March 2008

NaG.| [ —



INR—=F9ZAIVLKR—b
No.12 2008 % 3 H

=| N

& ER
[Ny F=F 22 ANLE= ] BIR2FHITIZNIZ O T 1
WA RE R

il

it 72 & XX

SV PATEN S 2 T 2y DI B oo ettt et e e s et s s e te e e e es et ae s e sastanies )
M %
HRH > A7 L2 X 528453 — N & SBR ONHiEAE 12 BT BHAGHLT DIXE oo 11

wmih B &R BERKE O HITOPR EREHE K-

RESHAEAEAR % R L 72 BRI BIZE oottt 18
Bl B /IO O e RERE

o 0 AT Sy s g TR e U —— 26
HHE LB A

FRETESMIT A OSMET L Y 2 23— O REFFM M FHE BRI E T oo 36
mH g

1T & #
T 3 TR T 2 1) 7 T D T oot et et et et e et esa e seseseeaeae e s et e s ettt eaee st st eran et et arasas 43
M S RE ER

HF-EATEETE — B 20065108 ~2007F98) e 47
e

INTaFo0Y Ty 7RIV E LSB=U STAM, S25M o.ooooieeeeeeeeeeeeeeeeseeeesssesisesessessssssesssssessssessasses 52
BEBALED L P BT B e b A — A T L U T oo eee e es s es e s s s s e s eenaaen 54

TOPICS (2008.11 ~ 2007.11) wooooreeeereeeeeeeeeesseeoessessseesesessessssesssessesssssesssssssessssessesssessssesesessssssssseesessssssseens 59


Owner
長方形


BANDO TECHNICAL REPORT
No.12 (March, 2008)

CONTENTS
FORWARD

On the 12" lgsio of e Bando TOCIGA] FREDIONE sz s assssmismiassissssetasvisisssaossesssssiasiie s

Hiroshi MATSUOKA
Executive Officer
Engineering and R&D

REPORTS

Flat Belt Power Transmission System Having High Power Capacity and Efficiency ...........................

Sakae UMEDA

Function of Resin Components in the Direct Adhesion of SBR

to Zinc during Curing with an HRH Adhesion System ...

Tsutomu SHIOYAMA / Kunio MORI /* Yoshiyuki OISHI ./ Hidetoshi HIRAHARA ./ Eiichi NARITA

Study of Mirror Finishing Process Using Magneto-rheological Fluid ...,

Takashi SATO .~ Hitomi YAMAGUCHI /* Takeo SHINMURA /* Takahiko OKAZAKI

Reference Materials for Weathering Test of Rubber Products ...

Noriaki WADA . Yoshiaki AIMURA

A Development of the Damper Device which Used High Damping Rubber to Install in

JOINTE O WO OB H U S B i st iiiiiininicsinne mesin s eras s1o58 S S b s e s RS S A T T Ry

Tomoki FURUTA

TECHNICAL LETTER

Silica-coated Particles Having Core-shell SIruCtUre...........oooooioeriiicc s

Miharu TANABE ,/ Masafumi TAKESUE

[ LIS o O T ——

NEW-PROBDULCTS. .o o mmssss

TOPICS (2006.11 ~ 2007.11) oo sese e ees s sssssssssenesssesnons

2

e 20

.. 43

w59


Owner
長方形

Owner
鉛筆

Owner
鉛筆


% 5

[N R=F 7 =AHILLR— ] E12EFITICY AT

][]

wirzd AN [ pi

ERIEILHOBG - F— A2 TEEWLEEHTIZH Y E ) TEET,

ST, RER, [HIHEER] OAY— FOIETH ), BERET A Z 1990 EL T, 2008 £ 5 20124EDRIZ 6
WBEIHT A2 LENH ) T, LEFHGEZILTL, CoL0EmisE - BEHECHBENCEHTALENH D
T,

L, 2004 4EEEL D, (BRI - BT A BAF—T—FiZ, INSICHTAEBHEFHEL TS E L, 72,
2007 LD, ERCIZ [T v87 ME, 20 —21k) A, L h—EodEzLTE) 7.

AR ZDOFEEO—B e Mo T2 720, QAT MBI EREL 5 [FERLELREIY AT L0R%], @2
Y3y MEDPRAET & 5 [HETERE IR R E FIH L 72 S A B OB | @B TR AT 5 Y OHlH
V2 [HRHY AT A X 2 — F & S B ROMGEHES BT ARG O%E] o 3F%ma., 55 ko
LAR—-befhEsdTunicagy.

L7z, FEHE 10 AIS, At & odEdsl - Rt oFHiAEo -BoRELHIME L, MAHOFR—- T4 72 F
VHERR L oA RIS, PRSP 2 B/ LE L, O, BRIEICEL WYY Pk e LT, Y
WSS DB % T DT T,

ARIOLFE—-FERIFELS THEWEES, TER - SHESFVWASTNESERICFELE T,

Forward
On the 12" Issue of the Bando Technical Report

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

Now, this year is the first year of the Kyoto Protocol and it is necessary for us, between 2008 and 2012, to
reduce greenhouse gas emissions by 6% below 1990 levels. It will require proactive contributions in production
improvements and product development as well as the carrying out of business activities.

Since 2004 we have been very conscious of energy conservation and environmental protection and we have
progressed in our contributions toward these 2 items. In addition, since 2007, along with the above mentioned
items, we have been putting more emphasis on “economic use of space” and “products for use in “Clean
Rooms™.

In this report, the 12" issue of BTR, we include 3 technical thesis in addition to other technical reports; 1) Flat
Belt Power Transmission System Having High Power Capacity and Efficiency, 2) Study of Mirror Finishing
Process Using Magneto-rheological Fluid 3) Function of Resin Components in the Direct Adhesion of SBR to
Zinc during Curing with an HRH Adhesion System the reduction of waste material generated at production sites

Furthermore, in October last year we moved head office and the Research & Development Center to our newly
established premises on Port Island, Kobe, with the aim of further promoting and strengthening cooperation and
next generation technology development. I expect Bando, as a company that has turned over a new leaf in its
efforts to be “kind” to the environment, to be spurred on by the aforementioned technology development.

I kindly request that you peruse this report and would be most obliged to hear any comments or opinions.

