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Abstract : Transpolyoctenamer (TOR: M, 50,000~ 60,000, trans content 80%, cry-
stallinity 33%, Tm 55C) is a metathesis polymer of cyclooctene with prevalently trans
—isomeric double bonds. In the dynamic mechanical properties, the (tand)max val-
ues of extended TOR films are larger than those of original TOR films because macro-
cyclic oligomer entanglement may be loosened by external forces. Extensibility of mole-
cular chains improved with decreasing the extension temperature, which decreased the
(tan &) wax. On the TOR vulcanizates carbon black 60 phr loaded vulcanizate (at oil 10
phr), oil 5 phr loaded vulcanizate (at carbon black 50 phr), D.C.P. curing vulcanizate
(at carbon black 50 phr, oil 10 phr) showed that scatter of rheovibron data occurred be-
neath Tg. This may be caused by the frictional loss of the interaggregates contact. In
mechanical properties of vulcanizates initial modulus, ultimate strength and elonagation

are improved as the content of carbon black is increased and as the content of oil is

decreased.
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trans-polyoctenamer (TOR ) &+ cyclooctene
£ metathesis [XfEoll J3 BHERE 43t oo}
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BE]l AL HpEf8olct. TOR-Z kA 15%
Fol Fig. 1] Vb A3 2L olefin meta-
thesis [CEHERE 2 EAEMHBE o7 3 &
B S| FET Gl BARE B ol AFsox 2
#EHZ 452 Chemische Werke Hiils AG jit
ol 2|3k T¥Akell ol=&f mafLsldrt.
Fokel AREE EARKMERES metathesis L
S BRG] FME olFL Ao T K
Yotkol BRI BFee % A& Hoigiel. fHIE
Sw LW, Bassi’ 59 @a#Ed WL H%
9} Hils AG ftel]l o|3F Syl i B
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ol 4| &-& green strengthe} ATE veplir}
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Fig. 1. Metathesis-polymerization of

N

cyclooctene.

308

© 1T S F#e HE s RTEme HE
B (SBR O 7% 1 ~5%)d) A uk digt L&
A REHoE Pl HER )92 ynx
REoll A s3-F vlzzefHo] BT H)E H
Bi&lx glcl. Parkinson® & NR  compound
oA L LA S GF2 7 W o kel and
Zrol HEmEcly &Y AL Medalia 9}
S. G. Laube+ '7}‘%3_‘19 A A by KR
o] HEEWR T+ agglomerate o] 379 B Le
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TOR-& A 5-2] Chemische Werke Hiils AG

e #hhael Vestenamer 8012 (K &L FE 33%,
AR 55C) 24 M HAjeke SE~6% £
ol rtA gzl 8wla foll= 1MES &K
aol HAIMSR st B &y Folch. &
H cyclooctene 9] metathesis & &K ER £
2}7F metathesis RS2 457847 HES:=
ERIE o)9o] RIKMESZ Ex2}4 metathesis
K HEo]l 10~15% 2] conversion rate & 3
A 8h7] wigol] ExzpEke] 500 L ESl macro
cyclic ring & B Selaelst &45F K
ol 10~15% BE #FEL B, Rt BE 65T
B 1,500psi BTl FA7F 0.045em
BEQ 5oz skt £ 2emd K
e 58 Instron (Toyo Baldwin, UTM -4
—100) S F|fHste 25CelA 2.5, 3.0, 3.5,
4. OFLE £%& HEM3IAT g88etAlskA (liquid
CO,)dl 23 HHEKET = EMEEE 50T,
30C, 10°C, 0C, —10C2 #{tA# 3.5
2 jEMshelcl.

x5k —7}%1?&3 compounding ¥ vulcanization
°| iLG-2& Table 13 Zr}, o714 sp2d 8L
ISAF (’ﬂzéﬂ:gé), T £ %9-& Sundex 790

