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Fig. 1. Average size of a-Al grains and OM images of the
Al-2Cu alloys without addition of inoculant, inoculated
with 0.4% Al-5Ti-1B and inoculated with 0.4% Al-5Ti-1B +
0.08% La.
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Fig. 2. TEM image and elemental maps in the Al-2Cu alloy inoculated by 1% Al-5Ti-1B: (a) TEM image at low magnification;
(b)—(e) elemental maps of Al (b), Cu (c), Ti (d), B (e); (f) TEM image at high magnification of TiB, particles, where inset shows

the electron energy loss spectroscopy line profiles of elements Al, Cu and Ti averaged over the area indicated in Fig. (f) by blue box.
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Fig. 3. (a) TEM image at high magnification in Al-2Cu alloy inoculated by 1% Al-5Ti-1B + 0.08% La; (b)—(e) energy dispersive X-
ray spectroscopy maps of Al (b), Cu (c), Ti (d), La (e); (f) electron energy loss spectroscopy line profiles of elements Al, Cu, Ti and
La averaged over the area indicated in (a) by pink box of TiB, particles.
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Fig. 4. HRTEM images showing the basal plane (0001) of TiB, in Al-2Cu alloy inoculated with 1% Al-5Ti-1B + 0% La (a) and 1% Al-5Ti-
1B 40.08%La (b), respectively; (c) schematic illustration of interface between the Ti (0001) plane of TiB, surface and the monolayer.
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Fig. 5. DTA heating (dashed line) and cooling (solid line)
curves for the Al-2Cu alloys with the addition of 0.4% Al-
5Ti-1B master alloy. T, and T,, = 926.2K are respectively
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Fig. 6. Effect of trace La addition on the growth restriction

factor of Al-2Cu alloy inoculated with 0.4% Al-5Ti-1B master
alloy.
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Abstract

Grain refinement of aluminium alloys can not only reduce the defects (such as segregation and hot tearing)
but also improve the mechanical properties. Adding Al-5Ti-1B master alloy to the melt has become a common
method to refine the solidification microstructure of aluminium alloys. A lot of researches have been carried out
to uncover the grain refining mechanisms as well as to show the microstructure formation under the effect of
grain refiner. These researches demonstrated that the grain refining efficiency is closely related to the number
density of TiB, particles as well as the solute Ti concentration in the melt. However, there exist still problems
to be resolved, such as the limited grain refinement potency of Al-5Ti-1B master alloy. Recently, the addition of
trace La to the melt has attracted much attention to control the microstructure of aluminium alloys. The Al-Cu
alloys are widely applied to the automobile and aerospace fields due to their high strength, good ductility and
high temperature properties. It has been reported that Cu can segregate to Al/TiB, interface in the Al-Cu melt
inoculated with Al-5Ti-1B master alloy. But the effect of Cu segregation on the grain refinement result is not
clear yet. Meanwhile, whether the grain refinement effect of Al-5Ti-1B master alloy on Al-Cu alloy can be
improved by the addition of trace La has not been reported.

Solidification experiments are carried out for Al-2Cu alloy with the addition of Al-5Ti-1B master alloy+
trace La. The synergistic effect of trace La and Al-5Ti-1B on the solidification microstructure of Al-2Cu alloy is
investigated. It is found that trace La can effectively enhance the refinement result of Al-2Cu alloy and further
diminish the nucleation undercooling. Experimental and calculated results demonstrate that solute Cu
segregates to the Al/TiB, interface and thus increases the interatomic spacing mismatch between Ti (0001)
plane of the TiB, particles and the interfacial monolayer, while La segregation reduces the interatomic spacing
mismatch. The trace La addition reduces the interfacial energy between a-Al and TiB, particles, improves the
potency of TiB, particles to nucleate a-Al, and thus enhances the grain refinement result of Al-5Ti-1B master

alloy.
Keywords: grain refinement, trace element, segregation, aluminium alloys
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