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ABSTRACT: A cure kinetic model was presented to explain the reversion and the induction
period commonly found in the vulcanization of rubber compounds. The model has three ki-
netic rate constants and one induction time which should be determined on the basis of iso-
thermal rheometer curves. The torque curves calculated using the estimated parameters
showed an excellent agreement with the measured curves for two rubber samples. An
Arrhenius type relation was adopted to account for the temperature dependence of each ki-
netic parameter, and the corresponding Arrhenius plot showed very good linearity. It was
shown that the proposed model can be used for predicting the state of cure for rubber com-
pounds which undergo nonisothermal cure steps.
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Table 1. Estimated Model Parameters for Com-
pound A

curing temperature
140¢C 150 160 € 180 C
b (min?) 9.883x10% 1417x107 2336x107 6.038x 10"
ky(min') 4786x107 1324x10" 2650x10" 9.187x10"
ky(min™) 1334x107 1800%10% 4354x10% 1875x10"

parameter

#, (min) 11.42 5.04 249 0.63
Iy 553 541 5.74 5.26
Iy 55.61 56.43 57.90 57.88

Table 2. Estimated Model Parameters for Com-
pound B

curing temperature

140¢C 150¢C 160 170 180T
b (min') 9.403x107 1629%107 2.360x10" 3.688%10" 5557x 10"
ky(min') 4374x107 1102x107 2.192x10" 4461%10" 8484 10"
ky(min™) 2582x10° 3825x107 8377x10° 1521¢ 107 3120x 10"

f,(min) 946 5.16 263 1.26 065

Iy 536 5.30 527 5.25 524

I, 4429 41.30 40.70 39.11 38.07

parameter

80
50 40T
i
40
T30 150 T
20 = « = Observed
Calewiated

10

0

0 50 100 150
Time(min}

Figure 2. Comparison of observed and calculated
torque profiles for compound A.
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Figure 3. Comparison of observed and calculated
torque profiles for compound B. (a) at curing tempera-
tures=140 'C, 150 ¢, 160 C. (b) at curing tempera-
tures=170 °C, 180 C.
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Figure 4. Arrhenius plot of model parameters for
compound A.
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Figure 5. Arrhenius plot of model parameters for
compound B.

Table 3. Frequency Factors and Activation Ener-
gies from the Arrhenius Plots for Compounds A
and B

parameter compound A compound B
k1o (min™!) 1.0325x 108 3.9004 x 107
kyo (min™) 1.0333x 103 1.2871 x 10'3
k3o (min™) 3.7059 x 10! 7.2837 x 10"
E, (cal/mole) 17103.87 16268.72
E, (cal/mole) 26998.55 27300.62
E; (cal/mole) 25578.71 23645.98
tip (min) 7.3699x 107! 6.2257x 1073
E,; (cal/mole) 26810.24 24970.34

A, & Al AAR vt mde 150 71 &
A& o Asta glen, 7] AAF iyl 9
o] FAT iARFE FET ¢S Uelis e
22 AL+ 4

Fig. 42} 5% Table 1, 2¢] 29 = A, Be
Zt 71 2xd mE 7hE whE Sk FEE )y
M2 Arrhenius plotd Aoz, a2yd Hel uie}
o] vhg 2% I AYE vehdn Yok A
37 £AT 2 uigEe i JFdA 4 84
3} JY=& Table 3o JeRHT

oi7HHS2| J&. Table 1] Yehd 718 W3 &
T AT F vta Fxo A BdE iEr Ay,
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Figure 6. State of cure profiles for compound A at
curing temperatures=140 C, 150 C, 160 °C, 180 C.
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Figure 7. Profiles of measured temperature and cal-
culated state of cure for compound A in a curing tire.
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Figure 8. Profiles of measured temperature and cal-
culated state of cure for compound B in a curing tire.
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