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Foreword

On the 16" Issue of the Bando Technical Report

As always, we thank you for your patronage and interest in our products.

Last year’s Great East Japan Earthquake was a once-in-thousand-year occurrence. Many precious lives were lost
and we were awe-struck by the force of nature. Also, the resulting accident at the nuclear power plant reminded us
of the limits of our science and technology.

The earthquake and the great floods in Thailand caused immense damage to supply chains, and had a sudden and
widespread affect on the local and world economies. The progress of globalization has made the world smaller. We
are all passengers on the earth and are simultaneously affected by change. R&D and product development require
an accurate grasp of change in the world. and we need a keen global awareness to satisfy our customers.

Since 2004 Bando has worked to offer new value to our customers with “the environment and energy conserva-
tion” as keywords in our product development. We have strengthened our rubber and plastics processes to achieve
this, particularly with essential improvements and innovations in dispersion and materials adhesion technologies.
Some of our efforts in this regard are included in this Report. We also introduce some of our next-generation prod-
uct development in nano technology, with a report on nano particle R&D.

We sincerely thank you for viewing this Report and would welcome your comments and opinions.

B %

Hiroshi Matsuoka
Senior Executive Officer
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Dispersivity of Inorganic Particles and Particulate Composites

pEp
Takashi NISHINO

Dispersivity of inorganic particles in organic solvent was reviewed using adsorption isotherm of polymer, trans-
mission electron microscopy, sedimentation speed/rate experiment. Polymer with a small amount of polar functional
groups adsorbed on the particle, which brings good dispersivity of particles in organic solvent with stereo-repulsive
effect. High density of adsorbed polymer layer was found to contribute to the dispersivity rather than the thickness
of adsorbed layer. High dispersivity is also achieved by surface treatment of the particles using proper silane cou-
pling treatment. When the composite was subjected to the stress, the stress transfer to the incorporated particles
through the matrix and interface was investigated using X-ray diffraction method. High stress concentration to the
particles was found to bring about the mechanical reinforcement of the composite, especially for nanocomposite.
The “X-ray diffraction method™ proved to be quite powerful method for detecting the stress transfer of the compos-
ite in situ and non-destructively.
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Observation of Interface between Rubber and Galvanized Steel Bonded with Direct
Curing Adhesion system after Aging under Elevated Temperature and High Humidity.

Il B T Y KA

Tsutomu SHIOYAMA Hidetoshi HIRAHARA Yoshiyuki OISHI
B 4> FOE (S S
Eiichi NARITA Kunio MORI

The degraded interface layer between rubber and galvanized steel bonded with HRH (Hisile-Resorcinol-
Hexamethylenetetramine) direct curing adhesion system was observed. After aging at 160C for 150min. with the
hot press machine, the low sulfur-content layer existing near the interface was disappeared. It meant that the free
sulfur migrated through the resorcinol-resin concentrated layer, which formed by the rubber vulcanizing process,
and then reached to the metal surface. It may be suggested that the reactive of sulfur and surface metal brings the
degradation of adhesion.

On the other hand, after aging test at 70°C under RH 95% for 30days, the resorcinol-resin concentrated layer ex-
isting near the interface was degraded. It was shown that the degradation came mainly from the scission of resin-
rubber bond from aging test result of a SBR / Zinc powders / RH model compounds.
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Table 1 Rubber formulation

Materials Weight (phr)
SBR1500 100
Stearic acid 2
Zinc oxide 5
Litharge 2
HAF Black 30
Silica 10
Process oil 3
CBS 1.2
Sulfur 1.5
Resorcinol 2
Hexamine 1.5
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Figure 1 EPMA profiles of galvanized steel/rubber adherents obtained with HRH adhesion system.
Distance 0um indicates the interface of Zn and Rubber.
(A): original , (B): after aging at 160°C for 150min
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Table 2 Asymmetric parameter of EPMA C(K a ) of humid aged adherents

