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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.

About one year has passed since the inaugural Bando Technical Report. Many events have occurred in this
brief interlude. The economic malaise afflicting many Asian countries due to the instability of exchange
rate. The Japanese economy experienced difficulties in 1997, and faces continued domestic financial uncer-
tainty in the future. In this sort of challenging environment, the differences between truly superlative com-
panies, and mere ordinary ones become quite apparent. We believe that the key to being included in the
former group lies in a company’s ability to timely recognize changing customers' needs, and incorporate these
new ideas into original products brought to market.

We at Bando Chemical Industries, Ltd. place great emphasis on the importance of supporting systems of re-
search and development as well as quickly promoting new research and development. We ensure that this
technology remains attractive to our customers by meeting their needs. We believe it is our mission to be
receptive to market forces, and continue to push and expand the boundaries of emerging technology. This
must be done in a framework that maximizes new developments in energy economizing and resource recycling,
to better preserve and respect the environment we all share.

Based on these policies, we have collected information and presented it in our 1998 Bando Technical Report.
Your candid opinions and./or suggestions regarding any of the articles in this issue would be more than wel-
come 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.

Sincerely,

W FT S LD

S. Ikemura, Managing Director & General Manager of Central Research and Laboratory
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Establishment of Design Criteria for Fatigue Strength of Auto-tensioners

KX B
Shuichi NAGAYA

In the actions of advance design verification for automotive accessory drive system with belt and auto-

tensioners, computational procedures of evaluation for steady-state vibrations of belt drive systems and for

material strength of auto-tensioners using finite element analysis (FEA) have been developed.

In this paper, design criteria for fatigue strength of auto-tensioners were introduced to the evaluation for

material strength. The strength criteria were determined by comparing the results of fatigue tests of labora-

tory test pieces and actual products with the results of FEA corresponding to the fatigue tests.
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Creation of Photo- and Electro-active Amorphous Molecular Materials

fii HH

Frk
/S

Hiroshi INADA

For the purpose of developing photo- and electro-active amorphous molecular materials, three novel families
of starburst molecules, i.e., TDAB family, TDATA family, TDAPB family, have been synthesized, and their
molecular and glass-forming properties have been investigated. The starburst molecules are found to form

stable amorphous glasses. The several starburst molecules exhibit unigue polymorphism in addition to form-

ing glasses; they take different crystalline forms depending upon the history of heat treatment.

The solid-state properties of the amorphous glasses of the starburst molecules and their application to or-

ganic electroluminescent devices have also been investigated. The starburst molecules are found to function as

excellent charge-transport materials for use in organic electroluminescent devices.

1. #

il

FTENT 7 AWEE, BT, S,
ShHtE, BH—HLAEORMEALTEY ., TE, HL
WHEREM L S LTI ZEOTWwE, ERME IOV
T, TEVLT7AL) 3 (a8l) RT7TENT 7 A
L r (ale) &, ¥ TIZEHELERTVELDD
Bb, —H. HETENLT 7 AFHIZOWTIE, B
PR TR. KT HEWEEMIE NN v ¥ — 1251
SEEATFEEMENEONTWA, ZhIZH L,
BGFRTENT 7 AMEHIZOWTIE, B T2EHE
{LEWMH—RIZES & T 720, ThETIEE
AEREITTOR T o7z,

FRULETEERT I ARES TN T 5 HBES
FRWARTHERET A ENTERE, ThbidZFHN
HECTRBEDSTETHD, SHICINLIIE - BT
EEMSTA 2 EATENT, BRGHRICKTS
Fh oI aTHEEROFEOBIEEL L VAT &2
FTIENTEBEEDIZ, TELT7 7 AREOHR %
LR - BT 754 AOERD T REIZ 2 5
EEZON, BT LRBELRT I AGRIAL TR TH
Bla—HoREEaRnE (Chit7EVT 7 25T
MEEER) LB EMREENS,

Fl, TELTZ 7 AGTHENT, Lo X 9 R
REOBEL LD LT, EERFEOE»L L H
BRIEL . G THEE H T AR OMHM, 7 A0
PRI, A7 ARED S O, Fo AKREIZE
AW, Ptk - #EEoBEIEZ ., FLVWESR
ELTHTHEN T ARHENRE T 2HABEELLED
B LRSS N L E A OND,

*  FRAFSEAT

DL RBES,S, RIFETIZ, BRMETRE
RATARBHICHEET 2N - BFREETELVZ 7
AGFHEORBEEFENELE LT, FTOERYS
starburstF & BT -— O FH ML » EFRILE
WEE AR AL, FROON T AR, FT A
KEED & OFALAFE, # 7 AREBOWE, B X UHRE
MEADIEEIZ W THRH 21757,

KL TiE, #HH » BT Fstarburst 45 FHORKE -
B EFNS DT, H 9 ARG L T &
DB, T A0 OBMNBRLEGTICFR)ELT 4
ABIZOWTHFEfTTo7z, EHIZ, T AKEILE
FAETFYEO—2E L TEMNEXICOVWTHRET S
EELIZ, TELVZ 7 ADTFHHEOAEHKIL Y o
I4vtryA (EL) FF~OEBIZD2WTRE L,
CCTIRENSOEHZDRRLIZLE LD, GO
T4 QoL - VCELAZ LIZT S,

2. ¥ EFFRstarburstDFDEE - k& Z 1
50T

2. 1 = EFFstarburstHFDEEET - K

S ETRER N 7 AR EHIHET 2% - BT
BREE T BN 7 7 A0 THE ORI E BigL T, &5
a2 286 IFERMETHL L, K- BT
BEELNSTABE»L BTRTHLI L, 45T
EHES E LT, S FOBIKS S starburst 5T & 4
M BTIRTSRGOHR L - BT RS TRE &
gL,

2. 2 n EFFHstarburstPFDHFiEME
BIH L 72878 » ¥ T Fstarburst 5 T B2 DWW T,
BFUILARZ PV, ZRART P VB X UBEERL
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BlItE U7 n EF % starburst H5-F&¥

lmgigly CLO
Q0,0 0.0
© @ Me\© © Me

TDAB o-MTDAB

2 TDAPB family

0,0 CliO
o,0Me,0 oo,
@ © Me\© @MB

TDAPB o-MTDAPB
3 TDATA family
Me
oWy L0

2 2
Qo0 QU Q0
&8 Wy e

TDATA o-MTDATA
- oC
TBA
WO £ 17572,

Bl L 72318 » B Fstarburst 451 ¥ 0 8 T- W Y
ARYZ PV BLURARS PV EELITRT, 1
BXUM2IZ, m-MTDAPB3 & U'm-MTDATAD &
FHINARZ PN bTICELANRT PVE, ThE
hoFuVEHRTHL M) 7oy ¥Ey, R 7
=T X OWRE XTHEEANRT ML E EHITRT,

m-MTDAPBE £ Uf m-MTDATAIZ, FY 7=

do &0

o, 0
A& @0

m-MTDAB p-MTDAB
& o "L O
¢ ¢
oMo, oo, o
-
m-MTDAPB p-MTDAPB
a0 o 0O
@ Q2 .
o.oen, O0M,0
I S .
m-MTDATA p-MTDATA

t-Bu %& @/@, t-Bu
t-Bu %&QNQN D/O, t-Bu

t-Bu t-Bu
t-Bu-TBATA

NRyEBryBLUOM) 722073050 BEERNC
W =R L., ENHOELEL M) TRy E Y
BXUOM) 72207 I VICHRTRIEEMICAE L
TWwa,
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Fluorescence Intensity (a.u)

Wavelength / nm

[ 1 Electronic absorption spectra of a) TPB and
b) m-MTDAPB and fluorescence spectra of ¢) TPB
and d) m-MTDAPB. Concentration were 1.00« 10°°
,9.91x10 *mol dm *for TPB, and m-MTDAPB, re-
spectively.

a) o )

# 1 Spectroscopic data for starburst

molecules.
Aemax/nin loge  Mmax/nm @f Apmax / nm
TDAB 301 48
o-MTDAB 298 49
m-MTDAB  3p1 49
P-MTDAB 300 49
TDAPB 238340 4749 405 0.60 434455482514
o-MTDAPB 237336 47,50 396 063 443482514
m-MTDAPE 238342 4749 408 062 435485516
p-MTDAPB 238343 4749 412 0.57 443 486,517
TDATA 311341 4646 426 0.03 474,499
o-MTDATA 343 48 47
m-MTDATA 314342 4747 427 0.05 475,500
P-MTDATA 305341 4949 426
t-Bu-TBATA 248353 4951 465 0.18 443492522
TBA 246345 4647 408 0.50 485,520

Aemax; electronic absorption maxima, loge; absorption coefficient,
Afmax; fluorescence maxima, ®f; fluorescence quantum efficiency,

Lo
‘-
fon

b) !

