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Abstract: The presence of tin, which has a low solubility in an aluminium matrix, can affect the evolution of dendrite
growth with different contents. The evolution of the dendrite orientation during the unidirectional solidification of Al-Sn
alloys with different contents is investigated by optical metallography (OM) and electron back-scatter diffraction (EBSD).
The macrostructure of the longitudinal section of the sample exhibits a single typical fan-like structure, regular columnar
grains or both. The EBSD grain reconstruction maps and corresponding poles of different sections can demonstrate the
actual dendrite growth directions. The results show that only columnar grains but no twinned dendrites are present in the
directional solidification microstructures of low-tin-content Al-Sn alloys. When the Sn content reaches 4 wt.%, the preferred
growth direction of some dendrites changes from <100> to <110>, and twinned dendrites with {111} as the twin boundary
starts to form. The macroscopic growth direction of the columnar crystals is parallel to the temperature gradient, whereas
the twinned dendrites, despite maintaining the <110> crystallographic orientation, have a macroscopic growth direction that
deviates from the temperature gradient. The results indicate that the evolution of the dendrite orientation is related to the
change in the anisotropy of the interfacial energy. Under suitable solidification conditions, when the Sn content exceeds the
critical threshold, it can simultaneously cause changes in the growth pattern of dendrites and the preferred growth direction
by altering the anisotropy of the interfacial energy.
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Fig.1 Sketch map of the directional solidification equipment
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Fig.2 Macrostructure of the longitudinal section in DS alloys: (a) Al-0.1 wt.% Sn; (b) Al-1 wt.% Sn; (c) Al-4 wt.% Sn;
(d) Al-8 wt.% Sn; (e) Al-20 wt.% Sn
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Fig.3 Macrostructure, corresponding pole figure and EBSD reconstruction map at different solidification regions of the longitudinal
section in directionally solidified Al-0.1 wt.% Sn alloy: (a) bottom region; (b) middle region; (c) top region
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Fig.4 Macrostructure, corresponding pole figure and EBSD reconstruction map at different solidification regions of the longitudinal
section in directionally solidified Al-1 wt.% Sn alloy: (a) bottom region; (b) middle region; (c) top region
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Fig.5 Macrostructure and EBSD reconstruction maps at different regions of the longitudinal section in directionally solidified
Al-4 wt.% Sn alloy (pole figure corresponds to region a): (a) bottom region; (b) middle region; (c) top region
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Fig.6 Directionally solidified Al-4 wt.% Sn alloy: (a) twinned dendrite microstructure; (b) corresponding pole figures
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Fig.7 Macrostructure and EBSD reconstruction maps at different regions of the longitudinal section in directionally solidified
Al-8 wt.% Sn alloy (IPF corresponds to region a): (a) bottom region; (b) middle region; (c) top region
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Fig.8 Macrostructure and EBSD reconstruction maps at different regions of the longitudinal section in directionally solidified
Al-20 wt.% Sn alloy (the pole figure corresponds to regions a and c): (a) bottom region; (b) middle region; (c, d) top region
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Tab.1 Composition of the solidification microstructure and growth direction of directionally solidified Al-Sn alloys

Microstructure and growth

o Al-0.1 wt.% Sn Al-1 wt.% Sn Al-4 wt.% Sn Al-8 wt.% Sn Al-20 wt.% Sn
direction
Twinned dendrites No No Yes Yes Yes
Growth direction of twined
) - - <110> <110> <110>
dendrites
Growth direction of columnar <100>
<100> <100> <100> <110>
grains <110>
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