Specimens Focus position Asymmetric parameter
Original 50zzm inside from interface 0.80
10z:m inside from interface 0.70
Aging for 720hrs at 70T 1.5mm inside from interface 0.93
under RH 95% 150z2m inside from interface (l.7H-
20¢m inside from interface _ 0.74

SEM S /n(La)

Pb(Ma) CKa)

Si(Ka)

S(Ka)

= S

S50 4 m

Figure 2 SEM and EPMA intensity mapping images of galvanized plate side peeled after aging

for 720 hrs at 70°C under RH 95%
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Figure 3 SEM and EPMA intensity mapping images of rubber side peeled after aging for 720

hrs at 70°C under RH 95%

Table 3 GSC spectrograms peak intensity ratio and SBR content of the fractions
from wet treated SBR/APRFC/HMMM reactive gel

Ratio of GSC peak Calculated SBR content
Specimens B 1(8.5)/1(1.4) 1(8.5)/1(2.2) 1(8.5)/1(1.4) 1(8.3)/1(2.2)
APRFC 0 0 0 0
SBR1500 12.6 16.3 = =
Insoluble fraction of original gel 1.2 0.1 9 1
Insoluble fraction of steam treated gel 0.9 0.1 7 1
Soluble fraction of steam treated gel 8.4 12.7 67 78
Insoluble fraction of high humid treated gel 1.0 0.1 8 —._ l
Soluble fraction of high humid treated gel 5.6 ; 10.6 45 [ 65
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Figure 4 Gas solid chromatography (GSC) charts of insoluble and soluble fraction of wet treated

SBR/APRFC/HMMM reactive gel
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Figure 5 Relation between Gas Solid chromatography (GSC) peak and SBR/(SBR+APRFC)
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A Method for Separation of Power Loss Factors in Variable Speed Belts for Motorbike

pa R
Takashi NISHIKAWA

sk A
Hiroyuki SAKANAKA

Recently in variable speed belts for motorbikes, it is getting more important to develop energy-saving technology
corresponding to environmental problems. In this paper, a method for separating various factors of power loss is
studied to improve the efficiency of power transmission in variable speed belts. By using this method, it is possible
to clarify the proportions of each loss factor. Some hints toward improved efficiency are obtained from the view-

point of what factors with large proportion.
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Development of Speeding up and Long-life Bias Charge Roll
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In plain paper copying processes, the contact electrostatic charge method has been developed to substitute for the
corona electrical charge method. A conductive roll with elasticity is used for this new charge method. This roll is su-

perior in environmental performance. but it has problems with electric conductivity changes and it is unsuitable for

high speeds and long-life.

We have developed urethane materials having stable mid-range conductivity to solve this problem. As a result, we

have developed a bias charge roll which is suitable for high speeds and long-life.
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Size of Elementary Clusters in Silver Nanoparticle Formation
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1. Introduction

Silver and gold metal nanoparticles can be sintered on
polymer films [1-4] and even paper [5] due to melting point
depression and size effects [1,2.4.6], and thus have attracted

much attention in electro-conductive metallic inks for

printed electronics [2.4.7.8]. Practical applications would
require specific particle size distributions to enable fabrica-
tion of closely-packed layers of nanoparticles rather than
monodispersed nanoparticles [1.4]. Therefore, a better un-
derstanding of the formation mechanism of noble metal
nanoparticles is needed to prepare desired diameter and size
distribution formulations. Classical growth models state that
particles are formed by means of monomer addition after a
discrete nucleation period [9], while recent studies show
that silver and gold nanoparticles are formed via a complex
pathway including a broad nucleation period with simulta-
neous particle growth period [10-14]. Generally. it can be
considered that a cluster consisting of several atoms rather
than a single atom acts as an elementary species that deter-
mine monomer addition and particle growth. Silver and
gold metal clusters along with the full-shell clusters, in
which a central atom is surrounded by shells of atoms to
form an icosahedron. are thought to be thermodynamically
stable [ 15]. and the cluster sizes of the first- and second-full
-shell clusters, Agi; and Agss are estimated to be 0.7 and 1.2

nm [16,17], respectively. The existence of the Agi; cluster,

T R&D L —

T 2

* ik

however, has not been clarified in previous literature unlike
Auis clusters [15,18]. although its attractive magnetic prop-
erties have been widely discussed with the help of computa-
tional science [19].