Absorbance
=
tn
Fluorescence Intensity (a.u)

400

500

Wavelength / nm

[ 2 Electronic absorption spectra of a) TPA and
b) m-MTDATA and fluorescence spectra of c)
TPA and d) m-MTDATA. Concentration were 1.99
X107%,5.0¢10 *mol dm~*for TPA, and m-MTDATA,
respectively.

INHOEENS, TDAPBE X U'TDATA%star-
burstsrFid, FFREEZATIIL D6 T
BV TEEcblzo TIHEL TR Z EPRIES
na,

D EI|Z, starburstFFEH OB {LRETHMELY 1 7
Jy 7 KNy A M) —HBE L7z,

TDABFstarburst T-# O R LT E AL, % L
R REOHFATIIVWTRL AT THo /2,

TDAPB%starburst4 F# (22w Tid, TDAPB, o-
B L Um-MTDAPBO BEAL B IIAT 8 Tdh 2 D124
L. p-MTDAPBIZ i 2 ffbiife 2 m Lz, 2 Z
tix, TDAPB, o-B & Um-MTDAPB®DZ I # VH F
FrDHhy ) TR 722V T I 2 EROD-
TR STWAZLEREL TS,

P 7207 3 OBALBRASATHETH B DI
% L. TDATA%starburst7 FEEORBE{LERE VTR
LM THo7z, Z4ix, TDATARstarbursts+ D
FUANAFEIH, P 72227 3 FICHAT,
STERICEREAT B EICLD, FYINMIFF
YELody 7)) Y FRIEHT oML THS L
#z b5, TDATA, o-B X U'm-MTDATAIX, 2
EFMIL, pMTDATALZ 3 gL £ Tl 4 % R
L (®3), TDATA familylid<=iLFL Fv 2 A%kt

Apmax; phosphorescence maxima

L THBREV,

# 2 |starburst T HOBLETCEM T T LD 5,
TDATA%starburst/r FH#iZ, FL {EWEB{LEMT
BRoToh, MuWETHRSMEET 5.

o)
_ 1B bmm
E 2
5[4
Q
i
=
6 | | | |
-0.5 0.0 0.5 1.0

Potential / V vs. Ag/Ag*
[ 3 Cyclic voltammogram of p-MTDATA

3. ¥#8 n BFFstarburstPFNDH 7 ATRLEE
— 5 FHEE & OHERE—

3.1 nEFHstarburstPFDH T AHREE

FY) 7227 IyBITM) 7N rENiT,
B HASETRS L TLEBICRRILL, 7
AREHLvor L, KFETAM L BEFR
starbursty FEElL, TDABZBEWT, WL b %ER
TEVT7TAHTARBERIEET A &H°, REE
F#uaillsE (DSC), X#EFTHE (XRD) %& 6 IS
fRHEmEEE C L s i,

m-MTDATADDSCHi#E % X 4 (2R T, Fr#idkic L

11
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# 2 Oxidation potentials of starburst

molecules
Ejn/V vs Ag/Ag®

TDAB 057
o-MTDAB 0.55°
m-MTDAB 0.55*
P-MTDAB 0.50°

TDAFB 0.67*
o-MTDAPB 0,727
m-MTDAFB 0.66%
pP-MTDAPB 0.64

TDATA 0.11 0.40*
o-MTDATA 0.05 0.40%
m-MTDATA 0.06 0.38*%
P-MTDATA 0.04 0.36* 0.96%*
t-Bu-TBATA 0.09 0.39*

TBA 9;51

a ;irreversible, EBip- % Eox2 HoH. poxd

scan rate; 100mV s°!

DIGoN-ZREMRAEEHIRT 2 &, 203CICBRIC
DB — SN S, SRkl e, 2
OEFTREZZR TG T 5 L, BEHHEELET
BATENT 7T AN T AZEETE, ZOHF AR
HEBMURRT L L, 79 AEBHAKHSTSCIZR LN,
BEEERE 25, SHIZERT S E, 160CTHIEIC
HabIc T R — 2 Bl E 0, BilEs L 0H
MM TIRONDRER LM USRS ER L, Zhiz203
CTRIE L CHEAERAE 25,

m-MTDATAD XA /8% — > %[ 5 12571, &
WhoDHFERTHEONE/HARBBLUT T 2 %
Fim L THLNAMERE, A—DBENWE—-2r E2RT0
LT, BlilEEGH L TRz owTiE T
U— Fana—nap@lillsh, 7ELVI 7 ATH S
ZENERTES,

TDATA Fstarburst 43 F# (22D Tk, TDATAER
£ Up-MTDATAO S &3 EMAR FAEETES
THLENRD DN, o-B L UFm-MTDATAL, FDiE
BREOHB 2 ZRTHS TR THESICHT I A %
BHit 2 = & dtbaro 7z, TDABHstarburst FEE(C
2WTIE, TDABIXZOBRIREORE 2 fikEHET
BHLTHALEBIERIELTLEIOICHL, 0
AFNVFEBEMET, FoEBREORH 2 HfEETE
% (p-MTDAB) $2WIHEETHE (ooB L Um-
MTDAB) §5Z &2k b, BEHIIH T AT 2,
CNGDFERE, AFNVEOHEAHD, HF AT
KEGHBELEZTWAZEERLTWS, 72201
Koo, m-, pICAFNLELEATLLE, 5F0DE
D357+ A= 3 »OEABINL, 5T OHAE
I o, ZOHE, SaLEE A snT 5
A LT hdtELZONE, Z0LHIZ, B
BROBAZ LD IFFERGTONHMEE FIFs 2 i,

crystal 20°C
g
:
2
=
S
glass .. 03°C
160°C
1 1 1
30 85 140 195 250
Temperature/°C

4 DBC curves of m-MTDATA.
Heating rate : 5C min™

b)

1
0 10 20 30 40
26/degree

# 5 X-Ray diffraction patterns of m-
MTDATA ; a) amorphous glass ; b) crystal

72 3 Glass-transition temperatures, crystalliza-
tion temperatures, and melting points, and
enthalpy and entropy changes for starburst
molecules

Tg(°C) Te(°C) -AH(KI mol™) Tm(°C) AH(K] mol) ASm(J Kmal)

TDAB**  a) 257 62.6 117.3
o-MTDAB** 46 129 23.1 156 24.1 56.2
m-MTDAB** 49 B8 374 183 63.9 140.1
P-MTDAB** 58 g8 324 188

210 47.4 98.1

TDAPB 121 19 50.0 269 58.3 107.5

o-MTDAFB 109 154 217 279 39.8 72.1
m-MTDAPB 105 167 19.0 231 289 573
p-MTDAFB 110 _ & 243 557 107.9

TDATA 89 126 322 255 46.2 87.5
o-MTDATA* 76 157 127 198 159 337
m-MTDATA 75 160 38.4 203 424 89.0

P-MTDATA 80 130 309 265 63.1 117.5
187 9.5
213 a7
t-Bu-TBATA 203 271 60.5 322-347 = 1243
TBA 7% 117 344 260 482 90.4

Heating rate; 5°C/min, *;1°C/min, **; 10°C/min
a); no glass formation

TENT 7 AGFHEBIRO -0 DERE L 5T ik EHE
s,

F 312, RWFRETHIL L 7zstarburst 5 T 8D H 5
AERIRE (Tg), #ALREE (Tc), BUREE (Tm)
BIUMHMLEMBEOT 7 VE -2 (AH) BX
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Uxrrro¥—%214k (AS) 2RT,

T T ADEEMEI T FHEEIKET S, TBAOKT S
Ak, BIRTHET S & S T SEIHET L.
TDABfstarburst> O F T AL, 7y A TRk
PETT B, Zhicxt L. TDAPBA % & USIZTDATA
Fstarburst 3 FHEOH T A, BERTHED TEET
HO, £, mMTDATAOH T ALk, &L TY
FEU LB L TwAEH, SERTReECHERLEES S
NTWniuy,

3.2  HTAWHEEE HFHEE & DIERES

77 AWIEE & T & oM Ic oW TR R 5
B7:9512, TBA BELUTDATAIZ O W THE R+
ML, €60 X REERIT21T-7:, TBADS
FRELXMEIIRT, OO M) 7oV T 3 ES
R7axsIkEEsELTBY, A, C. ETHRLE
NEIREBEFRFEFIHE LA =20 REEFH5
7 B E QMO R i, FE145.7,56.8,38.4°
(A-C, C-E, E-ABlo T MIZ#F 1 #485.0, 82.6,
69.0°) TH D, ¥7 o VS C s L
00 L, TBAOY 7 « Z LB R4SV e
Chofiiz L >TH 0, A-B, C-D, E-FioHA
I, £NE827.0, 40.1, 39.8° TH 3,

