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Managing Director’'s Message

Dear Readers,

First and foremost, I would like to extend my warmest greetings to everyone, and thank you for your loyal
support. .

Februaries of 1997 and 1998 have witnessed the respective publications of the first and second editions of the
Bando Technical Report. It gives me great pleasure to continue this nascent tradition with the publication
of the third edition of the Bando Technical Report this year.

The Japanese economy languished under prolonged sickness in 1998. The infusion of the recently announced
record-breaking financial stabilization measures and imminent planned economic reform lend cautious opti-
mism to the prospect of revitalizing Japan's economy.

Today’s increasingly borderless economic society mandates vitality for a company to successfully pursue the
strategies needed to survive in this highly competitive environment. The realization of innovative technical de-
velopments and their resulting new products are now more than ever of paramount importance. | would like
to mention here that last autumn we succeeded in having our Continuously Variable Transmission (CVT),
Serpentine Drive Belt for auxiliary drive purposes, and Auto-tensioner adopted for use in compact cars, the
first time ever such an application has been utilized. I strongly believe that new and unique products such
as these will be representative of our company's research and development efforts.

In this report, we introduce the research results of our engineers who, by building on accumulated base tech-
nology, continue to push rubber and other elastomer product development to new heights.

Your candid opinions and or suggestions regarding any of the articles in this issue would be more than
welcome at any time. We sincerely hope that you will be able to continue to extend the spirit of cooperation
exhibited in the past that has helped make Bando what it is today. Thank you for your continued support.

W FT SZw L

Seishiro lkemura

Sincerely,

Managing Director & General Manager of
Central Research and Laboratory
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Study on Characteristic of Transmission for Block-Type CVT Belt

wHE o pE T =i B VN
Takayuki KUSANO  Mitsuhiko TAKAHASHI ~ Hiroshi MATSUOKA
M HBET I & M Ed
Sadao AMIWIMA  Toru FUJI  Tatsuya HOSOKAWA

The purpose of this paper is to show the force distribution between pulleys and blocks of the CVT belt.

Three components of the force(transmitting, normal and frictional forces)were measured directly using a
newly devised pulley. It was found that all blocks in contact with the pulley shared the transmitting load.
The experimental force distribution was compared with the result calculated from a theory using the discrete

spring model. Until the block slipped inthe groove of the pulley, the theoretical result on the driven pulley

well coincides with the experimental one, while it does not agree with the experimental one for the drive

pulley.
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4 Location of strain-gauges mounted near the slits
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Gas-Assisted Injection Molding of Fiber-Reinforced Engineering Plastics
into Large Hollow Articles Having Low LD Ratio

A &I

Noriaki MATSUMOTO

In injection molding of large articles with a thick wall, the demolded articles are often deformed by
the residual stress caused by the orientation of polymer molecules. This makes the dimension and the
shape of the finished products inaccurate. Gas-assisted injection molding process can solve this problem by
injecting inactive gases at a thick part of the article. Asaresult, a thick wall is transformed into a thin
wall having a hollow.

By making use of this mechanism, we succeeded in fabricating a large hollow article of fiber-reinforced
plastics having a low LD ratio. This product can replace the expensive die-cast aluminum parts used in
automobile engines.

In order toachieve the above process, two major problems were solved. One was a very rough inner
surface of the finished molded article because of the reinforcing short fibers. The other wasalarge material
loss in the process since a large edge part must beremoved after being demolded to achieve thin wall thickness
of the product. The former problem was solved by using a mixture of fiber-reinforced plastics pellets and
matrix plastics pellets. The latter problem was solved by controlling the pressure in the cavity and the
movement of the front end of the melt. The control was made by aholding cap which pressurizes the front
end and moves outward along with the front end tokeep the pressure inside the cavity at a desired level.

By this new technology, a large hollow article with 1 to 3 LD ratio at more than 80% of cavity

ratio was produced successfully.
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Effects of Polyol Composition and lon Concentration on Structure
and Properties of Polyurethane Cationomers

HE  ESR

Masafumi TAKESUE*!

T T

Kyoko HIRAOKA**

ML R

Tetsuo YOKOYAMA*?

A series of polyurethane cationomers (PUCs) with different mixing ratios of polyethers and with
different contents of ionic groups were prepared by a non-solvent technique. NCO-terminated prepolymers
were prepared from 2,4-tolylene diisocyanate and polyols including poly (oxytetramethylene) glycol (PTMG),
poly (oxypropylene) glycol (PPG), and the mixture of PTMG, poly (oxyethylene) glycol (PEG) and PPG
/PEG in 70,30 molar ratio (7T3E, TP3E). PUCs were obtained by chain-extension with the mixture of 1,
1, l-trimethylolpropane, 1, 4-butanediol, and cationic diol, dimethyldiethanolammonium iodide.