Table 1. Recipe of TOR Vulcanization

Materials phr
Vestenamer 8012 100
Carbonblack (ISAF) 20 30 40 50 60
Sundex 790 5 10 15 20 30
Stearic acid 2
Zinc oxide 5
Oricel DM 0.7
Oricel CZ 0.5
Oricel TT 0.4
Sulfur
2 Dicumy] peroxide 3

a) : Other crosslinking agent

=2/ A9 A 435 19854 8 Y

(&=}2F 375, aniline point 36C) o] =] Z4E (TR
+ HH¥(LB2] Oricel DM (dibenzothiazyl
disulfide), Oricel CZ (N-cyclohexyl-ben-
zothiazyl sulfenamide), Oricel TT (Tetra-
methyl-thiuram disulfide }5--& FH 3 cl. g
3 40C 9| roll millel 4] TOR; §4F, zinc oxide
8} stearic acid: 543, ISAF ¢F Sundex790; 7
53, sulfur; 34y, Oricel DM, CZ, TT: 44
o IEFE BASHET L # 160Co A 20478
3,300psioll A press curing 3}%c}.

2-2. A E
2-2-1. TOR film % TOR vuicanizate
o MHBHY MR

)71 8¢y B8-S Rheovibron (Toyo Baldwin
/DDV - I-C)2o2 110Hzell 4 HEEHS
#EH3tY —120C~+60T7 = flEstact (8
EHEE 1.5C/min), k= Ho| 3.0em, & 0.3
em® 1913 Tl micrometer & JigE 3k o).

Al AEAl L Rk AR B (storage modulus)

E’=|E*|cos&= [ E*[® e 1)
EX B MR B (loss modulus )
E”=|E*|siné= |E*|tang ¥ - (2)

”

delx tanb‘=% ................... (3)o]c}.
a) tand Zro] 0~0.2&HE Uy
2-2-2. TOR vuicanizate o| g#ny MR
Instron o] 4| cross head speed+= 20mm/min,
load cell-& 100kg, 5kes & & st 5[k
HE 2 THEAAREE Rl MERS HE
tdch. Akt Aol 3em, T lom, FAE
micrometer & BiEstct. =8 BE BHS
i A ZEfTshsich.

2-2-3. K 1t

BEE fIE-S Disk Rheometer(Toyo Seiki)
2 160TCd} A 9043f8 #ilsE (Torque range; 100
in-1b, sample size; E& 30mm, +# 12.5mm,
B 8cm?®) s #4347 DSC(Daini Sei-
kosha SSC/560) 2 +10C~+100TC 72 @i
eI (FREE 10C/min) JEFIEY (gum
vulcanizate) &] —EHES HBiEs IR (JASCO/
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A-102) 2 #iEstg T morphologyis scanning
electron microscopy (SEM)& 30, 000 £z 2| 2
EEES = gek (Hitachi /S -510).
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Fig. 2. Storage and loss modulus curves at

different draw ratios of TOR.

Fig. 39 tand 3F4ell4 0T L 23 ¢
H3b= tand BHS sy dtolch, g

A HEfR L Shngtel] wel 3.0XAbxL s
St 4.0X2 Al chs) gobete Ae 2 4
Ut

MRl ol Az HEM Y el =t
el AL W RS EMEEE S #8nsked dynamic vi-
brational force o] ¥}y $B%o] Homg
tand gho| WA sk M-S Jepwicl, e m
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of 22 R vebdeh. Zeju 9o g8
A 24 TOR Q| sE@c 013181' a2l —%%s)
T A=A e 1 oo]§ + Fig. 414 o]
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Fig. 3. Tan & curves at different draw ratios of

