic acid. The Polymer
Manufacturers, JSR and DSM provided the gum
rubbers listed in Table 1. The data in Table 1 were
provided by the manufacturers. All the polymers are
manufactured with conventional vanadium-based
Ziegler-Natta catalysts,

The compounds were prepared with an internal
mixer having 1000 ml capacity. The fill factor was
0.65. First, the gum rubber, Zinc oxide and stearic
acid were mixed until the cumulative electric power
of 20 Wh. Then, carbon black and oil were added
and mixed up to 200 Wh. After the compound was
dumped, it was sheeted with a 10-inch two-roll mill.
For each gum rubber in Table 1, two batches of the
compound were prepared for further testing.

Mooney Index, ML(1+4) 100°C and slope of
Mooney relaxation, log(Mooney Unit)/log t of the
compounds after the cessation of rotation were

measured.

2.2 Roll-mill processability test

Roll-mill processability of the compounds was
evaluated with the 10-inch two-roll mill. The speed
of the front roll was 13 rpm, and that of the back roll
was 15 rpm. The surface temperature of the rolls was
set to 80°C. First, the gap between the rolls was set
to 1.0 mm and | kg of the compound was loaded onto
the rolls. After the compound passed through the gap
once, it was recharged to the rolls, forming a rubber
band around the front roll. Three quarters of the
compound was cut out and recharged twice, ensuring
the homogeneity of the compound temperature. At
the moment that the cut and the recharge were
finished, the count of time started. If sagging of the
compound on the front roll occurs within 60 seconds,
the onset time was recorded. If no sagging occurs for
60 seconds, the gap between the roll was widen by
0.5 mm. The test of sagging was continued and the
gap between the roll was widen by 0.5 mm every 60
seconds. The relation between cumulative time and
the roll gap was shown in Figure 1. The cumulative
time that sagging on the front roll starts is a measure
of the roll-mill processability. It was named as
bagging time. The longer bagging time enables an
operator to use the wider roll gap without sagging.

Gap between the rolls (mm)

0 100 200 300 400 500 600
Time (s)

Fig. 1 Gap between the rolls as a function of time in
roll-mill processability test

2.3 Tack test

Compound sheets of about 0.5mm thickness
were prepared with the 10-inch roll mill at the roll
temperature of 80°C. The sheets were covered with
polyethylene film right after being taken out of the
roll. The sheets were put under ambient temperature
for 24hours, and tack between the rubber sheets was
measured with PICMA tack tester manufactured by

11
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Table 1

EPDM gum rubbers

Polymer Ethylene ENB DCPD Molecular weight (GPC)
Polymer Mooney Index" Content Content | Content Mn Mw Mz Mw/Mn
(Wt%) (wt%) | (wt%) | (10 | (0% | (0%

A-1 100 54 8 0 15.8 51.5 254 3.3
A-2 38 67 6 0 6.3 41.1 437 6.5
A-3 170 66 4.5 0 22.1 86.3 920 39
A-4 74 67 1.5 2.3 8.9 38.8 159 4.4
A-5 45 52 73 0 10.7 33.2 121 3.1

A-6 87 65 3 3 12.9 65.4 484 5.1

A-7 38 61 5.8 0 5.6 54.3 1033 9.7
A-8 48 48 9.4 0 9.7 514 540 53
A-9 42 49 4.5 0 9.8 38.9 312 4.0
A-10 24 68 4.5 0 8.6 19.8 34 2.3
A-11 51 64 9 0 11 33.2 159 3.0
A-12 113 63 9.3 0 16.4 77 1040 4.7
A-13 138 52 9.9 0 16.5 79.5 932 4.8
A-14 50 50 11 24 8.1 75.5 908 9.3
A-15 57 53 11.4 0 9 46.1 374 5.1

A-16 31 51 7.5 0 Tl 45.5 525 59
A-17 126 62 9 1.3 13.9 106.2 1221 7.6
A-18 168 59 5.1 0 18.6 94.4 734 5.1

B-1 47 58.5 0 4.7 34 162 440 4.7
B-2 33 48.2 4.2 22 36 140 375 39
B-3 46 55.1 42 2.1 43 163 445 3.8
B-4 33 67.4 4.9 2.1 42 119 262 2.8
B-5 46 66.7 49 2.2 45 145 339 3.2
B-6 60 5715 54 2.2 35 210 653 6.1

B-7 25 61.4 3.1 2.5 21 149 614 7.1

B-8 24 52.1 5.9 0 42 120 307 2.9
B-9 80 53.9 5.5 0 70 238 717 34
B-10 70 57 5.6 2.3 23 232 791 10.3
B-11 70 56.4 6.2 22 34 237 796 6.9
B-12 40 56.5 5.6 24 27 206 965 T3
B-13 91 56.7 5.3 24 37 299 1180 8.0
B-14 59 56.7 4 2.5 20 244 1033 125
B-15 61 56.6 8 2.5 34 215 791 6.3
B-16 60 48.4 5.6 24 39 226 752 5.7
B-17 63 67 5.2 22 52 186 474 3.6
B-18 61 65 5.2 0 58 167 335 29

Note: 1) Mooney Indices for A-1 to A-18 were ML(1+4) 100°C
Mooney Indices for B-1 to B-18 were ML(1+4) 125°C
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Toyo Seiki Seisaku-sho. Sheet specimen of 14mm
width was held on a cylindrical ring with diameter of
50mm. The ring holding the compound sheet on its
surface was moved down towards another compound
sheet at the speed of 30cm/min. After the ring was
pressed against the sheet at the load of 4.9N for 10
seconds, the holder was released upward at the speed
of 100 cm/min. The force to separate the rubber
sheets is the measured tack. The temperature of
testing was ambient temperature of 25°C.

2.4 Green strength

The compound sheets of 2 mm thickness were
prepared in a compression mold. The temperature of
the mold was kept under 110°C to avoid crosslinking.
After pressed for 30 minutes, the mold was cooled to
ambient temperature by circulating water in the press
machine. Then, the sheet was taken out of the mold.
The tensile specimen was cut with a dumbbell die
type 1 described in Japanese Industrial Standards
(JIS) K6251.