Thermal, dynamic mechanical and tensile properties and electric conductivity (complex impedance) were
examined. The compatibility between polyols and ionic groups decreased in the order of PEG >PPG >
PTMG. The difference in compatibilities caused variations in phase structure among PUCs. Tensile strength
at break increased with lon concentration owing to microphase separation between ion-contained urethane
segment and matrix. PUCs containing PEG such as 7P3E and 7T3E showed high ionic conductivity. While

PEG results in good ionic conductivity for cation carriers, in general, PEG gave relatively high ionic

conductivity even in the case of using an anion carrier, iodide ion.
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Ly ey iy bz, L osatstis Hntto
WAF UEEERBEATAEILTHE, ZTOZLEER
L, EHUEOKRTORRIE, 14 &L MBS
KWE)F—Lods, NREORME L LI2/ 4

# 1 Composition and various properties of all samples of PUCs.

., | Composition (OH mol%) | [ N+ ] Hs® |WA®| TB® | EB | T ATg | AC
Sampis Cods T™P | BD |MEAI|(wt%) Appesrance (JIS A)|(wt%)|(MPa)| (%) (°Cg) (’C;g (J/K?g)
10T-0 30 70 0 0 | Colorless, Transparent 66 3 8.7 | 390 —41 36 0.60
10T-0.2 30 45 25 0.22 | White, Translucent 68 6 15.3 | 380 —49 32 0.49
10T-0.4 30 25 45 0.39 | White, Opaque 74 10 | 34.0 | 410 —51 32 0.47
10T-0.6 30 0 70 0.59 | White, Opeque 81 15 | 38.6 | 400 —55 3 0.44
TT3E-0 30 70 0 0 Colorless, Transparent 60 10 4.5 350 | -41/-8 | 37710 | 0417020
TT3E-0.2 30 45 25 0.21 | White, Translucent 58 19 9.2 | 610 | -%/-2 | 32724 | 0.0/028
TT3E-0.4 30 25 45 0.38 | White, Translucent 65 25 | 10.7 | 630 | -8/-18 | 37745 | 0.21/0.38
TT3E-0.6 30 0 70 0.57 | White, Translucent 70 28 | 23.6 | 560 | -8/-6 | 37742 | 0.56/040
10P-0 30 70 0 0 | Colorless, Transparent 35 5 49 | 320 —13 18 0.69
10P-0.2 30 45 25 0.23 |Light Yellow, Translucent| 54 9 10.6 | 430 —15 21 0.79
10P-0.4 30 25 45 0.42 |Light Yellow, Translucent| 63 14 | 30.7 | 500 —15 26 0.74
10P-0.6 30 0 70 0.62 | Yellow, Translucent 69 16 43.2 | 460 —15 42 0.79
TP3E-0 30 70 0 0 [Colorless, Transparent 46 14 20 | 280 —22 15 0.77
TP3E-0.2 30 45 25 0.22 |Light Yellow, Translucent| 48 23 3.6 | 350 —20 19 0.72
TP3E-0.4 30 25 45 0.40 | Light Yellow, Translucent| 53 28 6.7 | 690 —22 25 0.71
TP3E-0.6 30 0 70 | 0.61 | Yellow, Translucent 62 31 | 153 | 660 —18 32 0.77

a) Correspondence of sample code to polyol : 10T, PTMGI100mol%; 7T3E, PTMG70mol% .~ PEG30mol%; 10P, PPG100mol%;
TP3E, PPG70mol%.” PEG30mol%.

b) Hs, hardness.
c) WA, water absorption.

d) TB, tensile strength at break.

e) EB, elongation at break.
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3 Dynamic Mechanical Properties for 10T.
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¥ 4 Dynamic Mechanical Properties for TT3E.
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Optimization of Rubber Mixing Conditions
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Shigeru MORITA

Rubber Mixing operations consist of many operative variables which have a significant influence on
degree of mixing, subsequent processing behaviors and physical properties of curatives. Therefore,
optimization of mixing conditions is very important in designing a product with a reliable quality at a

reasonable cost.

The optimization using customary design of experiment is very difficult because of strong correlation

among the variables.

