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Reactive Wetting Behavior of Q235 Steel by Molten 4043/6061 Al Alloys and

Formation Mechanism of Precursor Film
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Abstract: Wetting behavior and final wettability of steel by molten Al directly determine the quality of the coating in the hot
dip aluminizing process. In this study, wetting of Q235 steel by two industrial grades Al alloys (4043 and 6061) was
investigated by the modified sessile drop method at temperatures between 600 and 750 °C under high vacuum. Al alloys (4063
and 6061)-Q235 steel is typical reactive wetting, and the wettability was improved with the increase of the temperature. The
formation of intermetallics leads to the replacement of the oxidized surface by a clean surface, and further induces the
spreading. Different chemical compositions in Al alloys also lead to the different interfacial structures and spreading dynamics,
and the activation energies for wetting of Q235 steel by molten 6061 and 4043 Al alloys are 86 kJ/mol and 8 kJ/mol,
respectively. The Mg in 6061 Al alloy reduces the oxide film and then makes molten Al infiltrate into the steel substrate easily,
as a subcutaneous infiltration mechanism. The high affinity of the Si in 4043 Al alloy at Al-steel interface induces the
segregation of Si in the reaction layer.
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Table 1 Chemical composition of the materials (w/ %)
Materials Fe Si Cu Mn Mg Zn Ti Al
Al14043
Al 6061
Q235 Steel

0.80 5.00 0.30 0.05 0.05 0.10 0.20 Bal.
0.70 0.60 0.15 0.15 0.90 0.25 0.15 Bal
Bal. 0.01 0.39 0.25
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Fig. 1 Schematic diagram of the wetting experimental apparatus
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