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Foreword

On the 20" Issue of the Bando Technical Report

Thank you for your patronage of Bando products and services.

In 2015, Bando renewed its homepage with a section dedicated to our core technology. Dispersion technology, focused on
interface control, is the nucleus of our core technology, from which we deepen and expand our materials, process and adhesive
technologies in rubber, urethanes and resins, as well as our nanoparticle creation technology. We make use of these technologies
to improve existing products and create new products.

Filler with various functions and compound chemicals are dispersed in rubber and resin polymers; water and organic solvents
are dispersed in nanoparticles. The materials may differ, but the dispersion principles are similar. The interface between rubber
and filler is between a dispersion medium and a dispersoid, and it is possible to use the same technology when focused on the
interfaces between resins and fillers, and nanoparticles and liquids. We can control the main characteristics of rubber, resin and
nanoparticles with these technologies. Our proprietary compounding and process technologies for rubber, elastomers and
resins are a feature of our new nanoparticle creation technology. Bando’ s dispersion expertise is featured in our existing and new
products, based on these core technologies.

Papers related to four new products are published in this Bando Technical Report No. 20, based on our core technologies:
decorative film — utilizing resin technology; Free Crystal® - transparent optical pressure-sensitive adhesive utilizing elastomer
technology; FlowMetal® - low-temperature sintering metal binding material utilizing nanoparticle creation technology; and
C-STRETCH?" - elastic strain sensors utilizing elastomer and nanoparticle creation technologies. These papers are examples of
how we are working to expand core technologies to expand current business and create new business. Also included in this issue
are papers on long-span steel cord conveyor belts, and non-contaminant polyurethane synchronous belts.

e
Katsuhiko Hata
Executive Officer

Thank you for your attention. We would welcome your comments.
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Development of Die-attach Materials Having Low Sintering
Temperature for Power LED Packages

NEEIES

Miki MATSUI

Abstract:

Although silver nanoparticles (AgNPs) can be sintered at low temperatures than bulk silver due to the size effect,

they show the high melting point as bulk silver once they are sintered. For die-attach materials, AgNPs can be used

at low sintering temperatures and show high reliability, especially thermal durability. Utilizing our dispersion

technology derived from rubber and elastomer compounding technology, we developed a die-attach paste for LED

packages. The newly developed paste can be sintered at 150 °C and be applied for flip-chip type LEDs because the

paste hardly generate overflow beyond the chip edges.

Keywords:

die-attach material; light emitting diode; low-temperature sinterable; Ag nanoparticles; minimized-overflow;

Hansen solubility parameter; semiconductor device; high reliability
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Figure 1. Typical LED packages of face-up
chip type (left)and flip-chip type (right).
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Figure 2.

Cross-sectional views from the point of view of

“overflow” beyond the edges of LED chips. On
heating, since solder melts and shows high surface
force, it hardly overflows. On the other hand, silver
nanoparticles paste has organic solvent with low
surface force and it often overflows.
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Table 1. Target level of die-attach material for flip-chip type LED usage.
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Figure 3 Designing and decisive factors of silver nanoparticle paste for LED usage.
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Figure 4.

Cross-sectional SEM image of a LED chip
die-attached on a lead frame with the developed silver
nanoparticles paste.
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Figure 5.

Optical microscope photss of pastes printed with a
die-bonder and LED chips mounted on the pastes.
Before shear strength test (left side of each photo) and
after test (right side of each photo).
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Figure 6.
Temporal variation of diameter printed on a lead frame
with a die-bonder.
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Enhanced Optical Properties of Thick-layered Optically Clear Adhesive

AR B — R

Soichiro NAKANE

MU A
Yuki HOSOKAWA

The widespread application of touch panels are accompanied by diversification of needs for optically clear
adhesive (OCA). In particular, in-vehicle displays require thick-layered OCA for improvement of legibility or
laminating curved displays. In this paper, excellent optical properties of our thick-layered OCA “Free Crystal®” are
given, which are acquired by control of hydrophilicity. Our OCA which has sufficient mechanical property and

better durability is in preparation for industrials.