The green strength of the compound was
measured with a tensile tester, Strograph AE made by
Toyo Seiki Seisaku-sho at a tensile speed of 500 mm/
min. The green strength was expressed in maximum
nominal stress based on the original cross section of
the specimen.

4. RESULTS

The results of Mooney Index., Mooney relaxation
slope, bagging time, tack and green strength of each
compound were shown in Table 2. In the table, the
bagging time of 0 second means the compound could
not form a band on the front roll from the beginning.
In this case, the surface of the compound was very
rough, and many holes were observed on the sheet.
On the other hand, the bagging time of 500 seconds
means that no bagging occurred even after the rubber
bank between the rolls vanishes at the wide gap. The
compounds behave like viscous fluids and stick to the
front roll.  No attempt was made to convert the
bagging time to the corresponding shear rate since
temperature of the compound becomes higher at the
same time. Therefore, the bagging time is a function
of both shear rate and temperature. The longer the
bagging time, the lower the shear rate and the higher
the temperature at the onset of sagging.

Figure 2 shows the relation between bagging
time and compound Mooney Index. The compounds
with lower Mooney Index have longer bagging time.

600
—_ Inceasing temperature
£ 500 - X T X
]
E 400
=
o 300 - *
= *
S 200 - 5
C‘g 200 ¢

100 o

*o
0 — t3atede o 6
0 50 100 150 200 250

Compound Mooney Index, ML(1+4)100C

Fig. 2 Bagging time plotted against compound
Mooney index.

The Mooney Index of the compound is strongly
correlated to that of gum rubber as shown in Figure
3. Therefore, roughly stated, a use of a polymer with
lower Mooney Index is effective to avoid sagging
during the roll-mill operations.

In Figure 4, the compound tack was plotted
against ethylene content of the polymer for different
range of compound Mooney Index. It is clear that
sufficient tack requires lower ethylene contents
(lower crystallinity) and lower Mooney Indices.

In Figure 5, green strength of the compound was
plotted against ethylene content. Green strength of
the compound increases with increasing ethylene
content and Mooney Index.

5. DISCUSSION

5.1 Roll-mill processability

In Figure 2, a close look in the range of Mooney
Index lower than 100 reveals that compounds with
similar Mooney Index have quite different bagging
times. The difference was explained in terms of
elastic contributions of the compounds. In Figure 6
the bagging time was plotted against Mooney
relaxation slope for compounds with similar Mooney
Index. The more elastic compounds with smaller
relaxation slopes have longer bagging times. This
demonstrates that the elasticity keeps tension on the
rubber band around the roll, resulting in a tight
rubber band. According to Tokita-White roll-mill
processability, the onset of sagging of a compound
corresponds to transition from Region II to III. The
compounds with Mooney Indices more than 150
could not form a rubber band. They are probably in
Region I. A question arises whether the compounds
that do not sag even after rubber bank vanishes are in
Region II or Region 1V, as depicted in Figure 7. In
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Table 2 Results of compound properties

Mooney Index Mooney relaxation Roll processability Green Tack
Polymer ML(1+4) 100°C slope Bagging Time Strength

(Units) (log Units/log t) (s) (MPa) (N)

A-1 146.7 0.2398 21 5.94 0.69
A-2 54.6 0.2835 500(No sagging) 2.01 0.92
A-3 153.3 0.2971 0 3.27 0.10
A-4 94.5 0.2835 24 1.49 0.10
A-5 91.5 0.2691 135 1.03 3.86
A-6 95.7 0.2619 10 3:.27 1.15
A-7 63.3 0.2618 500(No sagging) 2.28 2.27
A-8 79.3 0.2518 500(No sagging) 0.66 7.88
A-9 70.1 0.2855 500(No sagging) 0.66 5.17
A-10 63.5 0.3036 500(No sagging) 1.58 3.08
A-11 109.3 0.2081 164 1.67 1.86
A-12 168 0.1796 0 3.85 0.98
A-13 207 0.1634 0 1.46 0.49
A-14 62.1 0.2864 500(No sagging) 0.52 7.35
A-15 82.7 0.2413 500(No sagging) 0.73 4.85
A-16 51.3 0.3267 500(No sagging) 0.59 7.69
A-17 114.4 0.2604 3 3.1 2.82
A-18 143.3 0.2983 0 1.04 2.94
B-1 83.8 0.3154 120 0.85 4.56
B-2 75.7 0.3679 198 0.78 527
B-3 95.6 0.3149 71 0.89 3.69
B-4 87.9 0.3305 72 2.57 1.83
B-5 105.9 0.3204 13 3.48 1.42
B-6 103.8 0.2761 72 2.31 2.12
B-7 63.7 0.3175 305 1.17 4.14
B-8 74.3 0.3303 255 0.75 7.11
B-9 136.4 0.3092 1 0.96 292
B-10 116.2 0.268 0 1.97 2.38
B-11 123.1 0.2388 1.80 2.16
B-12 83.9 0.2779 190 1.24 443
B-13 134.6 0.2389 5 2.97 1.86
B-14 105.5 0.263 28 2.09 3.07
B-15 127.5 0.2118 15 241 2.58
B-16 108.6 0.2499 74 1.24 3.65
B-17 113.3 0.3526 3 7.02 0.32
B-18 101.4 0.4633 0 2.22 1.76
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order to discuss the question, the roll-mill
processability behaviors were mapped in terms of
Mooney Index and Mooney relaxation slope in
Figure 8. In this figure the values of bagging time
give a clue on boundary between Region II and IIT at
a given operating condition. The distribution of the
experimental values of bagging times can be
explained by widen the Region Il at lower Mooney
Indices. However, based on viscoelastic properties of
compounds, Mooney Index decreases and Mooney
relaxation  slope increases  with  increasing
temperatures.
Region II and 1II must be like a dotted line showed in