R AR

Hiroshi Matsuoka
Executive Officer
Engineering and R&D
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Flat Belt Power Transmission System Having High Power Capacity and Efficiency

FEHH 5"
Sakae UMEDA

A positioning device of flat belts with very simple structure has developed, which prevents the belts from wandering off. The
device has a component of a tension pulley with its axis swinging along a pin. The axis swings in a manner in which the positions
of a flat belt on driving and driven pulleys are stabilized. The swing motion is mechanically driven in a self-regulating manner.
The source of its driving force is moment of force arising from a belt tension when the belt is being misaligned. Therefore, there
is no need for external devices providing the driving force and its control. The position control device realizes a flat belt power

transmission system with completely flat pulleys having no flange. This flat belt system with no crowned pulley has a high

power capacity and excellent transmitting efficiency.
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Function of Resin Components in the Direct Adhesion of SBR
to Zinc during Curing with an HRH Adhesion System

TR

Tsutomu SHIOYAMA

P ek

Hidetoshi HIRAHARA

R

Kunio MORI

Kb AT
Yoshiyuki OISHI

DA I S

Eiichi NARITA

The function of resin components such as methylene donors, methylene acceptors and silica was investigated in
the adhesion of stylene-butadiene rubber(SBR) to zinc during curing with an HRH adhesion system. Adhesion
strength was increased with an increase in the ability of polymerization of the donor and acceptor compounds in
the adhesion of SBR to zinc. Both the methylene donor (e.g., hexamethylenetetramine) and the methylene acceptor
(e.g., resorcinol) migrated to the interface between Zn and SBR during curing reaction. In this case, adhesion
strength was generated by forming a reinforcement layer of resin at the interface. The layer is produced by
reaction of the methylene acceptor and the donor. In the SBR compound, polymerization of the acceptors and the
donors is delayed by the presence of silica, therefore the acceptor and donor are able to migrate to the interface.
The resin layer at Zn/SBR interface works not only as a reinforcement layer but also as a binder which connect
SBR molecules with zinc. Resorcinol reacted with PbO and then C4H403Pb, was formed. The CgH4O4Pb,
migrated to the interface. This result suggested that the resorcinol acts as carrier as well as a methylene acceptor.
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*2 Department of Applied Chemistry, Iwate University,
Ueda Morioka 020-8551, Japan
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B (HAHEES)  HAF A — K> 75 v 7 (=2l
N330), 7HtAF A (¥ x8r2F T —R50), B
w (BREIEFEIHEE) . PO LA H), N-Cyclohexyl-
2-benzothiazolylsulfenamide (CBS, AP {l s 1%
#) . 6-Ethoxy-1,2-dihydro-2.2,4-trimethylquinoline
(ETMDQ. AP B LS T8 7 Siddi s 2 i L
oo 2. AFHAFLIFFT I (UTFATH3
Y EPAEERE) AFHRAFO— VAT I RU YR
TN T—=T ) (HMMP, (ERILSEH), ~FH 2 &2
AFNW AT IV (Cyanamid ), A FNA{LAT I ¥ (=
HALZEH), Ry TF I (ZHEFER), 434
V1) Y Y (Uniroyal ), 7 b72700— 14 -2
¥/ ¥ (Uniroyal ) %o EDAFL ¥ FF—, RUFL Y
Vi y (ERER) ., TVX VLV r (BRI
b)), Ly rkb= ) il a (REC,
RALSFE) . 7 V= VAR (ERIbER), Trdn
T/ =Lk v=) yitmisgsw
(APRFC. fE&ILF#), p—F 7 b= (Cyanamid #2)
LEDAFL Y Fr—dHlGEF0T EHEP L,

2.2 BECELIER

FIGA S T4 ETable 1 1L ®H 313 L9 12, SBR
Pohb 7Ly FEEGTA (UITTALNT) %

Table 1 Basic recipe for adhesion between Zn and

rubbers
Materials Weight/phr
SBR 100
Stearic acid 2
Zinc oxide 5
PbO 2
HAF Black 30
Silica 10
Process oil 3
CBS 1.2
Sulfur 1.5
Resorcinol 2
Hexamine 1.5

L7zo RIMGERLA T L0, W L it ER 2 5 < &
BazAry—Fn 33— (HAEHAMRBRE) 12T
A0 e, L7104 >0 — VIS THRE &Ik
MR ZRINL THERE L 720 12 B DL B S E 2, rElE
BT — ML 2T AR R L 2 H o o
EHIMIIFRAENIES LD S TEREREITVED
ZHEA RS L TR L7z, HER T — FIZIE 50 mm
JEE35mm D ITL L — b 2HORICHEAAAR, 150T
DF 2T AN —ITTRRE L7 tgg+10 77D 7 L AN
ATV, 2= FO Sem 3 A 725 13 & Bt
B (H7 A FERE) #ERLA, T4 — b LR
o ZHMoI CHERERREL, E24mma T
b rilifio o EHRE FEALAEHLETIS0CT
too+10 43~ 7 L A NWE & ATV ERE L 72

2.3 EBEREEEOKS 5T

R R OTTESA # BT 5 720 EPMA (X
WA 707+ A XMA) BOWHONETIT- 72,
EPMA #4471, BB E 3 EMX-SM & & v,
A 20k, AEER0.018uA, ¥ — AT F 1lum, &
FHREEh %S 10um/em, XAHELY H LA 525 B 12 THISE
L7, CKa. SKa, PbMo, SiKo 3 & U ZnLo Dl %
TTotze £72, LG T AR OCK AT PV LN
I 15k, SUEFER 0.05uA, ¥ — A% 10um. X FHL
D LA S25 I TE AT o 720 Bl ek s
ool 684 £ T/ v F% ANjikEs
FITTHH L IRETHERT L 72, S8 5276
CHBETIRCHLZRETEE, AT -
SRS L7 EENICEETAREL -7,
B0 LA OIER Z T\, TA Lo RO
ICEAED WEE BRI L 5HraE & L7,

2.4 HRHEBR S & HFEESRORIG

HRHIEHE ¥ AT LZBIT L L0 » o % fat
TLHMTL VY v BRSO RE % K TRt L
72o LY @ 02mol/L DIET R L, FERG T
LY Ly A2 L0ad 63 fEELEFTRIEL THRML
T RICHKIBEHRO LIV L 223 LeEELD T VE
=T EMAT0OCT3IMEE AP IFAT S ERERL /I
T EBALE OB S Nz EB S 5
&R &0 AT - 7o 8. BERRER O 7RIS (S RIfR 7
{—E D (C;13.1%., H:0.51%., Pb;76.4%) =4 L,
CgH405Pby (C: 13.39%. H:0.75%. Pb:76.96%) &1
ENDH, N E ORI (1500cm™, 1600cm™)
ASEIEE S, OHFEDWIN (3200em™) AWV &6,
Figure | DILFEEEXH L T 2 &0 T,

D) A OEEERATAHWNT, LYLI 10 g,
TN 45 g, B 6.4 g & S0ml DA ERE L 40
gD YA EMATIOCT, iLBEmyrERT 5 F
TOMMZEL 7,
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Figure 1 A reaction product between resorcinol and
lead acetate.
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fE- TRl T 1T - 720 #Hifio— Foglik &3 Bk
I RETG | AR B 12 T 100mm/min O F | & 3% 5 T 9 i
L. Sem DAL E £ 472 0 05 |[H X 5% (kN/5Sem) T
A L 72 (& < BERER I IS HAL (K6256) IZHE- TiT -
72 RERIZVTND n =4 TV Z KD 72,

