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Abstract: The tensile strength (TS) and elongation-at-break (EB) loss of a CR/CB rubber composite sample prepared for
the automotive parts were measured after accelerated thermal ageing at temperatures of 100, 120, 140, and 150°C. The
change in TS was observed to be linear from the master curve prepared using the time-temperature superposition-principle
(TTSP). An Arrhenius type of shift factor, ar was used to predict the life time of the sample, and a plot of In a7 vs. 1/T
was also shown to be linear. The activation energy (E£,) of the sample was calculated as 70.30 kJ/mole from the Arrhenius
plot. The expected life time of the sample was predicted at the given operating conditions by applying Arrhenius analysis.
Assuming the E, value was constant at lower operating condition, life time of the sample was calculated as 2.3 years when
the life limit was set as time to reach the 20% decrease of the initial TS value at operating temperature of 40°C.
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Table 1. Formulation of CR/CB Composite

Function Chemicals Contents [phr]

Base Resin CR 100
Filler CB 65

Antioxidant Amine Derivatives 5

Plasticizer Fatty Acid Mixtures 25

Processing agent Wax, Stearic acid
Vulcanizer Zn0O
Accelerator ETU, TT 1.5
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Figure 1. Tensile Strength behavior of samples with ageing times
at 100, 120, 140, and 150°C.

Table 2. TS and EB Changes of Samples with Ageing Time at 100, 120, 140, and 150°C, respectively

100°C 120°C 140°C 150°C
time [hr] TS [MPa] EB [%] time [hr] TS [MPa] EB [%] time [hr] TS [MPa] EB [%] time [hr] TS [MPa] EB [%]

30 155 540 10 15.6 540 10 16 470 10 14.1 420
50 15 500 30 153 490 20 14.7 430 20 12.6 250
70 14.6 540 50 14.5 430 30 13.6 300 30 11.5 300
100 14.8 520 70 14 370 50 11.7 210 50 11 120
150 13.6 490 100 13.1 300 70 11.8 180 70 10.3 80
200 132 470 150 12.4 260 100 11.6 100 100 9.5 30
240 132 480 200 12.6 180 120 11.2 40

300 134 470 240 12.2 130 150 124 30

350 12.7 430 300 13.3 120
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Figure 2. Behavior of tensile strength of samples with time at
100, 120, 140, and 150°C.
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Figure 3. Behavior of tensile strength with log (ageing time) of
samples at 100, 120, 140, and 150°C.
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Table 3. Shift Factors at Reference Temperature of 100°C

Temperature (°C) 100 120 140 150
ar 1 2.19 5.50 17.34
log ar 0 0.34 0.74 1.24

TS = 23.36 - 4.37 log(t)
T,=100°C

TS [MPa]

2.0 2.2 2.4 2.6 2.8 3.0
log (ageing time )[hr]

Figure 4. Time-temperature superposition of tensile strength
change of sample from Figure 3 and Table 3 at 100°C.
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Figure 5. Arrehnius plot of the shift factors versus the inverse
ageing temperature.
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