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Forward
On the 11" issue of the Bando Technical Report

First, I would like to express my appreciation for your continued use of our products.

Last year we celebrated our 100™ anniversary since establishment. This is due entirely to the blessing of your
continued support.

Now, it has been sometime since the emergence of BRICs caught our attention, but in recent years new focus is
being placed on so called Next-11 countries which signifies more severe cost competition on a global scale.

The countries in North America and Europe are enhancing product engineering technology, and China became
the No.2 country surpassing Japan in terms of investing in research and development, as technological
competition became fiercer on a global scale.

In order to remain an industry leader in these severely competitive times, we are going to establish a new
Research and Development Center on Port Island, Kobe in September, 2007. We are aiming at “innovation in
production technology™ and strengthening our product development capabilities in the highly competitive global
market, as well as satisfying our customers with our “development of value added products for customers”.

In this issue we have four (4) technical reports on Power Transmission Belts and Conveyor Belts, and two (2)
reports on environmental protection utilizing nano-technology. Since 2004 we have been very conscious of
“energy conservation” and “environmental protection” during our manufacturing processes and other activities
that we carry out as a manufacturing company.

1 hope that these reports will be of use to you in your research and product development.

We would like to hear from you if you have any advice or comments related to these reports.

T B %

Hiroshi Matsuoka
Executive Officer
Engineering and R&D

1 BANDO TECHNICAL REPORT No.11/2007



it
ZRES VAL N DFSTFE
Life Prediction of Dry Hybrid V-Belt

BT e
Shigeki OKUNO

Our dry hybrid V-belt, AVANCE has a high transmission capacity and transmission efficiency, and makes a CVT system very
efficient in terms of energy saving. However, since our belt is mainly made of polymeric materials such as rubber and resin,
reliability of the product is a major customer's concern in contrast to the metal belts which are widely used in CVT system of
many automobiles. Therefore, life prediction is very important to prove the applicability of the belt in many types of vehicles.

In this paper, a life prediction of crack failure of tension band is reported. The crack life is predominantly affected by belt's
temperature at high belt speeds.
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Fabrication of Aligned Carbon Nanotube-filled Rubber
Composite
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1. INTRODUCTION

A great deal of attention has been paid to be tiny
but fascinating carbon nanotubes (CNTs), which
consist of rolled-up graphene sheet built from sp’
carbon units [1-3], because they are considered ideal
reinforcing fillers in a wide range of composite
systems [4]. This is due to their long macro-
morphology (high aspect ratio, length/diameter) and
their exceptional mechanical properties (Young's
modulus = 1-1.8 TPa) [5], transport conductivity
(resistivities at 300K of ~1.2 x 107 - 5.1 x 10
Qcm; activation energies <300 meV for semi-
conducting tubes) [6,7], and thermal conductivity
(3000 W/mK).

At present, a large quantity of carbon nanotubes
is available due to the recent progress in developing
synthetic method [8,9]. When considering practical
application of carbon nanotubes, it is anticipated that
the area of largest consumption of carbon nanotubes
will be as filler for various polymers, when
exploiting the excellent mechanical and electrical
properties of carbon nanotubes [1]. For this reason.
carbon nanotubes have been investigated as
functional fillers in polymers [10]. In order to exploit
the intrinsic properties of carbon nanotubes in

*UEMARET SR
2 (G
BR&D ¥ ¥ —

composite, two basic problems have to be solved:
dispersion and alignment. In this study, we selected
commercial ethylene propylene dine rubber (EPDM),
a typical unsaturated polyolefin rubber. as the matrix
because this material has been widely utilized in the
fabrication of automotive tire sidewalls, cover strips,
wires, cables, hoses, belting, footwear, roofing
barriers, and sporting goods [11]. By utilizing
conventional rubber technology, we [fabricated
aligned carbon nanotube-based rubber sheet in a
controllable direction. To the best of the authors’
knowledge, this is the first report on the production
of aligned carbon nanotube-filled rubber, although
there have been a few reports on the alignment of
carbon nanotubes in polymers using magnetic fields
[12-14].

2. EXPERIMENTAL DETAIL

High-purity and crystalline multi-walled carbon
nanotubes with diameter of =100-200 nm, obtained
by combining the synthesis of a catalytic chemical
vapor deposition method [8, 9, 15] and subsequent
thermal heat treatment, were synthesized in a large
quantity. The formulation of the matrix rubber (EP33,
JSR Corp.) is summarized in Table 1.

Using a conventional laboratory Banbury mixer
(1800 cm?), different amounts of carbon nanotubes

BANDO TECHNICAL REPORT No.11/2007



Table 1 The composition of the matrix rubber

Constituent Matrix rubber (phr)*

Etylenepropylene rubber 100

Carbon black MT 70

Process oil 10
Zinc Oxide 5
Stearic Acid 1
Sulfur 1
N-cyclohexyl-2-benzothiazyl sulfenamide 1
Tetra octyl thiuram monosulfide 2

# Parts per hundred of rubber

(5wt.% and 30wt.%) were mixed homogeneously in
the rubber matrix by controlling the mixing
conditions (e.g., mixing time, mixing volume).
Subsequently, by controlling the milling conditions
(e.g., nip gap, mixing time) of a conventional
laboratory mill (200 mm x 330 mm), the dispersion
of the CNTSs in rubber matrix was accomplished by
shear force. Then. we obtained CNT-aligned rubber
sheet along the X-direction by applying a calendaring
and shaping process. In the case of CNT-aligned
rubber sheet along the Z-direction, three steps were
carried out consecutively: first, extruding nanotube
and rubber compounds into a cylindrical shape; then
opening die of extruder for alignment of carbon
nanotubes along the radial direction; and finally
opening it up. Finally, the experimental specimens
were cured at 150°C for 30 min.

The fractured surface was prepared by slicing the
alignment direction of composite rubbers vertically
with a microtome (Leica). Field-emission scanning
electron microscope (FE-SEM) (5kV, a JEOL JSM-
6335Fs) observations were carried out in order to
confirm the dispersion and alignment of carbon
nanotubes in rubber. The degree of orientation for
CNTs was determined by the wide angle X-ray
diffraction (WAXD) method using CuKe radiation
(Rigaku, RU-200B). The orientation coefficient ()
of CNT crystallites was calculated by using the (002)
reflection at 20 = =27° for CNTs by using equations
described in Ref. [16]. Tensile testing was performed
with a universal testing machine (Instron 5568) at an
extension rate of 500mm/min at room temperature.
Thermal conductivity (Thermolab-1I, KES-F-M7,
company), electrical conductivity (two-point method,
company), and

electromagnetic shielding

characteristics (type, KEC method) of the samples

were carried out.

3. RESULT AND DISCUSSION

Carbon nanotubes used. in this study exhibit
relatively linear and long tubular morphology (high
aspect ratio), as shown in Fig.l (a) and (b). These
nanotubes contain high crystallinity and relatively
high real density, higher than that of conventional
graphite. In addition, metallic impurity was detected
at less than 100ppm (measured by atomic absorption
spectroscopy). The ideal status of nanotube
alignments in the composites along the (a) X- and (b)
Z-directions are illustrated in Fig.1 (c¢) and (d),
respectively. In order to check dispersion of carbon
nanotubes in rubber, the fractured surfaces obtained
by slicing the alignment direction of the rubber
composite containing 30wt.% carbon nanotube
vertically with a microtome were observed using the
FE-SEM apparatus. As shown in Fig.1 (e) and (f),
relatively long and straight nanotubes protruded from
the fractured surface. It is noteworthy that no
aggregate of carbon nanotubes was observed.
Therefore, it is possible to say that high-purity carbon
nanotubes were homogeneously dispersed in rubber
during conventional rubber processing (mixing and
milling processes).