Small angle X-ray scattering (SAXS) could be an effec-
tive technique to evaluate in situ size distribution of nano-
particles, because it has the potential to statistically process
a very large number of particles [12.20-22]. Previous stud-
ies, however, have not clearly established the size of ele-
mentary silver clusters, because the determination of this
size would require in situ observation at an extremely high
time resolution (ca. a few ms). Detailed discussion of the
formation mechanism with SAXS would also require a spe-
cialized apparatus rather than under batch-type conditions
to completely fix the onset of the formation of all particles.
In this work., we have used a custom-fabricated one-
direction-of-tlow reactor cell to obtain in situ SAXS curves
at high time resolutions of 0.18 ms, which is three orders of
magnitude higher than those used in previous studies (ca.
100 ms) [12.,20]. By analyzing the time dependence of
SAXS curves in situ for silver nitrate solutions that are re-
acted with reducing solutions containing trisodium citrate
[23.24] as a weak dispersant. we discuss fine details of the
sizes of the elementary clusters forming and the mechanism

of silver nanoparticles formation in aqueous system.

2. Experimental

Conventional chemical reduction in an aqueous system

was used for the examination of the formation of silver
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nanoparticles. A one-direction-of-flow reactor cell, made of
poly (methyl methacrylate) resin equipped with thin poly-
imide film windows and with two injection flow channels
enabled mixing of two influent solutions and a single effi-
cient flow channel. Silver ion solution was mixed with a re-
ducing solution and fed at equal flow rates, 120 mL min™',
into a mixing point to allow mixing under turbulent flow
conditions. The SAXS measurements were carried out at
the BLO8B2 beamline in SPring-8 synchrotron radiation fa-
cility in Japan. The reactor cell was set on a vertically mov-
able stage to control the X-ray irradiation position axially
from the mixing point. For the mixing point defined as the
point of origin, O ms reaction time, a distance of lmm along
the reactor cell corresponded to a reaction time of 0.393 ms
based on the given flow rate. A maximum time resolution of
0.18 ms was possible for a vertical beam size of 0.23 mm.
The two-dimensional scattering images detected on the X-
ray imaging plate were converted to one-dimensional scat-
tering curves giving the scattering vector (¢) dependence of
scattering intensities by azimuthal integration and subtrac-
tion of each scattering curve of the solution including all
chemicals except for the silver ions. The size distribution of
the silver nanoparticles and clusters was determined by

curve fitting with a gamma distribution function [25].

3. Results and discussion

The time dependence of the scattering intensities of the
SAXS curves, that of the particle size distributions fitted
with the intensities, and analysis of the time dependence of
the nanoparticles and clusters are shown in Figure 1. The
drop in the scattering intensities at ¢ lower than around
0.025 A" in all curves (Figure la) was due to shielding of
the beam stopper, so these areas can be excluded from dis-
cussion.

The scattering curves were almost flat and constant at re-
action times of 0 and 0.39 ms. This means that the ¢ ranges
may not reach the Porod region because particles are too
small or absent at the given reaction times. Curve fittings at
short reaction times of 0 and 0.39 ms had high uncertainties
and are not displayed. In the induction period, the reduction
process from Ag® ions to Ag" atoms are most likely taking
place. but the nucleation has not been initiated. Still. even at
this high time resolution, it was not possible to describe the
progress of the reduction process completely with the
SAXS measurements.

The scattering curves appeared distinct rising in the
slopeover 0.59 ms. Curves at reaction times greater than
0.59 ms could be well fitted throughout the whole ¢ range.

