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Foreword

On the 17" Issue of the Bando Technical Report

Thank you for your continued support for Bando products and services.

FY2012 is the final year of Bando’s current mid-term management plan. We have been working on one of the
basic strategies under the plan -- to accelerate new product development with “Environmental, Energy Conservation
and Clean™ as keywords. We established the “eco moving™ label for use on products that meet in-house certification
standards for excellence regarding the environment and energy saving characteristics. We have introduced products
with the eco moving label, such as “HFD”, “High Load Rib Ace”, “Ceptor VI”, “Eco Carry”, “G-CARRY" and
“Thin Polyolefin Film”, and customers now use these products with confidence.

We have accelerated product development for growth markets, and made strategic moves to commercialize prod-
ucts in optoelectronics markets, new energy markets and robotics-related markets. New product development and
discovery proceeds in these markets, with products such as “Precision Polishing”, “Conductive Ink” and *“Cleaning
Systems” being introduced.

We are working to strengthen and cultivate base technologies in the following five technical fields -- “Nano-
dispersion, Conductivity control, Adhesion, Micro-fabrication and Tribology.

Every year we work on development, but the quantity and quality of new product introductions is never enough.
We will continue to strengthen our efforts to develop products of value to our customers.

This year’s Bando Technical Report contains examples from the product development mentioned above. We
would welcome your comments and opinions.

KD R/,

Katsuhiko Hata
Executive Officer
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Flexible Electronics based on Carbon Nanotube thin Films

:kﬁ T nﬂ
Yutaka OHNO

Carbon nanotube thin films are excellent conductive and flexible materials that can be used as both semiconduc-
tors and metals for flexible electronics, a technology for assembling electronic devices on flexible plastic substrates.
High-performance transparent conductive films and thin film transistors can be realized by low-cost processes such
as coating, printing, and transfer, with carbon nanotubes. The recent technical progresses will be overviewed in this

report.
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AgNP-based Die-attach Materials for Metal-metal Bonding at Low-temperatures

W 7o+ b Tl HiE
Mitsuru YAMADA Tomofumi WATANABE Kenji SHIMOYAMA
TV RS A M sz

Masafumi TAKESUE Katsuhiko HATA

Silver nanoparticle (AgNP) pastes are promising candidates for die-attach materials of power LED and power
semiconductor devices. Effect of bonding conditions on shear strength and thermal conductivity was investigated
with AgNP pastes. The AgNP pastes showed high shear strengths of around 30 MPa and high thermal conductivities
of around 100W/mK although they were sintered at temperatures lower than 300°C without any outer applied stress.
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Development of Non-combustible product for Inkjet Media and Laminate Film

2 FET o m
Mariko HOSHINO Jin TANIGUCHI

Traditional applications for inkjet media and laminate film have been centered on outdoor billboards, but in recent
years these products have also come to be used in indoor applications. Base materials (other than metal) must be cer-
tified as highly fire-resistant for unrestricted use in future indoor applications. Inkjet media and laminate film must
be thinned to obtain certification, which causes problems in terms of performance. We developed a product, certified
highly fire-resistant, with excellent dimensional stability, appearance and printability, through the design of the film

layers and the pressure-sensitive film layer, as well as with manufacturing technology.
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Moisture Stability of Rubber/Galvanized-steel Direct Bonding System

W !
Tsutomu SHIOYAMA

g
Eiichi NARITA

ST S
Hidetoshi HIRAHARA

KE T
Yoshiyuki OISHI

R

Kunio MORI

The adhesion degradation of rubber/galvanized - steel direct bonding system was accelerated by moisture. The
route that moisture reached the rubber/galvanized steel interface through, and improvement of stability of the adhe-

sion system was studied.

Following results were obtained. (1)The moisture does not penetrate through the rubber/metal interface, but
through the rubber bulk phase. (2)Of the rubber components, emulsion-polymerized SBR shows the highest amount
of moisture adsorption. So compounding solution-polymerized rubber as main material instead of emulsion-
polymerized rubber, the adhesion stability under high moisture condition was remarkably improved.
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Table 1 Rubber formulation
(PHR)

