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The effect of precipitates on the optical properties and decorative appearance
of heat-treated, sputter deposited Al-Zr coatings
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Both their mechanical stability and decorative properties make anodized aluminum

surfaces relevant for many industrial and commercial applications. However, the

anodizing process will only give a satisfactorily decorative appearance on wrought

aluminum alloys, and often other materials, such as cast aluminum, plastics or steel,

are more useful from other design considerations. PVD techniques allow layers of

aluminum to be deposited on a variety of substrates, which extends the possibility of

anodizing beyond wrought aluminum products. In this study we investigate the

possibility of changing the optical properties of the anodized layer by co-sputtering

zirconium along with aluminum. Coatings of about 15 µm thickness, with zirconium

concentration between 6 and 23 wt-% are DC-sputtered on aluminum substrates in an

industrial PVD unit (CemeCon CC800). After deposition no precipitates are observed

in SEM, and only aluminum peaks are seen in the XRD spectrum. However, after a

heat treatment (4 hours at 550

o

C), large baton-shaped precipitates are clearly visible

in cross-section SEM. The precipitates are about 1 µm in length and 100-200 nm in

thickness. EDX confirms that these structures consist of aluminum and zirconium, and

the XRD spectrum shows a peak relating to Al3Zr. Anodizing of the samples is done

at two different voltages: 12.5 V and 20 V. Both the anodizing voltage and the

zirconium concentration have a clear effect on the visual appearance of the coating:

Higher zirconium concentration and lower anodizing voltage result in a darker sample.

TEM images reveal that when anodizing is conducted at 12.5 V, anodizing of the

precipitates is incomplete, leaving a metallic core in the precipitate. This core is highly

light absorbing, and will lead to a darker appearance.
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