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The paper deals with processing of material in semisolid state by the technology of semisolid squeeze
casting. The investigated material was a subeutectic aluminium alloy A1Si7Mg0.3. The influence of vari-
ous preparation methods of batch material on the structure after processing by this technology was stud-
ied. Alloy AlSi7Mg0.3 was prepared as gravity cast, inoculated, heat treated and by technology of direct
squeeze casting. In article is assessed microstructure of castings before and after processing by technol-
ogy of semisolid squeeze casting. The shape and distribution of eutectic silicon was observed. The shape
and the distribution of alpha phase formations has an impact on whether micro-volumes of molten eu-
tectic will be closed in alpha phase or will be segregated along the boundaries of alpha phase formations.
It was observed the partial inheritance in microstructure. Also the segregation in surface layer was ob-

served.
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1 Introduction

Semisolid metal processing (SSM) is one of the
casting methods, in which a partially solidified metal
slurry is injected into a mold cavity. The partially soli-
dified metal slurry consists typically of 50% liquid and
50% solid. Technology of semisolid squeeze casting
(SSSC) combines semisolid forming and squeeze
casting to improve the conventional squeeze casting
method (SC). This technology was summarized by
Ghomashchi and Vikhrov. [1-7]

There are some major advantages in the semisolid
metal processing. Some of them are:

e Extending mould life. The metal slurry conta-

ins about 50% of the solid phase during
casting, which means that a considerable
amount of heat from the phase conversion
has been released before injection into the
mould cavity, thereby significantly reducing
its thermal load.

e Reducing the time required for one casting
cycle, since by reducing the energy released
during solidification, the setting time is re-
duced by almost half.

e Reducing the impact of the shrinkage process.

e Increasing casting integrity and improving

properties.

The influence of squeeze casting technology on

microstructure and mechanical properties of alumi-
nium and magnesium alloys has been extensively in-
vestigated in several works. During semisolid proces-
sing is the uniform distribution of primary particles in
the matrix a critical parameter to reach desired prope-
rties of cast. Segregation in semisolid materials leads
to heterogeneous properties. This effect is result of di-
tferent flow behaviours of the liquid phase and solid
globules. Vieira and Ferrante studied the segregation
susceptibility of aluminium-silicon alloys in semi-solid
state. They found that the segregation behaviour was
correlated to microstructure. They also realised that
segregation occurred during rising up of the semi-solid
material through the space between the die and the
plunger. Based on the changes, Vieira and Ferrante de-
fined three different regions in the microstructure: a
densified region, a semisolid region and a liquid phase
region. They also defined that the higher impact on
the segregation has the shape of cast than the velocity
of flow. [8-15]

The aim of this paper is to observe inheritance
between initial ~material microstructure  and
microstructure of the cast after SSSC processing. Also
the segregation process was observed.

2 Experimental material and process

As experimental material was used the AlSi7Mg(.3
alloy because its mechanical and casting properties,
option of heat treatment and wide solidification range.

Chemical composition of this alloy is shown in table
1.
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Tab. 1 Chenical composition of the used AISi7Mg0.3 alloy
Jwt. %]
Si Mg Fe Mn Ti Al
7.01 0.31 0.19 | 0.02 | 0.12 Bal.

From the alloy were created samples by the tech-
nology of gravity die casting into metal mold. A part
of the samples were inoculated with 0.2 wt. % of
AlITi5B1. For observing the influence of the eutectic
morphology were a part of the samples heat treated by
the dissolution annealing. Annealing temperature was
540 °C, time 6 hours, cooling to water with 60 °C. In
addition to the gravity casted samples, were created
samples by technology of direct squeeze casting. Tem-
perature of casting was 700 °C, temperature of the
mold 250°C, pressure 100 MPa. Thus prepared
samples were machined into desired dimensions.

I
=

Initial material with different methods of prepara-
tion was processing by the technology of SSSC. Sketch
of the experimental measurement is described on fi-
gure 1. The surface of the die cavity and the surface of
the samples themselves was treated with a graphite
coating. The semisolid state of the samples was achie-
ved by heating them to a temperature with 50% of
liquid phase. The heating was carried out by placing
the samples in steel jigs in a resistance chamber fur-
nace, which had been preheated to a required tempe-
rature. The heating of the samples was monitored
using K-type thermocouples located in the control
sample. After reaching the desired temperature, the
specimens were individually extruded on a conventio-
nal hydraulic press into circular cross-section mould.
The pressure applied to the sample was 100 MPa.
Temperature of the mold and piston was 200£5°C.
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Fig. 2. Thermal analysis of AlSi7Mg0.3
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Heating temperature of casting material was set to
level with 50% liquid phase and 50% solid, i. e.
578%1°C. Temperature with 50% of liquid phase was
defined by the thermic analysis of used alloy (fig. 2).