In this report, effectiveness of quality engineering approach for optimization of many variables is

emphasized. As an example, this approach is used to optimize one-stage mixing operation of a chloroprene

rubber with a intermeshing mixer.
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O L DOEEERER T &

Friction Test Methods of Rubber Specimens

F1H

e

Noriaki WADA

This paper consists of two parts. First, various friction test machines were introduced. Friction test

machines were classified as simple spring type, pin-plate type, pin-cylinder type, pin-disc type, pendulum

type, etc.

Second, the friction behaviors of rubber specimens were examined by various test machines and test
methods. With Heidon (pin-plate) type friction machine, method 1 (pin part: SUS, plate: rubber) yielded more
reliable data compared to method 2 (pin part: rubber, plate: SUS). In the repetitive tests of rubber

specimens with pin-disc type and Lambourn (cylinder-cylinder) type instruments, the coefficient of friction

gradually fell to their constant values by repeated sliding for the CR and EPDM specimens. The coefficient

of friction decreased as surface roughness of the rubber and mating materials increased. Therefore it is

important to provide information on the surface roughness of both sides when presenting friction test data.

1. #

il

I LR O BEERER TR I oW TIIS & L THR L
EhTwahERR <, SOTLHBLERAHEIX
v, YAYHBEOHZETIRIED FX® “Portable
Skid Resistance Tester'” 7z EAYASTM THIfE{L &
NTVDH, o TARBOBEEFHIIEHME DN
ETHiE N T L0PERTHD, ZHITEERR
ORFIRGEDPEDLN LKV PICREIZ 23 L
FLTWAHAROEND DI, BEEEEOMEANEE.
HEE, WESRMOAL ST, EERmORE (FiEo
Hbs, Bk, B, Hhnl) SEERE (B0,
frds) e k) TREERD, HBRAAREEMNATE L v
CERRRLTWAS L) THL, F /B
EERKSNIFHTIER L, 7T 0B e mH kI
DVWTLEXRTEbho TRV ENE N,

—}, TLADOEEOHFIZ Amonton & Coulomb®
BRI ERNZIE L D | HeraD iR
Bowden & Tabor(Z & % B ) =Bt TH + £ RIHD B
ZOHE . SchallamachlZ £ 2 “Schallamach wave”
DOEEY | Groschll X 2 T A DOEEEHOWLFR T
DV BTN TE L, FOHTENRFRLON
O, FUREEME OBEEFMErEbI TV,
AHTIX, Th6 FHOBERABREORE M & fok H A
TAME I A KOV -G ETEELHHET
HD T & 7 BHIEEERABARE & SBR A L B T2 #H
) BEFEZS B 0 MUl & BERESEAIG o0 AL B & AHLE L 2o
WTiiR%,

* i gET

2. BEFESBREOBT

HFEN 2 TAMBOBEBERBRIIRD L) IZ5B ST b,
1) Z ik

fHshE, Bb 0 EEEICL A, (TR REH
A N Yk o r
2) i D AR

¥y —Flik, —E5R) AR, 274 FEERE
3) [z A =

Er—74 A2 HR, K=N—F1 A7 HK, 74
A7 —FHARLZE
DY THEIC L 28

Portable Skid Resistance Tester, Westover i b
7 Rl
) FF L2 X 585
6)FEHEM I AR

A M, O—- kR E

O TREMNLABERLEL R ICHED R
BIZonwTE LD TAS,
2. 1 GroschiC & % EEfE S ER kS

GroschiZ [ #EH iR IE, HEE THHE I 4 OB
HMAEMAIAER, EEAT e L EEEE v OMRE &
FTu—vHBHEIRBRCBVTEEEMIZC 7 FSE2
E—KRKOTAY —H—THHELN, TORBHREIEIW
LFERIC LAt TWwA Z L 2 EBNIH, D,
MLz oFEBRICHER sl 2R, EiEoE
HAIREI Y PO — LD TEL L)L 2THEY,
W, HELREOERFHHIIROLIITREN TS,
L —50~100 C (BEIRAF)
R 107 ~3cems
B - 0~0.054MPa

