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Abstract— The adhesion properties between rubber compounds and steel cord were investigated with respect to the cure
rate. Sixteen kinds of rubber compounds whose cure rate indices were ranged from 7min ' to 17 min ', were prepared by
changing the type and loading amount of accelerators and prevulcanization inhibitor(PVI). Cure properties of rubber com-
pounds and the physical and adhesion properties of cured samples were examined. The effect of cure rate on the adhesion
properties at initial and aged condition was not significant, if the cure time was optimally determined from the cure rate in-
dex. The factors on the cure rate such as type and loading of accelerator and loading of PVI, could be represented in-
tegratively in terms of cure rate index to obtain the optimum cure time for a stable adhesion system.
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Table 1. Rubber compounds prepared

Accelerator PVI
Rubber " -
group name Species Loading amount Loading amount
(phr) (phr)
1 MOR-0.8 MOR* 0.8 -
DZ-0.8 Dz’ 0.8 -
TBSI-0.8 TBSI 0.8 -
CZ-0.8 cz 0.8 -
I MOR-0.2 MOR 0.2 -
MOR-0.4 MOR 0.4 -
MOR-0.8 MOR 0.8 -
MOR-1.2 MOR 1.2 -
MOR-1.6 MOR 1.6 -
a1 DZz-0.2 DZ 0.2 -
DZ-04 DZ 0.4 -
DZ-0.8 DZ 0.8 -
DZ-1.2 DZ 1.2 -
DZ-1.6 DZ 1.6 -
IV . MOR-1.2 MOR 1.2 -
MOR-PVI-0.1 MOR 1.2 0.1
MOR-PVI-(.2 MOR 1.2 0.2
MOR-PVI-(0.3 MOR 1.2 0.3
MOR-PVI-(0.4 MOR 1.2 0.4

“N-oxydiethylene-2-benzothiazolesulfenamide, "N,N” -dicyclohexyl-2-
benzothiazolesulfenamide, “N-t-butyl-2-benzothiazolesulfenimide, “N-
cyclohexyl-2-benzothiazolesulfenamide, “Prevulcanization inhibitor.

Torque (J)

0 2 L L "
0 20 40 60

Time (min)

Fig. 1. Rheocurves of group II rubber compounds at 160°C.
(a) MOR-0.2, (b) MOR-0.4, (c) MOR-0.8, (d) MOR-1.2 and (e)
MOR-1.6.
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Table 2. Cure properties and viscosities of rubber compounds

Curing properties Maximum _ _ Scorch
Rubber Viscosity .
T, Ts CRI torque time
group name (min) (min) (min"") @ o (min)
[ MOR-0.8 1.9 115 104 591 6.77 9.9
DZ-0.8 22 9.8 132 6.29 7.01 9.4
TBSI-0.8 1.9 9.0 135 6.31 6.94 7.5
CZ-0.8 1.8 85 149 6.15 7.10 9.2
I MOR-0.2 23 163 7.1 5.44 7.07 10.0
MOR-0.4 19 135 8.6 5.76 6.94 8.1
MOR-0.8 1.9 115 104 5.91 6.77 9.9
MOR-1.2 19 9.1 139 6.18 6.87 8.9
MOR-1.6 1.9 7.8 170 6.55 6.87 8.8
11 DZ-0.2 23 120 103 5.77 6.97 8.1
DZ-0.4 21 105 119 6.15 6.94 7.8
DZ-0.8 22 98 132 6.29 7.01 9.4
DZ-1.2 1.9 83 156 6.67 7.04 7.6
DZ-1.6 1.9 7.8 170 6.87 6.74 8.6
IV MOR-1.2 1.9 9.1 139 6.18 6.87 8.9
MOR-PVI-0.1 2.0 94 135 6.00 6.77 74
MOR-PVI-0.2 2.0 99 127 6.32 6.61 10.3
MOR-PVI-0.3 22 105 121 6.34 6.74 9.5
MOR-PVI-04 22 109 115 6.36 6.77 10.1
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Fig. 2. Variation of maximum torque with cure rate index.
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Fig. 3. Variation of 100% modulus with cure rate index.
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Fig. 4. Variation of elongation at break with cure rate index.
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Fig. 5. Variation of 100% modulus after humid aging for 5 days

with cure rate index.
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Fig. 6. Variation of elongation at break after humid aging for 5
days with cure rate index.
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Table 3. Adhesion properties of rubber compounds after thermal ag-
ing treatment at 95°C

Rubber Pullout force"(N) Rubber coverage(%)
group name 0 5 10 15 0 5 10 15
I MOR-08 648 520 399 255 100 100 100 95
DZ-0.8 615 475 370 268 100 95 90 90
TBSI-0.8 654 474 393 278 100 100 100 100
CzZ-08 549 481 402 286 100 95 95 95
I MOR-0.2 621 451 280 231 95 95 100 100
MOR-0.4 630 487 313 239 95 100 100 95
MOR-0.8 648 520 399 255 100 100 100 95
MOR-1.2 632 475 429 239 95 100 100 95
MOR-1.6 599 461 326 253 80 90 8 70
1 DZ-0.2 655 471 256 223 95 100 95 95
DZ-0.4 637 470 281 229 100 100 95 90
DZ-0.8 615 475 370 268 100 95 90 90
DZ-12 641 496 460 244 100 95 9% 85
DZ-1.6 639 483 422 295 95 95 90 85
[V MOR-1.2 632 475 429 239 95 100 100 95
MOR-PVI-0.1 608 533 438 263 95 100 100 95
MOR-PVI-(0.2 620 483 445 258 95 100 100 95
MOR-PVI-0.3 640 516 445 245 100 100 100 90
MOR-PVI-0.4 645 531 347 239 100 100 100 90
*Aging period(day), "Force per cord.
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Fig. 7. Variation of pullout force with cure rate index.
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Fig. 10. SEM photos of cord surface pullout from the adhesion sample using MOR-1.6 compounds with regard to the thermal aging period.

(a) 0 day, (b) 5 days, (c) 10 days and (d) 15 days.
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