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Q Y48 3% F, HAuF(NR), styrene-butadiene copolymer(SBR), ethylene-propyl-
ene diene monomer(EPDM), brominated isobutylene-p-methyl-styrene copolymer(BIMS)S’J
3(Young) BHig¢ wER AWEAT dABEE ofehbA) slimsh AReEEolA SHsorh
718} (over-cure) o] QAgS 2ARLY] 48 Arlw wF et =o Ao} BE (swelling) 7%
T ARt 2 2R dis o s4E(E)L sluse) A wE3AE Eoth
EPDMo| 7}3 =2 7875 8]z BIMS/) 713 B2 7]87|3 B9, NRI} SBRE o|% Ale]
9 zH& velygic). ddt s Gel NR>BIMS>SBR>EPDM4 o 7 el #prtale bl
NR3} SBR&| 7l e 7k4gk ubdd, BIMSE: ¢ 3] Zrlstels, EPDMS 79| wiahr] oklel.

ABSTRACT : Tensile properties including Young’s modulus and tear strength were measured
for four different rubber compounds; natural rubber(INR), styrene-butadiene copolymer(SBR),
ethylene-propylene diene monomer(EPDM), and brominated isobutylene-p-methyl-styrene co-
polymer(BIMS) as a function of temperature and degree of cure. To see the effect of over cure,
a measurement was made of the tensile strength and swelling behavior of the over-cured rubber
compounds. Young’s modulus, E, was found to have linear dependency on the degree of cure for
all rubber compounds. EPDM and BIMS showed the highest and lowest slopes, respectively. The
slope of NR and SBR lay between EPDM and BIMS. Tear strength, Gc, decreased in the order of
NR>BIMS>SBR >EPDM. As the cure time was extended the degree of cure of NR and SBR de-
creased, while that of BIMS increased. EPDM showed litile change in the degree of cure.

Keywords : physical property, rubber compound, degree of cure, aging.
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Table 1. Basic Characteristics of Rubbers Investi-
gated

Rubber Type

Characteristics
Grade : SMR CV60
NR Mooney Viscosity, ML, ,@1007C :60
Standard Malaysian Rubber
Grade : SBR-1500
Styrene Content:23.5wt.%
Mooney Viscosity, ML, ,@1007C :52
Kumho Petrochemical Co., Ltd.
Grade : KEP-350
Diene Type:Ethylidene Norbornene
EPDM  |Propylene Content:43wt. %
Mooney Viscosity, ML, ,@100°C :83
Kumho Petrochemical Co., Ltd.
Brominated  Isobutylene-p-Methyl
Styrene Copolymer
p-Methyl Styrene Content:5wt.%
Bromine Content:0.8wt.%
Mooney Viscosity, ML, ,@1257C :45
Exxon Chemical Co., USA

SBR

BIMS

Table 2. Mix Formulations of Rubber Compounds

(Unit : phr)

Ingredients NR SBR |EPDM | BIMS
SMR CV60 100 — — —
SBR-1500 — 100 — —
KEP-350 - — 100 -
BIMSY - — — 100
N330 50 50 50 50
Zn0O 5 5 5 —
__Stearic Acid 2 2 1 | =
CTBBS? | 070 | 1.00 | — | -
Sulfur 2.25 1.75 1.50 0.75
TMTD? — — 1.00 -
MBT# — — 0.50 1.40
Zn0 — — — 2.00
Stearic Acid — — — 0.50
SP-1045% - — — 5.00
Cure Condition®
at 150°C (min) 18 50 40 24

D Brominated isobutylene-p-methylstyrene copoly-
mer

D Cure  Accelerator : N-t-butyl-2-benzothiazole
sulfenamide

3 Cure Accelerator : Tetramethylthiuram disulfide

 Cure Accelerator : Mercapto benzothiazole

9 Alkyl phenol curing resin

® Cure condition for fully cured rubber specimens
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AMgate] oF 120C SERANA 53] wiitate] H)
F5o) 2x7} 150C7 2 WA Eskgch vk
AL o]Z(two-roll mill, model 8422, Farrel
Co., USA)& o)83te] ASTM D31823} D3184¢]
ARE a2t FodaA Egesict

2 aRaskesd ARz 2549 229 7}
FEAE AEH Fonel(moving die rheometer,
MDR, Monsanto Instrument, USA)E o]£3}¢
150C A4 24893, o] As2iE 24 AH
o ARARARE Ao} AR H) HE
9. g, e B g WakE B3
99 HEAEE 2 Delie] ARg Az
£, 7taAxe] 24L& Fig 19 vepd vls} 3o
71324 A E 9 A (maximum torque)ot HAE
9 3 (minimum torque) & 55¥3te] 72+ B9 F9|

Cure Torque

00 i v 3y '

0 boc  Goc foc  taoc tee
Cure Time

Fig. 1. A sketch of determining the cure time of
rubber specimen depending on the degree
of cure.
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Fig. 2. Cure characteristics of (a) NR, (b) SBR,
(¢) EPDM, and (d)BIMS at 150C.
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Fig. 3. A typical stress-strain relation of NR for
the determination of Young’s modulus.
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Table 3. Linear Swelling Ratio(r,) and Difference
Between Fully-cured Rubber (FC) and
Over-cured Rubber (OC).

Rubber Type Ts Difference( %)V
NR(Fully Cured) 2.78 0
NR (Over Cured) 2.91 +5
SBR(Fully Cured) 2.71 0
SBR.(Over Cured) 2.75 +1
EPDM(Fully Cured)| 1.93 0
EPDM(Over Cured)| 1.93 0
BIMS (Fully Cured) 2.56 0
BIMS(Over Cured) 2.51 -2

U Percentage of increase (+) or decrease (-) in
swelling ratio of over-cured specimen with
respective to that of fully-cured one
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