27

BANDO TECHNICAL REPORT No.3/'99



“‘-,_ﬁﬁ[: Yhbo=-w
T Hy2a

1 GroschiZ X %EE#EEER

2. 2 Schallamach, Bartenev(C & 2 FEE#R R BRfg
SchallamachiZ FERIKDH 5 AHNT A L EF - T
AHEOTAKMEBE L, TAHIHEFEIZH LT
WO LR L A A L= XL TWEDTIZR L.
%12 X » T “Schallamach waves” & IEZH 5
DHIICHAD S EHED L ) %3y — 2 Ladbiko
TWAHIEEHLEMII L/, F7:-Bartenev” i3 &4
fFCEEHED L R At A 920 L, EE) - 0T EBER
TR S, H2AZIE IS DIFRERICH W S
BEORBHMSRY %R, HETEIT T AMOTH
T AR L QBT 6 ORGHEE KEbITZ T,
T AME AR E D O ORSHE RBH2TZT,
iRt c ke pl T 2B EAETLEHICLTH S,
FANLZE3D L ) L HEBTIOISEN Y- D
BRI R TS EEREE, W, TARAHS SO
BERIZOWTHTWSEY,
2. 3 BIERY AR DERHER M Y

LS HWHENRTWA FETH A O H B 55, 5
RDAEBBEEZFHLC, - Fur X hEEh K
BHAENE, BL Y RIS T E RN A X B0
AL EDOEILHEHRREERDEHEREDRD D,
77 AF v 7 OFEBHREFFM S L L TASTM D
18944°BS2782 Part3-311AIZ b HBILEh T3,
HTIRFHEBZREDOAN Fr UBIFZ 0RO RER
BThb, MUZZDANA F 14T BB BRI 0B
MERT, E— 5L ) TEHOBEGIESESD % 5
A, KT — A ERT — L5 HHE S WU (5%
R LD B SN IREUE, BYEAT I THE
ShTRsgEE I haEhs, &b, k¥ 2 LEH
FICBWTH, ZoEEEHVTWS,
2. 4 Portable SkidfF#tERfSE

Sabey'WiZ X & BEHERERIR T ¥ 4 XY OEITIRIEEL > 2
SL—bTEDICHEINA, ASTM E30312H 4%
fEE TV L HEBEOME L KSR /N 71
THEBHTORNECERE T A WEL THETE
. FonbSkdikHiEIZy A Yoa—F) ¥
B EMBEEDH B LI TEY RE. Bii0d S X,
B OWEAREE = 2 L 2 £ THEAFTLI TV 5,

[[12 Schallamach, Barteneviz & 4 BEfEGERS O KA A2

®

E3 Ml ksRBREBOBERE
(VT LR 225 4 ¥— L » X (364 BfE
(AR GBI T — (6)7 » 7 (TRkL » X

H5 ) FEOREREE (Axy F7rAy—)

BANDO TECHNICAL REPORT No.3/'99

28



2.5 Er—F 1 R UEERGBRE

EEzE MO EN L REREE T, IR %
SERE T TG A LoV TR R ET S
HiEkThb, BI6™W ICEELPIHEIZHGEE (#H#
oYy —574 27 5%E) 2R3, $ERI00mD A
FAF A AL E3mERED T A (EEHER LT A) ®
FrEEsE, )y Fhciiy oo RS-
TEHE A WE L, BflE ), BEEAE 2 2 b S &7
A OBEEEI L HNME TOBEEH TR0,
CORR DR DL BB L IEFEMEICHER L T 5,

6 ¥Yr—71 s REEABE (HE) o6
()TABE 2T FAT1AZ Bz
QT H5—T (6)) »ZiFh (61 TIER
(TR L & —

2. 6 ERSLEICT R

AN FEE LTI TN VRORER T 2 % X
i, 7—) & lilds S & CEERET T T 2 HiER
HbH, WM IZ20ENELERT., ZOBERITO
BEEE e TR, Roeh s,

w8 =log (T:/T:)

O— )ik LCid2&a— i (T3 o—nEF
7uryR7)—ua—)v) OMISHEFH EHRA, FFa—

ye

BT v b SRR O — 6

I ik
fitsi 724 b BTy 7o

j——jjw £ —‘"1@///‘*

L

7)—o—n
N ey

M8 o (A Y TERIEEE) 0—F)

NEEESETO— FE VCEBRHELNETLH
A R0 — FREIERED T FEMEHUT AN
RO e, HBILHEEDEBEEZRT, WIHED
HRCHA, BEAT 1 v 710 247 5 & EEHEE
TOTR) ZRATELFEHEH D, ToHH TR
FFgEIC v

3. BEEEERA AR

HEITAWME A Koy —MREsHEIIBWTE
ELTANV b, o= VRO (N F—qbE,
EvEBEALh, vy, &M, BRETHE) EERK
206 MHIZT, TLOEBEEE) & EERBREICET
LERMHIEET-o>TEL, ZOPTHLNSHEE
HEBRHEICL BECERBAT S,