Figure 8 in viscoelastic point of view. The region at

Therefore, the boundary between

low Mooney Indices is explained by the influence of
increasing tack to the roll surface. The region can be
regarded as Region II with tackiness or Region IV
with elasticity. The existence of this region explains
the experimental results of bagging time distribution.
The solid arrows in the figure are the directions to
which the compounds follow at higher temperatures
or lower shear rates. The dotted arrows are the
directions of the boundary movement at higher
temperatures or lower shear rates. Suppose that
compound A with a very high Mooney Index and a
small relaxation slope be in Region I at a given
operating condition, Figure 8. The compound shift to
Region II, Il and IV at higher temperatures or lower
shear rates. In the same way, compound B with
intermediate Mooney Index may start from Region 11
and shift to Region III and IV. On the other hand,
compound C with low Mooney Index and sufficient
elasticity jumps from Region II to Region IV without
sagging because of its tackiness. Therefore,
compound C does not go into Region III at a given
temperature when the gap between the rolls is widen.
However, such a compound probably exhibit sagging,
the behavior in Region III at lower temperatures
because of decreasing tack to the roll.  This
consideration  implies  that  time-temperature
correspondence is not applicable to the roll-mill
behaviors. Tack to the roll may be influenced by
chemical interaction in addition to physical or
viscoelastic  contributions. In order to fully
understand the roll-mill behaviors of a rubber
compound, the chemical interaction at the interface
of rubber and roll surface must be taken into account.

According to the above discussion, a compound
with a low Mooney Index and smaller Mooney
relaxation slope have wider range of operational
condition without sagging. In order to use this result
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to develop a new polymer, the compound properties
tested by Mooney Viscometer must relate to
molecular structure of the polymer. It is known that
lower compound Mooney Index can be accomplished
by the use of a polymer with lower averaged
molecular weight.  The smaller Mooney relaxation

slope can be related to molecular weight distribution
and the presence of long-chain branching. In Figure
9 Mooney relaxation slope was plotted against
polydispersity index, Mw/Mn, at different averaged
molecular weight ranges. It is clear that broader
molecular weight distribution leads to smaller
Mooney relaxation slope. Therefore, a polymer with
lower averaged molecular weight and broader
molecular weight distribution gives better roll-mill
processability, which is consistent with our common
practice.

As pointed out by Beelen et.al.” the Mooney
relaxation slope is also dependent on degree of long
chain branching. It is also known that the presence
of long chain branching also results in longer
relaxation times; the long chain branching affects the
viscoelastic properties at low shear rates.”” Booij”
introduced the difference in phase angles at 10~! rad/
s and 107 rad/s, Ad, as a measure of degree of long
chain branching. The value of A decreases with
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Fig. 9 Mooney relaxation slope as a function of
molecular weight distribution
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increasing degree of long chain branching. Based
upon Aé data provided by DSM, Mooney relaxation
slopes of some gum rubbers are plotted against
weight averaged molecular weight, Mw in Figure 10.
The numbers in the figure are the values of AJ. It is
clear that Mooney relaxation slope decreases as
degree of long chain branching increases. Therefore,
the presence of long chain branching may also
improve the roll-mill processability at a given
condition.

5.2 Design of EPDM polymer with good balance of

processability

From the above discussion, a polymer with lower
averaged molecular weight and broader molecular
weight  distribution  gives  better  roll-mill
processability. Sufficient tack of the compound is
accomplished by the use of a polymer with low
molecular weight and low crystallinity. On the other
hand, sufficient green strength requires polymer with
high molecular weight and high ethylene
crystallinity. Therefore, a good balance of all the
compound properties can be obtained by blends of
low molecular weight amorphous grades and high
molecular weight crystalline grades. In Figure [ the
relation of green strength and tack of such blends is
shown in comparison with a traditional chloroprene
rubber compound having an excellent balance of the
compound properties. The numbers in the figure are
the values of bagging times. The blends of low-
molecular-weight amorphous grades (A-16, B-8) and
high-molecular-weight crystalline grades (A-17, B-
17) do not have good balance of green strength, tack
and bagging time. Only a candidate is a blend of
amorphous liquid EPDM (Trilene 67, Uniroyal
Chemical) and a high molecular weight crystalline
polymer B-17 at a blend ratio of 30/70. The blend
rubber must have bimodal distributions in both
molecular weight and crystallinity. Based on this
model blend polymer, a new polymer with bimodal
distribution of molecular weight and crystallinity has
been developed as shown in Figure 12. The highly
crystalline  component has molecular weights
comparable to that of oil extending grade. Therefore,
the low molecular weight amorphous component can
be regarded as reactive extending oil. The use of the
new polymer results in a compound with excellent
balance of properties: 6 N of tack and 3 MPa of green
strength, and no sagging occurred in roll-mill
operation at the widest roll gap (5mm) at roll
temperature of 80°C.
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Fig. 11 Balance of green strength and tack by blending
of low-molecular-weight amorphous grade and
high-molecular-weight crystalline grade
(Liguid EPDM is Trilene 67)
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Fig. 12 Molecular weight and ethylene content
distribution of a new EPDM polymer

6. CONCLUSIONS

Roll-mill behaviors of rubber compounds with
various grades of EPDM were mapped in terms of
Mooney Index and Mooney relaxation slope of the
compound. A compound with lower Mooney Index
and smaller relaxation slope has a better roll-mill
processability; such compounds do not exhibit
sagging on a roll-mill when the gap between the rolls
was widen at a given temperature. The compounds
were described as elastic compounds with tackiness
or viscous compounds with elasticity. This behavior
can be categorized into Region II with tackiness or
Region IV with elasticity in terms of Tokita-White
roll-mill processability.

Lower Mooney Index and smaller relaxation
slope of a compound was attributed to a lower
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averaged molecular weight and a broader molecular
weight distribution. The presence of long-chain
branching also results in smaller Mooney relaxation
slope.

