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Abstract: Linear thermal expansion coefficients is obtained from the measurement of change in

specimen length which is due to the force unbalance originated from temperature change at

equilibrium creep. Thermal expansion coefficient of the unfilled trans— polyoctenamer (TOR) is
larger than that of the filled TOR because the occluded rubber with carbon black or filler does not
provide the thermoelastic contraction but volumetric expansion. Deviation in the thermal expansion

strain above the reference temperature (35°C) is obtained due to the dissolving of processing oil.

Linear thermal expansion coefficients with the creep strains of TOR vulcanizates are three times

larger than that of the unfilled NR and SBR.
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Fig. 2. Schematic representation of specimen
thermal history.
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Fig. 3. Stress-strain of the TOR vulcanizates
studied.
— O - ! 50phr loaded vulcanizate at equil.
creep

— A — ! gum vulcanizate at equil. creep.

Thermal expansion strain, 4L /L

Fig. 4. Isochronal plot of thermal expansion
strain as a function of the magnitude of
the temperature change for ISAF 50phr
loaded TOR vucanizate at various equi-
librium strains : the slope of each straight
line is used to calculate the expansion
coefficient, (1/Lo) (dL/dT).

© LT 28] MR Helstd gEsA 4
A Aot 2oy iRl B HFE 2
KA ME {]A steks|x|al shebsls] Aol
HRol 2L HTH 2 BLR A9 #ir &
WES ZHeA ol 22 BHRS vebiAl

271



&k - RERK - fEAE

Heb 28y 2uA o] o] st A= ol
T $H7) siebs]o] 7] e Foll FES 2=|5HA
XokAl HI wdeb4] EERe] KT sHA "k
BIEAR Strain  DFEHC 4 Pl A
7b fEfm KAl &RsHA sl 5 (9U/OL)1.yv=0
o|w AR (ideal rubber)zbi &c}, o] 2fgh
BB Toll 4 fEh#E-L A conformational
entropyate| Bl Sl WMiNS 24 &3t
# 2] ¥¥0| entropy’t AXlE Hrosr g
3 wRgke] WA s HRBE 7bed = e 7131
b, 2u —fo R EE e ddstiAs
ZolWstel =& W=7} (8U/OL) 1y =0
224 F3] v)ikshel BN 7ldE SHA
Hed Wi dg iR rldEs
T2 FRol =el o4 oh= 7] skx|ak entropy
7l Soll Hhsbed o9 22 gt ZHAl s} (e,
NR | W Fellf=] 7]le{ = 0.1310.2) 2 =e}hA
T FEHEe] EEHAL conformational entropy
g & = Jo BEF wmngel =el KB
hx #inste o)zl w2 BMEERE strains
Fig. 4 o} Zro] 32 71 &7 8 Z= HE 224
vebyte}, Fig. 4 & BERE 35T 7 '
BiRES MEy # 7008 %ol HEI Fhy
(isochronal) 8] ZZRE straing 24 BEEec}

]

B Ving

.08 ..

o
Jd
d
J
S
£
H .04—°\°\.\
@ — i S A
g .oop T o=t wxdzzsfooog----1.038
e 2. s-el 1.060
b 0 \,e ~--1123
; _.osr ~1.293
E 1.444
e -.12r
L
'—

-.16f

L i i 1. I 1 1 1 1
20 -15-10 -5 0 5§ 10 15 20
AT, T
Fig. 5. Isochronal plot of thermal expansion
strains against the magnitude of the tem-
perature change : unfilled TOR vulcanizate.

272

#hoz Jehlglor o] EBEES S 3hd
22 EHiES 71E712 §-e BBERER oF

R 4 o (VA2 He dejAich
a=(1/L,) (dL/dT) . (1)

a | BRI

L, : BEEERE ol A o] Bkt w2 o]