Compound NO. A B &
E-SBR(SBR1500) 50 Variable
S-SBR(TUFDENE2000R) Variable
NR(SMR-L) 30 Variable Variable
BR(BRO2L) 20 Variable Variable
Stearic acid 1 1 1
Zinc oxide 5 3 5
Litharge 2 2 7)
Carbon black 30 30 30
Silica 20 20 20
Process oil 3 3 3
Antioxidant [PPD™ 2 2 2
Resorcinol 2.5 2:5
Hexamethylenetetramine 1.6 1.6
APRFC™ 6
HMMM ™ 3
Accelerator. CBS™ 1.5 Variable Variable
Sulfur 2.5 25 4

! N-Phenyl-N "-isopropyl-p-phenylenediamine

* Pre- co-polymer of Alkyl phenol, resorcinol-formaldehyde

“ Hexamethoxy metyl melamine

* N -Cyclohexyl-2-benzothiazolylsulfenamide
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HMMM(3PHR) in rubber 0.5
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Table 3 Rubber formulation to evaluate the effect of polymer blend ratio, E-SBR/BR/NR (Compound NO.B)

(PHR)
NO. E-SBR NR BR CBS Sulfur
1 100 1.5 2.5
2 75 25 1.3 2.5
3 50 50 14l 2.5
4 25 T 0.8 2.5
5 100 0.6 2.5
6 13 25 0.8 25
7 50 50 1.1 25
8 25 75 1.3 25
9 35 50 15 1.1 25
10 53 25 22 1.3 2.5
11 70 30 1.5 25

(a) Formulation No. (b) Original cord pull-out force

NR NR

E-SBR BR  E-SBR BR
(c) Cord pull-out force after aging 70°C (d) Cord pull-out force after aging at 70
hot water bath for 30days C RH95% for 30days

Figure 3 Effect of SBR/BR/NR blend ratio on adhesion stability in wet condition
(Compound NO.B,Cord pull-out force:kN/5cm)
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Table 4 Rubber formulation to evaluate the effect of polymer blend ratio, S-SBR/BR/NR (Compound NO.C)

NO. S-SBR NR BR CBS Sulfur
1 50 50 1.0 4
2 60 40 0.9 4
3 70 30 0.8 4
4 20 30 50 1.4 4
5 20 40 40 1.3 4
6 20 50 30 1.2 4
7 40 30 30 1.6 4

S—SBR BR S—SBR BR

(a) Formulation No. (b) Original cord pull-out force

NR NR

S—SBR

Bl S—SBR BR
(c) Cord pull-out force after aging at 70 (d) Water absorption ratio (mg/cm?) after
C RH95% for 40days aging at 70°C RH95% for 40days

Figure 4 Effect of S-SBR/BR/NR blend ratio on adhesion stability in wet condition
(Compound NO. C, Cord pull-out force: kN/5cm)
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FE i CGEE EE T HEEGS  T650-0047
TEL(078)304-2923  FAX(078)304-2983

RREXE
AR T B 18235 (SHINNE L) 71080014
TEL(03)5484-9111  FAX(03)54849112

EEEYE
Al X B3 T H 2583 (CRAGE L 740 2)  T450-0002
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SERUL I RN L L 2 B RO M648 76750198
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EH T

AR 2R AR 188 6% 73260832
TEL(0284) 724121  FAX(0284) 72-4426

BHREFRSH

ERE Rz

BEGE- I —EAEFREH

dbmEA s F-BASH R EXAEpE2TH2
TEL(011)851-2146  FAX(011)85246992

N F—EEREHASE FESOH T PEEE T HEFIRIS  TI70-8026
TEL(0246)22-2696 FAX(0246)21-3767

WAANY F-#HRA a4 da oK G2 T 38 S (BEI0E - REE L) 71040045
TEL(03)3544-8111 FAX(03)3544-8118

NKeIZ2B&BX &4 EafhKEHARRZTHZI®IS 71030004
TEL(03)3861-7411  FAX(03) 3866-4792

EEEEAR & H EEIGERIETHIORS (FHMSe L) F111-0052
TEL(03) 38653644  FAX(03) 3865-3603

Sy K=#X &4 EURELHRIRRT B2H195  T930-0834
TEL(076)451-2525  FAX(076)451-8148

BEAAS F-#RAEH KAEGEEIEEDBET HIF S (FART7{457-) 75320011
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Ky F=I5Z bv-#tat @FHEREKMHIEITBIBITE (HF = N=T 7720~ W) T6520883
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AN F—#RA & RMGHKESOHTH4E2S 8130031
TEL(092)622-2875  FAX(092)622-2880