TOR.
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metathesis KHERE BIRMEC S ARslE o] 3
gl Lok &2 (cyclic oligomer)7}  A}&
(catenas) =2 o5 (knots) By E i3t
A #ESk gle] o] g2|3v] entanglement?]
BR7E kel & HES T3 A3E A4
c},
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Fig. 4. Entanglements and crosslinking bridges of

macrocycles and linear polymers.
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Fig. 5. Storage and loss modulus curves at
different draw temperature of drawn
TOR (3.5X).
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o
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&
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3-2-1. FIE2EY S ®tol TE BHHB

By MR

Fig. 7% press curing &#<3 160Te A
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Fig. 6. Tan § curves at different draw tem-

perature of drawn TOR (3.5X).
311



Bk - (R

in-1b
100~
50—
(:j 310 ?516 90min

Fig. 7. Disk Rheometer (Toyo Seiki) curve of
carbon black and oil loaded TOR
(Black 50phr, oil 10 phr, sulfur cured,
1607C).
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Ib2] torque S el W= o] S 0%
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4{(1007C) 7} 152 #i¥gr TOR ¢ 158 ML 1
+4(100C) 7+ 59l Aol wlsh 3f5 &E
#2 9 + Usich A BEM(EA e
#) &) S8)S epd Fig. 8, 9oll4 2=
FhEE 0 o] ol Mgkl =z} aggregate [H
o #HufER 3 FhE e e cbek’t 4] (hard
solid) 2 4 o] R wlF-ol E’ZH-& @ik Hhnst
3 (tand) max 32 @ik B gbel. =gk sHE
HrdS 60 phr & W= Tg LT KR
oll 4 tan & Zk2| scatter 7} B4l 3~4T
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Bl 4 el %5l BEEHA &
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242 F& Wbl =& FrEEM4RKE 3R
SR E70 BE)S Jepd Figo 1014 W
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Fig. 10. Storage and loss modulus curves at
different loading of oil (carbon 50 phr
fixed).
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u @942 FEo| 30phrda F@ HmIe
Ae B 5 Urh
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Fig. 11. Tan & curves at different loading of
oil (carbon 50 phr fixed).
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Fig. 13. Storage and loss modulus curves at
different crosslinking agent of TOR

vulcanizates.
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Fig. 14. Tan & curves at different crosslinking
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REFE BN} roll mill fFEBS scorchBig )
ol VU S EGKAE % reagglomeration o] #
¥ =e] SEMd| 2|3t morphologydl 4 & 4 ¢}
ol LB & agglomerate 7} Ff:gc}h, wf
et Tg UF KRN E” 25t tand  3He
scatter 7} /£ qbeh. 22| 2 JEFKIHEM (gum vul-
canizate) -= D. C. P. %ol 3 B4 2o}
e mEl ZAH E gro]l ¥4 JEbd: did
Tl A= Tg LI TFell A 32 ZE464o| D.C.P.
RiEWEct E ko]l w4 vebda Tg L kol
A+ D.C.P ol o ¥4 vephdrel, oA
< Tg L Fell A+ H#H) 2 agglomerate Py
aggregate [i] EEMGoll 4 v R %l BEEEKO) ¥
BCyel 2Ink Tg LL kol M= ZE@E o B0
o} ZA eI 9l7) dFolela #aH ok
£33 20T g A £ E R AH2 2
EZRE el gl o3& Table 32| #
WAL Bl 4] 3k BB xS D.C.P £i5%
By o] 2 ZROE A —HFTS & F 9o,

REERS] Lol = tans BHS b
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71#-5d FME Trans-polyoctenamer Vulcanizate & &) /JE1Y 2 Hemy HH

Fig. 140l4 24 D.C.P. BEFEH KBS
o| A tan & 3t scatter 7} JElv= ExEY
2] (tand)max = FIEPS ARl AL 265 L
£ 271E vel ded ol AL FEFEEHAA
< hekdt E#8 JHEE 9B F o network 4f
Soll 7lo] €2 UL network 2] dangling
chain end 7} 7FEEd FEdl ES A %t
7] W Fo|ctl6, avjx D.C.P. £fEHyo] 3 &
wyEct tandgto]l A delde A U*F
Aedl, ol AL EEHI HBinol =E R
I 21 ERE Rl LEHE Y EARAS
b olek. 919 2E BB BB BR M
Table 2 o] e} S},

