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Wetting Behavior of Molten Aluminum on Cr-coated Alumina
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Abstract: To investigate the mechanism of the coating on the wetting behavior of metal melt on ceramic substrate, Sessile
drop method was used to measure the wettability of molten aluminum on alumina, Cr-coated aluminum and chromium
substrates between 700 and 800 °C in high vacuum condition. The effect of chrome coatings thickness and wetting temperature
on the wetting behavior was investigated. The experimental results show that the chromium film deposited on alumina
improved the wettability of aluminum with alumina. With the increase of chromium film thickness from 260 to 1200 nm, the
terminal contact angle decreased gradually and the spreading rate increases. The wettability of Cr-coated alumina with Cr film
thickness of 1200 nm by molten aluminum was better than that of the chromium substrate. Precursor films formed at the
wetting front in the wetting of Cr-coated alumina and Cr substrate by molten aluminum at 800 °C. Discontinuous reaction
product particles (Al7Cr at 700 °C and Al11Cr2 at 800 °C) form at the interface between the aluminium melts and the Cr-coated
alumina. However, continuous reaction layers form at the interface between the aluminium melts and the chromium substrate.
The experimental results were analyzed on the basis of the wetting interface reaction and configuration changes of the spread
front.
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Fig.1 Schematic diagram of improved sesssile drop method
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Fig.2 Surface and cross section morphologies of Cr thin film deposited on alumina by RF magnetron sputtering
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Fig.3 Variation of macroscopic contact angle with time during the
isothermal wetting of molten aluminum on alumina, bulk
chromium and chromium coated alumina substrates at 700 °C
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Fig.4 Variation of macroscopic contact angle with time during the
isothermal wetting of molten aluminum on alumina, bulk

chromium and chromium coated alumina substrates at 800 °C
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Fig.5 Top-view macrographs of aluminum on Cr-coated alumina and bulk chromium substrate at different experimental temperatures after

wetting
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(b) Cr-coated alumina with film thickness of 650 nm
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Fig.6 EDS analysis of the surface on solidified wetting sample at 800 °C, aluminum on bulk chromium and Cr-coated alumina with a film

thickness of 650 nm
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Fig.7 Morphologies at the cross-sectional interface of spreading frontier and the center of bulk chromium for the solidified wetting sample
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(a) 700 C, Cr-coated alumina, 300 nm (b) 700 C, Cr-coated alumina, 850 nm

(d) 800 C, Cr-coated alumina, 260 nm
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Fig.8 Morphologies at the cross-sectional interface of spreading frontier of Cr-coated alumina
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