. BR EEE

31 LYY RIBEEF RS OEEREDR
HRHI#EH VAT LIZBWT, AFH 3 (H) %o
AFLy Ft—FaG, LIy R) E0AFL T
TR Ty—gisr, &K I A (H) ZTEERE T4 O8RS
RS F TR THE, AFL YT oL
Ty —bAFLy FF—gaidMalTL Yy A4
PRS2 5258 % L, SR AIEWMEIZL 50
BEEEIH L, 2oLy Ly rofifEii+ms 2
THLOTMORTHIEZTTo72. ThbH, L/
YR AFLITIETY—ELT, kv F#E
FEAFL P FF—E LTERL, #EFRETL L
VURREER S L EDOEFOEEITIEOHT
# %o Table 21X TER & T2 DEFEAFY O IL  BEFREE 12
BIZTAFL Y FF—HOERERT HEF5EHE
HHOMYIE < HETRE, FORO HROBE, &
Bl (70CHRAIT 168 HEHIZ ) T2 & < M O BZE
PofTolze NV ITFIV, FXFVN IRV
FrFF U014 NIV F )DL AFL I H
DEERNHFES OFEFEOmMELZ RS 2V, ~
FHIRAFLFF—LLTERAL, AFL
OFEFRDDPHFECOT, BEEOMEICHENTH
e EHIZ, HMMPRAFH A M XL AT I DL
2. AF LT o279 —LRELTHIRIELR T W
WEDAF Ly FH— (3 0HEERE RO 01064

Table 2 Effect of methylene donors on the adhesion
properties of SBR to Zinc plates during
curing for 40 min at 150°C.

Adhesion test
Methylene donors ps" Failure Water aging
kN/m (70°C,168hrs)

Hexamine 10.6 SRA M
HMMP 19.1 HR HR
Hexamethoxymetylmelamine 16.1 SRA M
Methylmelamine 15.2 SRA M
Benzoguanamine 5.1 SRA M
Oxazolidine 3.8 M M
Tetrachloro-1,4-benzoquione 4.2 M M

1) PS: Peel strength

Recipe (phr) : SBR100, HAF black 30, Silica 10, Stearic acid 2, Zn0 5,
0il 3, ADPAL 1, CBS 1.2, S 2, PbO 2, Resorcinol 2.5, Hexamine 1.6.
150°C x 40min press.

Failure: M: Metal/Rubber interface, SRA; Spot Rubber Adhesion,

HR: Heavy Rubber.

HMMP : Hexamethylolmelamine pentamethylether

NTHH, PR MEOED S I LEBESE
ZoThY), EREEEFEESNL, ZOKRE
BHRIL LRt W AT Ly FH— 13 E0lo#SEEx
EOLRNEAELTVWAEIZEERLTWA, Lith-
T, BHRILATER D A F L ¥ F+—AEgmEnm L
IZHRTH DI ERGND, RIZ, W E TL DM
WA OWEEICRIETAF LY T 2275 O
WA Table 31277 T, TLVFLLY LY R+ 7 b —
WO EkHz, AFLyEeT o7 T ANO%S
b OREEBENFEY, LYY YRS L= VR
BINLEDWAFLYET 22T ENIAEBL DT,
FAEMEOM EICHMTH S, X512, RFC* APRFC
AFL T 27 TN EAEL. PoWIE
LRIBRIATH B Z L HEEMEON LISk OAR %
TorETE—-THhHb,

PBEDES iz 2Fr PR AF L2 FoE
75— OBIRILEE I 2GS F S L. BRI 5k
htahs &, EEREOMEIZANTHSZ

Table 3 Effect of methylene acceptors on the adhe-
sion properties between SBR rubbers and

zinc plates
Adhesion test

Mthylene acceptors ps? Failure Water aging

kN/m 70°C,168hrs
Resorcinol 10.1 SR M
Alkylresorcinol 6.5 TR/M SR
RFC 15.1 HR SR
Cresol resin 10.2 R/M M
APRFC 16.7 SR M
Naphthol 2.8 M M

1) PS: Peel strength

Recipe (phr) : SBR100, HAF black 30, Silica 10, Stearic acid 2, ZnO 3,
0il 3, ADPAL 1, CBS 1.2, S 2, PbO 2, Resorcinol 2.5, Hexamine 1.6
Failure: M: Metal/Rubber interface, SRA: Spot Rubber Adhesion,
HR: Heavy Rubber.

RFC : Resorcinol formalin initiate concentrate

APRFC : Alkyl phenol resorcinol formalin initiate co-concentrate
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L. 22Z0~F4 I VBB EAOEmIZH L,
OFE Y (T F 2 BT 2 BEBR L O T A5 |3k & 5
FEOERTIZRESHELTWAILEEZRLTWS
Figure 3 (3 IRILATERA CTH L HMMP & LV B
EEENSEIAFERETH S, 5558 £ HMMP O
BMRIEAFH I L E LY O8E L UHA %5
T, KLy iR bw“"b+ﬁ 25 14K & 5
RS HAL, MEIMARIET S Boahbh, Th
(THMMP® & 5 245 J5 1L mi BE i & ﬂ%bxb+~PL
THWZZWE, ~FH 3 2 O8E (Figure2) L0, 3
HEREMHCTHIELLLT VWO EEL SN L, HMMP
EANFHIVTEH—FFHIYVDAFL IEITKERR
WA, HMMP D EREMED A T L w3k & L TIER
BOTHIELOBULHEDSTHHEDOHARKENWI L2 L
A#EibND,

Do X 9 185 FERE 125 AR L O EE A5

= (3] (=] -~
I I I |

Pull-out strength / kN/5cm

3 Resorcinol,phr
m:13
®:25
2 A:3T
1
0 1 1 1 1

0 0.5 1 1.5 2 2.5
Hexamine / phr
Recipe(phr): SBR100, HAF black 30, Silica 10, Stearic acid 2,

Zn0 5, Oil 3, ADPAL 1, CBS 1.2, S 2, PbO 2, Resorcinol 1.3, 2.5,
and 3.7, Hexamine variable. Press condition; 150°C x 40 min.

Figure 2 Effect of hexamine concentration on the pull-
out strength of zinc cord/SBR adherents.

AMERBIZKRE(HFGLTWR I EHHLRL
2o

[=2]

o

E=N

(%]

o

Resorcinol, phr
m:08
®:16
A:24

0 1 2 3 4
HMMP / phr
Recipe(phr): SBR100, HAF black 30, Silica 10, Stearic acid 2,

Zn0 5. 0il 3, ADPAL 1. CBS 1.2, § 2, PbO 2, Resorcinol 0.8, 1.6,
and 2.4, HMMP variable. Press condition; 150°C x 40 min.