To evaluate the effect of nanotube on the
physical properties of rubber, the mechanical
properties, thermal and electrical conductivities were
measured and compared with neat rubber sheet and
also with those of rubber containing boron nitride, a
conventional filler used in the rubber industry (see
Table 2). The tensile strength at breaking of

nanotube-added rubber is twice as high as those of
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Table 2 Mechanical, electrical and thermal properties of 5 wt.% carbon nanotube-filled rubber sheets

Filler Mechanical properties Thermal conductivity ® Volume resistivity ©
Ty (MPa)® | Ey (%)™ |X-sheet (W/mK) | Z-sheet (W/mK) | X-sheet (Qcm) | Z-sheet (Qcm)
No filler (control) 5-8 447 0.28 6.9%10"% | 6.9x10"
Carbon Nanotube 11.2 484 0.70 1.0 x 10* 6.9 x 10*
Boron nitride (10 um)| 5.9 451 0.41 5.0x 10" 1.9x 102

a) Ty and E, mean tensile strength and elongation at break, respectively.
b) Thickness of rubber sheet for measuring thermal conductivity is ca. 2mm

¢) Volume resistivity was obtained when applying 5V.

neat rubber sheet and boron-added rubber, and, in
addition, no large change in elongation at break.
Simple explanations for this mechanical property are

(1) nanosized effect of fibrous carbon (=100nm).
indicating highly increased interface area between
filler and rubber when compared to boron nitride and
(2) beneficial alignment of fibrous carbons (high
aspect ratio) (the degree of alignment of carbon

A . Srnah T A T M { 4
€)  Aligned direction (X-sheet) (@) Aligned direction (Z-sheel)

Fig.1 (a) and (b) FE-SEM images of highly
crystalline carbon nanotubes at different
resolutions. Scale bars: 1um; (c) and (d)
schematic images of carbon nanotube
incorporated rubber sheets along the X- and
Z-directions, respectively; (e) and (f) FE-SEM
images of CNTs 30/rubber composites
showing high dispersion of carbon nanotubes
along the aligned directions. It is noteworthy
that there was no aggregate in rubber matrix,
indicating good dispersion of carbon
nanotubes.

nanotubes in rubber will be described in detail using
WAXD). Furthermore, thermal conductivity of
nanotube-added rubber was increased by at least a
factor of 1.5 in both directions, while volume
resistivity of nanotube-added rubber was drastically
lowered by six orders. It is assumed that conductive
networks in rubber were formed. resulting in the
highly decreased resistivity of the rubber sheet. In
this sense. this rubber composite is highly suited to
antistatic, electromagnetic shielding, pressure sensor
and actuator applications [17].

To study the mechanical properties of nanotube-
added rubber composites in detail, stress-strain
curves of 5wt.% and 30wt.% nanotube-reinforced
rubber sheet including neat rubber sheet were
established (Fig.2). For all samples, the initial
modulus (below 10% strain) is abruptly increased as
the amount of nanotubes increases. In the case of 5
wt.% added rubber composites, where nanotubes are
aligned along the X-direction, the elastic modulus for
the sample when force is applied to the alignment
direction of carbon nanotubes is increased by
approximately two times as compared with the elastic
modulus for the sample with vertically applied tensile
force. But, with a higher amount of nanotubes, the
rubber composites show highly increased initial
modulus (stiffness), but reduced tensile strength by
=~(.5 and high elongation at break by =0.4, possibly
due to increased cross-linking intensities.

It is well known that WAXD is a powerful tool
for characterizing the degree of crystallinity of CNTs
aligned in a polymer matrix [12-14]. Fig.3 shows the
X-ray diffraction photographs taken from different
X-ray incident directions for the rubber composite
filled with 30wt.% CNTs aligned along the X-
direction. This figure includes the azimuthal X-ray
intensity profiles. The thinner white arrow indicates
the Debye-Scherrer ring of the (002) plane of CNTs.

11
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Fig. 2 (Stress-strain curves of aligned carbon
nanotube-filled rubber composites including
neat rubber sheet.
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Fig. 3 X-ray photographs and azimuthal X-ray
intensity profiles for 30wt.%-CNTs filled
rubber composites; X-ray incident directions
are (a) Z (b) Y, and (c) X.

Although the Debye-Scherrer ring is of a circular
form, the whiteness of the ring is more concentrated
in the equatorial direction for Fig.3 (a) and (b),
indicating that the CNTs were aligned in the X-
direction as we expected. The degree of orientation
of CNTs crystallites in the composite is 0.60,
determined from azimuthal profiles of (a) and (b). In
the case of the composite filled with Swt.% CNTs,
the selective orientation of CNTs also occurred in the
directions we expected, but the degrees of orientation
were considerably lower than that of 30wt.% CNTs
filled composite. The values were =0.54 for X-sheet,
and 0.44 for Z-sheet, respectively, which means that
the degree of orientation for the composite containing
Swt.% CNTs was much lower that that containing
30wt.% CNTs. The difference between 5wt.% and
30wt.% CNTs filled composites may be attributed to
the melt viscosity during the rubber milling
processing. Since the melt viscosity with higher CNT
content is higher, the higher shear force may be
generated during milling, which brings about the
higher orientation of CNTs. In addition, when filled
30wt.% CNTs, the higher viscosity may prevent the
relaxation of aligned CNTs to random orientation,
and retain the orientation of CNTs during
solidification of the rubber component.

Fig.4 shows the shielding characteristics of the
nanotube-filled rubber sheet as compared with those
of graphite particle- and ferrite-filled rubber sheets,
as a function of frequency. The shielding effect of the

B
o

(o))
[]

Shiclding (dB)

oo
<
L

100

1 200 400 600 800 1000
Frequency (MHz)

Fig. 4 Frequency dependence of EMI shielding for
carbon nanotube-, graphite particle- and
ferrite-filled rubber sheets at the same 30
weight percents.
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nanotube-filled rubber is prominent, especially in
high-frequency bands of several hundred MHz or
more. It is expected that the excellent shielding
characteristics are mainly due to the formation of a
conducting network in an insulating rubber matrix
through the incorporation of the highly conductive
carbon nanotubes. The required level of the shielding
can be varied according to the environment.
However, since the nanotube-filled rubber sheet
exhibited excellent shielding effects above 60dB at
frequencies up to 1GHz, we envisage that the
nanotube-filled rubber sheet will be utilized in a wide
range of electrical equipments.

4. CONCLUSION

We evaluated the mechanical, thermal, electrical
and electromagnetic shielding properties of multi-
walled carbon nanotubes incorporated EPDM rubber
composite sheet. By varying the amount and
alignment of nanotubes in a controllable direction,
we can control the mechanical/electrical/thermal/
shielding properties of nanotube/rubber sheet in
detail, something that is urgently required from the
viewpoint of applications. Alignment of carbon
nanotubes in rubber matrix resulted in significant
improvements in elastic modulus, thermal and
electrical conductivities, especially along the Z-
direction. As the amount of nanotubes added
increased. rubber composites were transformed into a
rigid material, which is reflected in a marked increase
of the modulus. Based on WAXD study, it has been
determined that conventional rubber technology is
quite useful in aligning carbon nanotubes in rubber in
a controllable fashion. Furthermore, increased shear
force (melt viscosity) caused by the higher amount
addition of nanotube (30wt.%) during the milling
process gave rise to an improved alignment of CNTs
in rubber matrix. Therefore, it is envisaged that
judicious selection of amount and the alignment of
carbon nanotubes in rubber, will make this material
applicable to various fields.
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Development of Low Rolling Resistance Conveyor Belt for Saving Energy

i
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Masatoshi FUIINAKA

Recently, environment protection is getting more attention in global viewpoint. New products, which are
efficient in saving energy and reducing CO, emission, have been developed in many fields of applications. A

conveyor belt is one of the applications.