Low filler-loaded EPDM compounds in a
dynamic application require a good balance of roll-
mill processability, high green tack and high green
strength. To meet the requirements, a new polymer
was developed containing high- molecular-weight
crystalline component and low-molecular-weight
amorphous component. The molecular weight of
crystalline component is comparable to those of oil
extending grades, and the amorphous component was
regarded as reactive extending oil.
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Development of Double-cogged V-Belt for Variable Speed Transmission
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Keizou NONAKA

Chemical Industries supplies V-belts for variable speed transmissions of various vehicles ranging from small
motorcycles to compact cars. Single-cogged V-belts are used in small motorcycles with 50cc engine, whereas dry

hybrid V-belts are used for compact cars with 800cc engine.

In Fall 2002, the double-cogged V-belt having power transmission ability higher than that of the single-
cogged belt was developed. Such type of V-belt is used in transmissions of all terrain vehicle (ATV) and
motorcycle with 250cc engine. The development of the belt with appropriate power transmittable torque and
durability requires the design of rubber material with high transverse modulus and the optimization of the cogged
structure for excellent flexibility of the belt. ATVs and motorcycles with larger engine volumes and easy-to-drive

features are the current market demand.

This paper reports the optimization of the cogged structure using design of experimental technique (Taguchi
method), achieving designated power transmission ability and durability of the belt.
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Effect of Mated Surface and Orientation of Filled Fibers on
Friction of Short Fiber Reinforced Rubber
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1. INTRODUCTION

Short fiber reinforced rubber (SFRR) composites
have been used widely in v-belts (transmission belt),
hoses and no-spike tires, etc. [1-2]. The physical
properties of SFRR are strongly dependent on the
strength properties of rubber matrices and reinforcing
short fibers. Their properties are also dependent on
the dispersion, orientation and adhesion of
reinforcing short fibers in rubber matrices. In a
previous work [3], we reported on the effects of
dispersion and orientation of short fibers in SFRR.
There are also reports on the effect of adhesion
between fibers and rubber matrices on the
mechanical properties of SFRR [4-5].

In this study. the friction properties of short fiber
reinforced natural rubber and poly-butadiene blends
(NR/BR  blends) were Rubbing
experiments were made under a dry condition and

examined.

wet condition with water and were also made against
ice. Rubbing experiments were also conducted for
three sliding directions corresponding to the
longitudinal (L), transverse (T) and normal (N)
directions of the uniaxial-oriented fibers.

HR&D k¥ —
*2 SRS AR B R EE e R

MR, S O St TR TA DA L BB

2. EXPERIMENT

In the experiments, a pin-on disk type tribometer
was used. A rubber specimen of square cross-section
(10mm x 10mm x 2 mm) was rubbed against a glass
disk under dry condition and wet condition. The
experiments was also made on ice of -5°C. The
tribometer was covered by the box made of foam
plastics to cool by cold air. The frictional force was
measured by the strain gauge attached to parallel leaf
spring as shown in Figure I. Figure 2 shows the

07
L/
x

U L

1 parallel leaf spring (2 box (3)mating disk (4)weight balance
5 dead weight (6 movable stage (7) specimen (8 strain gauge

Fig. 1 Pin-on disk type tribometer
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Normal Longitudinal Transverse

m? = =

Sliding direction

Fig. 2 Configuration of the specimens and definition of
fiber orientation

configuration of the specimens and definitions of
fiber orientations. Sliding experiments were
conducted for the three sliding directions of the
SFRR: N, fibers perpendicular to the sliding surface;
L, fibers parallel to the longitudinal direction; and T,
transverse fibers.

Table 1 and Table 2 show the formulation of the
matrix rubber and the SFRRs. The matrix rubber (U-
0) consists of natural rubber and poly-butadiene
rubber. The U-0 does not contain short fibers. The
rubber specimens U-5. U-10 and U-15 contained
polyamide fibers of 5vol%, [0vol% and 15vol%
respectively in the matrix rubber. The fiber length is
3mm and their diameter is about 27um. An
uniformly dispersed SFRR sample was obtained by
controlling the mixing conditions using a
conventional laboratory Banbury mixing machine.

Table 1 Formulation of matrix rubber (U-0)

phr
Natural rubber 60
Poly-butadiene rubber 40
Carbon black N220 35
Plasticizer 5
Zinc oxide 5
Accelerator 1
Sulfur 2.3

Table 2 Formulation of SFRRs (vol%)

Specimen U-5 U-10 U-15
Matrix rubber
95 90 85
(U-0)
Polyamide fi
olyamide fiber 5 10 5

(¢27um x 3mmL)

Before testing, the specimens were abraded by
abrasive paper (CC#100) under a contact pressure of
0.049MPa and sliding speed of 1 cm/s. The
experiments were made under a dry condition, a wet

condition on a glass disk and on ice. Under the wet
condition water was filled with on the glass disk. In
order to make experiment on ice, firstly water was
frozen in the glass disk and ice was finished
uniformly with abrasive paper (CC#1500)

The experiments were made under sliding speeds
from lcm/s to 20cm/s and contact pressures from
0.049MPa to 0.196 MPa. The sliding experiment
under dry and wet conditions were made at room
temperature of 23°C. The experiments were also
made on ice of —=5°C.

3. RESULTS AND DISCUSSIONS

3.1 Effect of mating surfaces and sliding speeds on the

friction

Figure 3 shows variations in the coefficient of
friction for matrix rubber (U-0) and various SFRRs
(U-5,U-10,U-15). Experiments were conducted under
a contact pressure of 0.098MPa. Under dry condition,
the friction coefficient of U-0 was much higher than
those of SFRRs. The friction coefficient decreased as
volume of short fibers increased. These results arise
from the decrease of contact area because the show
that the short fibers support the greater part of
applied load. Under the wet condition, the friction
coefficient for the matrix rubber was largely reduced
compared to the dry condition (Fig.3(b)). However
the differences of friction coefficients under between
the wet and dry condition for the SFRRs were
smaller than those for the matrix rubber.
Furthermore, the friction coefficients for the U-10
and U-15 hardly changed under the sliding speed

(a)DRY | (BWET | (©)ICE
5 1.0 1.0
o U-0
e U-5
i | |—o—u-10 i
4 - . 08 m U-15 08
L o " L]
3§ . 06 | 06 |
m—m
3 ‘w
2r o U4E;;_.":*. 04 | A
. e
b e 02 | 02t
[1} L o L 0 k
1 10 100 1 10 100 1 10 100

Sliding speed v , cm/ s
Fig. 3 Variations in the coefficient of friction for the
matrix rubber and SFRRs in the L direction with
sliding speed (p = 0.098MPa)

@
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range examined. On ice surface of —5°C the frictional
coefficients were higher than under the wet condition
(Fig.3(c)). With increasing sliding speed, the friction
coefficient for the matrix rubber decreased as like as
that under the wet condition. However the friction
coefficient for the SFRRs increased with increasing
sliding speed. These results show that the friction
coefficient varies by the fibers on the sliding surface.