—_

Pull-out strength / kKN/Scm

Figure 3 Effect of hexamethylolmelamine penta-
methylether (HMMP) concentration on the
pull-out strength of zinc cord/SBR adher-
ents.

3.2 YUHDOEE
THAOHBEGTHHA SRS ) A I3RS QMR
T A 2 i3 & (SN TS, Table 413 CBS/
SHNfEF 12 & 2 Dk & S el B UE 32 A RN
WEEZRLIZLDTHEH, YUHEMEEIZLED s
(/b bV 712 BEEE) BTt EAKEBoTH
O, Beaicmmbleizips s Z Ednh b, &
Sz, M TLADEFICBWTHRHES Y AT 4D
MEEFRESEL-0OIZED) HDOFENARTRKTH
Bo ) AOMEIEDOIFRIREAFL 2 FF—%
Ty Ty — OSBRI TS ETHIC
BT WADIIEBHOERA TLHPTDAFL Y F
F=RT Ty —OEFHENHTEEEZLNLT
HbHo, YIAOREIE TG EIHILTAF L
Y FF=RT Ty — DR E T B 72T TIEHMA

Table 4 Effect of silica addition on curing properties,
pull-out strength(POS) and induction period
(IP) the reaction of resorcinol, lead acetate

and formalin.
" Curemetry Adhesion
Silica, phr IP.h
t/min t,,/min POS, kN/5em | Coverage, %
0 1.8 20 2.2 0 0.5
10 7.1 34 8.2 100 1.8

Recipe(phr): SBR100. HAF black 30, Silica 0 or 10, Stearic acid 2,
ZnO 5, Oil 3, ADPAL 1, CBS 1.2, S 2, PbO 2, Resorcinol 2.5, hexam-
ine 1.6. 150°C x 40min press.
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BT ORFERERT,

Figure 4<A>, 4<B> 1 & Fd<C> IZNITEEEAT10% . 50
%, 100% ZHIET 5, HilIZENLEND ZnLa DL b
EAY) EEEEREE RS LRES S TLBHA~DH
HeEA BT Ol o SRENORET ETRLTWA,
150°C., 1053 I0fiE T id = 4 N E kg #%:Aﬂmmo%%
Ao TS B LU SIBENL LI HEENICE
FLTWA, Pbizs, SilIEGHE TR VAT @tihi&?

DEMZH 5o Znld 2D 5720 DAETH
o LPLADS, 200K T Zn® - EMWICHET S
F120um O TLIGHT, T LIS D S A B S, Sijt
FEARRD T % - Ty A, PhlZ 105 IN%ERE £ b & B
WL BRI S TR o T B, mﬁMﬁfwﬁ
ﬁumﬁmm FETED LRV, S OEIEEREOE

W hoTwh, T, CiEEDS, &ﬁ“#%ﬁ
ﬁhi%ma&#%ﬁLﬁEﬁﬁ?wa%ouim
LT, Bk OREE & LTS SENCS, SiBE D
LB AR S, 50% ke (150°C. 2047) DEtRY

Rubber side : Zn plating side
— >

<B>

-60 -50

-40 -30 -20 -10 0 10
Distance/ um

-0

Recipe(phr):SBR100, HAF black 30, Silica 10, Stearic acid 2, ZnO 5,
0Oil 3, ADPAL 1, CBS 1.2,
Press condition <A>:150°Cx10min, <B>150°Cx20min, <C>:150°C
x40min

S 2, PhO 2, Resorcinol 2.5, HMMP 1.6.

Figure 4 EPMA profiles of zinc cord/rubber adherents obtained with HRH adhesion system.

15

BANDO TECHNICAL REPORT No.12/2008


Owner
長方形

Owner
長方形

Owner
長方形


THTIZ20um IEVERD S & SiiEE O E A
fE4 %, 100% M TH ZoBIEHEFs LTy
%o Pold T 208 % & BT i ) W is A E ) 12 & B AT,
SID &I RiFMMNAEEED N AV, /2. Znd o
ERICBWT O RELHMEEAD S RN %A%
MRLThH, LLED LS ICHEAEREIZIES R Siodin
ERERENTWAEZEAgnrd, b L, ZOEHFL
YN EAFLY PR —WighohbEtThE, ¥
D A ORISR A { &Y WS SR
TEWIIBIRILT 2 B2 L5

—7i. Figure S I HRH¥E ¥ A7 A %A L 2wl
Fi/SBRIEAG W DFEA5 FLIM L BE DEPMA L2 L A5 Hr @
TR T, WEHIRRTO 90 I < HEREETIE 2
Ry b Fov— & RHHEORICIRE OS5 pE 2 R
THhOTHLA, WO - XWHIZA - TS, Sild*
#hnoEm Lz R L, WEREOESEL ¥ — LF0

PR CHMIZZEZ S - T b, BIf 2435 % R4 HRH
Rubber side Zn plating side
500 < >
400 + Si
>
"u:" 300
s | — N\
1_5_-‘ 200 F 5
100 + \
Zn E\-,
0 1 T 1 I e —
-40 -30 -20 -10 0 10

Distance/um

Recipe(phr): SBR100, HAF black 30, Silica 10, Stearic acid 2, ZnO 5,
Oil 3, ADPAL 1, CBS 1.2, S 2,. Press condition:150°Cx40min

Figure 5 EPMA profiles of zinc cord/rubber adher-
ents obtained without HRH adhesion
system.

A asm=0.70

Intensity

(23120 A

Recipe(phr): SBR100, HAF black 30, Silica 10, Stearic acid 2, ZnO 5,
Qil 3, ADPAL 1, CBS 1.2, S 2,. Press condition: 150°Cx40min

Figure 8 EPMA Zn profiles of zinc cord/rubber
adherents obtained without HRH adhesion
system. A, B: Position shown on Figure 4C.
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Study of Mirror Finishing Process Using Magneto-rheological Fluid

ek Bes !
Takashi SATO
HA E

Takeo SHINMURA

W oes*
Hitomi YAMAGUCHI

L V=
Takahiko OKAZAKI

Abstract. This research studied the internal magnetic field assisted finishing with MRF (Magneto-rheological
Fluid)-based slurry for copper tubes. MRF-based slurry that included diamond abrasives was applied to the
internal magnetic field assisted finishing for copper tubes and the finishing characteristics were studied. The
results showed that the exciting current and the abrasive size changed the finishing characteristics of MRF-based
slurry. This finishing process creates a smooth mirror finished surface with few directional cutting marks on the

surface of the copper tube.
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Reference Materials for Weathering Test
of Rubber Products
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A 360
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MR AT S M EAREY S & L bID, AR

$ 2 REHERD Eh L, KL 3 L CH B & AR
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1. INTRODUCTION

Rubber parts have been used in many application
in, for example, the automotive, building and
electrical industries throughout the world. It 1s very
useful to estimate the life of rubber products under all
conditions such as temperature, humidity, ultraviolet
radiation and rain for product assurance purposes.