3 Results

On figure 3 are shown microstructures of samples
in its initial level. These pictures were taken at 50x
magnification.

The microstructure of AlSi7Mg0.3 alloy is compo-
sed of an alpha aluminium phase and eutectic silicon
in lamellar form (fig. 3a). Due to the inoculating, the
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Fig. 3 Microstructure of initial material a) gravity cast, b) inoculated alloy, c) heat treated alloy, d) alloy casted by technology of di-
rect SC

microstructure (fig. 3b) was refined and primary den-
dritic arms of alpha phase were shortened. Eutectic si-
licon is segregated in interdendritic spaces in lamellar
form as in non-inoculated alloy. After heat treatment,
the microstructure consists of alpha phase dendrites
with the size as in unaffected alloy. Eutectic silicon is
segregated in globular form (fig. 3c). In material pre-
pared by squeeze casting technology, the
microstructure consists of fine alpha phase dendrites
with short secondary arms. Eutectic silicon is segrega-
ted in the form of lamellae which are shorter than in
unaffected alloy (fig. 3d).
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Fig. 6 Microstructure of AlSi7Mg0.3 alloy a) after inoculation, b) SSSC of inoculated alloy
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a)

Fig. 7 Microstructure of beat treated alloy a) after heat treatment b) after heat treatment and SSSC

Fig. 8 Microstructure of alloy a) casted by direct SC b) prepared by direct SC and processed by S§5C

After processing by technology of semisolid sque-
eze casting, changes in the microstructures relative to
the initial state of material can be observed on the
pictures. Microstructure of alloy unaffected before
SSSC consists of the alpha phase in large globular for-
mations (fig. 4a). Along the boundaries of these for-
mations is segregated eutectic silicon in the form of fin
fibrous. Due to the higher solidification pressure, the
content of silicon in eutectic is increased. The higher
silicon content has made it possible to observe com-
pact silicon particles of 10 to 20 pm in the
microstructure (fig. 5b). The molten eutectic, which
was not segregated along the boundaries remained
trapped in the formations of alpha phase and solidified
in a globular form (fig. 4a). In the inoculated alloy,
both the alpha phase and eutectic silicon are similar to
the unaffected alloy. In SSSC structure can be obser-
ved inheritance of structure after inoculation. The
alpha phase formations are significantly smaller (fig.
4b). The trapped eutectic silicon is also segregated in

globular form with finer distribution as in the previous
case (fig 6). The bulk of the eutectic silicon has been
segregated along the boundaries of the globular alpha
phase formations. Changes in the structure affected by
heat treatment and SSSC are similar to those of the
inoculated alloy (fig. 4c). Eutectic silicon, which was
segregated in globular form (fig. 7a), changed to fine
rods after SSSC (fig. 7b). The structure that solidified
under pressure is characterized by an increase of the
silicon proportion in eutectic and alpha phase in glo-
bular form. Re-application of solidification pressure
resulted in formation of smaller alpha phase globules
than in the previous cases (fig. 4d). After subsequent
processing by SSSC technology the eutectic silicon
didn’t trap among alpha phase dendrites, because the
conditions for the flow of molten eutectic was signifi-
cantly more favourable. The eutectic is thus segregated
in form of rods along the boundaries of alpha phase
formations (fig. 8).
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Fig. 9 Segregation in surface layer

In addition to the above, segregation of the eu-
tectic in the surface layer was observed on all samples
(tig. 9). The thickness of this layer ranged from 50 to
200 um. This segregation was occurred by forcing the
molten eutectic through a network of dendrites to the
surface of the mold cavity.

4 Conclusions

Based on the results, it can be concluded that the
semisolid processing partially preserves the initial
structures of the material. Inheritance of the structure
show itself in the inoculated alloy by finer distribution
of the alpha phase. The fine globular structure of the
material prepared by squeeze casting has the effect of
different eutectic silicon segregation, only along the
boundaries of alpha phase formations. The shape and
the distribution of alpha phase formations has an im-
pact on whether micro-volumes of molten eutectic
will be closed in alpha phase or will be segregated
along the boundaries of alpha phase formations. Se-
gregation processes in the observed samples were ob-
served only in the surface layer. The surface layer of
the cast was formed only by the eutectic.
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