4 T Crystal structure of TBA

E7IZTBA O#ifEiE xR, 2= v MR
TBAD A THFE L, FN5 RO THENT SR
TWh, ZHEOGT MU IR (28 5T R X
%, TBAGTIEMaa R COTHEEE TS X912
EHILTWA,

D X(Z, TDATA O4rFHfEE K 8 IR T . 7T M
AT AN20 M) 72207 3 Y855, Wit
L ORGP EEFE L Twd, A—0OEEFFICH
HGLAE=20RFBHEFPOEEINEFHE, WU
FICEB LAY BEOFH E DM O A EIZ2~
55° Tao ) G FEITFHEELT EoTwE, M9
TDATAD#F @i EEZ TR $ . 2= v b VHIZTDATA
X455 FHEL, TBALERR, HEWICnTHIKE 8
5 L9 IZEFILTwa,

[ 9 Crystal structure of TDATA

TBARTDATA TR &AL 912, Bl L7zstarburst
GFREE. FFEBEEATAELLIC, CCBLY
C-NEM¥GILYTHHRBETE, FZIZTHF LV
conformational energy#* & 3 % # £ @ conformer?)sfF
HETHEEZLND, TNHOZ LHY, starburstsy
THOATAHICHELTWDEEALND,
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3.3 HFBEEH T AEBEE & DR

SR LT AEBIRE (Tg) £ OMBIZEE
T3 L, TDATA, o, m-. 3L UpMTDATADTg
HT75~89CTH L, tert-7F LV E T VEnEh
t-Bu-TBATAIZ, WO TEWTg (203C) 2/ L TWw
Bo T, MIEZY 7 2 VEROERIZL ) 45T
BTG S AL 272, TehbEHL-EEZ NS,
T ) FT IR NN — LEEOER L
{Tgx LAV LTLEFHA TR LTS, L
toZ b, FFORIEEERSTZ ik, Tl E
DIcODEREL 5 TREHRH %5,

4, AZZAD5OBABIE—FRVELT 1 T L

T AL, BDEICIEEEIRETH Y | B
E DI FNTFHARENER S 2, 2T 5 2
BT AEMOBHEEZAS T A 2d, BB S
MELMARETSH D,

BIH L 7=« BT 3L 8% Rstarburst 0 F 8 1L, %
ERTIAZEBIIHET L& EH12, Tell Ei2n
BAbLEMEL, ZoHVIRE00RL LR
BELLR)ELV T RALEZRTIERZRWE L,
T, RUENVT 4 ALH, 7 BFFHstarbursts-
HI—BWICROLNEHETHLZ L EWSHICL
7z

RNENT 4 ZLADE %2 p-MTDABIZ D WTiRYT, E
1012, p-MTDAB®DDSCHIE % 73,

Crystal A 198°C, 210°C

188°C 210°C

58°C 88°C

<«— endothermic

1
30 86 142 198 254
Temperature / °C

10 DSC curves of p-MTDAB, Heating
rate, 10Cmin'

B OGS THONIEMAZINBEL TWn
EL 198 C TR L7, BHICHEMELTHAB %
HERL, ZOFRBIL, 210C CRE L TE ik
Lk, FHMEAEZHASERTEGTL L, BGH
HHRRELETH T ADPERT D, ZOTELT 7 A
HIARRRT AL, 77T AGBHEHIERTIZH SN,
WEHERE 2D, SHICHRT D L88TTHE AL

THMmCEERT S, B CAIBCTRET S L7
PEHICEMBAERL., ZHIE2I0CTRIETS, o
DEHIZ, p-MTDABIZ, T AZLEETLOAL B
TEODMRIEBER LEL I ENRWES R,
P-MTDABDHERRE BB O WTE LIZFEL VTR
1§D72010, FiREE 2L 3 TDSCRHE %47 -
foo BLLIC, AiRHEE2 B/ L ZDp-MTDAB
DDSCH =T &R"T,, FAEEEIENE &, FHHA
BLUHGCORMBIIES (WY —-71L, FHHBO
RIS B - EERL-DNEL D, [
FRZ, #EBOERICE S RBME -2 /3R B,
—F, BREERHE LT L, #EEBoAkIE
T AANIH S BORISIET 579, 5B OR#
WD B — 7 13/ EL B,

a)
1 *Cmin1

5 °Cmin’!

10 *Cmin-1

20 *Cmin"1

«—— endothermlie

Temperature / °C

1°Cmin*1
—

5°Cmin-
—_—

w"len'l

—

+——endothermic

58 88 188 210
Temperature / °C

[ 11 DSC curves of p-MTDAB measured at
different heating rates : a) crysialline sample
(crystal A), obtained by recrystallization, is heat-
ed ; b) amorphous glassy sample, obtained by
cooling the melt with liquid nitrogen, is heated.

R XEATREIC L Y BESS OFFEICLD
Boh-#RALBLBECLIVBONERBOE —
TNEF =R RR-THEY), TNOHELR LHEGHIEE
THoTEhbhotz, ¥IARBORMLEIZL 5T
HohHmCIE, BMAL L UMMy — 2%
AL, A LHERCIIENOKEIMEEHLTVD
ElEbNE, pMTDABD E L 7 + B3 — 2 L% [X12
2R, T HHI ALF — —REHE% M35
T
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Crwan

Tmb 210°C

[ 12 Morphological changes for p-MTDAB

88 IE8 198 210
Temperature/*C

[ 13 Schematic free energy-temperature
curves for p-MTDAB

DX, LD BA Rstarburst i T EE I,
W OhDRRET EDBR)ENT 4 ALERL,
HS5 AL DREMBIRICB T, ELE RGO 4K
FHRETRAOICEIBAOBVER~NEEL TV
Lhbhotz,

5. PELT 7 AHFHEOETHMES LUHHE
ILYZrOLEI Ry L AFEFADICH

5. 1 Efr#E

FTENT 7 AGEEAICBT L ER S, R,
To BT 2> S EIEAT S -, %L fTThh T A
oo TNETEICHERNFRLE L -oTELRIE, ST
Fd B IHES TSR E & ST N 25—
IZFHEE-8E6RTHE, LL., BaFEEHRIC
B3 2 REOMEDOHR. BMaF/514 » ¥ —OfEIC
£ R 7 MBI 2 2L L, TR EY &
EZONTELNA, ¥ BAHREICKEREEY
BrzT e ER ST, fEo T, WG T4
Y —OEBTWRE . WEHEA OB AR A
FHli 9 2 - iz, B FREME A Mo T T
AREIZ BT s EAREOMESEZEINE, LD
Ladis, HRETEERT T AR T 5 HHK
FTEEWMREIREFTIEEAEHON TR 27
O, 0L EMEIZIIEA LT TR,
AT, BIBLETELT 7 A5FHEO 22
Tm-MTDAPBE L UTBA% & ) biF, Zh6DH T
ARHEIZ BT D EATH ROV THRE L7,
m-MTDAPBE L U'TBAK T ADk— N KUY 7 b

B, EEWAEE2.0x10°Ven ', RE21THE L U20TC
BwT, FRhEFNLEX10 P adV s B L V15X
10 etV is™t &R STz,
TBAIZ2WT, F1 7 MEBIEORAE S & UES M
BT IC oW TR L. B o hoi Rt IR E R
CoWTREINRTVAGIIORER (eql) 5T
i=Bissler 5 Mdisorder model (eq.2) 2L 72A%- THE
WLt ZOE. N 7 BEIE OB KT
2, EHREOKRKICISIL, mREEREEIZHE L TR,
WNEREHETELLDETFIVLBHATESLZ DD
Mol BONTNTA—F—%FL, 5IIRT,

o 1/2
=] (555 )] e
eff
Tt'ﬂ_.iT_l#TU I

~ N2 N
pH=p uexp[—( %a ) ] exp [ C(o?==2)E"* ](2)
- a
0=

kT

# 4 Hole transport parameters based on eq. 1

Eu/E‘V T!!/K
0.25 450

to/enfVg Ber
1.4x107° 2.2x107"

¢ 5 Hole transport parameters based on eq. 2

o /enfV 4 o (eV) b
3.5x107* 0.079 1.4

C/(em V)
4.1x10°*

m-MTDAPBE L ' TBAD H F AZBITAHF—NVF
)7 MEBIEIR, TELT 7 AERY w—, HlZiTpoly-
(N-vinylcarbazole) (ZH-~<T, 2#4 5 3HTKE Wil
#m L, F7/z, S0wt%iiEA iR E B L T, #1
Him WA Rd .