It is well known that a typical evaluation method
for life estimation of rubber products is a weathering
test as specified in 1ISO 4665. In this evaluation, it
would be very convenient if we could use “a
reference material” as comparison. A suitable rubber
reference material for weathering evaluation has to
satisfy the following conditions.

(a) There is a directly proportional relation

between property change and exposure time
(or radiant exposure).

(b) The degradation mechanism is similar in
both natural exposure tests and exposure
tests with laboratory light sources.

(c) The rubber materials are easily obtained,
processed and prepared throughout the
world.

The object of our evaluation is the proposition of

new rubber reference materials for weathering
evaluation.

*IR&D t ¥ ¥ —
AR YRR S

2. EXPERIMENTAL

2.1. Materials

In this evaluation, four typical rubbers (SBR,
EPDM, CR, NR) were selected and the formulations
were varied in order to clarify the effects of type of
filler and antioxidant. Finally, the following ten
compounds were prepared.

(a) S-1: SBR/Carbon black/antioxidant-1

(b) S-2: SBR/Carbon black/antioxidant-2

Table 1
Compound formulation of SBR

S-18-2]83| 54|85

SBR 1502 100 | 100 | 100 | 100 | 100
N330 carbon black 50 | 50 | 50

Dixie clay 80 | 80
Zinc oxide 3 3 3 5 5
Stearic acid 1 1 1 1 1
Antioxidant 6PPD * 2

Antioxidant TMQ ° 2

Antioxidant wax l 1 1
Antioxidant MBMTB ¢ 2 2
Antioxidant SP 9 2 2
Accelerator TBBS © 1 1 1

Accelerator MBTS 1 1
Sulfur 1.75 1 1.75( 1.75 1 |

4 N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine
b Polymer of 2,2.4-triimethyl-1,2-dihydroguinoline

¢ 2,2-methylene-bis-(4-methyl-6-tert-butylphenol)

d Styrenated phenol

¢ N-tert-butyl-2-benzothiazyl sulfenamide

! Dibenzothiazyl disulfide
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(c) S-3: SBR/Carbon black/no antioxidant
(d) S-4: SBR/Clay / antioxidant-1

(e) S-5: SBR/Clay/no antioxidant

(f) E-1: EPDM/Carbon black/antioxidant
(g) E-4: EPDM/Clay/antioxidant

(h) C-1: CR/Carbon black/antioxidant

(i) C-3: CR/Carbon black/no antioxidant
(j) N-1: NR/Carbon black/antioxidant

The details of the rubber compounds used are
shown in Tables 1, 2, 3 and 4. The rubber compounds
were cured under appropriate conditions. The 2mm
sheets were molded to evaluate variety of properties.

Table 2
Compound formulation of EPDM
E-1 E-4

EPDM (JSR EP24) 100 100
N330 carbon black 80
Dixie clay 100
Zinc oxide 5 5
Stearic acid 1 1
Paraffinic oil (PW-90) 50 20
Antioxidant TMQ * 2
Antioxidant wax 2
Antioxidant MBMTRB ° 2
Antioxidant SP € 2
Accelerator TMTD ¢ |
Accelerator TMTM ¢ 1.5
Accelerator MBT 0.5 0.5
Accelerator ZnBDC & 1
Sulfur 1.5 1.5

* Polymer of 2,2 4-triimethyl-1,2-dihydroquinoline
b 2,2"-methylene-bis-(4-methyl-6-tert-butylphenol )
¢ Styrenated phenol

4 Tetramethylthiuram disulfide

f Tetramethylthiuram monosulfide

! 2-mercaptobenzothazole

£ Zinc di-n-butyl dithiocarbamate

Table 3
Compound formulation of CR
C-1 C-3

ECR (sulfur modified type) 100 100
N330 carbon black 25 25
Zinc oxide 5 5
Magnesium oxide 4 4
Stearic acid 0.5 0.5
Antioxidant 6PPD * 2

# N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine

Table 4
Compound formulation of NR
N-1

ENR (RSS#1) 100
N330 carbon black 35
Zinc oxide 5
Stearic acid 2
Antioxidant 6PPD * 2
Antioxidant TMQ " 2
Antioxidant wax 1
Accelerator TBBS © 0.7
Sulfur 2.25

4 N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine
b Polymer of 2,2.4-triimethyl-1,2-dihydroguinoline
¢ N-tert-butyl-2-benzothiazyl sulfonamide

2.2. Test conditions
2.2.1. Natural exposure test

The natural exposure conditions of weathering
used in this evaluation are is shown in Table 5.

2.2.2. Xenon arc test
The test conditions for xenon arc artificial
weathering tests are shown in Table 6.

2.2.3. Open-flame carbon-arc test
The test conditions for carbon arc artificial
weathering tests are shown in Table 7.

2.3. Evaluation method
2.3.1. Tensile stress-strain properties

Tensile stress-strain properties were evaluated in
accordance with ISO 37 using Type 1A dumbbell test
pieces with 2 mm thickness. The test results are
reported as percentage change in each physical
property according to the following equation:

AP = i><100
P

X
where P is initial property, P, is property after
weathering.

2.3.2. Hardness change

The hardness (IRHD) were evaluated were
evaluated in accordance with ISO 48.

The test results are according to the following
equation:

AP=P-P,

where P is initial hardness, P, is hardness after
weathering.

a7
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Table 5
Condition of natural exposure weathering

Integrated Mean Mean
i . Exposure Exposure radiant exposure ambient relative
Location Latitude angle south starting date (MJ/m?) ® temperature humidity
Uve | Total 0" (%) ¢
Sapporo (Japan) 43°03'N.L. South 45° 1999.10.4 922.5 153754 8.8 70.9
Choshi (Japan) 35°43'N.L. South 30° 1999.10.1 946.4 16992.5 14.7 772
Miyakojima (Japan) 24°44'N L. South 20° 1999.10.1 1133.5 | 17044.5 23.8 79.0
; p South 5° #
o 3 o 2
Serpong (Indonesia) 6°15'S.L. (North) 1999.10.1 770 17159.0 26.4 89.9
Phoenix (USA) 33°54'N.L. South 34° 1999.9.29 1227.5 | 25751.7 22.9 31.2

* For Indonesia south 5° from Nov. to Feb. and North 5° from Mar. to Oct.