Conveyor belts with long distance and high load capability is becoming larger in size and faster in belt speed.

As a consequence, a higher motor power is required to drive the belts. In such applications, a belt with very low

rolling resistance is needed to save energy.

Therefore a new product, BANDO ECO-CARRY being excellent in low rolling resistance, has been developed.
In this paper some causes of rolling resistance are elucidated. and laboratory tests are verified by consumed energy

measurements of an actual belt in the field.
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The Thermal and Mechanical Properties and the lonic
Conductivity of Cationic Polyurethane Elastomers with
Pendant Trimethylammonium Group
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1. INTRODUCTION

Polyurethanes (PUs) are very versatile industrial
materials which have been developed during these
seventy years and have been applied in various fields
as foams, coatings, adhesives, elastomers, fibers,
synthetic leathers, etc. Even on elastomers, PUs have
been applied in many fields by putting its superior
mechanical properties, abrasion resistance, and oil
resistance to practical use. Elastomers are insulating
material in general and PU elastomers also. However,
as the electronic devices advance in recent years,
elastomers used for roller and cleaning blade inside
of electronic camera have been needed to have the
conductivity of semiconductor level (107— 10710
S Cm’l). In such applications, PU elastomers have
been used for their good abrasion resistance and low
compression set. It is considerable that PU elastomers
will be needed to have conductivity of much higher
level in future.

"R TR
2 R
B FARLTFAE

WL O A 1L Vogel-Tamman-Fulcher 3412 1E -

One method to improve conductivity of PU
elastomers is to introduce ionic conductivity. In
general, polyether-based PU elastomers can be
complexed with electrolytes such as LiClOy4 to give
ionic  conductivity. There have been various
investigations of PU-electrolyte complexes'+?.
However, the use of high concentration of
electrolytes leads to the loss of elasticity. The use of
solvent 1s usually essential to complexing PU
elastomers with electrolytes, which is disadvantage
for the industrial production. Other semiconductor
type of PU elastomers is ionic PU elastomers.

PU ionomers have been the important field of
ionic PU elastomers. In general, ionomers are
thermoplastic materials containing up to ~10% of
ionic comonomers and are thus insoluble in water in
most cases. PU ionomers are classified into (a) PU
cationomers>") and (b) PU anionomers®?) depending
upon whether positive or negative ion is contained in
main chain or pendant chain, and (c) PU zwitter

ionomers!?

containing both the positive and negative
ions.
For the syntheses of PU cationomers, it is the

popular route to use the chain extenders of short-
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Table 1 Materials

Abbreviation Description Supplier
TDI 2.4-Tolylene diisocyanate Nippon Polyurethane
Industry Co., Ltd.
PTMG Poly(oxytetramethylene) glycol Hodogaya Chemical
M, =980 Co., Ltd.
PPG Poly(oxypropylene) glycol Sanyo Kasei Industry
M, = 880 Co., Ltd.
TMP 1.1,1-Trimethylol propane Tokyo Kasei
Kogyo Co., Ltd.
EMP 2-Ethyl-2-methyl-1,3-propanediol Tokyo Kasei
Kogyo Co., Ltd.
BD 1.4-Butanediol Wako Pure Chemical
Industiries, Ltd.
DMP 3-Dimethylamino-1,2-propanediol Tokyo Kasei
Kogyo Co., Ltd.
MEA N-Methyldiethanolamine Wako Pure Chemical

Methyl iodide

Industiries, Ltd.
Wako Pure Chemical
Industiries, Ltd.

chain diols containing tertiary amine group, and
quarternize the formed PU with acids or alkyl
halides™'". However, the use of solvent is inevitable
in this route. In recent studies®®'? synthetic route
that uses prequarternized diol is adopted. The
advantages of  prequarternization  before  the
formation of PU elastomers are the realization of
synthesis in nonsolvent system and the easy control
of content of ionic group in PU elastomers. Several
researchers have investigated structure-property
relationships in such systems, where the quaternary
ammonium group is in the PU backbone.

Short-chain  diols with pendant pyridinium
halides were used by Vilenskii er al.'” to synthesize
PU cationomers directly. The effects of the
neutralizing anion on polymer morphology and
thermal properties were investigated. Varma and co-
workers'? have prepared PU cationomers by using 3-
trimethylammonium-(1,2-propanediol)iodide as the
chain extender, but properties of the obtained PU
cationomers were not reported. Goddard and
Cooper'>™'") have synthesized PU cationomers with
pendant trialkylammonium groups by using ionic
chain extenders. They have investigated the
morphology and properties of their PU cationomers
as a function of ion content, the length of alkyl group,

and neutralizing anion.

As described above, there have been various
of PU
thermoplastic polymers. However, very little work is
currently available in the published literature on the

investigations ionomers, which are

thermosetting ionic PU elastomers. The research of
the thermosetting ionic PU elastomers is needed in
PU industry with anticipation of their improved
properties. On the other hand, we have reported the
synthesis and properties of thermosetting cationic PU
elastomers that were prepared by using ionic chain
extender with quaternary ammonium group in
backbone'®19),

On the background described above, this study
intends (1) to use cationic short-chain diol with
pendant quaternary ammonium group as chain
extender, (2) to synthesize cationic PU elastomers
containing different polyethers and different content
of ionic group by nonsolvent technique, and (3) to
examine the thermal and mechanical properties, and
the ionic conductivity of the obtained cationic PU
elastomers, and to compare with the corresponding
cationic PU elastomers with quaternary ammonium
group in backbone.
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2. EXPERIMENTAL

2.1 Materials

Materials used in this study are described in
Table 1 with their abbreviations. Polyols were dried
and degassed at 65°C under vacuum for 3h before
use. Chain extenders were dried likewise before use.
Other materials were used as received.

2.2 Preparation of Cationic Diols Containing Quaternary

Ammonium Group

Methyl iodide was added slowly with stirring to
3-dimethylamino-1,2- propanediol (DMP) or N-
methyldiethanolamine (MEA) at room temperature
under nitrogen atmosphere to yield 3-trimethyl-
ammonium-(1,2-propanediol) iodide (TMPI) or N-
dimethyldiethanolammonium iodide (MEAI). The
detail of the preparation was described in the
previous paper'”). The formation of TMPI and MEAL
were confirmed by the results of elementary analysis
and NMR spectra.

