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Abstract—The adhesion between metal plate(Cu, Zn, and Cu/Zn) and rubber compound, and the
degradation processes were studied by using X-ray photoelectron spectroscopy. Copper sulfide layer
was formed at the interface through the reaction of copper plate and sulfur in rubber compound, but
copper plate didn’t adhere to rubber compound because copper sulfide layer was separated from copper
plate. Zinc plate did not show good adhesion to rubber compound, because the formation rate of zinc
sulfide layer at the interface was too slow. Brass plate strongly adhered to rubber compound. Excellent
adhesion can be interpreted in terms of fast formation of copper sulfide layer at the interface, but
excessive growth of the layer is controlled by the presence of metallic zinc. The adhesion between
brass plate and rubber compound was severely deteriorated after hot water aging, and similar results
were found for the adhesion of zinc plate after salt solution aging. The degradation of adhesion was
also discussed in related to chemical composition and phenomenological deformation at the interface.
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Fig. 1. SEM photo of failure surface of rubber com-
pound contacting with copper plate.
Composition was determined by EDX method.
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Fig. 2. Depth profile of chemical composition for fail-
ure surface of rubber compound contacting with
copper plate.
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Table 1. Peeling forces of rubber compound adhered
on zinc plate after aging treatments

Aging Peeling force, Rubber coverage,
treatment N¢ %
unaged 140 100
salt solution 0 0
thermal b 100
hot water aging 280 100

“ Force required to peel rubber compound from zinc
plate of 25.4 mm width.
" Force could not be measured due to brittle rubber.
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Fig. 3. Cu 2py; and Cu(LMM) spectra for failure sur-
face of brass plate adhering to rubber com-
pound.
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Fig. 4. Zn 2p;;, and Zn{LMM) spectra for failure sur-
face of brass plate adhering to rubber com-
pound.
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Fig. 7. Cu(LMM) Auger spectra for failure surface of brass plate adhering to rubber compound after (A3 salt
solution aging, (B) thermal aging, and (C) hot water aging treatments.
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Fig. 8. Zn(LMM) Auger spectra for failure surface of brass plate adhering to rubber compound after (A) salt
solution aging, (B) thermal aging, and (C) hot water aging treatments.
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Table 2. Peeling forces of rubber compound adhered
on brass-coated plate

Aging Peeling force, N¢

treatment  Cu(1")Zn(0.1) Cu{1)Zn(0.2) Cu{1)Zn(0.3)
unaged 370 355 ?
thermal 260 270 280

hot water 0 145 250

“ Force required to peel rubber compound from zinc
plate of 25.4 mm width.

* The number denotes the thickness(u) of metal elec-
troplated layer.
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