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Plasma deposition of organo-chlorinated thin films for adhesion enhancement
between rubber and galvanized steel cords for tire building.
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This research work aims at developing an alternative to the electrolytic brass plating

process that is currently used in tire industry and allows good adhesion levels

between steel cords and rubber. In this work, an in-line plasma process, based on an

atmospheric pressure dielectric barrier discharge in a tubular coaxial geometry, is

used to enhance the adhesion between a conventional rubber and zinc plated steel

wires. The process includes a first Ar/O
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 plasma pretreatment followed by the

deposition of a plasma layer in an Ar/CH
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Cl
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gas mixture. Optimization of the

processleads to an increase by a factor of 5 the adhesion levels between the

galvanized steel wires and the rubber after the vulcanization step. Extensive

characterization of both thin film and the interface created during vulcanization has

been performed using different analysis techniques (FTIR, SEM, cross sectional EDX,

XPS, TEM, ToF-SIMS). The results reveal the complex mechanisms involved in the

establishment of the strong adhesive interface
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. First, a thick ZnO layer is formed

during the pretreatment step. Afterwards, a chlorine-containing organic thin film is

deposited, with a precisely-controlled homogeneous thickness of 75 nm. Then, the

vulcanization step induces the occurrence of several reactions between the ZnO layer

andthe chlorine-containing species coming from the plasma layer, producing porous

bump-shaped Zn
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 nanostructuresthat allow mechanical anchorage with the

rubber. At the same time, sulfur-containing rubber additives diffuse through the thin

film, leading to the formation of ZnS on the wire surface. Thus, two distinct interfaces,

rubber/thin film and thin film/substrate are identified, resulting in a strong adhesion.

According to these observations, hypotheses explaining the high bonding strength

results are formulated.
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