2.3 Preparation of Cationic Polyurethane Elastomers

Cationic PU elastomers with pendant ammonium
group were synthesized by a two-step addition
reaction outlined in Figure |. The NCO-terminated
prepolymers were prepared by the reaction of TDI
with polyols at a molar ratio of NCO/OH = 2/1 under
dry nitrogen atmosphere for 15-30 min. Polyols used
were PTMG and PPG. The reaction was carried out
at 65-75°C without any catalyst, and terminated

- 4 GHa0H )
[ cH, CchHzfc\— CH,0H

| NCO CHaQH
r | ™P
| HO~—0OH [ HOCHCH,0H
| Polyol | . oI $Hzr
— - +
CHgy | "CH
ScHg 3

TMPI

— CHs

HOCH,CCH,OH

[NCO of TDI] ;

I b ) T CoHs
[CH of Polyol]

EMP
Chain Extenders

Prepolymer

]

_ [OH of Chain Extenders] _

[NCO of Prepolymer]

Cationic Polyurethane Elastomers

Fig. 1 Two-step synthesis of cationic polyurethane
elastomers.

when the resulting isocyanate content of prepolymer
determined by the amine equivalent method reached
expected value. After the prepolymer was degassed
under vacuum to remove any possible air bubbles,
the mixture of chain extenders (TMP, EMP, and
TMPI) was added to the prepolymer at a molar ratio
OH/NCO = 0.9. The reaction was carried out at 80—
100°C for 1-10 min with high speed stirring, then the
reaction mixture was cast in a mold kept at 100°C.
After standing in an oven at 100°C for 1-3h, the
cationic PU elastomer was demolded, and then post-
cured in a oven at 100°C for 24h. The composition of
mixed chain extenders was as follows., whose
30mol% [OH] was of TMP, and other [OH] was of
EMP and TMPI. The degree of ionization of the
samples was controlled by regulating the fraction of
EMP and TMPIL. Cationic PU elastomers with
ammonium group in backbone were prepared by
using BD and MEAI as substitutes for EMP and
TMPI, respectively. The composition ratios of the
chain extenders are shown in Table 2.

The samples were designated in the following
manner: 10T-PN-0.6. The first alphabet of the
mnemonic code refers to the polyol type (T for
PTMG and “P” for PPG), the second alphabet refers
to ionic chain extender (“PN” for TMPI, “BN" for
MEAI: PN means pendant N* and BN backbone N¥);
the first figures, 10, indicates the molecular weight
1000 of the polyols, and the last figures is the weight
percentage of quaternary ammonium calculated from
theoretical values.

2.4 Characterization

Equilibrium water sorption in 20 and 90%
relative humidity at 25°C was measured by weighing
at an appropriate time interval until constant weight
was reached. The percentage of water sorption was
calculated from the weight difference between the
wet and dry samples.

Differential scanning calorimetry (DSC) was
carried out with a Seiko DSC 210 at the heating rate
of 10°C min".

Rheometrics RSA 1T (Rheometrics for East) was
used to obtain dynamic mechanical data at
temperatures ranging from —150 to 200°C at 0.1% of
strain, the frequency of 10 Hz (62.8 rad s™'), and the
heating rate of 2°C min~'. The size of test piece was
40 mm long, 5 mm wide, and 1 mm thick.

Hardness was measured by means of Type A
Durometer according to JIS-K6253.

Tensile strength and elongation at break were
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measured by means of a Shimadzu Universal Testing
Machine, Model AGS-100 at a crosshead speed of
500 mm min~! (JIS-K6251). The standard dumbbell-
shaped die I1I was used to cut specimen from the test
sheets.

lonic conductivity was determined by complex
impedance measurement. The impedance
measurements with alternating current were carried
out with 5020 frequency response analyzer (NF
Electric  instruments)—a  potentiostat/galvanostat
2000 (TOHO technical research) system in the
frequency range from 10 mHz to 20 kHz. The test
sheets (1 mm thick) were cut to 25 x 25 mm size and
then Au was deposited at both sides to form two Au
electrodes (the diameter is ca. 11 mm). The test
specimen was kept in a temperature-controlled glass
vessel, which was flushed with nitrogen gas. The
temperature dependence of the conductivity was
measured in the range from room temperature to
around 150°C. The ionic conductivity of the samples
was calculated by eq. |

_ d
RyS (1)

where d (cm) is the thickness of the samples, S (cm?)
is the area of the Au electrode, and Ry (Q) is the bulk
resistance of the samples. The test specimens were
dried at 50°C in a vacuum oven over 2h before all
measurements.

3. RESULTS

3.1 Appearance and State of Samples

The appearance of the samples was summarized
in Table 2. All the samples were elastomers at room
temperature. The transparency of the samples
decreased with increasing degree of ionization. The
degree of transparency varied with polyols and chain
extenders.

The wunionized samples are colorless and
transparent, suggesting little or no aggregation of
hard segments. With increasing ion content, PN
series lost transparency at lower ion content than BN
series.

3.2 Water Sorption

Table 2 also shows the percentage of water
sorption of the samples. The water sorption increased
with increasing ionization for all the samples
measured. This is clear evidence that ionic groups
were incorporated systematically into the cationic PU
elastomers. Though all the samples show similarly
low values of water sorption when relative humidity
is low, 10P series show larger values than those of
10T series at the corresponding ion content when
relative humidity is high. The order, PPG > PTMG,
agrees with the ether concentration of the samples.
The position of ammonium groups, whether in

Table 2 Compositions and various properties of cationic polyurethane elastomers

Composition Water sorption

Sample code (OH mol %) [N*]  [ether group] Appearance (wt %)
TMP EMP TMPI BD MEAI (wt %) (x107* mol/g) 20 RH% 90 RH %

10T-PN-0 30 70 0 0 87 Colorless, transparent 1.3 3.2
10T-PN-0.2 30 45 25 0.20 85 Dark vellow, opaque 1.4 35
10T-PN-0.4 30 25 45 0.37 84 Dark yellow, opaque 1.7 3.9
10T-PN-0.6 30 0 70 0.58 82 Dark yellow, opaque 1.7 4.6
10T-BN-0 30 70 0 0 88 Colorless, transparent 1.0 2.7
10T-BN-0.2 30 45 25 021 85 White, translucent 1.2 3.3
10T-BN-0.4 30 25 45 039 83 White, opaque 1.2 4.0
10T-BN-0.6 30 0 70  0.58 81 White, opaque 1.3 4.7
10P-PN-0 30 70 0 0 103 Colorless. transparent 1.0 3
10P-PN-0.2 30 45 25 0.23 100 Yellow, translucent 1.0 4.9
10P-PN-0.4 30 25 45 0.42 98 Yellow, opaque 1.3 5.7
10P-PN-0.6 30 0 70 0.63 96 Yellow, opaque 1.5 6.8
10P-BN-0 30 70 0 0 104 Colorless, transparent 0.9 4.1
10P-BN-0.2 30 45 25 023 101 Light yellow, translucent 1.2 52
10P-BN-0.4 30 25 45 042 99 Yellow, translucent 1.1 54
10P-BN-0.6 30 0 70 0.62 96 Yellow, translucent 1.3 6.0
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pendant or in backbone, had no effect on water
sorption.

3.3 Differential Scanning Calorimetry

DSC thermograms for 10T series are shown in
Figure 2. The thermal transition data for all the
samples are given in Table 3.

It was observed that each sample exhibited single
glass transition based on soft segment transition. 10T-
BN series and 10T-PN-0.6 showed, in addition to T,
a small exothermic peak near -20 or -30°C
respectively, indicating recrystallization of the PTMG
segments. The peak temperature of recrystallization
of BN series is slightly higher than that of PN-0.6.
This may be the result of enhanced mixing of PTMG
with ionic segment, which will delay the beginning
of micro-Brownian motion of chain. The peak area is
apparently large for BN series. That is, 10T-BN series
recrystallize more easily than 10T-PN series after
glass transition. This is probably because the
constraint of chain by aggregation of hard segments
in BN series is weaker than in PN series. 10P series
(not shown in Figure 2) based on noncrystalline PPG
naturally showed no recrystallization peak.