Table 20l A 2= MM 7 Mgl =hebA
(tand )max &2 3.0X7h2lv iR 8
0.11091 Ze] 0.1952 Hpmsht 4.0X 2 7t
A 0.1452 @Ak AL &4 o= mEMiE
7L 50Tl 4 —10C=E oA =l 5T
o] HAlYo] Folx PR (tand)max 2k-& 0.229
oAl A 0.1342 FAEP L BEE 10C &8 &
Rxo e Myl 2ela sRE S o] o] 20
phr o] 44 50phr2 f#Ehngtedl =z} 0.187¢1 4
0.11322 (tan &) maxdto] WAt 219 &
o] 5phrol| 4 30phr & #ingrel =2} (tand)max
gto] 0.098o4 0.1752  #pngrel.  EIE

gum vulcanizate 2] 5538 (1anéd) max 4> 0.25

Table 2. (Tan?d) pax Peak and Peak Temp. at Various States of TOR

tand tand
Extention (tand) max Temp.(T) Extention (tand) max Temp_ (C)
ratio (at25C) temp. {(at 3.5X)
1.0X 0.110 —49 50T 0.229 —~58
2.5X 0.145 —49 30T 0.194 —51
3.0X 0.195 —50 10C 0.159 —50
3.5X 0.187 —47 0t 0.139 —50
4.0x 0.145 —45 —10TC 0.134 —48
tan g tan &
Carbon black (tan &) max Temp. () 0il (tand) maz Temp. ()
loading loading
20phr (‘l‘épﬁ‘:) 0.187 —45 5 phr ( ggpﬁ‘;rb"“) 0.098 —46
30phr ( ~ ) 0.164 —46 10phr ( ~ ) 0.113 —46
40phr ( » ) 0.130 —45 15phr ( ~ ) 0.134 —46
50phr ( ~ ) 0.113 —46 20phr ( ~ ) 0.136 —45
60phr ( ~ ) 0.117 —48 30phr ( ~ ) 0.175 —42
tang tan g
Filled & (tan8) max Temp. () |Frequency (tand)max Temp. (C)
gum vul, (Original TOR)
Filled (50), Sul. 0.113 —46 3.5Hz 0.071 —58
Filled (~), DCP 0.102 —45 11 Hz 0.095 —56
Gum, Sul 0.25 —45 35 Hz 0.110 —54
Gum, DCP 0.21 —47 110 Hz 0.110 —49

Z3| 494 Al435 19859 8
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(sulfur 2848), 0.21(D.C.P.Z4E) FEHEpE
o} Fufolbe] ZhE velHe RS & sk

3-3. FEFTHM] IR iR

sholl o3l ZR#ER FEFHEM S IR FrEdigql
Fig. 15014 .= 80% & transB8S %
= TORE o] trans & &l oA KEmtks
Geb A HEul 966em | ol A fEE ML Uhed
W+ o] peak7zl fFfEgEel. Zelvk o|x 9] iy
¥ R R A #RIEE7E 33%4) TOR 2] melting
peak 7} 55Tl 4] veptar glx] G228 vul-
canizate ol &= #5fh K] A o fFEL

% o ok, 2o HEZ X e vulcanizate

A

o0
o 2

absorbance
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Fig. 15. IR curve of unfilled vulcanizate (sulfur).