5.2 BHEILY bOLIFRyEARFAOGH
AL 7 banIifiybryA (EL) T, m
565, (REEEREY, £ EITRAHE, KfiR L, #
b ED L O EAEL, KBI7VvAT—-7F v F
NEANFAATLANDIEHOBE,SEHERD T
Wb, HBELETOHEIRX, ~Bds20wiREEEOH
BHHRE —OORL - -BHTHALZLOTHD, —
2, BREBOADLZRLHEBEIFZF LD b, FEAE
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CBWTENCE TS (EHA A AR 7 2 v
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R L, ZO8MEEE Lz, m-MTDATASB X U'm-
MTDAPBiZ, WIFNLBERHIIRELH T AZEML .
FNHOH T AEBIREIZ, FEFNT5, 106CTH
5o T, 26 Dstarburstsr T, & { IZm-MTDATA
DTENT 7 AHBEIHEFIEEZ 2T, FEFICEE
THh b, m-MTDATAIZIEFE (IR B A + bR 7
¥y ) (IPs=5.1eV) #FLTWAH I & THEYSIT
55, m-MTDAPBDIPsiE, f5.7eVT#H 1, TPD
DRBELTHWEZENTES,

(a) (b)
MgAg-
MgA Algs
Algg HTL-2
HTL-1 HTL-1
ITO coated glass L ITO coated glass

14 Schematic side view of EL devices

3, m-MTDAPB% IEfLE%/E IcHwHEE e L
TAlg: 2 - R RELE T (Hlda) % {Fl
L. ko TcHWw 5N T WA TPD% IEfLEEE 10
M- BElEELE T & MR L. 22588
WEL S AMOR EE BIEL T A4 »{bE T
Y NDORLDIEILEHEEEREE LB LS EE
AHELZE 2% L EfLE%EE £ L Tm-MTDATA
ETPD& A\Wigm-MTDAPB# 4@ L, 3B & LT
AlgsFHWIZH LS 4 7OLBRARELE T (K14
(b)) 2R, 216Dk ERE L,

TREEB I UCSEMERELE TV TRL . ITOE
WHNZIEOBEBEZEM LAz & S IEEICHELE L, B
LAY b ViZAlgsOEIHEANRT b E—F L, EL3
i, Algs O —EBEFREFSOHMTHL I LA
Tl ¢ e

EFLE%RE & L Tm-MTDAPBZ 7-13TPD % w2 7=
TR AERELE FORETE6ICT EHS, TPDE
IEALEiERE & L CH AR BREEIP IS IS
— 7 BHEHIFEEL, £/2, 60CHETREL R
DR L, m-MTDAPB%Z Hlwv7zi& i 2n L 5 &
TEFEIST, MEECELS,

IEfLifsR e LT, A4+ bR 7rv v (IP) @
B B fEFE O starburst s # POV ICREE (m-
MTDATA,”TPD, m-MTDATA,m-MTDAPB) L.
FEHRIZAlgy & V- HH L R EAELE T O R
15, £TIZTFT .

# 6 Performance characteristics of the organic EL
devices consisting of a single hole-transport layer

material Driving Current  Luminous Maximum
for HTL voltage  density efficiency  luminance
(V3 (mA cm?P (m W'F  (cdm?)
TPD® ; Ta0d
6.3 9.0 1.6 a7vy
mMTDAPE® g 16600
.2 81 1.2 a7vy

* Ataluminance of 300 cd m2,
® ITOTPD(600A ) Alq3(500A YMgAg.
© ITO/m-MTDAPB(450A )/ Alq3(5004)/MgAg

# T Performance characteristics of the multilayered
organic EL devices consisting of a double hole-
transport layer. HTL1: m-MTDATA

material Driving Current  Luminous Maximum
for HTL voltage  density efficiency luminance
vy @A em??® m W (cdm?)
21900
TPD 54 71 23 asvy
16900
m-MTDAFB 73 6.8 19 (16V)

3 At aluminance of 300 cdm2,
® ITO/m-MTDATA(800A YTPD(1004)/Alq3(5004)/ MgAg.
¢ ITO/m-MTDATA(300A )/m-MTDAPB(2004 Y/ Alq3(500A)/MgA g
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S WA A MELE X, BEOIETLEXE» S
L AFEFIHRTEEMEXMEL TS, HI8IZ7R
T L) IC. TPDHE % EfLEIERE 12 H W2 FET12.1TO
25 TPDAD A4V F—ERBEATA & (ITOEM A 5 D
A= WiEAREZDIZCvwolzx L, ITO/ m-
MTDATA (800A )/TPD (100 A ),/ Alqs (500 A ),/
MgAgZ% R # T Tix. m-MTDATAASITO & TPD &
DOHDIPEA L TWwah o, ITO-m-MTDATAM o~
PV F—[ BB L O'm-MTDATA-TPD . & )b ¥ — i
BEAS, ITOLTPDE DD 7L 5 — BEBE|Z e~ T/
&L, BRI R—VEA SR, ITOR 5 Algs~
DE—NVEADVHERLI(EBZLEEZLND,

10°
..‘1'“ 4
-§ 10 ngii
< 10° s
g Y
g 9
E 103 5
3 ®
10'F o
L]
0

10 i . .
10t 10% 49t 107 qp°
Current Density (mA cm?)

15 Luminance-injected current density charac-
teristics for the EL devices

®:ITO/TPD(600A )/Algs(500A )/ MgAg
O:ITO/MTDATA(800A )/TPD(100A )/Alq: (5004 )/
MgAg

LUMO
To LuMo

24 |umo

2 J—
a7

— _HOMO

50 51 HOMO Louo
85 =53

Algy  MgAg

Energy Level /eV

\ 110 mMTDATA TPD

[¥ 16 Energy levels of electrodes and organic
materials

ZRGMFFITO,/TPD,/ Algs / MgAg 7 & UFIZ 4L
WM EY _BHEL-ZBEETITO  m
MTDATA,/TPD,Alqs /MgAg D —E BT FEET 12
BT HHEEEDOFERFELE HITICRT .

IhEOFETOMAMZLE L2 E %, 300cdm™?
DR RE TG iE L 72 & & 0wz, TPD% IE
JLtGERE I W R TR 7150 Th L0
(28t LT, m-MTDATAB & O'TPDORK B % ok — L
R IZH W2 F T Cld300ki B TH o 72, F 72 TPD
g% EL R IV 2 ETF LG RE L), m-MTD
ATARTRRE L= K FTilR, V-2 BHKOREIZAD
549, 10,0008 M LA EOEEFELATTEETH - 7.
AWEOMRIL, HFRELEFOMAMEICHT 2 &
OHE TLHRERBHFRORERETH 72,

Luminance / cd m™2
]
&

e 100 200 300 200
Time / h

[ 17 Luminance vs. operation time

®:ITO/TPD(600A)/Alqs(500A )/ MgAg

O:ITO/m-MTDATA(800A )/TPD(100A )/Alqg(5004A )

/MgAg

MAMEICENLS Z X, m-MTDATAD B EH O%R5E
LTEVMT 7T ABRERE T AL EHIC, ITOREME D
EEUPRFTHEZ LI EEZLND,

VLE, RUFSEIC BT, AHELFE T M £ B 5
B LT [ BFHstarburst 43 F | & v MG
DF LS ERETEEELIS, 1 ERTF vy
WORLLIELEEBERE LI Lwy A TOEE
BIAMELETEREL. ETOREHEL LUTRA
A M LT A2 L EHLMIZLA, AEOHKRIZ, £
CofRED, ZREOETHETRIL, £/, m
MTDATA%Z IEfL&izAl & L THWT, FHELETO
A, EXEOUFZER L 225D,

6. # &

AR EHTHLEUTOLB) TH D,
MW7EVI7AGFHHBOARLAEL T,
starburst & VA HH L = RO » BT RARS
T8 (TDATA%., TDAB#A., TDAPBZ&) %%l - &
L., EhoO5TiFEEHL ML,

(2B L 7> » BFHstarburst 401, TDAB#* &
WTHBZ BAESRTREH 5 VIFBRZAD TR
FTAHIEIWZED, BHTLERTIAZES ICHT
HBIEFRWE L, T, AFVEOBEAIZLIY A
FARNEFMLETAZ L, BIUHELZE 7220
HOBIN LD H T ABEREF N ETHZ L FHS
ML, TEVT 7 AGTHHEEIRO - HO5Ti%E
Rt 27,

(3)&HE L 7-starburst 73745, o AWM T 5 721F
T, HHOERTEEZATHR)EVT A A L%
RTZEFRWEL, FYVELT 4 X LD s BT H
starburst /512 —fEMICEEO LN LR TH H Z &
AT E L BT, BIENIEFERIRETH L T T A D
LOBAOBMERESLMIZ L7,