3.4 Dynamic Mechanical Thermal Analysis

The effects of ion content, pendant ammonium
group, and polyether species on dynamic mechanical
properties are illustrated in Figures 3 and 4.
Recrystallization of PTMG segment which was
detected in DSC measurement was not reflected in
DMTA because its extent was small. T, the peak
temperatures of the loss modulus (E”), which
correspond to the 7, of the soft segment, is
summarized in Table 3.

As for the loss modulus (E”), 10T series
exhibited a small peak at —135°C. This peak is
attributable to the crankshaft motion of methylene
sequence in PTMG segments. This peak was not
observed for 10P series.

As shown in Figure 4, ionization results in a
broader transition and narrower or diminished
rubbery plateau, which indicates the samples have
multiphase structure. The behavior of the samples of
0.2 and 0.4 series was intermediate between that of
unionized polymers and .6 series.

3.5 Mechanical Properties

The hardness, the tensile strength, and the
elongation at break of the samples are shown in Table
4.

Table 3 Thermal transition data

DSC results DMTA results
Sample Ty AT, ACp Ty
(°C) (°C)  (J/Keg) (°C)
10T-PN-0 -41.9 499 0.75 =27
10T-PN-0.2 458 409 0.53 -39
10T-PN-0.4  -51.3 37.6 0.47 —43
10T-PN-0.6  -60.7 31,7 0.44 —45
10T-BN-0 —41.1 35.8 0.60 =31
10T-BN-0.2 —48.2 31.6 0.49 -39
10T-BN-0.4 -51.3 32.2 0.47 —43
10T-BN-0.6  -55.2 34.4 0.44 —47
10P-PN-0 -8.2 18.6 0.63 -3
I0P-PN-0.2 -11.3 225 0.66 -7
I0P-PN-0.4 -11.4 344  0.6] -7
10P-PN-0.6  —129 338 0.55 -7
10P-BN-0 -129 18.1 0.69 =7
10P-BN-0.2 -145 21.0 079 -11
10P-BN-0.4 -15.3 25:7 0.74 —11
10P-BN-0.6  -14.5 41.4 0.79 —11
. :‘—-"-L‘Iezii—-_,__ T I —[1DT-II=‘N-C|
107 W == 10T-BN-D T
. Y i'. esens (OP-PND |
S N\ oE — — 10P-BM-0
E; 10 F ™ .
@ » -
9 10° f;_::.(;»:_::;_: fa}“\j}t‘. i
g B \'\‘. |
Wb .

“]l 1 1 | 1 | J |
-150 -100 -50 1] 50 100 150 200 250

Temperature (C)

Fig.3 E’ and E” for unionized polyurethane
elastomers: 10T-PN; —-—-—- 10T-BN;

The increase of hardness with increasing
ionization is considered to be the results of pseudo-
crosslinking effect due to coulomb interaction, and
reinforcement effect due to the aggregation of ion-
containing segment.

The tensile strengths of 10T series are generally
higher than those of 10P series. The order is
reasonable, since the crystallization due to orientation
of PTMG chain on stretching is easier than that of
PPG chain. As for BN series, increasing the
ionization results in increasing tensile strength. As
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Fig. 4 E’ and E” for cationic polyurethane elastomers
with 0.6 ionization level: 10T-PN; —-—-
—- 10T-BN; oveens 10P-PN; — — - - - 10P-
BN.

Table 4 Mechanical properties

Tensile Elongation

Sample Hardness strength at break

(JIS-A) (MPa) (%)
10T-PN-0 59 20 370
10T-PN-0.2 60 26 590
10T-PN-0.4 65 27 590
10T-PN-0.6 72 21 710
10T-BN-0 66 8.7 390
10T-BN-0.2 68 15 380
10T-BN-0.4 74 34 410
10T-BN-0.6 81 39 400
10P-PN-0 56 11 470
10P-PN-0.2 60 8.5 480
10P-PN-0.4 63 8.0 610
10P-PN-0.6 69 10 590
10P-BN-0 55 4.9 320
10P-BN-0.2 54 11 430
10P-BN-0.4 63 31 500
10P-BN-0.6 69 43 460

for PN series, tensile strength remained at almost the
same level with increasing ionization. This is because
the measurement mechanical

properties was room temperature, which is located in

temperature  of

transition region.
PN series showed greater values of elongation at
break in comparison with BN series,

3.6 lonic Conductivity
The unionized samples have so great complex

Table 5 lonic conductivity of cationic
polyurethane elastomers

Sample code

Conductivity (S em™)

at 25°C at 100°C
10T-PN-0.2 7.8 %107 46x%x1078
10T-PN-0.4 1.2 1019 TR 107
10T-PN-0.6 1.1 % 10710 1.1x 1077
10T-BN-0.2 48x 10710 56x10°®
10T-BN-0.4 3.1x 10710 1.6x 1077
10T-BN-0.6 1.7 % 10710 1391077
10P-PN-0.2 1.0x 107! 6.9x 108
10P-PN-0.4 4.7 % 107" 1.7x 1077
10P-PN-0.6 54%x 107! 1.8x 1077
10P-BN-0.2 55x 1071 8.8x 1078
10P-BN-0.4 1.0x 10710 1.7 x 1077
10P-BN-0.6 1.5% 10710 2.6x%x 1077
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Fig. 5 Temperature dependence of ionic conductivity
for cationic polyurethane elastomers with 0.6
ionization levels: @ 10T-PN; O 10T-BN; A
10P-PN; & 10P-BN.

impedance that this exceeds the measuring limit. The
Cole-Cole plot did not show full semicircle until
temperature was elevated. From high temperature
measurement, the ionic conductivity was presumed to
be 1071-107128 em™.

Table V shows the ionic conductivity of the
samples at 25 and 100°C, and Figure 5 shows the

(8]
-1
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temperature dependence of the ionic conductivity of
0.6 series. The other series showed similar
dependence.

4. DISCUSSION

4.1 Microstructure of unionized samples

The appearances of unionized samples are
colorless and transparent without regard to 10T or
I0P and to PN or BN. The structures of those
samples are considered to be homogeneous in optical
level. In DSC measurement only glass transition was
observed at relatively low temperature. In DMTA
spectra also, unionized samples showed single
transition followed by rubbery plateau. suggesting
that they have homogeneous amorphous structures. It
is considered that cross-linking (in all samples) and
side chain (in PN samples) prevent aggregation of
hard segments.

Reflecting the flexibility of polyether chain, 7,
and the corresponding 7, of unionized 10T samples
(PN and BN) is considerably lower than those of
unionized 10P samples (PN and BN).

By making comparison between PN samples
(10T and 10P) and BN samples (10T and 10P), both
the T, and T, stay respectively at almost same
temperature range in the case of 10T samples. In the
case of 10P samples, PN sample showed slightly
higher temperature than that of BN sample. This is
probably because the mixing of PU hard segments
with polyether soft segments is promoted by the
shorter length of chain extender (EMP) than that of
BD.

The slopes of the transition region in DMTA
spectra of 10P samples are steep, which is typical for
amorphous homogeneous structure. Compared with
10P samples, 10T samples showed relatively gentle
slope. Because the temperature width of transition
region is related to the wideness of the distribution of
relaxation mechanisms, the values of temperature
range of T,, AT,, of 10T samples are considerably
larger than those of 10P samples. As for 10T
samples, AT, of PN sample is larger than that of BN
sample, suggesting the increased inhomogeneity. As
for 10P samples, there is no difference of AT,
between PN and BN sample.

From these observations, it is considered that
though both the unionized 10T and 10P samples have
amorphous homogeneous structure, 10T samples
have a little inhomogeneity in soft micro-phase

compared with 10P samples, and that PN sample of
10T has enhanced inhomogeneity compared with BN
sample of 10T.