Figure 4 (a),(b) and (c) show variations in the
coefficient of friction for the specimen U-10 in the N,
L and T directions of the oriented fibers respectively
under dry conditions. The experiments were made
under sliding speeds from lem/s to 20cm/s, and
contact pressures from 0.049MPa to 0.147 MPa.
Comparing with the three directions, the coefficient
of friction in the N direction was the smallest at low
contact pressures and low sliding speeds. However
the coefficient of friction increases with increasing
sliding speed.

(a) N direction

M
o L
1 10
Sliding speed v (cm/s)
N tb)LdirccljuqJ
M
o s
1 10
Sliding speed v (cm/s)
’— (¢) T direction
M
o \

1 10
Sliding speed v (cm/s)

Fig. 4 Variations in the coefficient of friction for the
U-10 under dry condition with sliding speed
(O:0.049MPa, @ : 0.074MPa, []: 0.098MPa,
M :0.123MPa, A :0.147MPa)

Figure 5 shows variations in the coefficient of
friction for the specimen U-10 in the N, L and T
directions respectively under wet condition. For the
specimens in the N and L directions, the coefficients
of friction do not change largely at various contact
pressures and sliding speeds. However in contrast to
the dry condition, the coefficient of friction in the N
direction was larger than that of in the L directions.
The fibers in the N direction under wet condition
tend to break water film on the friction surface easier
compared to those in the L directions. For the
specimen in the T direction, the coefficients of

friction were much higher compared to other two
directions. The drainage of water on the contact area
might be much easier compared to other two
directions.

0.5 (a) N direction l
'H o.2
ary T
Sliding speed v (cm/s)
0.4 | [ -
| (b) L direction
M 0.z |- =
——— B— o
o : “
Sliding speed v (cm/s)
o.
K

(c) T direction |

10
Sliding speed v (cm/s)

Fig. 5 Variations in the coefficient of friction for the
U-10 under wet condition with sliding speed
(O:0.049MPa, @:0.074MPa, []: 0.098MPa,
M 0.123MPa, 4 :0.147MPa)

Figure 6 shows variations in the coefficient of
friction for the specimen U-10 in the N, L and T
directions of the oriented fibers respectively under
rubbed against ice. In any directions, the coefficient
of friction increased with increasing sliding speed.
The trends were dominant in the N direction and the
coefficients of friction were much higher at low
contact pressures and at high sliding speeds. These
results seem to arise from protruded fibers normally
to the rubber surfaces. At higher contact pressures,

o.
P i
o.
Sliding speed v (cm/s)
ae | (b) L direction
0.4 | e ——
M &
e 1 l‘n
Sliding speed v (cm/s)
—_—
e | () T direction |
u o.a |- = ._.,7-_-—::-———::5
“___.E——"!r———
o. 2 |

10
Sliding speed v (cm/s)

Fig. 6 Variations in the coefficient of friction for the U-10
on ice with sliding speed
(O:0.049MPa, @:0.074MPa, [1:0.098MPa,
M 0.123MPa, 2 :0.147MPa, A :0.172MPa,
<{>:0.196MPa)

[
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the protruded length of fibers are reduced. Therefore
the friction coefficients will be minimized compared
to those at lower contact pressures.

3.2 Effect of contact pressures on the friction.

Figures 7(a),(b) and (c) show the variations in the
coefficient of friction for the matrix rubber(U-0) and
SFRRs(U-5,U-10,U-15) in  the N
Experiments were conducted under various contact
pressures and a sliding speed of 5 cm/s. Under dry
condition, the friction coefficient of the U-0 was
much higher than those of SFRRs (Fig.7(a)).
According to Hertzian contact theory of elastic

direction.

contact, the coefficient of friction tends to decrease
with increasing contact pressure. However the
coefficients of friction for the SFRRs U-5, U-10 and
U-15 have almost constant value under various
contact pressure range examined. These results arise
from the fact that the short fibers of high modulus
support the greater part of applied load on the friction

~m—U-0
e U5
«L | (a)Dry U-10
¥ U-15
3
c
2
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] n
E a4t = §
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Fig. 7 Variations in the coefficient of friction for the
SFRRs in the N direction with contact pressure
(v = 5ecm/s)

surface. Under the wet condition as shown in Figure
7(b), the friction coefficient for the matrix rubber was
largely reduced compared to that under dry condition.
However for the SFRRs the differences of the friction
coefficients between under wet condition and dry
condition were small. Furthermore, the friction
coefficients for the U-5, U-10 and U-15 showed
almost constant value under the contact pressure
range examined. On ice of -5°C, the frictional
coefficients were much higher than those on wet
surfaces as shown in Figure 7(c). With increasing
contact pressure, the friction coefficient for the
matrix rubber decreased. The friction coefficient for
the SFRRs slightly decreased with increasing contact
pressure. These results show that rubber specimens
partly melted on ice at high contact pressure
condition. Therefore the values of friction coefficient
are higher than those under wet condition and less
than those under dry condition.

3.3 Stribeck diagram

These data under wet condition were re-plotted
as shown in Figure 8. The ordinate is the friction
coefficients for the SFRRs in the N direction and the
horizontal axis is v/p (sliding speed divided by
contact pressure). When the sliding surface is under
boundary lubrication, the coefficient of friction will
be high and almost constant value against v/p. As the
surface is mixed lubrication, the coefficient of
friction will decrease with increasing v/p. If the
friction surface is under elastohydrodynamic
lubrication, the coefficient of friction will be low and
then it will increase with increasing v/p.

