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ABSTRACT

Semi-solid metal processing has been applied widely in the industry for many
years. To obtain the most of its potential, it is important to have a more efficient and effective
semi-solid metal formation process. Two theories are often proposed by many researchers:
copious nucleation and fragmentation. In order to understand of the formation mechanism, it is
important to study the microstructure evolution at the early stages. This research has developed
an experimental apparatus that can capture the grain structure at different times at the early
stages to understand how the semi-solid structure evolves. In this technique, semi-solid slurry is
produced by injecting fine gas bubbles into the melt through a graphite diffuser during
solidification. Then, a copper quenching mold is used to draw some semi-solid slurry into a thin
channel. The semi-solid slurry is then rapidly frozen in the channel giving the microstructure of
the slurry at the desired time. Samples of semi-solid 356 aluminum alloy are taken at different
gas injection times of 1, 5, 10, 12, 15, 20, 30, 35, 40 and 45 seconds. Analysis of the
microstructure suggests that the fragmentation by remelting mechanism may be responsible for
the formation of globular structure in this rheocasting process. In addition, the particle
distribution may be quantified by the dilation and counting technique to determine different
levels of particle clustering. The results from study suggest that this new characterization method
can be used as a process and quality control tool in a rheocasting process. It can also be used to
optimize the process and to study the formation mechanism of a rheocasting technique.

To understand the grain refinement behavior of an aluminum alloy under the
influences of inoculation and dynamic nucleation. Rapid quenching results show that dynamic
nucleation by application of forced convection with localized cooling to the melt yields

increased solid fraction and particle density of the secondary nuclei. The solid fraction and



(®)

particle density are further increased by inoculation. This study also shows that increasing the
convection level in an inoculated melt held at a temperature slightly above the liquidus
temperature increases the dynamic nucleation effectiveness, which consequently yields finer
microstructure of the final cast samples. The findings suggest that grain refinement can be
effectively achieved by applying localized forced convection with rapid cooling to create a low
fraction solid of secondary nuclei in the melt prior to pouring and casting.

For the studied effect of particle size at the early stages on mechanical
properties of semi-solid casting of A356 aluminum alloy had been investigated. The results from
study show that the ultimate tensile strength and elongation are affected by the particle size of
the primary o (Al) at the early stages.

Finally, the three dimension (3D) analysis from such serial sections confirmed

that particles that appear to be isolated are actually interconnected to others.
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Tilting and Swirling Drainage De-moulding
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