3.1 BREFLADLES SUBERBRAE

FEEBIZHW T ARV b, 9 VR THRE
& < &ACR, NBR, H-NBR, EPDM, CSM
DFEE L7z, BEEREIZ T ADOWEICKE (BT
AZDT, BW—Fr 75y 7B AEL THETRH
HEE Lz, FLZIh s 0RFOEESHELA 0N
FHME R, FLBEOMFEMIIERE (SUS304,
Q450 884LY & s

#£1 EBERONFANE

CR NBR |H-NBR|EPDM | CSM

TB(MPa) 23 20 34 14 24
EB(%) 410 290 510 340 380
M100(MPa) 4.5 6.4 3.1 4.2 5.3
Hs(JIS A) 72 76 68 72 68

TR-B(N,/mm) 63 49 58 49 45

EieTE St
3+0.3%. 52Hz

20T E (MPa) 10 21 11 18 10

20T tané 0.15 0.28 0.18 0.14 0.20
100C E* (MPa)| 7.8 6.5 3.7 11.8 6.7
100T tand 0.04 0.17 0.13 0.11 0.08
—30T E' (MPa)| 228 1370 1130 38 1060
—30C tané 1.21 0.27 0.18 0.38 0.30
tand E—7mE(C)| —26 =11 —10 —42 —6

BEgERERE L LTkt Fr, Er—71
A2 (FilO b OIHER CTh - 722 E) . v —
Kofhizg v K- Ao O BEERERIZ oW T
R %7272, 7> F— RIS K 6264128
E SN EHEABROBERR LSS EE AT, T
LEF LB T, FOEEREENELS, K9
127 R — v R R

29

BANDO TECHNICAL REPORT No.3/°99



EHREE EEE
AL REH -
s y . — O—Ft)L
F E%i //
W

( 7;3&

ISR
2Tt

FErLEER

Ham

YRR

HErvL

B9

5 ¥ K= ¥ BRI — I

SUS:25mm*20mm

o

SUS:Bmm*8mm

A
Y

AREEEIREL s

Hik1

RS (MP a)

(@)

3.2 AT RCREEABRECHTA3HBRAEORSE
~A P BEESBEET W22 FETTLD
EEREAR B % BRI L 720 AT IEIESUS304-CP % v,
H1E LTIESUS A2 EEICEE L TTEO ITA 3 —
FEEED DR AR iR TREISE S AT
FMETore HEUAIT AR % EIICEHELTT
DSUSHE 2 BB 2 &5 HCTHME 1T -7z, K1a),
(DN Z D22 D THEAMN L /- A o b % Rk
9o EEEMEE(Z300mm, minlZ [EE L, BT 13
OFFT, WEL/ARFOKE S (W) 222 TEL
EETWE, 200 ERETHE, BMEHAT
BERRESI A 2 EAEFE L Ch AH%, 6 CHEMT
NTHRIEE. HELOFD5R ) BEEREDE L -
TWa, F-RBORE S22 CTEMED 22
b BIIAEREAE L TWAZ EAhe s, Th
FELLBNIR T & 912, HE208ET40F AME
EakEwizo, BhETNOTARTOI y VIR
AT LN OREROECZ L - TE L, B
EAbd a7 @i rsE L nsELLRL, —
HEINaNZRT £ 912, HEITIETL0E AMER
PS8, SUSINFDOKEENEDboTh vy
BRI EAEELT, #HRE L TRERESEIELT
WiV, fEo THIEIOF R T LOERIZEI K&z
DO r T FIZ v EEZ BN, s L7~
yhRbNniz TSNS,
3.3 Ex—F12R0XBERABEES LR —RE
P BRRE O s

BII2IIE E o — 771 A 7 SNSRI A v, BERE
P AL S TR D IR L BB SR B R HE L 7oA
Yo HHTFHIESASC (KdH S £idRa=024xm),
FEfUE S11£0.01MPaTH %, EBR L 7§ T 0 B E
FEIZ & BB EE SR OZ I BN S o 72 AT, #

ik 2

Rubber
(imiaa:
10
8l
Rubberdmm*Smm
3 = Rubber]Smm*20mm
g °
4
B o4}
b3
ot
[stick stip
0 i L i i
10° 10° 10"
CR
NBR HEMES (MPa)
H-NBR
EPDM
CSM (b)

BI10 A F SRR I X 5 T A OREBRE EMED OME ()R, (b)JFE 2

BANDO TECHNICAL REPORT No.3/'99

30



Hkl
SuUs
g SUSHB K [ 1]
o KR e .,
g #q“’b SUSELE/ ‘\
300memvmin.
& 11
F—
w0 10° 10"
EMIES (MPa)
Jitk 2
Rubber
: et W
o f o
oy N %lﬁsmx
F-] ‘S——_*“
lick slip
ThEK
10° 10° 10"

fERtIES) (MPa)