(4)7 7 AREERE A OBEWHEE S 22T A5,
TBAZ & NZm-MTDAPBH S D 7 7 AIKHEIZ 51T 5
F—=LFY7 FBBEXREL, BIMLET7TELT 7
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S5z, AHELFEFHRAMBHECELT [« ET
Fstarburstsh] LW BMERRETOH L WA
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BLAEH LY A TOSBEABELEF 2 REL.
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AR DVERL & 7 o T KRRAFE R T4
B B A SR DS EEIE O Ti5E 4 6 U
MAEBOBRFERO T EB -7z L 2L, B
HoBEEERLET,
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A T HEE AR R b LA ek B AL
BIZHF L, BEAKEHIESBEOTICfTo -k
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BEREFREIC KBTIV b O EBTH A FAn T

Fatigue Life Evaluation of Toothed Belts Based on FE Analysis

HY T
Takayuki KUSANO

Yo pE—
Ryuichi KIDO

B &

Toru FUJII

A new parameter was proposed to evaluate the fatigue life of toothed belts. The parameter is the frictional
work spent on the belt tooth surface for driving and driven pulleys. It can be estimated only with the 2D

finite element model of the belts previously developed by the authors. As well as the frictional work, an

alternative parameter, maximum tooth load (widely used in the literature) was also used to evaluate the

fatigue life of toothed belts. In order to prove the effectiveness of the present parameter, fatigue tests were

conducted using S8M belts at a constant power. The test results show that the maximum tooth load can

explain the fatigue degradation of the toothed belts to some extent while the proposed parameter, the frictional

work can evaluate the fatigue life of the belt due to wear of the belt facing fabric more appropriately than

the maximum tooth load.

1. FANE

BV MiE, EE, BEIEAT Y Y 0 h LR
iz HebN, ZOEEE,S, HEERTH AL
[A] EASR  ERENB LI o TEA, H1IZRT
LAz, F, HTA, A, FTah6ERENS
BTV b OIEFEBE - Fizid, OF7c (EHHR)
Dy Zyy, @mE (Ehmm) (BTd &) O
R, QUROMN, OFTL07 5 1 %455,
COHNOICHLTIZ, O EERICZAZ %<,
AR IR AR 5 dh A WV IE S RIET B LW
WRITIZE S, ¥4 REREMET TEOREIGEE T —
FAVORBT L, BFEIFoL A7y e b
7= MoghizE (E8) REICEEShL, 4F
CERITIZ oW T EBPRED BB/ K E v, Lizhio
T BV b ORI A% BYICEE 2 7212
E. NN ST BOEENOSA, O ) ES
HARER LR T A LENH L,

BT oL b ORFEGIEIE, AL bR T =) ISR 22
MLAEETZEIZE), EWNTHILLTMRETH S,
L, 7= L A7y bREAEGENEDLLEIZE
BREAT ) EIH Y, FOFMESHITAZ V., 70
o, WESHAEITMICTFNT2800 %2 8hT
VBTN BEOGGEIZHENH-7-0, ML E
TIhVERHWTWLZLEH-T, HEOLVERIE
LNTWBEEEA R, COMIZER LIZFEES I,
Jelz, HREHET Hu i~ » o{E8) gl £ 7
Vel FFICHERCWREGESHT TS 2

# 1 (BT ZEAT
*2 HULRFSERT
*3 BT LER

Cord(glass)

Backing rubber

Facing fabric
(nylon)

Tooth rubber

————=2x = —
/
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() Crack at tooth root

B ) = e
y o
!
’
i ‘i>
’
'’ 7/
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@ Wear of facing fabric
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-
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— e )

\
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@ Failure of cord

- ~

@ Crack on backing rubber
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3. HIREFREMN

3.1 BREZFEFNELUEROFIE
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Beam element q,adrijateral plane element
Bottomw @ @ for cords

for a rubber/fabric layer

Rigid surface g @ Quadrilateral plane
for a pulley Side

TopDS Side element for belt teeth
Top, Bottom, Side: Interface element for contact boundaries

F3 S 8MEMF~IL kEREEEFILEEL

BANDO TECHNICAL REPORT No.2/°98

20



LIAT, EROHIL TELBEM L OEE
EFME, BEEETT—) A2 MR HRE NS 7
D TAFTT—VPFE AR LATy  2F0FE
FETIALTER VW FIT . H4(a), DIRT L%
AR o0EEEFVERCT, BBL A7 MIC
BT bbb (ald BEB X U 7)) &
b24sg L L72E 7V T BREN O A A B B R BER
LATY MZEhEBEHRTHETLTH 5,
12,7 — ) O ERENHI 24, BEBHI48(Z L T N
DB EVEEE A b EBRET T L TH 5,

DR:Driving pulley
DN:Driven pulley

(a)For driving pulley side

(b)JFor driven pulley side
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Designing of Adhesives for Marking Films Applied to
Super-water-repellent Textiles

AfE  IEf*!
Masakazu ISHIBASHI

[ B S

Yoshiko TAKAHASHI

Super-water-repellent textiles have been used widely for raincoats and sporting outfits such as those for ski-
ing, fishing and golfing, etc. In most of the products the textiles must be bonded together with marking
films. A marking film (product name “EXCEED”) designed especially for the super-water-repellent textiles
consists of two layers; one is a PUR film layer, the other an adhesive resin layer. Urethane-modified polyes-
ter was chosen for the adhesive layer on the basis of peeling tests. In this paper stickiness and cohesive
strengths of the adhesive were proposed to be the decisive factors for the successful bonding of the adhesive
layer and the textile. It was demonstrated that glass transition temperature, stored modulus, and penetrating
thickness of the adhesive layer were important parameters for its design. The penetrating thickness was

affected mainly by the opening size of the textile. Considerations are also taken for the case of the cutting

process and washability in dry-cleaning agents.
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Synthesis and Properties of Polyurethane
Elastomer Graded Spherulite Size

BKEOAZIZERIEALARIILEACISI MY —DER EYH

Takahiko OKAZAKI*' Mutsuhisa FURUKAWA*? Tetsuo YOKOYAMA*?
s HiE HI O EEA R ATk

ABSTRACT : Poly (oxytetramethylene) glycol (PTMG) -4, 4  -diphenylmethane diisocyanate (MDI)-based poly-
urethane elastomer (PUE) was prepared by a mold with a temperature gradient. Effect of the temperature gradient
on morphologies and mechanical properties was studied by DSC, polarizing microscopy, tensile test, micro-hardness
test, friction test, and DIN abrasion test. The prepared PUE had graded super-structures. Spherulite sizes of the
PUE depended significantly on the temperature gradient. Spherulite of PUE in contact with the mold at low tem-
perature was significantly smaller and more dense than that contacting the mold at high temperature. Micro-
hardness of the PUE linearly increased from low temperature mold side to the high temperature mold side. Friction
coefficient of the surface in contact with the low temperature mold plate became more lowered compared to the
surface in contact with the high temperature mold plate. Abrasicn resistance of the surface in contact with the low
temperature mold plate evaluated by DIN abrasion test was better than that at the high temperature mold plate.

MEAREGZA-EREHVTRY) (FFTFFFAFLY) FYa—N (PTMG) —44 -T2 A% ¥
AT TF—=bF (MDI) REYILE TR v— (PUE) #%EL, ZOREARHSPUE OELFD Y —
EFFMMICG R BB OVTDSC | WCHMEERE, FIRAR, ~ A 7 oG, B, DIN B
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A T3S K E LML, BiRREEN TS (et R EM L -BXRlEE AL, (20
TEREL 2 mmlE DFEHZ BT, IR R R 2> & BRI ) ~ & EAAIS#20° LA L7, BEERR B RE R
HIZ B TERBFEITEME L DK< 20, DINEERERBRIC & - CEPM L 7= BERE M X RiR B M o BT L &
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INTRODUCTION

Polyurethane elastomers (PUEs) have excellent me-
chanical properties compared with general purpose
elastomers. These characteristics are utilized in a wide
variety of industrial produsts, which are industrial
parts, building materials, sporting goods, daily neces-
sities, and medical equipment. These properties are
strongly dependent on chemical structures and super-
structures of PUEs.'’~*’ The super-structures of PUEs
are varied with raw materials, recipes, preparation
conditions, molding conditions, and so on. Therefore,
control of morphology of PUEs is required to obtain
high performance PUEs.

