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ABSTRACT

The microstructure and crystallography of semi-solid cast metals in
comparison to those of conventional cast metals has been studied by light microscopy
(LM), scanning electron microscopy (SEM), conventional transmission electron
microscopy (CTEM), high-resolution transmission electron microscopy (HRTEM)
and annular dark-field scanning transmission electron microscope (ADF-STEM).
Properties of cast metals studied include hardness, wear resistance, corrosion
resistance and fatigue resistance. Two types of alloys were investigated i.e. 18wt%Cr-
3.06wWt%C-4.95wt%W-0.87wt%Mo cast iron and cast A356 aluminium alloy, chosen
to represent the high and low melting point alloys, respectively.

For the 18wt%Cr-3.06wt%C-4.95wt%W-0.87wt%Mo semi-solid cast iron,
samples were heat-treated by (i) tempering at 500°C for 2 hours and air cooling, (ii)
destabilisation at 1075°C for 2 hours and air cooling, and (iii) destabilisation at

1075°C for 2 hours followed tempering at 500°C for 2 hours and air cooling. LM



vi

revealed that primary dendritic austenite in the conventional cast process became
spheroidal austenite in the semi-solid cast process. During destabilisation of this
austenite, M,3C¢ secondary carbides precipitated and reduced the alloy (C and Cr)

content of the matrix, allowing it to transform to martensite on air cooling. The

Nishiyama-Wassermann orientation relationship, (110),//(100)

M23C6 2

(112),/(011) between the secondary M,;Cg carbide and the martensite matrix

was found, suggesting the cube-cube orientation relationship between the prior
austenite and the secondary M,3;Cg carbide. W-rich and Mo-rich phases were found
between arms of primary dendrites or spheroids including typical (Cr,Fe)-rich eutectic
M-,C3;, bee (Fe,W)-rich eutectic carbide and diamond cubic (Mo,Mn)-rich carbide.
Destabilisation led to a formation of another phase which could be fcc (W,Fe)-rich
carbide. Tempering led to a higher amount of secondary carbides indicating a
reduction of retained austenite. The hardness of sample after destabilisation was
highest because of the martensite matrix formed after the precipitation of secondary
carbides. The wear resistance after destabilization plus tempering was highest due to
the martensite matrix and probably also a reduction of retained austenite. The
corrosion test revealed that the corrosion resistance in the as-cast condition is better
than that of after destabilisation, because precipitation of secondary carbides reduced
the Cr and Mo contents in the matrix and created much new interfacial areas which
can be sites for preferential corrosion attack.

For the cast A356 aluminium alloy, samples were heat-treated by solution
treatment at 540°C for 4 hours and aged at 160°C for 12, 18, 24 and 48 hours. a-Al
dendrites became spheroids in semi-solid cast process. The ageing time at 24 to 48

hours gave the highest hardness for both conventional and semi-solid cast samples.



vii
The precipitate found at peak-ageing is mainly the " precipitate or its precursors. The
orientation relationship (OR) between the precipitate and the Al matrix is

[0017a1//[010]pps  (020)al//(601)py  and  (200)ar//(403) equivalent  to

ppt 2

[001]A1//[010]ppts (130) A1//(100) 5 and (320)a1//(001),,¢. Facet planes parallel to the

needle axis are (130) A1//(100) 5 and (320)1//(001)ppi,. ADF-STEM images showed

the reverse contrast of precipitate situated within the Al matrix in low angle detector
mode (LAADF). The precipitates found in the underaged condition can be GP zones
and pre-4" precipitate, whereas, at overageing, are Si and Mg, Si particles.

The fatigue-tested samples were solution-treated at 540°C for 4 hours and
aged at 160°C for 18, 24 and 72 hours. Fatigue resistance of conventional cast
samples is higher than that of semi-solid samples due to oxide inclusions in the
microstructure of the semi-solid samples. The fatigue resistance is related to the

hardness results.
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