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Abstract — The adhesion properties between three copper film-plated steel cords (abbreviated hereafter as copper-plated
cord) with different thicknesses of copper film and the rubber compounds containing different loadings of cobalt salt and resin-
eous bonding promoter were investigated. The adhesion property of the copper-plated cord with rubber compound was con-
siderably improved by addition of cobalt salt and resineous bonding promoter to rubber as well as that of brass-plated cord. The
adhesion property between the copper-plated cord with thin copper film of 32 nm and the rubber compound containing cobalt
salt and resineous bonding promoter was similar to or higher than that of the brass-plated cord both before and after aging treat-
ments, enabling the replacement of brass with thin copper film as a plating material for steel cord for adhesion with rubber

compound.
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Table 1. Compositions of rubber compounds prepared

Ingredient L(();(}lrl;lg Manufacturer
Masterbatch
Natural rubber(SMR-CV60) 100 Lee Rubber Co., Malaysia
Carbon black(N351) 30 Lucky Co., Korea
Aromatic processing oil(A#2) 5 Michang Co., Korea
Zinc oxide 10 Hanil Co., Korea
Antiozidant(Kuma-13) 1 Monsanto Co., U.S.A.
Cobalt salt(Manobond 680C)  variable Rhone Poulenc Co., France
RF resin(B18S)" variable Indspec Co., U.S.A.
Secondary addtion
Stearic acid 1.5 Pyungwha Co., Korea
Sulfur(80% oil Crystex) 5 Akzo Co., The Netherlands
Accelerator(MOR)? 0.7 Monsanto Co., U.S.A.
Cyrez-964% variable  Cytec Co., US.A.

1 Resorcinol formaldehyde resin.
? N-oxydiethylene-2-benzothiazole sulfenamide.
3 Hexamethoxymethylmelamine(HMMM) 65%+ SiO, 35%.
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Table 2. Cure and viscoelastic characteristics of prepared rubber com-

pounds
Rubber Time(min)" Torque(J)" Time(min)?
compound t, top min max ts t35
Co(0.0) 19 6.7 1.7 52 12.1 15.6
Co(0.5) 1.8 6.4 1.7 5.1 133 174
Co(2.0) 2.0 43 1.7 4.7 14.6 18.0
Co(4.0) 2.1 40 1.6 44 15.8 18.1

Co(2.0)-BP 22 8.0 1.8 5.0 17.3 219

1 from oscillating disc type rtheometer sheared to +1° and 1.67 Hz at 160°C.
2 from Mooney viscometer sheared to 2 rpm at 125 °C.
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Table 3. Physical properties of the unaged and thermally aged” rubber

compounds

Rubber Aging  Hard- Modulus(MPa) TS? EBY

compound  period  mness 100% 200% (MPa) (%)

Co(0.0) 0 51 1.60 3.82 22.3 541

5 60 3.09 8.18 114 252

10 61 3.79 - 5.7 135

15 63 - - 4.5 99

Co(0.5) 0 49 1.64 377 219 556

5 59 3.08 7.63 109 259

10 62 3.82 - 6.1 143

15 64 - - 39 80

Co(2.0) 0 49 1.48 3.24 20.3 575

5 59 275 6.62 11.2 295

10 60 345 - 38 111

15 64 - - 2.5 50

Co(4.0) 0 53 1.74 3.92 25.8 602

5 62 3.38 - 6.6 175

10 67 - - 39 68

15 76 - - 33 29

Co(2.0)-BP 0 59 2.35 5.78 26.7 531

5 65 421 - 8.1 173

10 69 - - 4.1 72

15 75 - - 39 35

D4t 95°C for 5, 10 and 15 days.
2 Tensile strength.
3 Elongation at break.
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Fig. 1. Unaged pullout force (a) and rubber coverage (b) of copper-plated
cords with rubber compounds of different amounts of cobalt salt
and resinous bonding promoter.
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Fig. 2. Comparison of pullout force (a) and rubber coverage (b) of the
Cu(32) cord with brass-plated cord.
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Fig. 3. Thermal-aged pullout force (a) and rubber coverage (b) of copper-
plated cord with the Co(2.0)-BP rubber compound.
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Fig. 4. Humidity-aged pullout force (a) and rubber coverage (b) of
copper-plated cord with the Co(2.0)-BP rubber compound.
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Fig. 5. Salt solution-aged pullout force (a) and rubber coverage (b) of
copper-plated cord with the Co(2.0)-BP rubber compound.
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Fig. 6. Humidity-aged pullout force (a) and rubber coverage (b) of the
Cu(32) cord with rubber compounds with different loadings of
cobalt salt and resineous bonding promoter.
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