R HEEL L E2OEBRIKE L O &

DR LllE I X ) CR & EPDMIZ BB REATA X ¢ &
FLTWEDNRbAE, TODOTAIZIEHEDEL
BEHE (BEARERME) 2Pk MFH~O T4 0BH L HE
HEOREDHBERE L TVWDE L) ThbH, K132
T AR = AR T, BRI A S =
HCHBEEREENE LR %2R, HTFH125541
Tdhb, RBEOENPSEY—F 122X L0 S
W I TR A T THB D JBERITE S 3 0.3MPa k
E<, MFmDHL S BRa=05~09mé &5Vl
TiToTwa, MI3L ), MEICL ) EERRIT LS
AR LTV B, JlE T — ¥ I EBRBE G307 —
FTHBY, TAETOERBRHEOKE S 2 HigT 5
EVEY—FARAIROBYVELIAEOHERE X<

—HLTwa, TMI4ZIET Yy E—- R THOCR,
NBR. EPDM® BEHEHEHE 201 ) BB BRI E (Lol
EF ¥ — FFRTA. CREEPDMO BEEEEDE 4
WIETFLTWAONEbhIE, ZOHLEy—FT 4 A7
ROFEMiAE R E L —F L7,

4
© Bi(CR)
3t ® B2(NBR)
3 O B3(H-NBR)
= 4 B4({EPDM)
% 2 A B5(CSM)
g 2
i
F=
il
D 3 2 4 * 5 1]
10 10 10 10

BEHRERE (mm,/2)

B3 7 R — BB L 2 TA0MBERKE
BEE R o0 B 4%

3.4 A FREO-ILADIES

BI151Z 13 o — LB ER A & T, BRI %
T & & CTHFBEBAR L A 35 L 7-iG R 2 R 37, HTFH
13SUS304-CP  (#Mid 5 XRa=0.13 pm), $EfE
77120.35MPaTd %, EPDM0) BE{EARE | & BEH o jiF 7%
W+ 220> T ERAMEN ERTH, £ OMIZH-NB
R #BpwChBEIEIZH), 5 F—-rAo
HAREIE—H L e, LaL, CSMECRA LY
BEHR RS < . NBR. EPDM, H-NBR#:H. B4
WREERIZD VTR, M10(a) oS FrAoEEE &
C—HLTWwWaE, ZHRIZZO220OREBEN YK L
JEE R D WL ORI 25EETH D Z LT

30 3.0 3.0
CR H-NBR
25} o st L L
. 25 il 25
520 2 3rd = 20f = ol 3 20f
E o 4th 5 & 3rd
: & 5
F g 15} o 4th % 150 o 1st
g & H g :& iy ® 2nd
10f _— & 4ol & ol i
5 osf 05k o4
10! 10% 10? 10t %0 107 107 10* Yo 10? 100 10*
EE#GREE (mm /) BT (mm /4 BHER (mm./ )
(a) ©
30
EPDM . csSM
25 25 0 1st
o/a"”°—/°j-o o 2nd
g 20 / 3 20 & 3rd
24 - é “ O 4th
B o — &
iy E‘-——E-,Q—f:b—_ﬂ O 1st ey
& 10f ® 2nd ® o0
ol & 3rd 12 Y —7 1 Ay AEEREE
&l osf (2 &% T AOBERGRE & B
d : i g ) PR, BRI oM R
10 10?2 10° 10* 10’ 102 10° 10*

BESEE (mm o/ 43)
(d)

BH#E (mm /%)
(e)

31

BANDO TECHNICAL REPORT No.3/'99



CR NBR EPDM
(kg-m)| T E (kerm) (kg-m)[= I
04 el EEEE= e 0.4 =
EEEEE
0.3 - = 03 = 03
82 HAP = :
Eoz_ b2 024°E
0. [ 0.1 ERNNI=EEESSESEEns
2 EXEEEEE=EEED
= 1 = R EEES
M= s NES : . ; “H
0 30 60 30 60 30 60 (min)
e 1]
(a) (c)
(b)

H14 7 ¥ F—rERSRROBENHETF v— b BEE#EE10° m, min(a)CR, (bNBR. (c)EPDM

25
o cr
® NBR
O H-NBR

20[ i
A CSM

5

&15L

R

i

E

1.0

0.5 * 3 .