P Total value from Oct. 1999 to Sep. 2002

€ Wave-length band: 300 to 400 nm before Dec. 2000 and 315 to 400 nm after Jan. 2000 for Choshi, 300 to 400 nm for

Miyakojima and 295 to 385 nm for Serpong and Phoenix.
4 Mean values between Oct. 1999 to Sep. 2002

Table 6
Condition of exposure to intensified xenon-arc
Light Xenon lamp
Filters Inner: Quarz, Outer: borosilicate 275
Irradiance 60 W/m? (at 300 to 400 nm)
Black panel 63+3°C
temperature
Spray cycle 102 min dry and 18 min water spray
Table 7
Coondition of exposure to open-flame carbon-arc
Light Open-flame carbon-arc lamp
Filters Type-1
Irradiance 255 W/m? (at 300 to 700 nm)

Black panel

63+3°C
temperature

Spray cycle 102 min dry and 18 min water spray

2.3.3. Colour change
The colour difference 4E™b» was determined
according to ISO 7724.

2.3.4. Gloss change

The specular gloss with 60-deg geometry of test
pieces before and after exposures was measured
according to ISO 2813. The change in gloss was
expressed of the initial value and the value after
weathering by the following equation:

&XIOO

Gs

X
where Gs is initial superficial gloss, Gs, is superficial
gloss after weathering.

2.3.5. Crosslink density

Crosslink density of test pieces was measured by
the solvent swell method. Each test piece was
immersed in toluene for 72 hours at room
temperature.

The crosslink density was determined by the
following Flory-Rehner equation:

1 [In (1-VR)+VR+uVR>

Y VR%—V%

where v is crosslink density (mol/cm3), VR is volume
fraction of polymer after immersion in toluene, V is
molecular volume of toluene (cm¥mol), u is
interaction coefficient between rubber and toluene.

In this equation, the following L values [1] were
used :

SBR:  0.1320
CR: 0.3000
EPDM: 0.4900
NR: 0.3930
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3. TEST RESULTS AND DISCUSSION

3.1. Natural exposure tests
3.1.1. Degradation of NR

Figs. 1, 2 and 3 show exposure time dependence
of elongation, hardness and 100% tensile modulus
properties of NR sample at each location. These
property  changes showed typical hardening
degradation, and the degradation rate was influenced
by exposure conditions. In the severe conditions such
as at Serpong and Phoenix where temperature and
radiant exposure were higher, hardening degradation
is faster than other more mild areas. The test results
of colour change and superficial gloss change are
shown in Figs. 4 and 5. According to these results, it
becomes clear that these properties are not suitable
for determining the degree of degradation because
they increased for some samples and decreased for
other samples with time of ageing, and they changed
rapidly at a certain stage of exposure.

3.1.2. Degradation of SBR
Figs. 6, 7 and 8 show exposure time dependence
of elongation, hardness and 100% tensile modulus

—&— Sapporo
—H&— Choshi
—&— Miyakojima

—>— Serpong

Elongation Change (%)

—&S— Phoenix

-100 +
0 500 1000 1500 2000
Exposure Time (DAY)

Fig. 1. Elongation change of NR

properties of S-1 sample at each location. The
tendency of property changes is almost the same as
for NR. According to these results, it seems that both
elongation change and modulus change are suitable
properties for monitoring the degree of degradation
of weathering. Fig. 9 shows the effect of antioxidant
on degradation for exposure in Choshi, Japan. In this
evaluation, there is no big difference between the
6PPD/TMDQ/Wax system and the MBMTB/SP/Wax
system, but it is clear that the inclusion of antioxidant
is very effective against degradation by weathering.
Fig. 10 shows the effect of filler on degradation for
exposure in Choshi, Japan. In this evaluation, the
clay system shows faster degradation than the carbon
black system. The degradation of the carbon black
system occurred gradually over a long time.

3.1.3. Degradation of EPDM

Figs. 11 and 12 show exposure time dependence
of elongation change and hardness change of sample
E-1 at each location. In terms of elongation, the
change in the initial stage of weathering is larger and
it becomes stable at a later time. In the case of
hardness, a clear tendency was not observed. Fig. 13

—&— Sapporo
—B— Choshi

—#— Miyakojima

100% Modulus Change (%)

|
|
‘ —»— Serpong

—&—Phoenix

0 500 1000 1500 2000
Exposure Time (DAY)

Fig. 3. Modulus change of NR

- 6 ——e
—o&— Sapporo ( Sapporo
z &
(=X I .
I —B— Choshi v —B— Choshi
2 2
=2 o
S —&— Miyakojima g —&— Miyakojima
8 E
g 3
B ——Serpong ‘—g ——Serpong
£ o
- o
—&—Phoenix —6&— Phoenix
2 L . J % J
0 500 1000 1500 2000 0 500 1000 1500 2000
Exposure Time (DAY) Exposure time (DAY)
Fig. 2. Hardness change of NR Fig. 4. Colour difference of NR
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Fig. 5. Superficial gloss of NR
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Fig. 6. Elongation change of S-1

shows the effect of filler on degradation for exposure
in Choshi, Japan. In this evaluation, the clay system
shows faster degradation than the carbon black
system, and the degradation of the carbon black
system is almost the same as for SBR.

3.1.4. Degradation of CR

Figs. 14 and 15 show exposure time dependence
of elongation change and hardness change of C-I
sample at each location. Elongation change shows a
good relation with exposure time and the exposure
conditions, but in the case of hardness a clear
tendency was not observed. Fig. 16 shows the effect
of antioxidant. When antioxidant was added, the
degradation occurred gradually in almost the same
manner as for SBR.

3.2. Correlation of the degradation behavior of rubber
and the crosslink density
Figs. 17 and 18 show the relation between
crosslink density change and tensile property change
of the S-2 sample after outdoor exposure at each
location. It shows a very good correlation between

20 —m—m—m———— —
—e&— Sapporo

-
o

—HB—Choshi

—A— Miyakojima

—»— Serpong

Hardness Change (pts)
@ =

—&—Phoenix

0 500 1000 1500 2000
Exposure Time (DAY)

Fig. 7. Hardness change of S-1

300 - - —
|

| —6— Sapporo
250 \ Re

200 —B— Choshi

—#— Miyakojima

Modulus Change (%)
@
o

L) | —»—Serpong
50
—&— Phoenix
0B .
0 500 1000 1500 2000

Exposure Time (Day)

Fig. 8. Modulus change of S-1

crosslink density and both elongation change and
100% tensile modulus change. This correlation
means that the degradation in this case was controlled
by a simple hardening phenomenon. On the other
hand, Figs. 19 and 20 show the relation between
crosslink density change and tensile property change
of the S-4 sample and there is no clear correlation
like for the S-2 sample. These results show that the
degradation mechanism of the clay system is
different from that of the carbon black system and
that it is not a simple hardening phenomenon.

