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Abstract: Curing reaction for butyl rubber complexes applicable to a tire bladder is investigated as a function of the
degree of unsaturation (DU). High molecular weight butyl rubbers with various DU were synthesized by cationic polym-
erization, providing three butyl rubbers between 1.8 and 8.4 mol% of DU. Dynamic mechanical measurement and swell-
ing test were conducted for the systematic study of curing rate, curing density, aging, and curing mechanism. Our findings
shed new light on technologically important butyl rubber-based materials.
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Table 1. Characteristics of Butyl Rubber oyl . . )
Sample M, b Unsaturation Mo 000" . 15 20 25 30
(kg/mol) (=M, /M,) (mol%) (kg/mol) Retention time (min)
IIR-1 357 242 1.8 7.1 Figure 1. (a) "H NMR spectra for IIR-1, IIR-2, and IIR-3. Degree
IIR-2 309 2.07 6.3 5.6 of unsaturation is calculated with the peak at 5.07 ppm correspond-
ing to C=C shown in the inset. As a comparison, 'H NMR of L 301

IR-3 298 225 8.4 4.8 .
(LANXESS Butyl 301) is presented; (b) GPC traces for IIR-1, IIR-
2.12 1.7 8.4 2, and IIR-3 before (solid) and after (dashed) the ozonolysis. As a

L 301 302
comparison, GPC trace for L 301 is presented.

“Number-average molecular weight measured after the ozonolysis.

Zan, A|4548 A43, 20213
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Table 2. Curing Characteristics

Sample f oo CRI AM®
(hr) (hr) (hr™) (dN'm)
IR-1 0.25 16.8 6.06 248
TR-2 0.69 12.9 821 2.86
1IR-3 0.55 11.3 931 338

“AM is defined as AM = Myu— Moin.
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Figure 2. Time dependent torque obtained from IIR-1, IIR-2, and
IIR-3 at 180 °C.
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Figure 4. Degree of cure for IIR-3 at 160, 170, 180 °C, and the
time-dependent torque is fitted by eq. (5) as a solid line. Inset illus-
trates In k versus 1/T, resulting in the activation energy E,.
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Figure 5. Degree of cure for 1IR-1, 2, 3 at 180 °C, and the time-
dependent torque is fitted by eq. (9) as a solid line.

Table 4. Curing Kinetics Model Fitting Results of IIR-1, IIR-
2, and IIR-3

k E,
(105 hr") " (kJ/mol)
IIR-1 4.05 4.02 90.6
IR-2 6.54 436 91.0
IIR-3 7.44 432 91.2
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Figure 6. DSC thermograms of IIR-1, 2, 3 upon heating at a ramp-
ing rate of 5 °C/min between 25 °C and 300 °C. Thermograms are
vertically shifted for clarity.
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