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Abstract Three types of near-net shape casting alumi-
num parts were investigated by computed tomography to
determine casting defects and evaluate quality. The first,
second, and third parts were produced by low-pressure die
casting (Al-12Si-0.8Cu-0.5Fe-0.9Mg-0.7Ni-0.2Zn alloy),
die casting (A356, Al-7Si-0.3Mg), and semi-solid casting
(A356, Al-7Si-0.3Mg), respectively. Unlike die casting
(second part), low-pressure die casting (first part) sig-
nificantly reduced the formation of casting defects (i.e.,
porosity) due to its smooth filling and solidification under
pressure. No significant casting defect was observed in the
third part, and this absence of defects indicates that semi-
solid casting could produce high-quality near-net shape
casting aluminum parts. Moreover, casting defects were
mostly distributed along the eutectic grain boundaries.
This finding reveals that refinement of eutectic grains is
necessary to optimize the distribution of casting defects
and reduce their size. This investigation demonstrated that
computed tomography is an efficient method to determine
casting defects in near-net shape casting aluminum parts.

Keywords near-net shape casting, aluminum parts, cast-
ing defects, low pressure die casting, die casting, semi-solid
casting, computed tomography

1 Introduction

High-performance Al alloys are widely used to replace
heavy cast iron and steel parts in automotive and defense
industries due to their small weight, high specific strength,

and good corrosive resistance. Near-net shape casting of Al
parts (i.e., direct chill casting, low-pressure die casting
(LPDC), and semi-solid casting (SSC)) is promising
because the shape and properties of the parts can be
controlled by near-net shape casting technologies; there-
fore, subsequent manufacturing processes are not required.
For example, direct chill casting of near-net shape ingots
has been performed to produce suspension parts of Al
alloys without extrusion and bending procedures [1]. In
terms of shape casting, LPDC has been used to produce
large, complex, thin-walled, high-quality Al casting parts
[2–5]. LPDC is a counter-gravity casting (CGC) techno-
logy. Other CGC approaches include counter-pressure
casting and vacuum-assisted pressure-adjusted casting.
Casting in CGC is formed under pressure. Therefore,
primary and secondary dendrites are broken and distri-
buted evenly within the matrix, thus improving the
performance of castings. LPDC presents many advantages
over other commercial methods due to its smooth filling
and solidification under pressure. The formation of casting
defects (i.e., pore and/or shrinkage cavities) can be
significantly reduced. However, appropriate technology
parameters have to be provided; otherwise, these inherent
advantages cannot be maximized. SSC has also been used
to produce high-quality Al casting parts. Primary and
secondary dendrites are broken in SSC, and round grains
are formed. Therefore, the formation of casting defects is
also significantly reduced. Computed tomography (CT) is
frequently utilized to determine the casting defects of Al
casting parts [6–11]. This study determines casting defects
and evaluates the quality of three types of near-net shape
casting aluminum parts by using CT.

2 Experimental

Three types of near-net shape casting aluminum parts were
investigated by CT to determine casting defects and
evaluate quality. The first, second, and third parts were
produced by die casting (A356, Al-7Si-0.3Mg), LPDC
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(Al-12Si-0.8Cu-0.5Fe-0.9Mg-0.7Ni-0.2Zn alloy), and
SSC (A356, Al-7Si-0.3Mg), respectively. Although dif-
ferent Al alloys and casting technologies were used, the
obtained results can still be compared qualitatively.
The samples for CT investigations were machined to

obtain a 4 mm diameter and 10 mm length. The samples
were scanned on a Phoenix X-ray v|tome|x c equipped with
a 240 kV cone-beam X-ray tube operating at 70 kV. A total
of 1300 X-ray images were recorded within a total scan
time of about 120 min by using a GE DXR 1000 � 1000
pixel detector with a 14-bit dynamic range. A modified
Feldkamp algorithm for filtered back projection was used
for volume reconstruction according to the supplier’s
instructions [6]. The resulting voxel size was about 5 µm.
The number density and size distribution of porosities were
determined with three types of near-net shape casting
aluminum parts.

3 Results and discussion

Figure 1 shows a 3D image of porosities and a quantitative
analysis of porosities of the first part produced by
LPDC (Al-12Si-0.8Cu-0.5Fe-0.9Mg-0.7Ni-0.2Zn alloy)
(Figs. 1(a) and 1(c)) and the second part produced by die
casting (A356, Al-7Si-0.3Mg) (Figs. 1(b) and 1(d)). As

shown in Fig. 1(a), porosities with a low number density
were observed in the first part produced by LPDC (Al-
12Si-0.8Cu-0.5Fe-0.9Mg-0.7Ni-0.2Zn alloy). Large po-
rosities with a high number density were observed in the
second part produced by die casting (A356, Al-7Si-
0.3Mg), as shown in Fig. 1(b). Given the absence of
significant contrast among Al, Si, and Mg, determining the
grain boundaries and the position of porosities in the
second part is impossible. However, the enhanced contrast
caused by the alloying elements (i.e., Cu and Ni) along the
grain boundaries in the first part allowed for the
determination of the grain boundaries and position of
porosities. The casting defects were mostly distributed
along the eutectic grain boundaries, indicating that
refinement of eutectic grains is necessary to optimize the
distribution of casting defects and reduce their size. A
quantitative analysis of porosities is also shown in
Figs. 1(c) and 1(d). The total volume of porosities in the
second part was approximately 1.14%, and the number
density of porosities was approximately 26.7 mm–3. By
contrast, the total volume of porosities in the first part was
0.05%, which is much less than that (1.14%) of the second
part. The number density of porosities was 22.9 mm–3,
which is also slightly less than that (26.7 mm–3) of the
second part. LPDC significantly reduced the formation of
casting defects (i.e., porosity) due to its smooth filling and