It is probable that there is a trigger for the onset of nuclea-

3)10; : o Oms b) i
S > 0.39ms 7
: O b / \ —0.59ms
5 |/ \ 0.79 ms
ot € [ 0.98 ms
g1 v B —1.18ms
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Figure 1. Time dependence of silver clusters and
nanoparticles formation. a) Small angle X-ray scatter-
ing (SAXS) curves measured in the custom-fabricated
one-direction-of-flow reactor cell. b) Particle size distri-
bution fitted with the SAXS curves. ¢) Time depend-
ence of peak diameter (solid circles) and the particle
diameters at volume fractions of 10% and 90% (error
bars). Proposed periods of silver nanoparticle forma-
tion process are overlaid. Dashed lines show power
approximation fits to help distinguish growth rate peri-
ods.

tion of silver clusters and nanoparticles between the 0.39
and 0.59 ms, and the onset becomes clear at 0.59 ms.

At 0.59 and 0.79 ms reaction times, when nucleation had
started according to the increase in the particle sizes. the
peak diameters were 0.58 and 0.71 nm, respectively, indi-
cating that the nucleation of Ag: clusters corresponding to
0.7nm in diameter predominated at the 0.59 and 0.79 ms re-
action times. On the other hand, the observed larger diame-
ters in the size distributions at 0.59 and 0.79 ms. namely,
over 10nm, are evidence that the growth of silver nanoparti-
cles had started along with the nucleation. This nucleation-
dominant formation period, in which Agi: clusters were nu-
cleated and consumed in the simultaneous formation and
growth of silver nanoparticles, was almost certainly not
continuing at 0.98 ms, as shown by volume fractions that
were approximate 0.7 nm in size and considerably decreas-
ing with reaction time. Although the limited experiments
performed in this study prevent quantitative discussion on
whether all silver atoms went through Agis clusters, the par-

ticle size distributions show that Ag:s clusters are the domi-
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nant species during the nucleation-dominant formation pe-
riod.

The distinct change in the particle size distributions ap-
peared as abrupt increases of the peak diameters at and later
than the reaction time of 0.98 ms. The peak diameters of the
silver nanoparticles increased from 0.71 to 3.36 nm at reac-
tion times between 0.79 and 0.98 ms, and the 10%volume
fraction of particles was 1.82 nm at 0.98 ms, suggesting that
Agiz clusters were depleted at 0.98 ms. The nucleation of
Agis clusters seemed to be complete terminated at 0.98 ms.
and the growth of silver nanoparticles predominated after
0.98 ms. The main process in this growth period is most
likely coalescence among smaller silver nanoparticles,
which were formed mainly by agglomeration of Agis clus-
ters during the previous nucleation-dominant formation pe-
riod. Alternatively, there is the possibility that silver nano-
particles grew continuously by the addition of silver atoms
reduced in the early period on Agis clusters. In that case, sil-
ver nanoparticle formation would grow via Agss clusters,
which are the next full-shell clusters and 1.2 nm in diame-
ter. However, the fraction of particles having diameters of
around 1.2 nm was not dominant during a period between
0.79 and 0.98 ms. Although it is not possible to completely
ignore the possible presence and contribution of Agss clus-
ters in the particle formation process since a small volume
fraction of particles around 1.2 nm in diameter does exist,
the silver atoms reduced can be assumed to preferentially
take part in the immediate nucleation of Ags clusters rather
than remaining as is for an extended period awaiting con-
sumption in the formation of Agss clusters. Therefore, it can
be hypothesized that silver nanoparticles grow mainly via
Agis clusters rather than clusters in other sizes. Namely,
Ag,s clusters play an important role as an elementary cluster
in the formation of the silver nanoparticles.