Keywords: optically clear adhesive (OCA); optical properties; hydrophilicity; touch panel
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Development of Stretchable Strain Sensor C-STRETCH®

PN

F5 R

Hideo OHTAKA

Abstract

Conventionally, in order to measure the distortion of the rigid, such as metal, the strain gauges are widely used.

The strain measurement of the flexible object, and a wide dynamic range (for example 100% or more) strain sensor

are required. Flexible strain sensor is expected to realize a variety of technologies. For example, measurement

applications, human interface, smart wear, skin-motion monitoring, and robotic skin.

We have developed a C-STRETCH®, used the compounding techniques elastomer and elastic conductive

materials. This sensor is wide dynamic range (up to 200% elongation), very soft, very thin film, high responsiveness,

and excellent measurement accuracy.

Keywords: stretchable strain sensor; elastomer; conductive material
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Development of Joint Type for Long Distance Steel Conveyor Belt

Megumi HORIUCHI

Abstract

In the world of the conveyor belt market, long-distance transportation is advanced. Conventionally, the safety
factor has been designed with seven or more, in recent years has been reduce to 4.5 safety factor. For the problem
with steel cord conveyor belts used in conditions of low safety factor is the durability of the joint, it was decided to
this development. Stress analysis of a joint by the FEM, by the durability evaluation of a small sample by the bench
test, we examined the method for designing a joint having sufficient durability under the conditions of low safety
factor.

Eventually to take the continuous running test stipulated in DIN 22110-3, by adding more than 10,000 times the
tension of the safety factor 4.5, it was confirmed that the joint is not broken.

Joint is to establish a minimum Step length of the design method of sufficient durability under the conditions of
the safety factor 4.5, entry into the low safety factor of long-distance steel cord conveyor belt market has become
possible. In addition, the adaptation to a low safety factor a further, in order to achieve the simplification of joint
construction, was also established two new joint structures.

Keywords: steel cord conveyor belt; 4.5 safety factor; joint; DIN22101-3; FEM
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Development of Polyurethane Synchronous Belts (non-polluting type)

ek B
Masahiro SHINDO

Abstract

Polyurethane synchronous belts are used in office automation equipment, precision tools, and automatic banking

terminals that require high accurate and smooth synchronous rotation. In recent years, these belts are required to use

in a clean environment and a vacuum environment. However, a problem that the plasticizer contained in the belt

pollutes the device by volatilization. In view of the above, we examined polyurethane compound newly and

developed a new polyurethane belts not containing plasticizer.

Keywords: polyurethane; synchronous belt; non-polluting
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The Development of The Decorative Films for Motorcycles

Hils - %K

Yuta NAKAJIMA

Abstract

Decoration technology is an important technology improving appearance and giving luxury to products while
utilizing the advantages of plastics. In the past it was used rather limitedly for special-grade or high-quality products.
However, the market of decorative products is expected to grow since they are being accepted to general-purpose

products as staple items and an alternative of existing coating products.

In this report, we introduce the application of our decorative films to motorcycles. It was achieved with

improvement of gasoline resistance and optimization of decorative molding process as well as a development of a

pressure-sensitive adhesive having sufficient adhesive performance at molding temperature and high cohesive force

at elevated temperatures in use.

Key Words: TOM; Overlay; decoration; PVC; Film
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Optically Clear Adhesive for In-vehicle Displays
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Abstract

The spread of smartphone and tablet PC has revitalized Electrostatic capacitive touch panel market rapidly. As for

the touch panel for vehicle installation, the resistive touch panel is mainstream, but the demand of the electrostatic
capacitive touch panel increases to improve operability now. Optically clear adhesive (OCA) is used for electrostatic
capacitive touch panel by all means, but various characteristics are required for vehicle installation. Here, I explain

OCA for the vehicle installation that we developed.