10" 102 10° 10* 10°
EREE (mm./4)

15 o-VAEERARRIC L5 T AOBEBRN L BEEEEOME

° CR

TLRMEfHoERa (pm)

(a)
20
° CR
* NBR
s 15
=
=
=
by
= 1.0]
05
10°

HWFHERSOERa (2m)
(b)
16  TAOBEERYERARERD S 2, HFEHERESHS SOWHE

HLTWwWaEEZLNS,
3.0 BEIIELETHSTDOFE

H16(aizid, ~4 FrATHEMLA-TLE /S 6 &
B L B BREOEO Y T 78R T, T8
FERibosZarybuo— VLTI IZO—LVTE
RoEEE v, T4 OSUSIM-CP2 BN S &5 )
EECEHIE L 7z HEfRE 77120, 11MPa,  BEJEE 13300
mm,/minTa %, 16 IEE L <~ 1 % TSUS
M DH 6 S %L S THH L - EBEREOE/D
757 ERY, EEMESZ0.01MPa | BEEEHEE 12300
mm,/minT®H b, WTFRDOYF 7128w ThH, BEER
HTITAFBEEHFHOWTFhLrObs 3555
CENITEBREDKECET T2 280 Hh5b, Z
DI EFHFIZWIT, ERHLEExZo0LDHELT
BEgRBRL bR, EFHOYIaL—Y 3 i
W LEBHMBICZ L WEMic o TLES T 2 EHL
Twh,

4. BBHWIC

s DEERBHEIZOVWTARARTELA, &I
kA L9 2, BEFFALFLOERLHMIZIE L
12 TH A OFM T BT hNTWEOHERTH A
9o HEINFFELMEDTE T, BEEEL V) L DITFHESM
PR EE oL DV HEL I ERELER T2
bOTHHI LE2WHTHBRL 2o TAIZEBERE
WREVWI LD TH L, TLEBOIREN, L1
PoTHERTOBETIE, %) OFEGHEHTAT 1 v
TN ERD, COBESIIFMOELL S, &6
#YELEETIR, TFA~N0OBE, XAH6 0%
LISV REDOKEBLENLTL b, ZOHEHIZHE
ENHEOE T T, #ohaEHL LR R
B REFVREASEIVHIRETHI2Ih %L E0 &
PhEk L7 BT, BRI, BB OMEERL Tl
ZEPLETHA), LoL, #Hicnwiid, 2hbo
HEEE-ob W HEL T OREOREZFHRTE

BANDO TECHNICAL REPORT No.3/'99

32



LTI T 2 2 BRIk L Nk Hoiud, FiF
HORVEFiFRIEONLbDEEZ LN,

(43E)
( 38358 - H T AMaE, 70, 172 (1997) )

(7 | A 3Lk )

1)ASTM E 303-93

2)Herz, H.: “Miscellaneous Papers”,
London (1896)

3)Schallamach, A.:Wear, 17, 301 (1971)
4)Grosch, K.A.:Proc. Roy. Soc., A274, 21 (1963)
S)FIHEM, JF ERRR, SEHEES, FugiEf, $igsE
ME. REMW, G 5B, Boll, FE%2, ALE
He: H o255, 69, 430 (1996)

6)ASTM D 3208

T)Bartenev, G.M.:Rubber Chem. Technol., 45, 1094
(1972)

Q=T b4 Fuy—F—57v 7], W72
J AT A (1991), p.3l4

Macmillan,

9)AILEKE: H T A RS, 58, 319 (1985)

10) H A T A (g2 - BTl - 7 2 5ABRE:, p.337 (1980)
11)Schnumann, R.:Wear, 5, 31 (1962)

12)James, D.1.:Polymer Test, 1, 9 (1980)
13)Sabey, B.E.:Road Research Tech., 66 (1964)
14) =485m0 . H T A%HRE, 68, 673 (1995)
15)Uchivama, Y.:Wear, 74, 247 (1981)
16)FIHER], Ak, BE-—Fk 0 0 T AtiEs, 66,
189 (1992)

17)Uchiyama, Y., Wada, N., Iwai, T. and Sado, S.:
Proc. 3rd Japan International SAMPE Symposium,
Vol.1, p.618 (1993)

18)23 2 B — L5060 : B EE H A~V b HiTE

19) BRI Al aiseiba: [EBEL L UERICHET S
HFAFE 7T—F %] p.2-60 (1994)

20)/MRNERE, $HiEE—. FIUEA. ADBEER., B
WBZEIE, INEEIRI: « BbAEs  ET2ELEER SR IE,
p.15 (1995)