The peak diameters gradually increased from 3.36 nm at
0.98 ms to 6.95 nm at 3.93 ms. where larger particles were
over 20 nm in diameter, and at the reaction time of 5.89 ms,
the peak diameters showed only a slight increase (Figure |
¢).This means that the growth process was substantially
complete at 3.93 ms. At 3.93 and 5.89 ms, 90% of the vol-
ume fraction was over 3 nm. Particle growth is terminated
by the consumption of silver nanoparticles smaller than
around 3 nm in diameter, which have relatively high surface
activity. The particle size distribution narrowed slightly at
5.89 ms. compared with that at 3.93 ms, which may be at-
tributed to a relaxation or rearrangement of transient aggre-
gated larger particles during this relaxation period after 3.93
ms, and not to a recrystallization of smaller particles by
“size distribution focusing™ [11] or Ostwald ripening
[13.14], because the process occurred during a short dura-

tion of around 2 ms. Further elucidation of the relaxation

process requires additional experiments and a greater num-
ber of data.

The formation of silver nanoparticles. which were
formed in an aqueous system, proceeded during a very short
reaction time of around 6 ms and seemed to consist of four
distinct periods as proposed in Figure 1¢ and shown sche-
matically as a formation mechanism in Figure 2. After a
short induction period. in which silver ions are reduced,
Agis clusters are actively formed. and subsequently small
silver nanoparticles are formed mainly by agglomeration
among Agis clusters (nucleation-dominant formation pe-
riod). The formation of silver nanoparticles seemed to have
no discrete nucleation period according to the time-scales
and methods used in this work. The Agis clusters were prac-
tically consumed during the nucleation-dominant formation
period. Particle growth occurs by coalescence and aggrega-
tion among the small silver nanoparticles resulting in larger
silver nanoparticles (growth period). Finally, the growth
stage is complete with the consumption of all small silver
nanoparticles, and as a final process. the transient aggre-
gated particles relax to increase the particle size slightly. In
this stage, the particle size distribution narrows (relaxation

period).

Small Ag particles

Ag,,c rs
Ag”ions Ag” atoms : / p
P E <
| e @

Induction & € Nucleation- ¢,
period @ @ dominant &V
© “ formation

":‘ ¢ @ period

Transient aggregated

Ag particles
\

1 3 ‘ v '
Growth ‘ Relaxation

period period

\
Small Ag particles

Large Ag particles

Figure 2. Proposed formation mechanism of silver
nanoparticles via Agi clusters. Silver nanoparticles
are formed through: 1) Induction period, in which Ag*
ions were reduced to Ag® atoms; Il) Nucleation-
dominant formation period, in which Agss clusters are
nucleated and simultaneously consumed for Ag nano-
particle formation; Ill) Growth period, in which larger
Ag nanoparticles are formed by coalescence and ag-
gregation among smaller Ag nanoparticles; V) Re-
laxation period, in which particle size distribution
slightly narrows by relaxation or rearrangement of
transient aggregated particles.
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4. Conclusion

The formation of silver nanoparticles has no discrete nu-
cleation period according to the time-scale and methods
used in this work. The SAXS results here show that silver
nanoparticles are formed via four distinct periods within 6
ms, and that the diameter of the silver nanoparticles in-
creases mainly via an approximately 0.7 nm cluster corre-
sponding to the size of a Agi: cluster. Agi: clusters play an
important role as an elementary cluster in the formation of

silver nanoparticles.
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BEHXRN L F—#AE4 ARG R R THELS (AR 74257-)  T532-0011
TEL(0G)4806-3058  FAX (06) 4806-2205

N F=I7AMV—fEA&H W BT HARLTS (b =2 =7 77 2M-)  T0520883
TEL{078)652-5650  FAX(078)652-3670

AWM F—H%RAEH HNT O T HAR2S T813:0034
TEL(092)622:2875  FAX(092)622-2880

BRI TH2E 9% F30-0834
51

BRERFET

BHEAL FPITEHRSH RIHFLEIRT FILSF23AEN LT 79188037
TEL(0 100 FAX(0776) 361038

N F—BEHRIXEH el U2 T H2R155  T6520883
TEL) FAX(078)682-2601

E=rThed—b7y THRASHE WA RN =7 =7 T b)=fH)  THIM883
TEL(078)682-26 T8)682-2614

Ny K= bygEs NS NECERET fry: 3 o mesfie T675-0104
TEL(078)943:3933  FAX(078)043-4640

