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Abstract: Semisolid casting can provide excellent castings, but the nature of the pore-forming
mechanisms has not been properly clarified. In the current communication, it was suggested that
hydrogen precipitated during slurry making might have a decisive role in the formation of both gas
and shrinkage porosity. Intensive stirring at the end of the slurry making process may act as a
degassing step. Without the intense stirring, structures of primary slurry particles form around the
hydrogen pores, strongly affecting pore formation and feeding during the intensification stage.
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1. Introduction

Weight reduction in important industry sectors, such as transports, is essential for meeting the
COr-emission targets [1]. Casting and semisolid processing have been identified as critical processes
for design flexibility [2] and to achieve weight reduction [3]. To achieve a sound component from a
good quality casting, the slurry properties are essential [4]. The flow behaviour of a metal slurry
involves a solid-fraction-dependent viscosity, shear-thinning and a solid-fraction-dependent yield
point [5]. In conventional High-pressure Die-casting (HPDC) is has been shown that hydrogen is not
an issue as gas entrainment through advection is dominant [6]. The higher effective viscosity in the
slurry will reduce turbulence and significantly reduce porosity [4]. This may make the hydrogen
content important to control in semisolid casting for porosity management.

The solubility of hydrogen in the solid phase is significantly lower than in the liquid phase [7],
and it is also difficult to nucleate gas bubbles [8]. It is thus necessary to have a suitable substrate for
heterogeneous nucleation to create a pore, and in a semisolid slurry, the number of substrates in the
form solid/liquid phase interfaces is abundant.

Once pores are formed the mechanics of a solid, as well as a slurry with a yield point, will change
and add an element of compressibility to it, meaning that the von Mises cylinder becomes an ellipsoid
allowing for hydrostatic pressure to cause deformation [9]. These pores may also fill, but there is a
complex interaction between the solid phase arrangement and the melt to allow a pore to be filled.
This opens for an even more complex interaction between solid, liquid and gas in a manufacturing
process involving a semisolid state.

The current communication aims to show some empirical observations that shed light on these
complex interactions.
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2. Materials and Methods

The materials used was Magsimal 59, an alloy well suited for use in semisolid casting. The
material was molten using a resistance furnace with a 200kg capacity, and no degassing action was
taken, suggesting that the melt was saturated with hydrogen. The slurry was fabricated using the
RheoMetal Process using a standard set up and a non-standard set-up allowing for additional
shearing of the slurry without breaking the surface a second time. Processing temperatures and
timings were kept constant and identical for both processing routes, only to see the influence of the
stirring. The material was cast using a 50ton Vertical HPDC machine.

Optical microscopy (Olympus Microscope) was used to observe the nature of the porosity.

3. Results and discussion

The observed microstructures for the two processing conditions are shown in figure 1. The
intense stirring has resulted in a near pore-free microstructure, figure 1a. The white phase is primary
precipitated o1-Al particles produced in the RheoMetal process, and the grey regions are a mixture of
finer a2-Al particles/dendrites and the eutectic with Al and Si. Figure 1b shows the same material
processed using the conventional methodology with a higher gross porosity formed in the centre. It
should here be noted that there exists in both cases, a nearly ai-Al particle-free outer layer as the
slurry particle migrates inwards during filling [10,11]. It should also be noted that a strong shear band
has formed under conventional processing, figure 1b and a tendency for the same is seen in figure 1a
[12]. These processes cause an agglomeration of the ai-Al particles in the central regions, which then
will give rise to a slurry with a higher yield point provided that the microstructural morphology
would allow for the required strength build-up to occur.
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Figure 1. [llustration of the overall microstructures obtained for the cast Magsimal 59 alloy and the
specific feature of interest using: (a) Intensified shearing; and (b) Standard RheoMetal processing.
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Gas entrainment would result in a random distribution of small rounded pores. In the current
casting, the pore distribution is located in the centre where the fraction of primary ai-Al particles is
high, figure 1a and 1b. This strongly suggests that the porosity is dominated by shrinkage porosity.
It should be noted that many of the pores are well-rounded, which suggests that gas has been
involved in the pore formation. In a 3 mm thick casting, no strong temperature gradient is formed,
and a conventional centerline defect is not formed.

The suggested porosity formation mechanism is illustrated in figure 2a. As the slurry is made
and the temperature is lowered in the melt, solid ai-Al particles precipitates and reject hydrogen to
the melt. At some point, a hydrogen bubble may form at a solid/liquid interphase surrounding a
particle. When formed, such a bubble will interact with other adjacent solid particles, both during the
slurry making and during the mould filling.

The events during slurry making are illustrated by the difference in porosity between the sample
using extensive stirring, figure 1a and the standard stirring treatment, figure 1b. The gas precipitating
at the solid/liquid interphases has difficulties in escaping due to a higher fraction of ai-Al particles.
However, intense stirring will break the structures in the slurry, making it more malleable and also
making it possible for the gas bubbles to escape. In the case of the conventional stirring, this action is
significantly less effective with the resulting high porosity in the ai-Al particles rich regions where
all the pores are agglomerating.

Post slurry making, a gas bubble would as mentioned, change the mechanical behaviour adding
yielding and deformation due to hydrostatic pressure. The combination of cooling with continued
gas precipitation and solid-phase precipitation and increasing pressure, especially during the final
intensification stage of the casting process, will move the particles towards each other as the bubble
is growing to the second stage in figure 2a, which also is seen in the highlighted region in figure 1b.
The irregular shape is partially depending on the wetting and surface tension together with the fact
that melt is being transported to the areas with the largest volume of shrinkage, i.e. regions with little
or few au-Al particles, far away from the centre of the casting, closer to the outer surface. For the pore
to fill, there is a requirement that the meniscus radius r», figure 2b becomes identical to the pore
radius, p [13]. The filling depends on particle size, R, slurry temperature, wetting angle a and in the
final intensification stage, the applied pressure, supporting pore filling.
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Figure 2. Illustration of the pore formation and profiling mechanisms: (a) Pore formation sequence
including the final stage of partial filling, and (b) Geometries illustrating conditions for pore filling.
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Pores in the order of 0.1mm appear intact while larger pores have collapsed in figure 1b. The
collapsed pores appear to have been compressed along the centerline suggesting an axial pressure
which then would be in the direction from the plunger towards the venting which would suggest
that the intensification pressure drove this.

It should here be noted that, as the gas porosity was removed by the intense stirring, no such
extensive ring-shaped structures, nor collapsed and deformed features, could be found in the
microstructure shown in figure 1a.

4. Conclusions

The origin of porosity in semisolid casting was discussed in this communication. The main
conclusions were:

1. It appears as if intense stirring can act as a degassing step in semisolid casting.

2. Structures were formed in the proximity of primary precipitated slurry particles
suggesting that gas pores, presumably hydrogen bubbles, form near or at the solid-
liquid interfaces.

3. These particle structures will, together with the gas pores, drive the formation of a
combined gas and shrinkage porosity. Smaller structures will prevail, and larger
structures will collapse during intensification as the existing porosity will allow the
material to yield under compressive stress.
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