In recent years, investigations of multicomponent

*1 Central Research & Laboratory, Bando Chemical
Industries, Ltd.,

*2 Department of Materials Science and Engineering,
Faculty of Engineering, Nagasaki University,

%3 Nagasaki University,

polymers with graded micro-domain structures have
been conducted. Okinaka et al. *7’ studied binary poly-
mer mixtures, poly (2-chlorostyrene) /poly (vinyl
methyl ether), undergoing phase separation induced by
a temperature gradient. By phase-contrast optical mi-
croscopy and digital image analysis, the mixture ex-
hibits inhomogeneous structures with different char-
acteristics length scales, indicating that the tempera-
ture gradient affects the thermodynamic instabilities
of the mixtures. Kano et al.®’ designed gradient poly-
mer materials made by acrylate adhesive/ fluoro-
copolymer blends and analyzed gradient structure by
depth profiling using PAS-FTIR and TEM observa-
tion. Composition exponentially varied in the vicinity
of surface, while that in the internal region was nearly
constant. However, structures and mechanical proper-
ties of functionally gradient elastomers have not been
studied in spite of important research to improve
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mechanical properties and develop novel functional
materials.

In this study, polyether-based PUE with graded
microdomain structures was prepared by use of a
mold with temperature gradient. The spherulite sizes,
morphology and mechanical properties of PUE sheets
sliced were studied by DSC, polarizing microscopy,
tensile, dynamic viscoelastic, micro-hardness, fric-
tion, and abrasion tests.

EXPERIMENTAL

Preparation of PUFEs

PUEs were prepared from poly (oxytetramethylene)
glycol (PTMG:MFZOOO, Sanyo Chemical Industries),
4, 4'- diphenylmethane diisocyanate (MDI: Nippon
Polyurethane Industries), and a mixture of 1, 4-
butanediol and trimethylol propane (75/25wt% ) as a
chain extender by a prepolymer method. Prepolymers
were prepared from PTMG and MDI([NCO] /
[OH]=3.30)at 70T for about 3 hours under nitrogen
atmosphere. The prepolymer and chain extender
(INCO]/[OH]=1.05)were well-mixed for 90s and the
viscous reaction product was poured into a mold con-
structed by spacer of 2mm thickness and two alumi-
num plates, heated at 30°C and 150°C, respectively.
When casting was initiated, the temperatures of the
mold plates transformed to 70°C and 120°C, respec-
tively. The viscous product was cured for 1.5 hours at

Pol!mer glxcol Diisocpnate

N3 atmosphere

K =[NCO}/[OH] = 3.30

70°C/3hr
ocn—uco ------------ OCN—NCO
OCN—NCO
Prepolymer
NCO INDEX Chain Extender
= [NCO]/[OH] = BD/TMP = 75/ 25 wt%

Cure . 130°C/1.5hr

o

Post-cure ; 110°C/ 24 hr

i

PUE
Figure 1 Synthetic scheme of PUE with graded
micro-domain structures.

130°C. After this period, a sheet of 2mm thickness was
demolded, then the sheet was post-cured at 110C for
24 hours under air atmosphere. PUE obtained is desig-
nated as PTMG-PUE(A). Synthetic scheme of PUE is
shown in Figure 1. Another PUE as a control sample
was prepared by use of a mold at 130°C and designated
as PTMG-PUE(B).

Slicing of PUE Sheets

PUE of 2mm thickness was sliced up to five pieces
(about 0.4mm thickness) by a splitting machine
(Fortuna-Werke Maschinenfabrik AG, Model NAF-
470-D, Germany). These sheets obtained are used in
the following tests.

Measurement of Gel Fraction

Gel fraction was measured by weighing method after
equilibrium swelling in benzene and N, N-dimethyl
acetamide (DMA) at 607C. "’

Thermal Analysis

Thermograms of the PUEs were recorded with the
aid of DSC (Seiko Instruments Inc. DSC-210) at heat-
ing rate of 20Cmin' from -140C to 280°C under ni-
trogen atmosphere.

Observation of Micro-Domain Structures

Micro-domain structures were observed by using a
polarizing microscope (Nikon, OPTIPHOT2-POL, Ja-
pan) equipped with a heating stage (LINKAM, TH-
600PM). A sensitive color plate (530nm) was used for
birefringence analysis.

Tenstile Test

Tensile test was carried out by use of Instron tensile
tester (Instron, MODEL 1175), with a cross-head
speed of 200mm min~'at ambient temperature. Speci-
mens were punched out by a DIN-53504-S3A dumbbell
cutter from the sliced PUE sheets.

Dynamic Viscoelastic Test

Dynamic viscoelastic test was performed with a
Rheometrics, SOLID ANALYZER RSA 1[I, with fre-
quency of 10Hz (62.8rads™"), 0.1% of strain at heating
rate of 2Cmin ' from-150C to 240°C under nitrogen
atmosphere.

Micro-Hardness Test

Changes of hardness due to temperature gradient
were measured for each 100 # m of cross section from
one surface to the other surface by use of micro-
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PTMG-PUE (A)

-¢—— Endo.
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- PTMG-PUE(B)
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Temperature (°C)

Figure 2 Effect of temperature gradient on DSC
thermograms of each part PTMG-PUE (A)and
PTMG-PUE(B).

durometer ( Asker, MD-1, Japan) based on JIS K 6253.

Friction Test

Friction coefficient for polished aluminum plate
mounted 25° to specimen was measured at ambient
temperature with a Heidon Surface Property Tester
Type 14DR (SHINTO Scientific, Japan). 100g of nor-
mal load and 100mm min™" of sliding velocity were
used as testing condition.

Abrasion Test

Abrasion resistance was evaluated at ambient tem-
perature by means of DIN abrasion tester (KARL
FRANK GMBH, 564C, Germany) in accordance with
JIS K 6264 and DIN 53516. A 1kg of normal load, 40m
of abrasion distance, and alumina # 60 as an abrasive
were used as testing condition. Test surface of the
specimens was slightly ground in advance to obtain
the surface of same condition.

PTMG-PUE(A)
MT

Table 1 Thermal properties of PTMG-PUE(A)
and PTMG-PUE(B)

Tg A’]‘g Tmy
Sample — —_ __
7 T C
PTMG-PUE(A)  _ .0 24.3 189.6
LT
PTMG-PUE(A) g, 246 188.0

MT

PTMG-PUE(A) _ ¢ 4 186.8

HT
PTMG-PUE(B) .., 3.0 .
Control
RESULTS

Appearance of PTMG-PUE (A) prepared by a mold
with temperature gradient was white opague, while
PTMG-PUE (B) as control was white translucent. The
gel fraction of the PTMG-PUE (A) at low tempera-
ture mold side (LT) was 98.4% and that at high tem-
perature mold side (HT) 99.3%. Degree of swelling of
PTMG-PUE (A) was approximately constant within
3.3-3.4. These of PTMG-PUE (B) are 99.9% and 2.8.

Figure 2 shows DSC thermograms of the each part of
PTMG-PUE (A) and PTMG-PUE (B). The sample ob-
tained from middle part of PTMG-PUE (A) is abbre-
viated as MT. Glass transition temperature (Tg),
width of glass transition range ( A Tg), and melting
temperature of hard segment domain (Tmu ) are
shown in Table 1. Tg in PTMG-PUE (A) elevated
from -60.1C at the LT to -57.5C at the HT. Intensity
of small endothermic peak at about 70C in PTMG-
PUE (A) decreased with approach to HT. Tempera-
ture of sharp endothermic peak at about 190C, as-
signed to melting of hard segments domain, slightly

PTMG-PUE(B)

PTMG-PUE(A)
HT

25 um

Figure 3 Polarizing micrographs of each part in PTMG-PUE(A)and PTMG-PUE(B)
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lowered with approach to HT.

Figure 3 shows polarizing micrographs taken at each
part in PTMG-PUE (A) and PTMG-PUE (B). PTMG-
PUE (A) in contact with low temperature mold had
many small “negative spherulites” with well-defined
Maltese cross. However, the structure of the
spherulites of the PTMG-PUE (A) in contact with
high temperature mold turns into loose spherulites,
so-called sheaf-like. The number of the spherulites
gradually decreased from the LT to the HT, and size
became gradually greater toward HT. All sliced speci-
mens had spherulites, which disappeared at about 190
C corresponding to melting temperature of hard seg-
ment domain. These results suggest that these
spherulites are due to the aggregation and orientation
of hard segments.

Stress-strain curves of the specimens which were
sliced off from three different parts in PTMG-PUE
(A) and PTMG-PUE (B) are shown in Figured.
Curves of samples at any parts revealed a similar ten-
dency, although tensile strength and elongation at
break were remarkably increased with the LT to the
HT.

