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Abstract— The effect of cobalt salt in rubber compound on the physical properties of the rubber compound and
the adhesion properties between the rubber compound and brass-coated steel cord was studied. Although the change
in the physical properties of the rubber compound with the addition of cobalt salt was small, the adhesion properties
were changed significantly with the loading level of cobalt salt and aging treatments. Pullout force and rubber coverage
of the steel cord were enhanced in the rubber compound with low loadingof cobalt salt. When the loading level of cobalt
salt was higher than 1.5 phr, the adhesion was severely deteriorated after aging treatments. The easy failure in the adhe-
sion of the sample with high loading of cobalt salt was explained in terms of the growth of the interfacial layer.
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Table 1. Curing characteristics of rubber com-
pounds with different loading levels of
cobalt salt measured using Monsanto
rheometer

Minimum Maximum

Rubber torque, torque, T 40 T 90
J J
R-0 1.99 9.91 16'00"  22'10"
R-0.35 2.07 10.1 16'45”  23'15"
R-0.7 1.96 10.4 1545"  22'30"
R-1.0 1.93 10.5 1515"  22'00"
R-1.5 2.39 10.6 1430"  20'45"
R-3.0 1.74 11.2 14'00” 19'30"
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Fig. 1. Effect of the loading level of cobalt salt on
maximum torque of rheometer curve.
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Table 2. Physical properties of rubber compounds with different loading levels of cobalt salt

Hardness, 100% Modulus, 200% Modulus, 300% Modulus, Tensile Elongation
Rubber Shore-A MPa MPa MPa strength, MPa  at break, %
R-0 72 5.02 12.0 19.1 24.1 386
R-0.35 74 4.90 12.0 19.8 24.1 366
R-0.7 75 5.69 13.1 20.5 25.2 379
R-1.0 76 5.48 12.7 20.2 24.8 375
R-1.5 77 5.78 13.0 20.3 25.1 382
R-3.0 78 6.13 13.1 19.6 23.2 364

HWAHAK KONGHAK Vol. 28, No. 1, February, 1990



80 Al ZeARE ARG 2 A 7]

Table 3. Physical properties of thermally aged rubber compounds with different loading levels of cobalt

salt
Rubber Hardness, 100% Modulus, 200% Modulus, 300% Modulus, Tensile Elongation
Shore-A MPa MPa MPa strength, MPa  at break, %
R-0 73 5.05 12.0 18.7 20.8 340
R-0.35 78 6.52 149 — 18.1 241
R-0.7 79 6.62 14.9 — 17.3 229
R-1.0 80 6.64 14.7 — 18.5 251
R-15 80 6.77 14.5 - 17.4 238
R-3.0 80 5.80 12.8 19.5 20.6 321

Aging time: 7 days.

Table 4. Physical properties of rubber compounds aged in hot water with different loading levels of cobalt

salt
Rubbe Hardness, 100% Modulus, 200% Modulus, 300% Modulus, Tensile Elongation
ubber Shore-A MPa MPa MPa strength, MPa  at break, %
R-0 77 6.27 14.1 — 16.4 229
R-0.35 78 6.92 — - 14.6 189
R-0.7 79 6.78 - — 15.3 204
R-1.0 79 6.80 — — 15.9 212
R-1.5 79 6.44 - — 13.2 187
R-3.0 80 6.46 - — 17.4 249
Aging time: 7 days.
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Fig. 6. Effect of the time of thermal aging on

pullout force of BC cord embedded in rub-
ber compound with different loading level

of cobalt salt.
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Fig. 7. Eifect of the time of thermal aging on rub-
ber coverage of BC cord embedded in rub-
ber compound with different loading level
of cobalt salt.
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Table 5. Relative composition of copper,zinc and
sulfur on the surface of R-3.0 rubber”
adhered on steel cord

Aging Relative composition, elemental %
treatments Cu Zn S
Unaged 3.7 38.8 57.5
Thermal® 10.2 44.6 45.2
Hot water?® 14.4 42.1 43.5

2[oading level of cobalt salt: 3.0 phr.
b Aging time: 5 days.

Fig. 8. SEM photos of R-3.0 rubber interfaces
adhered to BC cords after (A) thermal and
(B) hot water aging.
Aging time: 5 days.
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