Bz OftY—EEERT
Ko F=bl=F 2 THRARHE AP B NT T 665 T650-0047
TEL(078)304-2251  FAX(078)304-2254
N F—BREHASHE B THFITE O OF =2 =7 Ty 20)-fF)  THH853
TEL(078)651-5353  FAX(078)651-5074
TR Y2402 T 6713212
33 FAX(0790)76-3310

EEMHERL S
(FEHZ FY=95F)

e Hods
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)
2720 Pioneer Drive, Bowling Green, Kentucky 42102, U.S.A.
TEL 1-270-842-4110 FAX 1-270-842-6139

A 3
Bando Belt Manutacturing (Turkey), Inc.
Ihsan Dede Cad.1000 Sokak, Gebze Organize Sanayi Bolgesi,
41480 Gebze, Kocaeli, TURKEY
TEL 90-0260-677-1121 FAX 90-0262-677-1129

Bando Europe GmbH
Krefelder Strasse 671, 41066 Moenchengladbach, GERMANY
TEL 49-2161-90104-0 FAX 49-2161-80104-50

Bando Iberica, S.A.

Apartado Correos 136, Poligono Industrial Sant Ermengol Il, Calle Francesc Layret

12-14, Naves 4-5,08630 Abrera, (Barcelona), SPAIN
TEL 34-93-7778740 FAX 34-93-7778741

T T

Bando Jungkong Ltd.

730-4, Songgok-Dong, Danwon-ku, Ansan City, Kyengki-Do, REPUBLIC OF KOREA

(4BA-705 Shihwa Indus. Zone, Mechatronics Complex)
TEL 82-31-432-9800 FAX 82-31-432-8198

Bando Korea Co., Ltd.

626-220, B69-1, Eogok-Dong, Yang San City, Gyung Sang Nam-Do, REPUBLIC OF KOREA

TEL 82-55-371-9200 FAX 82-55-388-0087
Bando Belt (Tianjin) Co., Ltd.
No.37 HaiTong Avenue, TEDA, Tianjin, 300457, CHINA
TEL 86-22-6623-7077 FAX 86-22-6623-7036
Bando Manufacturing (Shanghai) Co., Ltd.
Rm. B, First Floor, Block 56,N0.199, Riying North Road, Wai Gao Qiao
Free Trade Zone, Pudong District, Shanghai, CHINA 200137
TEL 86-21-5046-0161 FAX 86-21-5046-0649

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 86-769-8564-5081

Bando Siix Ltd.
Suite No.5B, 15/F,, Tower 6, China Hong Kong City,
33 Canton Road, Tsimshatsui, kowloon, HONG KONG
TEL 852-2494-4815 FAX 852-2481-0444

Sanwu Bando Inc.
11FL-2, No.51, Sec.1, Min Sheng E. Road, Taipei, TAIWAN
TEL B86-2-2567-8255 FAX 886-2-2511-7653

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 66-3446-8422 FAX 66-3446-8415

Pengeluaran Getah Bando (Malaysia) Sdn. Bhd.
No.2, Jalan Sengkang, Batu 22, Kulai 81000, Kulaijaya, Johar, MALAYSIA
TEL 60-7-663-5021 FAX 60-7-663-5023

Kee Fatt Industries, Sdn. Bhd.
No.2, Jalan Sengkang, Batu 22, Kulai 81000, Kulaijaya, 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

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 (India) Pvt. Ltd,
Plot No.255, Sector-7, Imt Manesar, Gurgaon-122050, Haryana INDIA
TEL 91-124-4368951 FAX 91-124-4368954
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