Keyword :Electrostatic capacitive touch panel; Optically clear adhesive(OCA); in-vehicle displays
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EvFERE

EvFBARE

EvFRRS

NV NFUR & (mm) fEapd NV FNFUR & (mm) HEE NIV NFURE X (mm) BEE
Ceptor-X S8M 480 | 480.00 60 Ceptor-X S8M1032 | 1032.00 | 129 Ceptor-X S8M1648 | 1648.00 | 206
Ceptor-X S8M 496 | 496.00 62 Ceptor-X S8M1040 | 1040.00 | 130 Ceptor-X S8M1680 | 1680.00 | 210
Ceptor-X S8M 512 | 512.00 64 Ceptor-X S8M1056 | 1056.00 | 132 Ceptor-X S8M1728 | 1728.00 | 216
Ceptor-X S8M 520 | 520.00 65 Ceptor-X S8M1096 | 1096.00 | 137 Ceptor-X S8M1760 | 1760.00 | 220
Ceptor-X S8M 528 | 528.00 66 Ceptor-X S8M1120 | 1120.00 | 140 Ceptor-X S8M1776 | 1776.00 | 222
Ceptor-X S8M 560 | 560.00 70 Ceptor-X S8M1136 | 1136.00 | 142 Ceptor-X S8M1800 | 1800.00 | 225
Ceptor-X S8M 584 | 584.00 73 Ceptor-X S8M1152 | 1152.00 | 144 Ceptor-X S8M1808 | 1808.00 | 226
Ceptor-X S8M 600 | 600.00 75 Ceptor-X S8M1160 | 1160.00 | 145 Ceptor-X S8M1856 | 1856.00 | 232
Ceptor-X S8M 632 | 632.00 79 Ceptor-X S8M1184 | 1184.00 | 148 Ceptor-X S8M1880 | 1880.00 | 235
Ceptor-X S8M 640 |  640.00 80 Ceptor-X S8M1192 | 1192.00 | 149 Ceptor-X S8M1952 | 1952.00 | 244
Ceptor-X S8M 656 | 656.00 82 Ceptor-X S8M1200 | 1200.00 | 150 Ceptor-X S8M2000 | 2000.00 | 250
Ceptor-X S8M 672 | 672.00 84 Ceptor-X S8M1216 | 1216.00 | 152 Ceptor-X S8M2040 | 2040.00 | 255
Ceptor-X S8M 680 | 680.00 85 Ceptor-X S8M1224 | 1224.00 | 153 Ceptor-X S8M2120 | 2120.00 | 265
Ceptor-X S8M 712 | 712.00 89 Ceptor-X S8M1240 | 1240.00 | 155 Ceptor-X S8M2160 | 2160.00 | 270
Ceptor-X S8M 720 | 720.00 90 Ceptor-X S8M1248 | 1248.00 | 156 Ceptor-X S8M2240 | 2240.00 | 280
Ceptor-X S8M 728 | 728.00 91 Ceptor-X S8M1272 | 1272.00 | 159 Ceptor-X S8M2304 | 2304.00 | 288
Ceptor-X S8M 760 | 760.00 95 Ceptor-X S8M1280 | 1280.00 | 160 Ceptor-X S8M2400 | 2400.00 | 300
Ceptor-X S8M 800 | 800.00 | 100 Ceptor-X S8M1296 | 1296.00 | 162 Ceptor-X S8M2496 | 2496.00 | 312
Ceptor-X S8M 824 | 824.00 | 103 Ceptor-X S8M1312 | 1312.00 | 164 Ceptor-X S8M2560 | 2560.00 | 320
Ceptor-X S8M 840 | 840.00 | 105 Ceptor-X S8M1344 | 1344.00 | 168 Ceptor-X S8M2600 | 2600.00 | 325
Ceptor-X S8M 848 | 848.00 | 106 Ceptor-X S8M1352 | 1352.00 | 169 Ceptor-X S8M2800 | 2800.00 | 350
Ceptor-X S8M 880 | 880.00 | 110 Ceptor-X S8M1384 | 1384.00 | 173 Ceptor-X S8M2880 | 2880.00 | 360
Ceptor-X S8M 888 | 888.00 | 111 Ceptor-X S8M1392 | 1392.00 | 174 Ceptor-X S8M2944 | 2944.00 | 368
Ceptor-X S8M 896 | 896.00 | 112 Ceptor-X S8M1400 | 1400.00 | 175 Ceptor-X S8M3200 | 3200.00 | 400
Ceptor-X S8M 920 | 920.00 | 115 Ceptor-X S8M1424 | 1424.00 | 178 Ceptor-X S8M3600 | 3600.00 | 450
Ceptor-X S8M 944 | 944.00 | 118 Ceptor-X S8M1440 | 1440.00 | 180 Ceptor-X S8M3720 | 3720.00 | 465
Ceptor-X S8M 960 | 960.00 | 120 Ceptor-X S8M1480 | 1480.00 | 185 Ceptor-X S8M3904 | 3904.00 | 488
Ceptor-X S8M 976 | 976.00 | 122 Ceptor-X S8M1520 | 1520.00 | 190 Ceptor-X S8M4400 | 4400.00 | 550
Ceptor-X S8M 984 | 984.00 | 123 Ceptor-X S8M1552 | 1552.00 | 194
Ceptor-X S8M1000 | 1000.00 | 125 Ceptor-X S8M1600 | 1600.00 | 200

