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ABSTRACT

In recent decades, semi-solid casting of aluminum has recieved significant attention
as one of advanced manufacturing technologies. This process involves forming metal in a
semi-solid state, where both solid and liquid phases coexist. Produncing aluminum alloys in
this condition enables the better microstructural control, reduces porosity, enhance
dimensional accuracy, and improves the mechanical properties of the final product.
Currently, the most commonly used semi-solid forming techniques are Thixocasting and
Rheocasting. Thixocasting involves reheating alumium feed stocks containing a globular
microstructure to a semi-solid state and then injectecting it into the mold. In contrast,
Rheocasting directly tranforms molten aluminum into a semi-solid state before shaping.
Both sophisticated methods effectively minimize defects and enhance the strength and
quality of the final product. This review article provides an overview of the semi-solid
casting process of aluminum, the mechanisms of non-dendritic structure formation, and the
significant parameters that influence microstructure, mechanical properties, and product
quality. The knowledge presented is crucial for the development of semi-solid casting
processes in both research and industrial applications, particularly in the field of aluminum

alloy casting.
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Figure 1 Comparison of production cost and properties of Semi-solid, conventional casting
and wrought process [20]
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Dendritic Structure Non-dendritic Structure

Figure 2 The sketch of structure of metal obtained form (a) Conventional casting and

(b) Semi-solid process[27]
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Figure 3 Shematic diagram exhibiting the feed preparation of semi-solid process [32]
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Figure 4 Fragmentation of solidified dendrite leading to the formation of nuclei in semi-
solid casting [35]
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Figure 5 Circulation causing fragmented dendrite particles acting as nuclei [37]
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Figure 6 Transformation of shape particle due to the increase of time [34]
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Table 1 Effects of Elements and Their Combinations in Aluminum Alloys

Element Effects on Aluminum Alloys Reference
Titanium (Ti) Promotes fine-grained structure and enhances mechanical properties 44.45,46
Boron (B) Assists in grain refinementwhen combined with Ti 44,45 46
Strontium (Sr) Modifies eutectic silicon, improves mechanical properties, enhances fluidity in the semi-solid 46,50
state

Magnesium (Mg) Increases hardness and strength, improves corrosion resistance when used in the right proportion 44
Scandium (Sc) Refines grain structure, increases strength, improves corrosion resistance 49,51
Zirconium (Zr) Acts as a nucleation site, refines grain, prevents grain growth at high temperatures 47,52
Iron (Fe) Can negatively impact grain refinement, forms intermetallic compounds reducing ductility a7
Silicon (Si) Essential in Al-Si alloys, but excess Si can form brittle intermetallic compounds a7
Titanium + Boron Enhances grain refinement, improves mechanical properties by refining primary aluminum phase  44,45,46
Scandium + Zirconium Prevents grain growth at high temperatures, improves thermal stability 49
Magnesium + Strontium Increases hardness and corrosion resistance, enhances fluidity a8

Iron + Silicon Forms intermetallic compounds, reducing ductility and mechanical properties a7
Titanium + Boron+ Reduces grain refinement performance at

Zirconium
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Figure 8 The sketch of semi-solid casting with cooling slope, showing the effects of pouring

temperature and plate angle [65]
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Figure 9 The sketch of semi-solid casting with rippled cooling slope [68]
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