T0620020

BREREFERT

BHEANL P IEHRSH BRI FILEN2Z3F0TE T 79188037
TEL(0776)36-3100  FAX(0776) 36-1038

N F— A& BRI THEITR (=2 =7 77 b —HF) 76520883
TEL(078)651-0512  FAX(078)682-2601

E=Ihed— b7y PRASH HPHEREENETHIFLTE K-S N=T 77 21-HF)  T620883
TEL(078)682-2611 FAX (0786822614

Ry F=eSa b yBAEH  EEHIEUS)TMET s 3 SO M6sEe 76750104
TEL(078)943-3933  FAX(078)943-4640

Bz Oty —E ABFERt

Ko F=bb=F ¢ 08880 mFdpuERRET T HO®6S  TH500047
TEL(078)304-2251 FAX(078)304-2254

KerF-REHXSH BFHREEKMIESTHIBITS ($A-S =T 7720 -8F)  T6320883
TEL(078)651-5353 FAX(078)651-5974

EEMBHA S SAEAEHTHI EY4F02  T671-3212

(FEH> MY =25 7F) TELW0790)76-3333 FAX(0790)76-3310

dbKibig
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

B 1o 12
Bando Belt Manufacturing (Turkey), Inc.
Gebze Organize Sanayi Boigesi Sekerpinar Mahallesi Inasan Dede
Caddesi 1000. Sokak No:1018, 41435 Cayirova, Kocaeli, Turkey
TEL 90-0262-677-1121 FAX 90-0262-677-1129
Bando Europe GmbH
Kretelder Strasse 671, 41066 Moenchengladbach, GERMANY
TEL 49-2161-90104-0 FAX 49-2161-90104-50
Bando Iberica, S.A.
Apartado Correos 136, Poligono Industrial Sant Ermengol I, Calle Francesc Layret
12-14, Naves 4-5,08630 Abrera, (Barcelona), SPAIN
TEL 34-93-7778740 FAX 34-93-7778741
7T o,
Bando Jungkong Ltd.
730-4, Songgok-Dong, Danwon-ku, Ansan City, Kyongki-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, 869-1, Eogok-Dong, Yang San City, Gyung Sang Nam-Do, REPUBLIC OF KOREA

TEL 82-55-371-8200 FAX 82-55-388-0087

Bando Belt (Tianjin) Co., Ltd,
37 HaiTong Avenue, TEDA, Tianjin, 300457, CHINA
TEL 86-22-6623-7077 FAX 86-22-6623-7036
Bando (Shanghai) Management Co., Ltd.
Rm, B, First Floor, Block 56,No.199, Riying North Road, Wai Gao Qiao
Free Trade Zone, Pudong District, Shanghai, CHINA 200131
TEL 86-21-5046-0161 FAX 86-21-5046-0649
Bando (Shanghai) Industrial Belt Co., Ltd.
Rm. C, First Floor, Block 56,No.1989, Riying North Road, Wai Gao Qiao
Free Trade Zone, Pudong District, Shanghai, CHINA 200131
TEL 86-21-5046-0161 FAX 86-21-5046-0649
BL Autotec (Shanghai) Co., Ltd.
Rm202, H.Bldg. Honggiao Economic Zone No.787 Xiehe
Road,Changning District, Shanghai, China
TEL 86-21-62181166 FAX 86-21-5237-5172

Bando Manufacturing (Dongguan) Co., Ltd.
Building ZF8, ZhenAn Industrial Park, ZhenAn Road, ChangAn Town,
DongGuan City,GuangDong Province, CHINA
TEL B6-769-8564-5075 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, Zhongshan District,
Taipei, TAIWAN
TEL 886-2-2567-8255 FAX 886-2-2511-7653

Philippine Belt Manufacturing Corp.
2nd Floor, Siemkang Building, 280-282 Dasmarinas Street, Binondo,
Manila 1006, PHILIPPINES
TEL 63-2-241-0794 FAX 63-2-241-3279

Bando Manufacturing (Vietnam) Ltd.
RF No,3 Thang Long Il Industrial Park, Yeng My, Hung Yen,
Vietnam
TEL 84-321-3974-986/39 FAX B4-321-3974-011

Bando Manufacturing (Thailand) Ltd.
47/7 Moo 4,50i Watbangpla, Tambol Bankao, Amphur Muang, Samutsakomn,
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, Johor, MALAYSIA
TEL 60-7-663-5021 FAX 60-7-663-5023

Kee Fatt Industries, Sdn. Bhd.
Ne.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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