Figure 8 shows Stribeck diagram for the SFRRs
in the N direction under wet condition. The friction
coefficient for the SFRR was almost same level or
slightly increased with increasing v/p value. It seems
that sliding surface is almost under boundary
lubrication for the SFRRs. However for the matrix

05

s
L]

a -
- . B A A
3 L :
- .. .J—?
e o BU-S
i [ AU-10
5 ﬂ“”ggnmg s B aU-15
2 ] A

au 208 TaBgs g8 apd o ®
3 Ba, Ago 800

02 0o o © 2o
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Fig. 8 Stribeck diagrams for the SFRRs in the N
direction under wet condition
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rubber, the friction coefficient was not stable and
their variations were wide. The coefficient of friction
tend to decrease at higher v/p. Therefore at higher v/
p, the condition seems to change from boundary
lubrication to mixed lubrication.

4. CONCLUSION

The friction coefficients of NR/BR blends

(matrix rubber) and polyamide fiber filled NR/BR
(SFRRs) were examined when rubbed against dry or
wet glass surfaces, or ice surfaces. The following
results were drawn.
1) Under wet condition, the friction coefficient for
the matrix rubber was largely reduced compared with
the dry condition. However the differences of friction
coefficients between under wet condition and dry
condition for the SFRRs were smaller than those for
the matrix rubber. For the SFRRs in the N and L
directions of oriented fibers, the coefficients of
friction have almost constant value at various contact
pressures and sliding speeds. However for the SFRRs
in the T direction, the coefficient of friction was
relatively high and decreased with increasing contact
pressure because the drainage of water on the contact
area.

2) On ice of —5°C, the friction coefficient for the
matrix rubber decreased with increasing sliding
speed, as like as that under wet condition. However
the friction coefficient for SFRRs increased with
increasing sliding speed. Especially for the SFRRs in
the N direction, the coefficients of friction were much
higher at low contact pressure and high sliding speed.
These result seems to arise from protruded short
fibers in the N direction.
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Study on Based-Isolation of Wooden House
by Using Heat Harding Polyurethane Rubber

T R IEAECI e H R P fE
Tomoki FURUTA Satoshi KANAMORI Yasuhiro SAKO Yutaka KAMADA

This paper investigates effectiveness and mechanical characteristics of heat hardening polyurethane rubber
(PUR) for viscoelastic dampers in based-isolated and vibration controlled wooden houses. Since PUR shows low
stiffness and high damping compared with the conventional viscoelastic materials, it is suitable for based-isolated
device for small-scale structures such as wooden houses. In addition, PUR is not expensive so it is possible to
build up based-isolated system in low cost. From the results of sinusoidal loading tests of PUR, the mechanical
characteristics are estimated. PUR has frequency dependency, strain dependency, temperature dependency, and
axial pressure dependency. Especially in them, axial pressure dependency is important. Because there is the
problem of axial pressure dependency that equivalent stiffness of PUR increases with the increment of pressure,
when it is used as based-isolation device. The Kelvin-Voigt model is build up based on the results of test. The
results of seismic response analysis show the effectiveness of PUR for based-isolated structures.
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Immobilization of Colloidal Crystals, Formed from
Polymer-modified Silica in Organic Solvent, in Polymer
Gel with Radical Polymerization

BRBEFTORY T —EH U AHOI04 KERORY v—4ILET(E

Kohji YOSHINAGA"! Kumiko FUIIWARA"! Yasuyuki TANAKA™!
Hk B R AET Hi HE(T
Mikiko KONTA" Masafumi TAKESUE*
4H =MT R OES

au A FiEaE, REOH o720 4 FRT-AEEP CHTMOBRNEEDIZL VAR L7230 Th s,
A BRI F) - CTERMLE L2 ) AR TFEHCT,AREEPTaO/ FREEREER LAY, 204 FER
R w—< b))y Z AMNICHEEBRELTAZ L Ta L, LEHBTE 2B L L TOIEBTREEALAS &
CTHRITIE, ZVANVEFIZLLAEEFEELEH ML 25, PMMA TEICCE L7220 91 F(d=136nm) 7 5 7
504 P& TP P LHTERL, MMA S EDM 2 LB 45 842 20T, 204 FiEMER I v—4 0L
PSR EL T 2 2 e A TE 2z (R L7 VEE(L T O 4 Fis S 3PN 2 bragg 037 2 7R L, O30 4 Fi5&EAHE
EEE{LE N LA T A,

1. INTRODUCTION 2. EXPERIMENTAL DETAILS

The size-controlled and ultrafine particles are Monodisperse colloidal silica, of 136 nm in
much attractive in a field of materials chemistry. For diameter, was kindly presented by Catalysts &
an aqueous or alcohol colloidal suspension, it is well Chemicals Co. ltd., Japan. The modification of
known that spherical colloidal particles periodically colloidal silica with polymer was carried out by the
array in a limited range of volume fractions." The reaction of colloidal silica with trimethoxysilyl-
ordering of the colloidal particles, so called terminated poly(methyl methacrylate) (PMMA) of
“colloidal crystals,” is based on a strong electrostatic number average molecular weight 6600 in 1,2-
repulsive interaction among the particles, arising dimethoxyethane.!”!"  The amount of grafted
from spreading of the electric double layer.?™" We polymer on silica particles was 92 mg/g. Unreacted
have previously reported that monodisperse polymer- polymer coupling agent was removed from the
modified silica forms the colloidal crystals in organic suspension by centrifugal washing with acetone five
solvent, which is a polar and good solvent for the times. The critical volume fraction (¢,) in the
grafted polymer.®” If it is possible to incorporate colloidal crystallization was determined by naked
the colloidal crystal structure into a polymer matrix, eyes or a digital camera. The reflection spectra were
the particle-arrayed polymer leads to new functional recorded on a photonic multichannel specral analyzer
materials. For example, nanoscale periodic particles of Hamamatsu Photonics PMA-111 employing a 150-
array, i.e., photonic crystal, is promising to W halogen lamp on Hayashi LA-150UX.