4.2 Microstructure of ionized samples

In this study ions were introduced by substituting
chain extender from EMP to TMPI in PN series and
from BD to MEALI in BN series.

As the content of ion increased, transparency of
the samples decreased. It is suggested that the
inhomogeneity increased by the aggregation of ionic
segments through coulomb force. However, the
opacity is different between polyether species. The
opacity of 10T series is larger than that of 10P series.
Compared with PTMG chain, PPG chain with shorter
spacing of ether groups is considered to have larger
power of mixing with ion-containing segments.
Opacity of PN series that contain ion at pendant
chain is enhanced compared with BN series that
contain ions at backbone chain. This seems to be the
result of enhanced aggregation of hard segment with
ion-containing pendant and enhanced micro-phase
separation.

Among the DSC results in Table 3, 7, is
originated from the soft micro-phase rich in polyether
segment. Though, in general, the introduction of ion
has the effect of elevation of 7, due to the decrease of
chain flexibility and to the increase of interchain
interaction, T, lowered with increasing ion content
for every series. T, observed in DMTA also lowered
in the similar manner.

As for 10T series, with increasing ion content,
T,’s of both the PN and BN series lowered and
approached that of pure PTMG (-80°C). At the low
level of ion content, T,’s are in the same level, but at
0.6 series T, of PN is lower than that of BN. As for
10P series, the lowering of T, with increasing ion
content is small. It is probably because 10P series
have relatively high polarity so that the demixing will
not proceed appreciably.

The results mean that in parallel with the
diversification of the structures of micro-phases, the
purity of polyether in soft micro-phase increases
through enhanced demixing of hard segment (ion-
containing segment and PU segment). The extent of
demixing of hard segment from soft polyether micro-
phase depends on sample series.

The hard segment content and the structure of
PTMG-rich micro-phase seem to be various. Though
ATy corresponds to the diversity of transition
mechanisms in soft segment-rich micro-phase, the
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situation is observed more clearly in DMTA spectra.

The relation of the width of transition region to the

increase of ion content differs among sample series.

As for 10T series, the transition region has much

more gentle slope and much wider temperature range

compared with that of unionized sample. As for 10P
series, the slope of transition region remains slightly
gentler than that of unionized sample.

The situation of E” after transition remarkably
differs between PN and BN series. As for both the
10T and 10P series, £” of PN series do not show clear
rubbery plateau and continues to decrease until flow
region. After transition the slope of £’ of 10T-PN
succeeds to that of transition region, and the slope of
10P-PN becomes much gentler than that of transition
region. In contrast to PN series, BN series show clear
rubbery plateau.

Transition intensity of 7,, which is ACp,
Ccorresponds to the quantity “of the phase that
undergoes transition, that is, the quantity of transition
mechanisms that undergo transition. The relation
between the value of ACp and the increase of ion
content also depends on sample species. As for 10T
series, ACp’s decrease with increasing ion content.
As for 10P series, the value of ACp of PN series does
not vary between 0.2 and 0.4 but that of 0.6
decreases. Reversely, the value of BN series slightly
increases. That is, as for 10T series the quantity of
polyether-rich soft micro-phase decreases owing to
the demixing of hard segment. As for 10P series, the
quantity of PN series tends to decrease and that of
BN series tends to increase.

The temperature of the beginning of flow region
of PN series is lower than that of BN series.

From these, the following are considered.

(1) As for 10T series, as the ion content increases,
the demixing of polar (including ionic) hard
segment from PTMG soft segment proceeds to
various  extent.  The
inhomogeneity of micro-phases becomes broad.
On the one hand aggregation of hard segment
proceeds, on the other hand PTMG-rich soft
micro-phase becomes purer but its quantity

distribution of

decreases. The extent of the above structural
change of PN series is greater than that of BN
series.

(2) As for 10P series, as the ion content increases.
the similar structural change occurs but its
extent is smaller than that of 10T series.

(3) PN series of both the 10T and 10P have the
micro-multiphase structure in which the extent

of  micro-aggregation of hard segments
continuously varies from low to high, but the
strength of aggregation is weak. Contrary to this,
BN series have the structure in which the mixing
of soft with hard segments proceeds to a
considerable extent and give homogeneous
rubbery phase after glass transition.

4.3 lonic conductivity
In generalzo’, the ionic conductivity (o) in solid
is expressed by eq. 2

o = ngu (2)

where n is carrier concentration, ¢ charge, and u
mobility of carrier ion. In order to increase o, it is
necessary to increase n and u. To increase U, the
transportation of ion in polymer should become easy.
Generally, the micro-Brownian motion of polymeric
chain with low T, is active and promotes the
transportation of ion. To increase n, it is necessary to
increase the number of introduced ion and to give the
structure that promotes the dissociation of ion pair.
So far as the structure of ion is the same, the
dissociation of ion pair will be enhanced by
increasing the dielectric constant of matrix.
Therefore, the increase of polar groups such as ether
group will increase n. Accordingly, if the system is
isotropic it is expected that ionic conductivity will be
increased by the increase of ion content, the increase
of the dielectric constant of matrix, and the lowering
of T,.

In this study, the change of conductivity with
increasing ion concentration at 25°C is considered as
follows.

As for 10T-PN series, the conductivity does not
change appreciably with the change of ion
concentration. 7, is lowered with increasing ion
concentration, but the lowering of 7, is the result of
inhomogeneity brought by demixing and ion
aggregation. The inhomogeneity is promoted with
increasing ion concentration and will cause the
decrease of conductivity. The actual conductivity will
be determined by these contradictory effects.

As for 10T-BN series, the conductivity decreases
with increasing ion concentration. Since the
inhomogeneity of 10T-BN series is not so large as
that of 10T-PN series, 10T-BN series show relatively
high conductivity at 0.2 of ion concentration.
However, as ion concentration increases, the
inhomogeneity of structure is promoted and the
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conductivity decreased.

As for 10P series, the conductivity of both the
PN and BN series increases with increasing ion
concentration. It is considered that the inhomogeneity
of the structure is not significant. Though 10P series
have larger polarity compared with 10T series, which
make the dissociation of ion pair easier and
inhomogeneity of structure weaken, the conductivity
is low. This is considered to be due to the high 7.

As temperature is elevated from 25 to 100°C, the
conductivity of all series increases about 1000 times,
reaching equally high level. Two things are noted
from the result of 100°C. Firstly, though the
conductivity of 10T-BN series at 25°C decreases with
increasing ion content, it increases at 100°C. That is,
at 100°C the conductivity of all series tends to
increase with increasing ion content. As seen in
Figure 4, BN samples are in rubbery state and the
aggregated structures of PN samples are mostly
loosened at this temperature. It is considered that the
micro-Brownian motion of polymer chain becomes
so active that the effect of T, can be ignored. The
loosening of aggregated structure may also contribute
to the increase of conductivity. Owing to these
reasons, the conductivity of all the series is
considered to be governed basically by the increase
of ion content as in homogeneous structure.

Secondly, contrary to the result at 25°C where
10T series showed higher conductivity than that of
10P series, the situation becomes reverse at 100°C
and 10P series show slightly higher value. This is
also explained as the result that the 10T series
approximate homogeneous structure as well as 10P
series and the larger dielectric constant of PPG
matrix forms more effective carrier ion.

We can summarize the situation as follows. In
inhomogeneous system, the effective n will not
necessarily be proportional to the stoichiometric ion
content. On the other hand, because u will vary in
each micro-phase of micro-multiphase structure,
overall g will not be simply determined by observed
T,, which is the T, of soft segment-rich phase.