dL/dT : R =& AR strainf{L&
o sigt Bl 7127

Fig. 4+ 7H22d 50phr(£% 10phr) FHEH 2|
745 B =& IR straing Jebd Al
dl (M (A=1.117L1F) & B8q 35CLL
EXEes BERE 2WRERE Tl f13
B2 3} data deviationd o7& o]’k [H
2 MT2%9) Sundex 790°] %S+ ani-
line point7} 3610 o= 2 o] REFE 29|
BRE o] HFAS T84 conformational mo-
tionol] 3FS w| A7) w-Tolzl HREC =
3t S (1.760LL L) N A S wlalzbA] 2 o]
B3l data deviationo] EAsIEd o]AL
carbon blackalo|dl A A= FAELT 7} RE
7t BB el Homer A els 4ztE)
o] BGEMHE S 2 FHSHA 5] @ Fol
gha HEi=ich Zel3 ekt BindS R
fEo| w2 ZZAE straing] B L7171 8
K FHAE RS o+ Aok KRFEEHA A3t
BEe w2 BZAR strain®| #4LE Fig. 5 ol
veh gl=dl Fig. 4 o vhabrb= 2 (K5Ef b ol
A BEEs) 2ERENE T8/ $t ERs
2] data deviation$S 2 4 g} LB kFE
B o) B BUMERe] o)% 27| ool E
k7 Eondgkel] wtel BEZAR strain®| #EE
o] o #HA Fig. 4 ¢ 50phrFERY o= 2
B strain?| scaleo] 53 A& & 4 Uk &
fEw sloll & stress & #3tE Fig. 6] e}
WPdom o] fEB = Instron Ze| o] = 2 xz|ol] 4
HKEe| AolE —wsHAl EEAIZ % REHsH
2 #3}= null balance indicatorell 4  F&°]
wWslslA s old) T #EEL2E YH
stress® flESHEE. Fig. 6014 2wl a)+=

Polymer(Korea) Vol. 10, No. 3, June 1986



TOR 74522 w33

a)
40 X

—""2.284
.//

20 T e
//

10t 1.177

| 1.061

20 -6 10 5 0 65 10 15 20
4

0

Stress, kg.cm™*

i
z\

1.293

(5]
\ o
1>

1.123

/oso

2015 -1o 50 5 j0 15 20
4T, ¢

\\

Stress, kg .cm—?

e

l/

Fig. 6. Stress versus temperature plots at con-
stant equilibrium creep strain.
a) 50 phr b) unfilled

[~]

[
»nN

1
£

. 80phr
: 50phr
. 40pnr
: 30phr
. 20phr
: oil 5phr

: DCP unfilled
DCP spphr
:unfilled

5 2.0 7.5
Elongation, L/,

[
o
T

[
(=2]
T

Thermal expansion coefficient, X10*C !
w
oxX+4mboep

)
~

Fig. 7. Dependence of the equilibrium value of
the thermal expansion coefficient on the

equilibrium strain.

50phr 34 2] 8 b)= RFEERY S AL
(EiEfR L 2] 58 BEREQ 5CUTNA+ K
BiEe} o] B2 3t 2L ERI A —
®ak=lak 35C L EY-el= o4 Fig. 49 2
f& straingts slaslx 2 WEE7E EH L

Z2/0f #10d A 3% 19864 64

Folx ¢¥F ] Y& stresszrd JEpm ¢
oh. ZElX a) 9 HBol i A=2.284 ol 4
2o \EZ ®ingtol oel AT 5w
22 FA oA Ho BUFERS LS FRASA
o Lol REME7F EREcH ol Yeldes AL

%+ ek

RREARR N, MR 7+ EY
o jEfdittel] =& BEZIRGME Fig. 7 Jel
Wl vl MK A4 el FHEake]
3he KFEHW ] Hlt BUER 7+ 25
3ol Fig.7o14 718 2 &9 71€712 Fshal
vebt glet, = SRR & EmY
of whebd] FolRRERR FRsh: stisds
PAZESLT-O] HolpkRe] Hinslo 2 nT4ge &
s Ee] Wik BAsted 1 71&7)7) 8K B8
#Ae AL £ 5 Ack 2T BAEEEAE
olgt BEIRGHIT B4 B2 vl¥ & strain
point sl o] AL & FWEAA vlsl o}
M gtEel7] wfel drubzke] RBEZE: o
Sl Bl O FHAL T332 R Tableld
o] VeR ®gkel Table 1414 Bm 7R
o BEBHERIRE 0] 1=1.01750]= 60phr %
Y& 2 gtel A=1.06402% 713 & g
vebl L gleh, =3 shES Y o] FiE ol wet
S ARER L Binstn 2 ShGEpkaEr Bo| W
®AANE AL & 4 9o Fig. 744 % v}
7k 2 ol R E WRY + AUrh o] #
BZRRERATRE LAT ol 4 B0 MBBRGECL Vet

Table 1. Thermoelastic Inversion Point at Vari-
ous TOR Vulcanizates

Thermoelastic inversion
States of the TOR vulcanizates

point{A)

gum (unfilled) 1.0175
carbon-black 20phr (oil 10phr) 1.0225
" 30phr( » ) 1.0300

" 40phr( » ) 1.0325

” S0phr( ~ ) 1.0300

” 60phr( ~ ) 1.0640

” 50phr (oil 5 phr) 1.0325
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a) carbon black 50phr(oil 10phr) I X30, 000
b) carbon black 50phr (oil 5 phr) @ X20, 000
¢) carbon black 60phr (oil 10phr) I X20, 000
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Table 2. Linear Coefficient of Thermal Expan-
sion for Various Unfilled Elastomers
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