application to optical devices, such as dielectric
mirror, or photo-filter.**) In this paper, we describe
the immobilization of colloidal crystals of polymer- 3. RESULTS AND DISCUSSION
modified silica into polymer gels by radical

olymerization in organic solvent. ; y
POty =z As we have reported previously, colloidal

SR TR crystallization of polymer-modified silica takes place
RNAF
R&D ¥ ¥ — in organic solvent, which is a good solvent for
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grafted polymer, and ¢, varies with the combination
of grafted polymer and solvent. The PMMA-
modified silica (PMMA/SiO») was formed the crystal
structure in acetonitrile, acetone, and acrylonitrile.
Although the colloidal crystallization of PMMA/SiO,
takes place in acrylonitrile, the radical polymeriza-
tion seems to lead to destruction of particle array,
because excluded volume effects of resulting
polymer chains on the electrostatic repulsive
interaction among the particles are strong enough to
break the crystal structure to give rise to a phase
separation between the particles and polymer. In
fact, the photo-initiated radical polymerization of
acrylonitrile suspension containing PMMA/SiO,
colloidal erystals led to complete phase separation. If
it is possible to surround the colloidal crystals with
loosely cross-linked polymer network containing
solvent, i.e. gel, the excluded volume effects of the
polymer chains on the electrostatic interaction
between the particles per unit volume of the
suspension are considerably small enough to
maintain the crystal structure. Thus, we tried to
incorporate the particle arrays into cross-linked
organogel formed by the radical copolymerization of
methyl methacrylate (MMA) and macromonomer 1,
prepared by the poly(methyl
methacrylate-co-2-hydroxyethyl methacrylate) with
acryloyl choloride, or 1.2-dimethacryloyloxyethane
(EDM). In Figure 1, effects of the cross linker
addition on ¢, for the colloidal crystallization in
PMMA-silica suspension in CH;CN are shown.
Interestingly, it was observed that the addition of

reaction  of

EDM gave a two-step increase of ¢,, but the reason
for the phenomenon was still unclear. In both cases,
however, @, increased with addition of cross linker.
These results showed that the gelation by
copolymerization should be carried out in the
concentration less than 20 and 80 wt % for the
macromonomer and EDM, respectively. Thus, the
polymerization was carried out in the suspension
PMMA/Si0; in the range from volume fraction (¢) =
0.087 to ¢ = 0.152, 2.02 — 2.31 mol L™ MMA , 4.2
— 7.1 wt % cross linker and 0.051 — 0.100 mol L~
AIBN in acetonitrile in a 10 x 10-mm quartz cell at
25°C by ultraviolet light irradiation using a high
pressure Hg lamp (500 W).

Copolymerization of MMA and macromonomer
1 containing colloidal crystals of PMMA/SiO, in
CH;CN gave polymer gels, but brought about
destruction of the crystal structure. On the other
hand, the copolymerization of MMA and EDM in the

0.2

W
(o]
[¢] 0=~ ™"

OCH, o
o]
Macromonomer (1)

M, = 48000, [y)/[x+v]=1/21

|
0 20 40 60 80 100

Cross linker / wt %

Fig. 1 Effects of cross linker addition on the critical
volume fraction in colloidal crystallization of
PMMA/SIO, in acetonitrile

suspension containing of colloidal crystals  of
PMMA/SiO; resulted in the formation of the gel
included crystal structure of PMMA/SiO,, and the
brilliance based on Bragg reflection was observed on
the cross section of the gel. The observation
indicated that the crystal structure was maintained on
the inside of the gel. The reflection spectra of the
front and rear sides of the gel containing the
composite particles at ¢ = 0.087 showed that the
reflection intensities decreased to less than one tenth
of that before gelation and that the peaks became
broad, as shown in Figure 2. In the reflection
spectrum, broadening of the peaks or appearance of
bimodal peaks come from the distortion or
heterogeneity of the crystal structure, respectively.
These results therefore indicated that the crystal
structure was partially distorted or destroyed. The
space between neighboring particles in the gel at the
front side in the gel, calculated by Bragg’s equation,
was 275 nm. which was slightly smaller than that,
280 nm, before the polymerization. However, the
immobilization in the gel resulted in lowering of
single crystal size, calculated by the reflection peak
width,” from 12.5 um before the polymerization to
1.1 pm, which was corresponding to 5 particle
layers. One reason for the distortion or destroy of the
crystal  structure
heterogeneity of the copolymerization in a 10 x 10-
mm cell.

probably come from the
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Fig. 2 Reflection spectra of immobilized colloidal
crystals of PMMA/SIO, in acetonitrile (1) and in
the front side (2), cross section (3) and rear side
(4) of the gel formed by the polymerization of
MMA and EDM in a 10-mm cell

Thus, we tried the immobilization of the colloidal
crystals with gelation employing a 2-mm-thickness
cell. The polymerization was carried out in a
suspension containing PMMA/SiO, in the range from
¢ =0.090 to ¢ = 0.112, 2.12 — 2.27 mol L' MMA,
0.28 — 0.32 mol L™ EDM and 0.006 — 0.044 mol
L' AIBN in CH;CN at 25°C. The brilliance based
on Bragg reflection was observed in the resulting gel.
The reflection spectra of the resulting gel at ¢ = 0.090
were shown in Figure 3. In this case, reduction of
AIBN and the volume fraction of PMMA/SiO; in the
polymerization made the reflection peak sharp and
high. The spaces between neighboring particles in a
front and rear side of the gel were 273 and 274 nm,
respectively, which were mostly same as that, 274
nm, before the polymerization. Also, the average size
of single crystals was 11.0 and 3.8 um in the gel at
the front and rear side respectively, which were
smaller than that of 152 um before the
polymerization. Therefore. this result suggests that
slow polymerization employing a 2-mm cell is
favorable for maintaining particle array. However,
the size of immobilized crystals in the gel seemed to
be relatively small to apply to the photonic crystals.
On the other hand, employment of a 1-mm-thickness
cell resulted in the formation of the gel more distorted
crystals than those formed using the 2-mm cell.
Probably, the destruction of the structure arises from

the contraction in volume in the polymerization
system, cannot be compensated in small volume of
the 1-mm cell.