Fig. 1 3D image of porosities and a quantitative analysis of porosities in (a, c) the first part produced by low-pressure die casting (Al-
12Si-0.8Cu-0.5Fe-0.9Mg-0.7Ni-0.2Zn alloy) and (b, d) in the second part produced by die casting (A356, Al-7Si-0.3Mg)
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solidification under pressure. However, alloy composition
may also exert a significant effect on the formation of
porosities. A systematic investigation of the formation of
porosities under the same solidification conditions is
required. The present investigation indicates that CT is
an efficient method to determine casting defects in near-net
shape casting aluminum parts.
Figure 2 shows optical microscopy images of the first

part produced by LPDC (Al-12Si-0.8Cu-0.5Fe-0.9Mg-
0.7Ni-0.2Zn alloy) (Fig. 2(a)) and the second part
produced by die casting (A356, Al-7Si-0.3Mg)
(Fig. 2(b)). In the first part (Fig. 2(a)), different types of
intermetallic phases (eutectic Si, π-AlSiMgFe phase, Fe-
rich phase, Cu-rich phase, and Ni-phase) were observed
along the eutectic grain boundaries. Hence, eutectic grain
sizes were easily determined by using a modified
Murakami reagent to etch out the eutectic grain bound-
aries. The total volume of intermetallic phases (eutectic Si,
π-AlSiMgFe phase, and Fe-rich phase) in the second part
was much less than that in the first part. Therefore, the
eutectic grain boundaries showed no contrast even with the
modified Murakami reagent. Different types of interme-

tallic phases can be determined through scanning electron
microscope (SEM) and energy-dispersive X-ray spectro-
scopy (EDS) analyses (not shown here) and can be
predicted using Thermo-Calc with the database of TCAl3.
To provide an example, we predicted the presence of
different types of intermetallic phases, as shown in Fig. 3.
The elongation of the first part was less than that of the

Fig. 2 Optical microscopy images of (a) the first part produced
by low-pressure die casting (Al-12Si-0.8Cu-0.5Fe-0.9Mg-0.7Ni-
0.2Zn alloy) and (b) the second part produced by die casting
(A356, Al-7Si-0.3Mg)

Fig. 3 Solidification path prediction of (a,b) the first part produced by low-pressure die casting (Al-12Si-0.8Cu-0.5Fe-0.9Mg-0.7Ni-
0.2Zn alloy) and (b,d) the second part produced by die casting (A356, Al-7Si-0.3Mg); (b,d) is an enlargement of (a,c)
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second part, as shown in Fig. 4, due to the presence of
different types of intermetallic phases along the grain
boundaries. Notably, the presence of different types of
intermetallic phases along the grain boundaries increased
thermal stability and yield strength at elevated tempera-
tures because Ni- and Cu-containing phases formed in the
last stage of solidification, as shown in Fig. 3. They were
located in the vicinity of the network of eutectic Si and thus
provided a significant contribution to yield strength at
elevated temperatures.

Figure 5 shows a 3D image of porosities (Fig. 5(a)) and a
quantitative analysis of porosities (Fig. 5(b)) in the third
part produced by SSC (A356, Al-7Si-0.3Mg). No
significant porosity was observed. Careful examination
revealed eight small porosities (Fig. 5(b)). The absence of
porosity can be attributed to the typical solidification
microstructure, as shown in Fig. 6.

Figure 6 shows an optical microscopy image (Fig. 6(a))
and a SEM image (Fig. 6(b)) of the third part produced by
SSC (A356, Al-7Si-0.3Mg). As shown in Figs. 6(a) and
6(b), primary and secondary dendrites were broken, and
round grains were formed. This result indicates that SSC
could reduce the formation of porosities.

4 Conclusions

Casting defects and eutectic grain boundaries in three types
of near-net shape casting aluminum parts (LPDC Al-12Si-
0.8Cu-0.5Fe-0.9Mg-0.7Ni-0.2Zn alloy; die casting A356,
Al-7Si-0.3Mg; and SSC A356, Al-7Si-0.3Mg) were
determined by CT. LPDC significantly reduced the
formation of casting defects (i.e., porosity) due to its
smooth filling and solidification under pressure. No
significant casting defect was observed in the third part,
indicating that SSC could produce high-quality near-net
shape casting aluminum parts. Moreover, casting defects
were mostly distributed along the eutectic grain bound-
aries, indicating that the refinement of eutectic grains is
necessary to optimize the distribution of casting defects
and decrease their size. This investigation revealed that CT
is an efficient method to determine casting defects in near-
net shape casting aluminum parts.
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