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Abstract (300 word limit)
Chemical conversion coatings for aluminum alloys provide cost-efficient corrosion protection and adhesion promotion to subsequent paint systems. In the past decades, conversion coatings based on hexavalent chromium have been the golden standard in the aerospace industry, with exceptional corrosion protection and good adhesion promotion at relatively low cost. However, health concerns and environmental issues with Cr6+ raised the need for alternative systems, which still fail to provide comparable performance. In this work, Cr-free conversion coatings for aerospace applications are introduced along with the need of the industry to replace chromates. We developed a completely Cr-free conversion coating on the basis of Zr and Ti for corrosion susceptible aluminum alloy 2024 and investigated the effects on pitting protection and adhesion promotion along with analytical investigations. The best treatment solution contained hexafluorometallate salts of Zr and Ti along with metavanadate inorganic and tannic acid organic additives. Neutral salt spray test showed few corrosion products at the edges after 168 h, which is superior to most alternative Cr-free conversion coatings. Additionally, cross-cut tests displayed a high performance in adhesion promotion of painted panels when treated at 45 °C for 15 min. Although panels treated without tannic acid showed a denser morphology and already good bare corrosion protection, it was significantly better with tannic acid. This confirms the strong contribution of the organic additive to bare corrosion protection by physical adsorption in cracks or delamination. EDX mappings demonstrated a homogeneous distribution of Zr, Ti, O and F when treated with both additives, while strong fluorine delamination was observed without additives. Potentiodynamic polarization and impedance measurements confirmed the higher electrochemical resistance with both additives, XPS indicated the superficial existence of oxide and fluoride species of Zr and Ti along with C from the organic additive. This work shows that aerospace requirements concerning corrosion protection and adhesion promotion can be met by a completely Cr-free conversion coating.
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Figure 1: Top-view SEM surface morphologies of the four CCC-systems; magnification: 500 x (top row), 8000 x (bottom row).
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