1600
1400 |-
. Y
3 ~ i
S 400 Ve
>
B
I3
E
200 |
2
0 |
400 500 600 700 800

Alnm

Fig. 3 Reflection spectra of immobilized colloidal
crystals of PMMA/SIO, in acetonitrile (1) and in
front side (2) and rear side (3) of PMMA gel
formed by the polymerization of MMA and EDM
ina2-mm cell

In Figure 4, a TEM image of dried gel containing
the particle was shown. The image exhibited the
cross linking during the copolymerization takes place
along with the penetration into the space among the
particles.
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Fig. 4 A TEM image of immobilized colloidal crystals
of PMMA/SIO, in PMMA gel
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4. CONCLUSION

In conclusion, the immobilization of particle
array in organogels was achieved by the
copolymerization of MMA and EDM in acetonitrile
suspension containing colloidal crystals of PMMA/
Si0,. Studies of formation of large colloidal crystals
in organic solvent and immobilization in polymer gel
are nOw in progress.

This work is supported by Grant-in-Aid for
Scientific Research (No. 14350499) from Ministry of
Education, Culture, Sports, Science and Technology,
Japan.
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TEL(078)652-2497 FAX(078)652-2897

BANDO EUROPE GmbH
Nikolaus Strasse 59, D-41169 Moenchengladbach, FEDERAL REPUBLIC OF GERMANY
TEL 48-2161-90104-0 FAX 49-2161-90104-50
BANDO IBERICA, S.A.
Apartado Carreos 130, Poligono Industrial Can Roca, Carretera Nacional Il, Km 578,
08292 Esparraguera, (Barcelona) SPAIN
TEL 34-93-777-8740 FAX 34-93-777-8741
BANDO KOCKAYA BELT MANUFACTURING (TURKEY), INC.
Ihasan Dede Cad. 1000 Sokak, Gebze Organize Sanayi Bolgesi,
41480 Gebze, Kocaeli, TURKEY
TEL 90-262-751-1691 FAX 90-262-751-1698

T

PHILIPPINE BELT MFG. CORP.
C.P.O.Box 205, 2nd Floor, Siemkang Building, 280-282
Dasmarinas Street, Binondo, Manila 1089, PHILIPPINES
TEL 63-2-241-0794 FAX 63-2-241-3279
KEE FATT INDUSTRIES, SDN. BHD.
No.2, Jalan Sengkang, Batu 22, Kulai 81000, Kulai, Johor, MALAYSIA
TEL 60-7-663-9661 FAX 60-7-663-9664
BANDO (SINGAPORE) PTE. LTD.
3C TOH GUAN ROAD EAST
#05-01 SINGAPORE 608832
TEL 65-6475-2233 FAX 65-6479-6261
SANWU BANDO INC.
11Fi-2, No. 51, Sec.1, Min Sheng E. Road. Taipei, TAIWAN
TEL 886-2-2567-8255 FAX 886-2-2567-2710
P.T. BANDO INDONESIA
JI. Gajah Tunggal, Kel. Pasir Jaya, Kec. Jati Uwung, Tangerang 15135, INDONESIA
TEL 62-21-5903920 FAX 62-21-5901274
BANDO MANUFACTURING (THAILAND) LTD.
47/7 Moo 4, Soi Watbangpla, Tambol Bankao. Amphur Muang, Samutsakorn,
74000, THAILAND
TEL 66-3446-8422 FAX 66-3446-8415
DONGIL BANDO CO., LTD.
869-1, Eogok-Dong, Yang San City, Gyung Sang Nam-Do, REPUBLIC OF KOREA
TEL 82-55-371-9200 FAX 82-55-388-0087

PENGELUARAN GETAH BANDO (MALAYSIA) SDN. BHD.

No.2, Jalan Sengkang,

Batu 22, Kulai 81000, Kulal, Johor, MALAYSIA

TEL 60-7-663-5021 FAX 60-7-663-5023

BANDO JUNG KONG, LTD.
4Ba-705 (Shihwa Indus. Zone, Mechatronics Complex), Songgok-Dong,
Ansan City. Kyongki-Do, REPUBLIC OF KOREA
TEL 82-31-432-9800 FAX 82-31-432-8198

BANDO SIIX LIMITED

Room 2201-2, Shun Tak Centre, West Tower, 200 Connaught Road Central,

HONG KONG

TEL 852-2494-4815 FAX 852-2481-0444

BANDO BELT (TIANJIN) CO., LTD.
Bliss Building, 5 Fourth Avenue, TEDA, Tianjin 300457, CHINA

TEL 86-22-6620-0912

FAX 86-22-6620-0914

BANDO MANUFACTURING (SHANGHAI) CO., LTD,
Rm. B, First Floor, Block 56, No. 199, Riying North Road, Wai Gao Qiao Free
Trade Zone, Pudong District, Shanghai, CHINA, 200137

TEL 86-21-5046-0161

FAX 86-21-5046-0849

BANDO (INDIA) PRIVATE LIMITED
26, Sector 34, EHTP, Gurgaon ~ 122001 (Haryana) India

TEL 91-124-5034-081

FAX 91-124-5034-094

BANTECH KOREA CO,, LTD.
#3902, Hongeun B/D, 824-22 Youksam-Dong, Kangnam-Gu, Seoul-City, 135-080,
REPUBLIC OF KOREA
TEL 02-2051-9130 FAX 02-2051-8131

e ihiz
BANDO USA, INC.
{Corporate Office}

1149 West Bryn Mawr,

Itasca, lllinois 60143, U.S.A.

TEL 1-630-773-6600 FAX 1-630-773-6912

(Bowling Green Plant)

P.O.Box 10080, 2720 Pioneer Drive, Bowling Green, Kentucky 42102-4860, U.S.A.
TEL 1-270-842-4110 FAX 1-270-842-6139
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