IR - A¥ 5
o] fEEMe B+ —HEGY isomerization
o] o}l crosslinkingol] 28k & &b hEel

A zb=leh, & cross-link FE =2 Haulg4t
(banned volume) 7} WK S HESH] F o]
c}17,

3-4. TOR vulcanizate 2| figHy MR

TOR vulcanizates 2| BMAY HE-S Table3
ol 4 Ew shEgd 20phr O] H8 WHE
R B M. 8kg/em®, FlEMEE = 49. Tkg/cm?,
SlEREL 160%<] 3tEol 7h&-4-d-S 60phr &
A7) e B MR BF 455.6ke/em®, G[4E
GREE7F 183.8kg/em?, {1 Fo| 445% o &
Z S vebdich el 299 & BB
wteb 4= 24 5phr loading 2 58 MM
REX 404.9kg/em?®, 5i5RMHE 187.2kg/cm’, i
FRH 463%l A 2 o] 30phr &F Fll= )
HAE MR B 187.7kg/cm?, B[3ESHEE 51. 3kg/em?,
fHEE 143%2 A S-S ¢ Ut

=3 3 By 2 D.C.P. 2B FTEYS
kel 2o MR Bl A 3 e A
= 274.7kg/em?o|x D.C.P. g2l BB+~
651.4kg/em* 2 o] $- E ERE Yeld o] o
AL Fig. 139 E'gife] 2RelsE & sl

Table 3. Mechancal Properties of TOR Vulcanizate

Carbon Black phr
) 20 phr 30 phr 40 phr 50 phr 60 phr
(at oil 10phr)
Initial modulus (kg/cm?) 94.8 97.2 176.7 274.7 455.6
Ultimate strength (kg/cm?) 49.7 65.0 65.8 163.0 183.8
Elongation (%) 160 165 198 437 445
” Carbgr:lbf:; So0he) 5 phr 10phr 15phr 20phr 30phr
Initial modulus kg/cm?) 404.9 274 .7 245.6 214.3 187.7
Ultimate strength (kg/cm?) 187.2 163.0 81.5 68.9 51.3
Elongation (%) 463 437 183 170 143
sulfur, filled DCP, filled sulfur, unfilled DCP, unfilled

Initial modulus (kg/em?) 274.7 651.4 97.6 262.9
Ultimate strength (kg/cm?) 163.0 111.1 24 .6 35.5
Elongation (%) 437 325 151 222
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Fig. 16. Scanning electron micrograph for car-
bon black (ISAF) 50 phr and oil 10
phr loaded TOR Vulcanizate,
Magnification : X 30, 000.

a) Sulfur cured b) DCP cured
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3 LE] obA-2 BARESHA] %eh.
=3 RFEpANA GIREE AL N 2A

P e AE o ded o)l S B
fERbE el Eolzl HEMIS

3-5, Morphology

Fig. 162 scanning electron microscopy &
s o X30,000 fEke| Wi HAES
b=l a) o] 3+ REEFHEY (7L -5 o 50phr,
9 9! 10phr)-& agglomerates ¢ =77} 0.1pm
~0.26um (2 ~ 7 {E2] aggregates) &2 [#
fy kel B—3sk, b) o] D.C.P. ZEFLHEY
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(108 LA E®] aggregate)’} A¥—3tAl &k
Hel e AL &5 vk, =3 o)y HE
< &2 HhEBH HEES A sAskL gk

4. &

PL b3t o] TOR S #28H 3 BHRY #
Bl vl L, EMBRES 2R XHE
Bl, 7Lty ¥ 2d 8 Wb =& FR
£ go3td o} g3t 2ol

i) 22|32 entanglement 7} §Effio] & 3F
sl g FoxAY L& 27 dFo| A
=l TOR fimeo] FiEMH TOR film B} o =
< (tand)maxE vFepic.

i) 7}&-2 9 60phr Y (2 10phr) 3}
2.9 5phr loading FMEY (7122w 50phr),
D.C.P (3phr) 4o 93t FiEY (7}E-2
50 phr, 2% 10phr) 9] BB Tg LT KR
Holl 4 tand3te] scatter 7} st o=
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£ 5 dynamic vibrational force ¢ Bk
@<t o] c}.

i) 7HEEW O] SE] MMYTE v BMK
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