3.3. Correlation of natural exposure and artificial light

exposure

Figs. 21 and 22 show the relation between
outdoor exposure and exposure tests with an open-
flame carbon-arc for 100% tensile modulus. The
outdoor exposure was carried out for three years at
Choshi, Japan and Phoenix, USA while the exposure
test with open-flame carbon-arc was carried out for
1200 hours. It is clear that both figures show good
correlation between natural exposure and open-tlame
carbon-arc exposure. Figs. 23 and 24 show the
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relation between outdoor exposure and exposure tests
with a xenon-arc for 100% tensile modulus. The
outdoor exposure was carried out for three years at
Choshi, Japan and Phoenix, USA. The xenon-arc data
are for 525 MJ/m’ radiation. The exposure with
xenon-arc also shows good correlation with natural
exposure test except for samples of C-3 and S-3.

The coefficient of correlation was calculated for
each mechanical property. elongation, 100% tensile
modulus and hardness, between the five sites and
artificial light sources. The ageing data at one year,
two years and three years were adopted for
comparison, while for each artificial light source, the
data was taken at four exposure stages. And then
“Principal component analysis” was conducted by
using these correlation data.

In principal component analysis, a number of
relevant properties can be represented by a set of
aggregate components. When the number of
properties is p, these properties are represented by a
smaller number (m) of aggregate components under
the conditions stated below:

= ’11.\'1 + f12.i'2+ +]1PIP

29 = lp1xy +lopXp++1,x,

2 = laxy +lhpxp+ -+ 1, X,

Zn = Lyt Xy +lppxo+ -+ ]mp p

but

P
2 h2=1 tk=1,2,~,m)
1=

300

|
Pfal
>
£ 250 -
Q
1 © 83
o
® 200 - o C-3
o & N-1
L+ ¢ C-1
>
@ 150 -
¢ E-1
100 - i
100 150 200 250 300 350

525 MJ/m? in Xenon-arc

Fig. 24. S100(%) The relation between Phoenix and
Xenon-arc

Conditions

Dgand - (k= K 2k, K =1, 2, .., m)are
uncorrelated;

2) The variance of z; is the greatest among those
of the linear expressions of (x|, x5, ..., x,). The
variance of z, is the greatest among those of
uncorrelated linear expressions to z;. Accordingly,
the variance of zm is the greatest among those of
uncorrelated linear expressions to zy, 27, ..., and z,,;.

The 66.3% of property data were put together for
the first principal component, and the 16.4% of
property data were put together for the second
principal component. Fig. 25 shows the principal
score. The first principal component seems to show
“progress of hardening”. The second principal
component seems to show “the difference between
outdoor exposure and artificial light sources”, which
indicates a small change for artificial light sources
and a large change for outdoor exposure. Especially,
C-3 and S-3 samples have a big difference. From this
result, it can be said that these two samples are not
suitable for reference material.

4. CONCLUSIONS

Through our evaluation on the natural exposures
and artificial light exposure tests using typical rubber
materials, it becomes clear that the compounds of S-
1, E-1. C-1 and N-1 are suitable for rubber reference
samples for weathering evaluation. In particular, S-1
can be regarded as the most suitable reference
material. These four compounds are useful for
artificial light exposure tests as well.
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Fig. 25. Principal score of principal component analysis

In addition, it is obvious that suitable properties
for exposure degradation are elongation change and
tensile modulus change. Crosslink density is also

useful if hardening degradation is the major factor,
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A Development of the Damper Device which Used High Damping Rubber to
Install in Joints for Wooden Houses

W AT

Tomoki FURUTA

Every time an earthquake beyond seismic intensity about 6 occurs, a large number of wooden houses suffer

remarkable damage of partial destruction and complete collapse. However, because the quake-free damping
equipment for a wooden house possessed is expensive at present, the rate of diffusion in the very low.

So the damper device installed high damping rubber for joints (It is called the damper device at below) was
developed. The cost of manufacturing the damper devices is low and the mechanism is simple for the wooden

house.

When making this damper device, the laminated structure which established on a normal joint metal and
inserted high damping rubber between the part of the steel plate and making the foundation side fixed settlement,
a pillar revolves by vibration, and when it can be pulled out, high damping rubber transforms a shearing

revolution, and oscillation energy is absorbed.

This damper device is made of the shape and the performance also practicable for the seismic reinforcement

when reconstructing.

From the typical horizontal loading test of the joint specimens with the damper device whose high damping
rubber of width 80 mm and height 120 mm and thickness 5mm between a steel plate, equivalent stiffness (Keg)
was an average of 110.7 N/mm, and the H.q was an average of 33.8 %. And stiffness is 2.33 times, the Heq could
confirm 1.62 times of improvement for stiffness only compared with a normal joint metal.

Next, conducting the earthquake response analysis of a general wooden house, the damper device above-
mentioned reduced the response displacement of the frame with braces at most 41.1 % and an average 26.8 %, and

response acceleration at most 29.8 % and an average 15.0%.
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Silica-coated Particles Having Core-shell Structure

3
Miharu TANABE

®fF  ERT

Masafumi TAKESUE

Coating on surface of various particles can provide additional properties, for example, adsorption property, chemical

reactivity, dispersibility, and solubility. Processes and properties of silica-coated particles have been widely studied to apply

biotechnology, opto-electronics, and others. In this paper, it is reported about two silica-coated particles. Silica-coated
magnetic particles adsorbed efficiently DNA (deoxyribonucleic acid) by optimizing dispersibility of the particles in water and

by modifying functional group to the surface on silica-coated layer. The other, silica-coated ZnS particles can be controlled

thickness of the silica-coated layer without aggregation.
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EAREZER
A @ OB AR WUl h AR HINT TeE6E T 650-0047
TEL(078)304-2023 FAX(078) 304-2981
LR T F— w4 T 665 T 6500047
TEL(078)304-2023 FAX (078) 304-2081
R&D & > &#— @ilih KR M4 68665 T 6500047
TEL(078)304-2923 FAX(078) 304-2981
B ¥ K B STRHERZ4 THLI#E23S (CCHINNEL) T108-0014
TEL(03) 54849111 FAX(03) 54849112
& & B OR A ALK THH25% (HEB T L700 1—1Z208AKA) T530-0001
TEL(06) 6345-2636  FAX (06) 6345-2677
E-mail : eihatu@bando.co.jp
B OE X E OHATAVERZEATHLI#235 (SHINNYL) T108-0014
TEL(03)5484-9111 FAX (03) 5484-9112
E-mail : tokyo@bando.co.jp
® # TEL(03)5484-9100 FAX(03)5484-9106
+ ® ® TEL(03)5484-9114 FAX(03)5484-9108
® 3
i

TEL(03) 5484-9104 FAX(03) 5484-9110

7 wo® TEL(03)5484-9102 FAX (03) 5484-9107

B EHE X E AR PHEK SRS TH25HE Y (AR IL 702 2) T450-0002
TEL(052) 582-3251 FAX (052) 586-4681
E-mail : nagoya@bando.co.jp

