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Report:

Mechanical properties of as-cast alloy are veryedepnt on the solidification process. It is welbkm
that grain refinement enhances properties of ggstilt is also known that Al-Ti-B master alloys &he
very effective grain refiners. For Al-Si foundryjals, those TiB containing grain refiners without excess
titanium such as Al-3Ti-3B are found to be moreeefiive than those with excess titanium (Al-5Ti-B).
This is attributed to the effect of alloying elerteonf Si and Mg. It is notable that there are ieséing
discussions on the refinement mechanism on thie tfpalloy. In-situ studies can help advancing the
nucleation theories substantially.

Grain nucleation and grain growth for few differeaisting conditions of a commercial aluminium alloy
(A356: Al-7Si-0.4Mg-0.1Fe-0.1Ti wt%) were investigd using three dimensional X-ray diffraction
microscope (3D/XRD) located at ID11. A monochromdtard X-ray beam (energy of 70 keV) with a
beam size of 200x200 |frvas used. Samples were placed into a cylindricatainer of glassy carbon
(height: 25 mm, inner diameter: 5 mm, wall thicksies mm). This container was placed into a Quartz
tube, which was vertically aligned inside a furnaXegay beam was transmitted through an orificegth

on the furnace. The furnace was fixed to a rotatatnbe enabling sample rotation alongside the carti
axis. However, this rotation was less than 10 degrkeating and cooling of the samples were operated
under vacuum of I0 The x-ray diffractions from liquid state give twimgs on the 2D detector, as the
solidification begins spots, representing the gra@ppear and grow. Collecting and measuring their
numbers and intensities gave important data abeugrain size and solid phase fraction.

To study solidification, samples were cooled froB®®C to 400°C at different cooling rate of 2.5 Kimi
to 25 K/min following a 15 min holding time at 68D°Samples were: not grain refined and grain eefin
with different amount and type of grain refiner@:06 and 0.1 wt% Ti as AI3TiB; 0.1 and 0.4 wt% §i a
AI5Ti). Samples grain refined with AI5Ti did not®lr significant amount of grain refinement compared
to the rest and alloy with 0.1 wt% (TiBgave the best refining effect.

Figure 1 shows the evolution of nucleation andsbié fraction for two different alloying conditisrof
non-grain refined and grain-refined with 0.1 wt%(a$ Al-3Ti-B) under two different cooling rates2b
K/min and 7.5 K/min.
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Figure 1. Effect of grain refinement on the nucleation dhpary phase in a commercial alloy of A356 at
two different cooling rates of 2.5 and 7.5K/min.

Comparing the evolution curves, shows that how ragidd.1 wt% Ti (TiB) lifts the nucleation
temperature of the primary phase by ~20 K. Interght it also advances the eutectic reaction
temperature by ~20 K. These unique observatiomsiaostructure evolution during solidification aree
first experiments of such for a commercial Al-Sufadlry alloy. To have better understanding of the
alloy’s solidification, further investigation wittifferent type/amount of additives (eutectic moelifas
well as grain refiners) is suggested.
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