Though the conductivity of PU-salt complex
systems has been discussed simply on the basis of
added quantity of salt (n) and ng'_m. it is necessary
to elucidate the micro-multiphase structure for the
examination of conductivity in the case of ionic PUs.

The  temperature  dependence of  ionic
conductivity does not follow the Arrhenius equation.
However, the results could be interpreted by using
the Vogel*—Tamman®>—Fulcher’® (VTF) equation

(eq 3), which has been applied to the inorganic
molten salt ionic conductor:

—E,
o

|
0= ——exp——>=—
R(T—Ty)

=
where ¢ is ionic conductivity, T} ideal glass transition
temperature, 7 measurement temperature, R gas
constant, A a constant, and £, an apparent activation
energy. From the plots of log (o * T'7) against 1/(T -
Ty). good straight line fit was observed as shown in
Figure 6. The good fitting of VTF equation is in
general for PU-clectrolyte complexs®>??. Tonic PU
elastomer in this study showed it similarly. The fact
that the temperature dependence of the ionic
conductivity obeys the VTF equation suggests that it
follows free volume theory, that is, the transportation
of carrier ions in ionic network polymer occurs
through free volume, which is correlated with the
movement of its segments.
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Fig. 6 Vogel-Tamman—Fulcher plot for 10T-PN-0.6.

5. CONCLUSION

A series of cationic polyurethane elastomers with
different level of ionization were prepared by using
cationic short-chain diol with pendant
trimethylammonium group, and their thermal and
mechanical properties and ionic conductivity were

investigated in comparison with cationic PU
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elastomer having quaternary ammonium group in

backbone. From these measurements, the following

results were obtained;

(1) Thermosetting cationic PU elastomers with
pendant
successfully

trimethylammonium  group  were

nonsolvent
technique by wusing prequarternized chain
extender.

(2) The difference of polyol types has greater effect
on properties of cationic PU elastomers
compared with ionic sites.

synthesized by

(3) The heterogeneity of cationic PU elastomers
with pendant trimethylammonium group is
larger than that with ammonium group in
backbone.

(4) The ionic conductivity of cationic PU elastomers
with micro-phase separation, which is not
simple as that with homogeneous structure, is
interpreted by considering the effects of
structure on the concentration and the mobility
of carrier ion.

(5) Temperature dependence of the conductivity of
cationic PU elastomers obeys VTF equation,
suggesting that the transportation of carrier ions
occurs through free volume.

REFERENCES

1) M. Seki, K. Sato, and R. Yosomiya, Makroml. Chem..
193, 2971 (1992).

2) M. Watanabe, M. Itoh, K. Sanui, and N. Ogata,
Macromolecules, 20, 569 (1987).

3) D. Dieterich, W. Keberle, and H. Witt, Angew. Chem.
Int. Ed., 9,40 (1970).

4) S. Kohjiya, T. Ohtsuki, and S. Yamashita, Makromol.
Chem., Rapid. Commun., 2, 417 (1981).

5) H.A. Al-Salah, H. X. Xiao, J. A. McLean, Jr., and K. C.
Frisch, J. Polym. Sci., Polvi. Chem. Ed., 26, 1609 (1988).

6) S-A Chen and W-U. Chan, J. Polym. Sci., Polym. Phys.
Ed., 28, 1499 (1990).

7) S-A Chen and W-U. Chan, J. Polym. Sci., Polym. Phys.

Ed.. 28, 1515 (1990).

8) D-C. Lee, R. A Register, C-Z Yang, and S. L. Cooper,
Macromolecules, 21, 998 (1988).

9) H-S. Xuand C-Z. Yang, J. Polym. Sci., Polym. Phys. Ed.,
33, 745 (1995).

10) X-H. Yu. A. Z. Okema, and S. L. Cooper, J. App]. Polym.
Sci., 41, 1777 (1990).

11) J. D. Van Heumen and J. R. Steens. Macromolecules, 28,
4268 (1995).

12) C. Wang and S. Nakamura, J. Polym. Sci., Polym. Chem.
Ed., 32, 1255 (1994).

13) V. A. Vilenskii, Y. Y. Kercha, Y. S. Lipatov, V. I. Shtompel,
V. A. Shrubovich, and V. V. Shevchenko, Docklady Phys.
Chem., 281, 370 (1985).

14)S. C. Varma, M.A. Ahsan, M.H. George. and J. A. Barrie,
Polym. Commun., 31, 11 (1990).

15) R. J. Goddard, S. L. Cooper, J Polym. Sci., Polym. Phys.
Ed., 32, 1557 (1994).

16) R.J.Goddard, S. L. Cooper, Macromolecules, 28, 1390
(1995).

17) R.J.Goddard, S. L. Cooper, Macromolecules, 28, 1401
(1995).

18) M. Takesue, K. Hiraoka, and T. Yokoyama, Nippon Gomut
Kyvokaishi, 69, 491 (1996).

19) M. Takesue, K. Hiraoka, K. Ashizuka, and T. Yokoyama,
Kobunshi Ronbunshu, 55, 802 (1998).

20) N. Ogata, Ed., “Doudensei Kobunshi”, Kodansha, Co.,
Lid., Tokyo, 1990, p129.

21)M. Watanabe, M. Itoh. K. Sanui, N. Ogata,
Macromolecules, 20, 569 (1987).

22) H. Tada, K. Fujino, and H. Kawahara, J. Polym. Sci.,
Polym. Chem. Ed., 25, 3015 (1987).

23) A. Ferry, P. I. Jacobsson, J. D. van Heumen, and J. R.
Stevens, Polymer, 37, 737 (1996).

24) H. Vogel, Phys. Z., 22, 645 (1921).

25) G. Tamman and W. Hesse. Z. Anorg. Allg. Chem., 156,
245 (1926).

26) G. S. Fulcher, J. Amer. Ceram. Soc.. 8, 339 (1925).

(J&#¢iE) Polym. J., 36, 1-9 (2004) % —

BANDO TECHNICAL REPORT No.11/2007



RE E
Masafumi TAKESUE
1990 F Atk
%

BANDO TECHNICAL REPORT No.11/2007



W 5eERoC

SRR A EBBELERY) L2 dLERAVE
AR S 2 IN— DOERYFE

Fundamental Characteristics of a New Type Variable Stiffness Damper Consisting
of High Damping Rubber and Heat Hardening Polyurethane Rubber

ELEERC iz B
Tomoki FURUTA Satoshi KANAMORI

After the 1994 Northridge earthquake in the United States of America, the 1995 Hyogoken-Nanbu earthquake
in Japan, the demand to seismically retrofit the old buildings increased more and more. For the popular small
wooden houses in Japan, dampers are hoped to function at both small displacement against the traffic disturbance
or wind load, and at large displacement against the earthquake load. A new type variable stiffness damper
consisting of high damping rubber and heat hardening polyurethane rubber is proposed. Both materials have high
damping properties. While the high damping rubber material has large stiffness, the heat hardening polyurethane
rubber has small stiffness. Through the combination of these two different type rubber materials, a new type
variable stiffness damper is produced. which would function from small displacement to middle or large
displacement. The heat hardening polyurethane rubber works mainly at the small displacement, while the high
damping rubber works at the middle or large displacement. The transit point can be designed flexibly.