Figure 5 shows temperature dependence of the dy-
namic viscoelastic behavior of each sample sliced
from PTMG-PUE (A). The main relaxation peak of
tan ¢ in the sample at LT, MT, and HT was observed
at about -20°C. Remarkable difference of height and
width in this peak was not observed. Storage modulus
(E") of rubbery plateau decreased in the following or-
der, LT sample>MT sample >HT sample. The maxi-
mum temperature at which values of storage modulus
of the specimen at the LT is constant in rubbery region
as a mesurement of the limit of thermal stability is

60
50 F
HT ¥
= 40+ \\ ‘
ﬂ. ’
s k
w 30 ‘,':
g n'
Eﬁ 20 '4:
£\
“ MT
LT ¥
ior By
0 1 1 1 1

Strain

Figure 4 Effect of temperature gradient on stress-
strain curves of each part in PTMG-PUE(A)
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Figure 5 Effect of temperature gradient on dynamic
viscoelastic behavior of each part in PTMG-PUE(A)

Table 2 Friction and abrasion characteristics of
PTMG-PUE(A)

P st Abrasion volume
Sample o S
coefficient mdt
PTMG-PUE(A)
LT 0.79 653
PTMG-PUE(A)
MT 0.84 62.7
PTMG-PUE(B) 125 73.9

Control

higher than that of the specimen at the HT.

Figure 6 shows the temperature gradient dependence
of micro-hardness for PTMG-PUE(A) and PTMG-
PUE (B). Micro-hardness of PTMG-PUE (A)
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Figure 6 Temperature gradient dependence of micro-
hardness for PTMG-PUE(A)and PTMG-PUE(B): O,
PTMG-PUE(A);A,PTMG-PUE(B)

significantly increased from LT to HT, while those of
PTMG-PUE (B) are approximately constant at about
75. Difference in micro-hardness between the LT speci-
men and the HT specimen was approximately 20 in
PTMG-PUE (A).

Friction coefficient and abrasion resistance evalu-
ated by DIN abrasion tester in each mold side are sum-
marized in Table 2. The LT specimen revealed lower
friction coefficient compared to the HT specimen.
Abrasion resistance of the LT sample was better than
those of the HT specimen.

DISCUSSION

As can be seen from Figure 2 and Table 1, Tg ele-
vated and A Tg spread from LT to HT. T.i gradually
fell from the LT to the HT in PTMG-PUE (A). These
results suggest that hard and soft segment domains
exist in a more pure state in LT, namely micro phase
separation of hard and soft segment proceeds from
the HT to the LT. In Figure 2, small endothermic peak
at about 70C is due to structural irregularities of
short range order, that is, melting of micro-
crystallites of hard segment scattered in soft segment
matrix.

On polarizing micrographs taken at each part in
PTMG-PUE (A) (Figure 3), the structure, number,
and size of the spherulites of hard segments varied
from the LT to the HT. These continuous changes
which depend on the temperature gradient are ex-
plained on the basis of compatibility between hard and
soft segments, mobility of segments, and reaction

rate of urethane linkage formation. Since the compati-
bility of hard and soft segment decreases compared
with that at high molding temperature, nucleation
and nuclear growth of the spherulites occur by deposit-
ing hard segments from melt, but spherulites do not
grow largely since the mobility of segments is lower
by lower mold temperature. Spherulites in the HT
greatly grow through higher mobility of segment.
Hard segments are not possible to condense and
spherulites become loose and twiggy since formation
of spherulite competes with polymerization, i.e., for-
mation of urethane linkages. The authors previously
reported the effects of molding temperature varied be-
tween 110°C and 150°C on morphology of PTMG-
PUE.? In PTMG-PUE (A), the spherulites of specimen
at the LT had clear structure compared with those of
PTMG-PUE molded at 110°C, 130°C, and 150°C, but
structure and size of the spherulites of the specimen at
the HT were similar to those of the spherulites molded
at 110°C. This is due to drop of temperature in the
high temperature mold plate initially set up at 150°C.

The specimen at HT of PTMG-PUE (A) as shown in
Figure 5 had the lowest E"values over the rubbery pla-
teau region and maximum temperature below which
values of storage modulus are constant was the low-
est. These results are understandable from those of
polarizing micrographs and DSC thermograms as fol-
lows. The polyurethane of the HT has tendency to
phase mixing of hard and soft segments and, conse-
quently, decreased intermolecular cohesive forces
compared to those of the other samples.

Micro-hardness of PTMG-PUE (A) changed about 20
linearly at only 2mm width, whereas those in PTMG-
PUE (B) are nearly constant. These results suggest
that functionally graded PUE can be obtained by a
mold with temperature gradient without complicated
changes of formulation and addition of another con-
stituents.

It is apparent from Table 2 that friction coefficient
is lowered in LT relative to HT. This is based on de-
crease in frictional force which resistance of surface
deformation by running of the slider (polished alumi-
num plate) due to increase in micro-phase separation.
Abrasion volume evaluated by DIN abrasion test was
found to be reduced in the LT. Thus high abrasion re-
sistance is revealed in PUE with spherulites which ex-
hibit Maltese cross, 1.e., in which phase separation re-
markably proceeds. These results indicate that phase
separation contributes to reinforced filler effect of
hard segments.
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CONCLUSION

Functionally graded PUE was prepared by a mold
with a temperature gradient. Size and structure of
spherulites and mechanical properties of the PUE have
graded. PUE at the low temperature mold side exhib-
ited greater micro-phase separation than that at the
high temperature mold side, and mechanical proper-
ties changed continuously with variation of micro-
domain structure. This preparation method of fune-
tionally graded PUE has the advantage that special
additives and devices are not required. Further regula-
tion of temperature gradient is possible the synthesis
of novel high performance PUEs which can be utilized
in building materials, industrial parts, etc.

(f32)
[%%5E  Polymer Journal, 29, 617(1997)])
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Response Simulation of Earthquake Isolation Buildings
with Lead Rubber Hysteretic Bearings Caused by Seismic
Waves of the Southern Hyogo-prefecture Earthquake
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1. INTRODUCTION

In order to predict dynamic response of earthquake
isolation buildings, various models have been pre-
sented. An analysis using a multi-mass model with
equivalent shear stiffness is very commonly used for
the response simulation'’. It is good enough to esti-
mate the response in horizontal direction, but it is not
adequate for the analysis in vertical direction.

The Southern Hyogo-prefecture Earthquake in 1995
gave severe tremor on the earth in both horizontal and
vertical directions. An analysis for such waves re-
quires more practical model in two directions.

We present a new response simulation method that
can deal with the input in two directions by using six
degree of freedom (6DOF) system in this paper. It is
common to use, in the simulation method of linear vi-
bration system, 6DOF system with equivalent mass,
moments of inertia, stiffness and damping®. Our new
method, however, consists of equivalent mass, mo-

ments of inertia of earthquake isolation building and

*1 (RE)FEEL
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%3 HEREM I
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hereditary characteristics models of lead rubber
hysteretic bearings (LRB)?®'. Simulation was carried
out based on this method.

2. ANALYSIS METHOD
An earthquake isolation building with LRB is as-
sumed to be 6DOF rigid body in this analysis. Restor-
ing forces and moments are induced by displacements

in both translation and rotation.

2. 1 Equation of motion

An analytical model of an earthquake isolation
building of 6DOF 1s shown in Fig.1(a). Fig.1(b)
shows the schematic of the LRB”. The equations of
motion of the model with respect to the relative coor-
dinates system x, v, z can be written as follows:

mi =—F.—Mag: (1)
my =—Fi—mas, (2)
mi =—F.—may. (3)
L.l ALY L8 =M, (4)
Io§ AL 0+ L =My (5)
Lb LG, +10.=M: (6)
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Figure 1 Analytical model of an earthquake
isolaion building and the schematic of LRB

where m and [, ({j=x,v,z) denote mass and moments
of inertia of the building respectively, and « ..
(1==x,y,2) seismic acceleration in x,v,z direction, and
F; total restoring forces of the LRB and M. total re-
storing moments of the LRB in each rotational direc-
tion #. 6, 0-

2. 2 LRB modeling

Static load-displacement curves are shown in
Fig.2(a). The stiffness and damping are apparently
dependent on the amplitude. Therefore, we assumed
the LRB characteristics to be hereditary model of
visco-elasto-plasticity as shown in Fig.3. Slider ele-
ments of f; (i=1,2,3) in Fig.3 shows Coulomb friction
force for plasticity.

Calculation of the restoring force in this method
can be done numerically, whose flow is shown in Fig.4.
When appropriate parameters are selected, the load-
displacement curve can be obtained as shown in
Fig.2(b). The results are very close to the experimen-
tal results in the range where displacement is large.
Although calculated hysteresis damping is slightly
smaller within small displacement range, it would not
be serious problem for the estimation of response to
large seismic waves.
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Figure 2 Static load-displacement characteristics
of LRB
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Figure 3 Hereditary characteristics model of
visco-elasto-plasticity

3. RESPONSE SIMULATION

We apply the present method to an actual earth-
quake 1solation building with LRB located in Fujisawa
city in Kanagawa Prefecture, Japan. The building, 5
stories of RC structure, is mounted by 35 LRBs of 5
kinds, whose total mass is approximately 7500000kg,
height 22m, length 36m, width 30m and total floor
area approximately 4800m’.