21) KHIERR: H 7 A l555E, 69, 200 (1996)

FIH %
Noriaki WADA
197445 A#L
Fp e AiE A Y

33

BANDO TECHNICAL REPORT No.3/'99



SN FREICBA SN BEEORTER &
S FRAEADD FER

Mobility of Molecular Chains and Change in Functional Group Profiles

on Plasma-treated Polymer Surfaces.

e et

Katsuya YAMAGUCHI

Polymeric substrates were modified by gas plasmas, and the changeinthe water contact angle on these

surfaces with aging at various temperatures was investigated. The contact angle decreased drastically after

the plasma treatment, but gradually increased with aging because the hydrophilic functional groups introduced

at the polymer surface by the plasma treatment rotated and moved into the bulk. The motion of the functional

groups is allowed above the temperature at which the receding contact angle, @r begins to increase, and it

is hardly allowed below the temperature at which the advancing contact angle, #a increases rapidly. At a

temperature between these two temperatures, the motion of the functional groups is partly allowed, so some

part of the surface becomes hydrophobic, and other remains hydrophilic. These temperatures are closely

related to the various relaxation temperatures of the molecular chains in the bulk.
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[ 6 Relationships between the advancing and
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treated PS film and aging temperature.
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11 Relationships between the advancing and
receding contact angle of water on the oxygen-plasma
treated PC film and aging temperature.
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FEDERAL REPUBLIC OF GERMANY
TEL49-2161-90104-0 FAX.49-2161-80104-50
BANDO IBERICA S.A.

Apartado Correos 130. Poligono Industrial Can Roca
Carretera Nacional I Km. 578, 0B292 Esparraguera
(Barcelona) SPAIN

TEL.34-83-777-8740 FAX.34-93-777-8741

FUTME

BANDO CHEMICAL INDUSTRIES (SINGAPORE)PTE.LTD.
Pasir Panjang Distripark, Block 10. Unit 6

Pasir Panjang Road, Singapore 118500, SINGAPORE
TEL.65-475-2233 FAX.65-479-6261

DONGIL BANDO CO. LTD.

305, Sanmak-Dong. Yangsan-Shi

Kyongsangnam-Do

REPUBLIC OF KOREA

TEL.B2-523-388-0084 FAX.B2-523-388-0087
BANDO JUNG KONG, LTD.

398-10 Moknae-Dong. An San City, Kyongki-Do
REPUBLIC OF KOREA

TEL.B2-345-491-6167 FAX.B2-345-491-6208
SANWU BANDO INC,

11FI-2. No.51. Sec. 1. Min Sheng E. Road, Taipei, TAIWAN
TEL.886-2-2567-8255 FAX.BBB-2-2567-2710
SIAMESE-BANDO RUBBER INDUSTRY LTD.

47/7 Moo 4, Soi Wat Bangpla, Tamol Bankao

Amphr Muang, Samutsakorn 74000 THAILAND
TEL.66-34-424410 FAX.66-34-422202

PHILIPPINE BELT MFG. CORP.

C.P.0.Box 205. 2nd Floor.Siemkang Building 280-282 Dasmarinas Street
Binondo, Manila 1099, PHILIPPINES
TEL.63-2-241-0794 FAX.B3-2-241-3279

KEE FATT INDUSTRIES, SDN. BHD.

22m/s. Jalan Air Hitam 81000 Kulai. Johor. MALAYSIA
TEL.B0-7-663-9661 FAX.60-7-663-9664
PENGELUARAN GETAH BANDO(MALAYSIA)SDN. BHD.
MLO 6518, 22m/s, Jalan Air Hitam

81000 Kulai, Johor, MALAYSIA

TEL.B0-7-663-5021 FAX.60-7-663-5023

P.T. BANDO INDONESIA

JI. Gajah Tunggal Kel. Pasir Jaya, Kec. Jati Uwung
Tangerang, 15135 INDONESIA

TEL.B2-21-5903920 FAX.62-21-5801274

BANDO SAKATA LTD.

Unit 2101 & 2125, Level 21, Metroplaza. Tower 1

223 Hing Fong Road. Kwai Fong. N.T. HONG KONG
TEL.852-2494-4815 FAX.852-2481-0444

BANDO CHEMICAL INDUSTRIES (TIANJIN) CO.LTD.
Bliss Building, 5 Fourth Avenue, Teda. Tianjin, 300457 CHINA
TEL.BB-22-66200812 FAX.86-22-66200914
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