8 TEL(052)582-3254 FAX(052) 586-4681

" A #  TEL(052)582-3257 FAX(052)586-4681

X B X E KRR THSH255 (RS L7y - R0SAKA) F530:0001

TEL(06) 6345-2631 FAX(06) 63457752

E-mail : osaka@bando.co.jp

@ @ # # & TEL(06)6345-2638 FAX(06)6345-7752

AM P % & & TEL(0G)6345-2639 FAX(06)6345-8273

MM PoE & B TEL(06)6345-6121 FAX(06) 6345-7750

# @ W ® = TEL(06) 63452633 FAX(06)6345-8273
1t B & @ ¥ 88 AMRiICEEH2 THSH255 (RIS 07007 1~ 208AKA) 56300001

TEL(06) 63452671 FAX(06) 63452615

® ks # TEL(06)6345-2671 FAX(06) 6345-2615

E-mail : o.kasei@bando.co.jp
B3 O OB OB il KRR T4 66 T 650-0047
TEL(078)304-2023 FAX(078) 304-2981
- RIEM R SRR TR L e e 9648 (T CHSA) 6750104
TEL(078)942-3232 FAX(078) 942-3389
oA N T SNSRI Rt o648 T675-0104
TEL(078)942-3232 FAX(078) 942-3389
= B F % 85 KENFREE T ES T H20W 1 (9 TP T590-0526
TEL(072)482-7711 FAX (072) 482-1173
M owm T 3B AKBRETSESTH20%1S 75900526
TEL(072) 482-7711 FAX(072) 482-1173
MOEOL T B Lo N d LT e F12428 005 F649-6111
TEL(0736) 66-0999 FAX (0736) 66-2152
EBREWARER AL AL O N BRI i 124205 T 6496111
TEL(0736) 66-1931 FAX (0736) 66-1934
MM P E ¥ S WiAREUE R RN 18876 (2R LIM) T326-0832
TEL(0284) 72-4121 FAX (0284) 72-4426
I 5 FhE iSRRG T 2% 15%  T652-0883
TEL(078) 651-6691 FAX (078) 651-8979
# T B AR W[188{F6  T326-0832
TEL(0284) 724121 FAX (0284) 72-4426
N3 T ER BRI T RET L o RO 648 F675-0104
TEL(078) 9426065 FAX (078) 942-6081

B EREH

Il

A

EAREFRE4t

WSS - T Y —ERBEFEE

b s F—4&NSdt LA OO H S chii2 T H2#22 T 062-0020
TEL(011)851-2146  FAX(011) 852-6992

N F—RBEE#NASH HBNOOEHTFEATIT H6HB13  T970-8691
TEL(0246 6 FAX(0246) 213767

WEARN S F— S MR E2 T H3HS GRS R L L) T 104-0045

TEL(03)3544-8111 FAX(03)3514-8118

N TEBSHXSH Waild Xl A2 1 H27f1S T 103-0004
TEL(03)3861-7411  FAX(03) 38664792

O E ¥ B X £ o OISR EIREZ T H19W6S CEHIBING L L) T 1110052
TEL(03)3865-3644  FAX (03) 3865-3603

HAEH AL F o 2 WHMEEREATHLIFSES (SHNNEL) T1080014
TEL(03)5484-9130 FAX(03)5484-9131

dbREs S F—BRSEMEREAE AR ENLT RT3 T H2H195  T930-0834
TEL(0764)51-2525 FAX(0764)51-8148

KA F=~0 MRFERASH KRG PESTHUEST (AR b —F-B4Y L) T5320011
TEL(06)4806-7101  FAX(06) 48062201

HASFHIER /N F— KEHEEXEEIT2TH10f15  T534-0001
TEL(06)4253-3160 FAX(06)4253-3531

N F=I32 bv-HASH FFETEEEARETH3ES O3y F=2L-77 72 L -8HF) T652.0883
TEL(078) 6525650 FAX(078) 652-5670

FENAF-HRAE BB OETTTFRITH6HFIE  T7380023
TEL(0829)32-1211  FAX(0829) 32-1541

AW K -BRA S EEHEEEOURIT B4F2S T813-0034
TEL(092) 6222875  FAX(092) 622-2880

BELERFET

BHAN P TR S WD TILFIT 2355 04E | #Fih7 79188037
TEL(0776) 363100 FAX(0776) 364038

IS K — ik a e AEITERMENAE2 T H2H155 T 6822600
TEL(078) 6510512  FAX(078)682-2601

E=Th-F— b7y 2532 HPGRERSAEIT HIFLTS (032 F- 7077 7 2 } - 8F) T652-0883
TEL(078) 6822611 FAX(078)682-2614

N K= a v iststt SAGUII i T R0T f L5 3 B b 648 il 76750104
TEL(078)943-3933  FAX(078)943-4640

BEZ Oty —E AR FREH

KyF=tb=Fredhtast  WEliEMEARARDTT HIF8S (192 F— KM E LR 76520802
TEL(078)577-6751 FAX(078)577-0465

N F—HEERA S R ARERTT HUFISS (0 F— KB LILE) 76520802
TEL(078)576-5353 FAX(078)577-6553

Nef-1rEa-9-227 00858 A iR KNGS T B2 155  T652-0883
TEL(078) 497 FAX(078)652-2897

BEEMEHASH & TRENTHE N 24 e iz T671-8212

(FEAH> U -237) TELO790)763333 FAX(0790)76-3310

Ak K Hhisg
Bando USA, Inc.
{Corporate Office)
1149 West Bryn Mawr, Itasca, lllinois 60143, U.S.A,
TEL 1-630-773-6600 FAX 1-630-773-8912
{Bowling Green Plant)
2720 Pioneer Drive, Bowling Green, Kentucky 42102-4860, U.S.A.
TEL 1-270-842-4110 FAX 1-270-842-6139

BRI

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 49-2161-90104-0 FAX 49-2161-90104-50

Bando Iberica, S.A.
Calle Francesc Layret, 12-14, Naves 4-5, Poligono Industrial Sant Ermengol Il
0B630 Abrera, (Barcelona) , SPAIN
TEL 34-93-7778740 FAX 34-93-7778741

T T Hhig

Bando Jungkong Ltd.
4Ba-705 (Shihwa Indus. Zone, Mechatronics Complex), Songgok-Dong, Ansan City,
Kyangki-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 86-22-6623-7077 FAX 86-22-6623-7036

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 86-21-5046-0649

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.
Room 2210, Shun Tak Centre, West Tower, 200 Connaught Road Central,
HONG KONG
TEL 852-2494-4815 FAX 852-2481-0444

Sanwu Bando Inc.
11FI-2, No.51, Sec.1, Min Sheng E. Road, Taipei, TAIWAN
TEL 886-2-2567-8B255 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 66-3446-8422 FAX 66-3446-8415

Pengeluaran Getah Bando (Malaysia) Sdn. Bhd.
No.2, Jalan Sengkang, Batu 22, Kulai 81000, Kulai, 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, 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

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 91-124-436-8951 FAX 91-124-436-8954
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