3. 1 Verification

We carried out a simulation to the input of the
earthquake on March 18, 1988. Comparisons of the
simulation results with the observed data is shown in
Fig.5. The results show good agreements as shown in
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Figure 4 Flowchart of numerical approach

Fig.5(b) and (c). The maximum amplitude in horizon-
tal direction of the simulation is slightly larger than
that of the observed data. We think it is due to the un-
derestimated LRB hysteresis damping as mentioned in
the previous section. But we think the greater the dis-
placement, the closer the LRB models to the actual
ones.

3. 2 Response simulation to the Southern Hyogo-
prefecture Earthquake

We tried a simulation to the same building by using
the seismic waves observed in the Southern Hyogo-
prefecture Earthquake of January 17, 1995. The seis-
mic waves were provided by Japan Meteorological
Agency. The simulation results are shown in Fig.6. It
is found that the earthquake isolation system of LRB
is effective in horizontal direction. The maximum
seismic acceleration was reduced from 818gal to
308gal at the center of gravity of the building. Nomi-
nal shear strain of LRB grew up to 50%. It is also
found that isolation effect is not good in vertical di-
rection.

Moreover, the rotational acceleration was also cal-
culated. It seems that the wave contains the compo-
nent of the natural period of the rocking motion which
lasts longer than the translational motion.

4. DISCUSSION

We carried out a simulation to the resiliently sup-
ported rigid body by using 6DOF system in order to
consider a coupling vibration mode, but the results
were not remarkable in this case. The main reason is
thought to be the symmetricity of the building model,
1. e., principal inertia axes of this model are almost co-
incident with the orthogonal coordinates axes across
the center of gravity. But when we design earthquake
isolation buildings of complicated structures and
shapes, the effect on non-symmetricity would be more
dominant. In this case our simulation method will be
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Figure 5 Comparison of the simulation results with
the observed data
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Figure 6 Simulation results to the Southern Hyogo-
prefecture Earthquake

more helpful.

5. CONCLUSION

We presented a response simulation method to
earthquake isolation buildings with LRB by using
6DOF system that can deal with the input in horizon-
tal and vertical directions at the same time.

LRB modeling was also carried out for the simula-
tion. The load-displacement curves of the model gave
a good agreement with the actual LRB characteristics

of visco-elasto-plasticity.

We applied the simulation to an actual earthquake
1solation building to verify.The verification was made
by small seismic waves, but the results were reason-
able. Finally, we also tried the simulation to the same
building to the input of the Southern Hyogo-prefecture
Earthquake and obtained reasonable results.
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AMMRETEARDRIET 528228 T062-0020
TEL.(011)851-2148 FAX.(011)852-6992
WEMEHREEMSTESSEBS T984-0826
TEL.(022)286-8111 FAX.(022)285-5873
HARRDEMTFESEMTEES13S  T970-8026
TEL.(0246) 22-2698 FAX.(0246)21-3767
ERBOREEXEANE1E6S (BHETSENL) T103-0005
TEL.(03)3638-0811 FAX.(03)3639-0885
FRIMGREEEREITEIEIS 7103-0004
TEL.(03)3861-7411 FAX.(03) 3866-4792
FERARESRITE 19565 (FRAML) T111-0052
TEL.(03) 3865-3644 FAX.(03)3865-3603
WERBBUEWASTEIZI0S  7120-0003
TEL.(03) 3628-9111 FAX.(03)3628-4506
WEMBEZS4TEIE2IS (SENNEL) T108-0014
TEL.(03)5484-9130 FAX.(03)5484-2131
)| ML) (E]E15168 ) T253-0114
TEL.(0D467)74-3555 FAX.(0467)74-5553
WUBMEBIIITEIE T930-0834
TEL.(0764)51-2525 FAX.(0764)51-8148
AIRHRE | EWh®2T 524%238  $533-0033
TEL.(06)323-2321 FAX. (08)323-0697
BAIRTKEITEL4E23S  7578-092)
TEL.(0729)62-1115 FAX.(0728)65-4591
WARMKEITELAZE23S 75780921
TEL.(0729)62-3351 FAX.(0729)65-5084
#EMAMZEFEET H2E348  T652-0882
TEL.(078)651-4058 FAX.(078)852-0726
BETEMEICRETTEIE18S  7652-0802
TEL.(078)577-8541 FAX.(078)577-9925
#EMAMEAKREITEIEIS  7652-0802
TEL.(078)577-0831 FAX.(078)577-0534
LCRMOETH FERITEE1S 7738-0023
TEL.(0828)32-1211 FAX.(0828)32-154]
BLMAARANFFI03200168 T745-080)
TEL.(0834)25-3773 FAX.(0B34)25-3810
HERHAEEZ ORI TEIELS  T813-0034
TEL.(092) 622-2875 FAX.(092)622-2880
HEERESTH/AME] 78338 T822-0024
TEL.(09492)2-0630 FAX.(09492)4-1195

BEMAMXENE2T 528158 7652-0883
TEL.(078)651-0512 FAX.(078)682-2600
EAT TITE238  T918-8037

TEL.(0776) 36-3100 FAX.(0778) 36-4038
WSNIHPEEILIUFITHOMEE T675-0104
TEL.(078)943-3933 FAX.(078)943-4640
BEMAMEERBITEIE168 T652-0882
TEL.(078)682-2611 FAX.(078)682-2614

MEmRAMEKAETTE1#18%8 T652-0802
TEL.(078)576-6353 FAX.(D78)577-6553
MEMAMEAIIMIT E2&15% T652-0883
TEL.(078)681-3700 FAX.(078)681-1140
MEHRAMEKRETTS18188  T652-0802
TEL.(078)577-6751 FAX.(078)577-9465
REHAMERNEITE28E158 T652-0883
TEL.(078)B52-2497 FAX.(078)652-2897
REMPRAEMLATTE1ES ({LBL)L) T651-0086
TEL.(078) 242-2608 FAX.(078) 242-2609
AEREREBTFHEIMM24ES  7671-3212
TEL.(0790) 76-3333 FAX.(0730) 76-3310

BHERSH

JEK ithisk

BANDO AMERICAN INC.

1149 West Bryn Mawr, Itasca, lllinols 60143 U.S.A.
TEL.1-830-773-6600 FAX.1-630-773-6912
BANDO MANUFACTURING OF AMERICA,INC.
P.0.Box 10060, 2720 Pioneer Drive

Bowling Green. Kentucky 42102-4860. U.S.A.
TEL.1-502-842-4110 FAX.1-502-842-6139

BRI

BANDO CHEMICAL INDUSTRIES(EUROPE)GmbH
Nikolaus Strasse 59, D-4 1168 Moenchengladbach
FEDERAL REPUBLIC OF GERMANY
TEL.48-2161-80104-0 FAX.49-2161-80104-50
BANDO IBERICA S.A.

Apartado Correos 130, Poligono Industrial Can Roca
Carretera Nacional I Km. 578, 08292 Esparraguera
(Barcelona) SPAIN

TEL.34-3-777-8740 FAX.34-3-777-B741
TP

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

Pasir Panjang Road. Singapore 118500, SINGAPORE
TEL.65-475-2233 FAX.65-479-626 1
DONGIL-BANDO CO,,LTD.

305, Sanmak-Dong. Yangsan-Shi

Kyongsangnam-Do

REPUBLIC OF KOREA

TEL.B2-523-388-00B4 FAX.82-523-388-0087
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.BB6-2-2567-8255 FAX.B86-2-2567-2710
SIAMESE-BANDO RUBBER INDUSTRY LTD.
47/7 Moo 4, Soi Wat Bangpla, Tamol Bankao

Amphr Muang, Samutsakorn 74000 THAILAND
TEL.B6-34-424410 FAX.B6-34-422202
PHILIPPINE BELT MFG. CORP.

C.P.0.Box 205. 2nd Floor,Siemkang Building 280-282 Dasmarinas Street

Binando, Manila 1098, PHILIPPINES

TEL.63-2-241-0794 FAX.63-2-241-3279

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 5516, 22m/s, Jalan Air Hitam

81000 Kulai, Johor, MALAYSIA

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

P.T. BANDO INDONESIA

JI. Gadjah Tunggal Desa Pasir Jaya, Kecamatan Jati Uwung
Kabupaten Tangerang, INDONESIA

TEL.62-21-5803920 FAX.62-21-5801274

BANDO SAKATA LTD.

Unit 2101 & 2125, Level 21, Metroplaze, Tower 1

223 Hing Fong Road. Kwai Fong, N.T. HONG KONG
TEL.B52-2494-4B15 FAX.852-2481-0444
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