In this paper, fundamental characteristics of a proto-type specimen are reported. At both the small or large
displacement range. 28.9 percent critical damping ratio was obtained. The initial stiffness was small and
gradually increased. It increased to 2.0 times of the initial value finally. Both initial stiffness and final stiffness
can be adjusted by using different compounding, thickness and width of the two kind rubber materials. At last, the
usage of the damper is demonstrated by a simulation study being installed in a two-story house.
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Low Temperature Sinterable Metal Nanoparticles

I

Katsuhiko HATA

Metal particles in nanometer have the high activity and reactivity compared with the bulk materials. We worked on the

development of the conducting materials that consisted of gold nanoparticles and silver nanoparticles by use of the size-depen-

dent properties. So we succeeded in the synthesis of metal nanoparticles with extremely low sintering temperature. The main

points for the lowering of sintering temperature are the adsorbability and adsorption of stabilizer molecules.
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TEL(0736) 66-0999 FAX (0736) 662152

FEF L UACO N R DRT RE 11242 @105 T 649-6111

TEL(0736) 66-1931  FAX (0736) 66-1934

B AL Bl R 886 CRFL L) T326-0832

TEL(0284) 72-4121 FAX (0284) 72-4426

AT RN WIREGS 1T H2 155 T652-0883

TEL(078) 651-6691 FAX (078) 651-8979

P AL Rl S 2R 18816 T326-0832

TEL(0284) 72-4121 FAX(0284) 72-4426

CRL DTG N T T Ly 2 e koD 19648 T675-0104

L(078) 942-6065 FAX (078) 942-6081

&)

ERBR=t
MRS - AT Y — R BHRR

e/ F— ikt T 0620020

G (R4 T H6ARRLS T 970-8601
FAX(0246) 21-3767
AR F—#HXSH ST eI ARG A BRIT LI R655 (FTAKETS L) T 103-0005

R F— B R

VLM AKE2 T H 2787 1Y 7 103-0004
TEL(03)3861-7411  FAX(03) 3866-4792

e CHE2 T H19f6E (B RIBIEE L) 71110052
TEL(03)38653644  FAX(03)3865-3603
YORCHREICEA T H1H23% (CHINNE L) T1080014

N-TRHSHASH

EHFEEHASTH

HBASHAALF o7

JbfEs < F—BRIEHASH W (T3 1 H 2195 T 930-0834

TEL(0764)51-2 FAX(0764)51-8148

IR/ F—nle MRS AN RS5 1 H 5% (BRI A b=+ H'EY L) 75320011
TEL(06)4806:7101  FAX(06)4806-2201

HASHIFERIN S K= AMdiflRx T2THI10/F 1Y T534-0001
TEL(06)4253-3160  FAX(06)4253-3531

KIS T 38175 (12

TEL{078)652-5650 FAX (078) 652-

RE/S e K= S UL HTE R THGHFILY T7380023
TEL(0829)32-1211 FAX(0829)32-1541

Wi K B O T 4f2Y T 813-0034

TEL(092)622-2875  FAX(092) 622-2880

N F=I3Z bv—HRA5H ok b =) T652-0883

AN K=

WELGERIRE
BHAN T EHRSH WG

T23IhfE | fFll7  T918-8037
TEL(077 AX(0776) 36-4038
IS K — iR EE st S Al RO A2 | H 27158 T 682-2600
TEL(078)651-0512  FAX(078) 682-2601
E—-The-d— bFo2HRASH WlEEEIN G TH3RTS 01 =20 —77 72 b -8F) T6520883
TEL(078)682-2611  FAX(078) 6822614
L) -RE] f e S e 648 il T 6750104
.(078)943-3933  FAX(078)943-4640

N K= Da bV ikiaH
TI

WZDfth—E B8RS

ArF=blL=-F¢2 015 PR A AT T HLE I8 (050 F — K E AL T 6520802
TEL(O78)577-6751 FAX(078)577-9465

W F—BEHRSH AR T 8 (50 F— AL IER) F652:0802
TEL(078)576-5353 FAX(078)577-6553

Mo F=3Er-5-52FLRA%E  ANFTHGMEE I HGGS T FI2@155; T 652-0883

TEL(O78)652-2497  FAX(078)652-2897
EaEMEMRSH K 1 T-RANTRE YE24 Frih2  T671-3212
(FEA> FU =23 7) TELOTI0)76-3333 FAX(0790)76-3310

{Corporate Office)

1149 West Bryn Mawr, ltasca, lllinois 60143, U.S A

TEL 1-630-773-6600 FAX 1-830-773-6912

{Bowling Green Plant)

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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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
Bando Europe GmbH
Nikolaus Strasse 59, D-41169 Moenchengladbach, FEDERAL REPUBLIC OF GERMANY
TEL 49-2161-20104-0 FAX 49-2161-90104-50
Bando Iberica, S.A.
Calle Francesc Layret, 12-14, Naves 4-5, Poligono Industrial Sant Ermengol II,
08630 Abrera, (Barcelona) , SPAIN
TEL 34-93-7778740 FAX 34-83-7778741

T U s

Bantech Korea Co., Ltd.
#814, ChangGang B/D, 22, Dohwa-Dong, Mapo-Gu, Seoul City, 121-763,
REPUBLIC OF KOREA
TEL 02-2051-9130 FAX 02-2051-9131
Bando Jungkong 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 Korea Co., Ltd.
869-1,Eogok-Dong, Yang San City, Gyung Sang Nam-Do, 626-220 REPUBLIC OF KOREA
TEL 82-55-371-9200 FAX 82-55-388-0087
Bando Belt (Tianjin) Co., Ltd.
No. 37 of HaiTong Avenue, TEDA, Tianjin, 300457, CHINA
TEL B6-22-6623-7077 FAX B86-22-6623-7036
Bando Manufacturing (Shanghai) Co., Ltd.
Rm. B, First Floor, Block 56, No.199, Riying Morth Road, Wai Gao Qiao
Free Trade Zone, Pudong District, Shanghai, CHINA 200137
TEL B6-21-5046-0161 FAX B86-21-5045-0649

Bando Manufacturing (Dongguan) Co., Ltd.
Building ZF8, ZhenAn Industrial Park, ZhenAn Road, ChangAn Town,
DongGuan City,GuangDong Province, CHINA
TEL 86-769-8564-5075 FAX B6-769-8564-5081
Bando Siix Ltd.
Room 2210, Shun Tak Centre, West Tower, 200 Connaught Road Central,
HONG KONG
TEL 852-2494-4815 FAX B52-2481-0444
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
Philippine Belt Manufacturing Corp.
2nd Floor, Siemkang Building, 280-282 Dasmarinas Street, Binondo,
Manila 1099, PHILIPPINES
TEL 63-2-241-0794 FAX 63-2-241-3279
Bando Manufacturing (Thailand) Ltd.
47/7 Moo 4, Soi Watbangpla,Tambol Bankao, Amphur Muang, Samutsakorn,
74000, THAILAND
TEL 66-3446-B422 FAX 66-3446-B415
Pengeluaran Getah Bando (Malaysia) Sdn. Bhd.
No.2, Jalan Sengkang, Batu 22, Kulai 81000, Kulai, Johor, MALAYSIA
TEL 60-7-663-5021 FAX 60-7-663-5023
Kee Fatt Industries, Sdn. Bhd.
No.2, Jalan Sengkang, Batu 22, Kulai 81000, Kulai, Johor, MALAY SIA
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
P.T. Bando Indonesia
JI. Gajah Tunggal, Kel. Pasir Jaya, Kec. Jati Uwung, Tangerang 15135, INDONESIA
TEL 62-21-5803920 FAX 62-21-5901274
Bando (India) Put. Ltd.
26, Sector 34, EHTP, Gurgaon-122001 (Haryana) INDIA
TEL 91-124-403-4091 FAX 91-124-403-4094
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