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Abstract ; Changes of total crosslink density and of poly-, di- and monosulfidic crosslinks of unfilled
and HAF-filled vulcanizates were investigated as a function of aging period at 100C in air and nitro-
gen. The aging periods studied were 11 steps from 0 to 168 hours. Various vulcanizates, which are
conventional, semi-efficient, efficient and dicumy peroxide cure systems, were prepared to have a si-
milar level of total crosslink density with the quite different crosslink structures. Also, changes of ext-
ract weight of the vulcanizates were analyzed by extraction in the pyridine-acetone-acetone/cyclo-
hexane mixture as a function of aing conditions. In this study, different aging behaviours of the 4
types of cure systems were characterized by relating the changes in the crosslink structures to the
changes of the total crosslink density. The sulfur vulcanizate showed the decrease in polysulfidic cro-
sslink levels and the increase in monosulfidic crosslink levels as increasing the aging period. For the
HAF-filled vulcanizates, the network-chain scissions were reduced by the incoporation of carbon bla-
cks. For the vulcanizates aged in air, the amount of extracts in the organic solvent were significantly
increased due to the accleration of the network-chain scission by oxygen or ozone. The conventional
vulcanizate showed highest changes in the total crosslink density and the crosslink structures because
of the high concentration of unstable polysulfides and unreacted sulfur molecules after the vulcaniza-
tion. Oxygen significantly promoted the formation of polysulfides at the beginning of aging and the

desulfuration of polysulfides during the aging.
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Table 1. Recipe

Ingredients Conv  Semi-EV ~ EV DCP
SMR-20 100.0 100.0 100.0 100.0
N330¢ 40.0 40.0 40.0 40.0
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Sulfur 30 0.6 - -
CBS® 1.0 20 15 -
TMTD¢ 1.0 1.5
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Total phr 148.5 148.1 149.0 1425

Notes, *: N330 was not added to the unfilled vulcanizates
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Table 2. Changes in the % Composition of Mono-, Di-, and Polysulfidic Crosslinks of the Unfilled and Carbon
Black Filled Vulcanizates Having Different Cure Systems as a Function of Aging Period at 100T in Air

Aging Unfilled Carbon Black Filled
Crosslink Types Period,
hrs. Conv Semi-EV EV Conv Semi-EV EV
Monosulfidic Crosslinks 0 - 25.1 444 238 412 518
36 10.8 49.8 57.9 31.2 66.6 68.3
72 183 48.0 58.4 419 66.4 68.8
120 342 46.6 48.7 52.4 65.0 70.5
168 422 455 54.0 53.7 66.6 69.2
Disulfidic Crosslinks 0 30.7 42.0 36.5 12.2 35.9 318
36 214 39.1 315 10.5 215 20.3
72 20.0 37.7 314 13.8 23.3 19.7
120 18.6 39.5 384 23.6 22.0 185
168 19.0 342 30.3 29.9 217 19.8
Polysulfidic Crosslinks 0 69.3 329 19.1 64.0 229 164
36 67.8 11.1 10.6 58.3 119 114
72 617 14.3 10.2 443 10.3 115
120 47.2 13.9 12.9 24.0 13.0 11.0
168 38.8 20.3 15.7 164 117 11.0
100C 2712 w3l 7hol| whel BRI U E e} < 2
2 748 F o) 4] polysulfidet} monosulfide®] + o] @ uniites
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Fig. 9. Changes of crosslink density of the unfilled
and HAF-filled DCP vulcanizates with the aging pe-
riods at 100T in air.
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Table 3. Changes in the % Composition of Mono-, Di-, and Polysulfidic Crosslinks of the Unfilled and Carbon
Black Filled Vulcanizates Having Different Cure Systems as a Function of Aging Period at 100C in Nitrogen.

Aging Unfilled Carbon Black Filled
Crosslink Types Period,

hrs. Conv Semi-EV EV Conv Semi-EV EV
Monosulfidic Crosslinks 0 — 25.1 44 23.8 412 51.8
36 17.2 61.5 725 28.0 74.1 76.9
72 18.6 60.6 76.3 38.0 76.1 82.1
120 238 59.2 710 353 770 82.6
168 25.2 58.2 70.2 40.1 75.1 83.0
Disulfidic Crosslinks 0 30.7 42.0 36.5 12.2 359 318
36 24.7 26.4 217 21.0 17.0 153
72 27.1 28.3 18.0 30.0 159 11.5
120 28.1 31.0 216 29.6 153 10.5
168 309 315 21.1 29.0 14.7 9.4
Polysulfidic Crosslinks 0 69.3 329 19.1 64.0 229 16.4
36 58.1 12.1 58 51.0 8.9 7.8
72 54.3 11.1 5.7 320 3.0 6.4
120 48.1 9.8 74 35.1 77 69
168 439 10.3 8.7 30.9 10.2 7.6
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Fig. 17. Changes of crosslink density of the unfilled
and HAF-filled DCP vulcanizates with the aging pe-
riods at 100C in nitrogen.
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