2. Ceptor-X S8M% 1M 7 NI hE &

~nhoge | ETERE gy ~nrmogs S TERE | gy ~nrmogs (C77ERS gy
Ceptor-X S14M1008 | 1008.00 72 Ceptor-X S14M1904 | 1904.00 | 136 Ceptor-X S14M2800 | 2800.00 | 200
Ceptor-X S14M1120 | 1120.00 80 Ceptor-X S14M1960 | 1960.00 | 140 Ceptor-X S14M3150 | 3150.00 | 225
Ceptor-X S14M1190 | 1190.00 85 Ceptor-X S14M2002 | 2002.00 | 143 Ceptor-X S14M3248 | 3248.00 | 232
Ceptor-X S14M1246 | 1246.00 89 Ceptor-X S14M2100 | 2100.00 | 150 Ceptor-X S14M3500 | 3500.00 | 250
Ceptor-X S14M1400 | 1400.00 | 100 Ceptor-X S14M2240 | 2240.00 | 160 Ceptor-X S14M3556 | 3556.00 | 254
Ceptor-X S14M1540 | 1540.00 | 110 Ceptor-X S14M2310 | 2310.00 | 165 Ceptor-X S14M3850 | 3850.00 | 275
Ceptor-X S14M1610 | 1610.00 | 115 Ceptor-X S14M2380 | 2380.00 | 170 Ceptor-X S14M4004 | 4004.00 | 286
Ceptor-X S14M1652 | 1652.00 | 118 Ceptor-X S14M2450 | 2450.00 | 175 Ceptor-X S14M4060 | 4060.00 | 290
Ceptor-X S14M1778 | 1778.00 | 127 Ceptor-X S14M2506 | 2506.00 | 179 Ceptor-X S14M4326 | 4326.00 | 309
Ceptor-X S14M1806 | 1806.00 | 129 Ceptor-X S14M2590 | 2590.00 | 185 Ceptor-X S14M4508 | 4508.00 | 322
Ceptor-X S14M1890 | 1890.00 | 135 Ceptor-X S14M2660 | 2660.00 | 190 Ceptor-X S14M5012 | 5012.00 | 358

3.%5¢&8

3. Ceptor-X S14M&Z 1 7 NIV hE &
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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

Bando Belting de Mexico, S.A. de C.V.
Av. Ejercito Nacional 418 Piso 8 Miguel Hidalgo, D.F. Mexico 11560
TEL52-55-2581-5527

B 0] S 3o

Bando Belt Manufacturing (Turkey), Inc.
Gebze Organize Sanayi Boigesi Sekerpinar Mahallesi Ihasan Dede
Caddesi 1000. Sokak No:1018, 41435 Cayirova, Kocaeli, Turkey
TEL 90-0262-677-1121 FAX 90-0262-677-1129

Bando Europe GmbH
Krefelder 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

T T i

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 82-55-371-9200 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 Equipment Element Co., Ltd.
No. 289, Building Kanggiao, Pudong New Area, Xiuyan Road Shanghai, CHINA 201315
TEL 86-21-6810-1866 FAX 86-21-6810-1893

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 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, 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 84-321-3974-911
Bando Manufacturing (Thailand) Ltd.
47/7 Moo 4, Soi Watbangpla, Tambol Bankao, Amphur Muang, Samutsakom,
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.
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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