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Adhesion between Rubber Compound and
Copper-Film-Coated Steel Plate Prepared by Vacuum
Sputtering and Substitution Plating Methods
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ABSTRACT

Adhesion hbetween rubber compound and copper-film-coated steel plate (abbreviated
hereafter as copper film plate) with different thicknesses of copper film was investigated.
Two different methods were employved for the preparation of the copper film plates: a
substitution plating of preelectroplated zine with copper ion and a wvacuum sputtering of
copper on steel plate. Adhesion strength of the copper film plates with rubber compounds
was largely dependent upon the thickness of copper film, regardless of their preparation
methods. The copper film plates with thinner thickness than 75 nm showed high adhesion
comparable to brass, while those with thicker copper film showed poor adhesion due to
excessive growth of copper sulfide at adhesion interface.
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Figure 1. Preparation of copper-film-coated steel
plates by the substitution plating method.
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Figure 2. Preparation of copper-film-coated steel
plates by the vacuum sputtering method.
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Figure 3. AES depth profiles of copper-film-coated steel plates prepared by the sputtering method
(Sputtering times are (A); 7 min, (B); 20 min, (C); 40 min and (D}; 120 min).
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Figure 4. AES depth profiles of copper-film-coated steel plates prepared by the substitution plating
method (Substitution times are (A) 105, (B} 20 5, (C) 30 s and (D) 40 s).
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Table 1. Cure Properties of the Rubber Compound

Cured at Various Temperatures

Cure Time Torque
temperature {min) (]}
(T) te tap min max
145 76 282 142 5.05
160 29 103 1.31 4.83
180 1.2 33 129 458
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Table 2. Physical Properties of the Rubber Com-
pound Cured at 160 C for 15 min

Modulus (MPa) Ts EB
50% 100% 300% (MPa) (%)

70 20 37 93 201 366

Hardness
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Figure 5. Optical microscope photos of the
fracture surface of the copper-film-
coated steel plates prepared by the
vacuum sputtering method.
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Figure 6, Optical microscope photos of fracture
surface of the copper-film-coated steel
plates prepared by the substitution
plating method.
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Table 3. Adhesion Properties of the Cu(20)-S
Plate and the Brass Plate with Rubber
Compounds cured at Different Temr
peratures

Cure Peed-out  Rubber

Plate temperature force coverage
(T} (N} (%)
145 441 &0
Cu(200-8 160 451 100
180 167 90
145 431 100
Brass 160 470 100
180 137 40
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