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Abstract: The microstructural study of Al-Si-Mg alloy

reinforced with stainless steel wires

(Al-Si-Mg/SS,,) has been investigated and focused on the both microstructures in the matrix and near
to the interface and also the wetting condition at the interface. The wettability of solid metals by liquid
metals is very important in determining the needed properties of the composite systems. In this study,
the wetting conditions have been characterized using optical microscopy and scanning electron
microscopy. Good wetting, incomplete wetting and very poor wetting associated with large voids are
seen at the Al-Si-Mg/SS,, interfaces. Heavily concentrated of needle shaped eutectic Si particles are
found near to the single stainless steel wire as compared to double stainless steel wires.
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INTRODUCTION

The unique properties of the fiber reinforced
composite materials are to a great extent dependent on
the unique nature on the matrix-fiber interface which
can be defined as the region of significantly changed
chemical composition constituting the bond between
the matrix and the reinforcement for transfer of loads
between these members of the composite structure!'!.
Interfaces constitute an important microstructural
feature of composite materials. Fabrication technique
and optimum fabrication parameters play the crucial
roles in determining the resulted fiber-matrix interface.
Major fabrication methods used for aluminum metal

matrix composites are stir casting™, squeeze
casting*”, rheocasting!®”), infiltration™” and powder
metallurgy!'®"'?,

Recently, aluminum-stainless steel composites

have gained the attention due to the low cost of
fabrication, the sustainability issue of the stainless steel
and the potential to be used particularly for wear
applications.  Only few  researches regarding
microstructure have been conducted on the aluminum-
stainless steel composites system via die casting
technique'®!, liquid infiltration technique!* and vortex
technique"”".

The wettability of solid metals by liquid metals is
very important in determining the needed properties of
the material systems. Wettability can be defined as the
ability of the liquid to spread on a solid surface. It also

describes the extent of intimate contact between a liquid
and a solid"®". No attempt so far was made to study on
microstructure of wetting conditions of Al-Si-Mg alloy
reinforced with stainless steel wire composite. This
research presents the study on both microstructures in
the matrix and near to the interface and wetting
conditions of Al-Si-Mg alloy reinforced with stainless
steel wires composite via casting technique.

MATERIALS AND METHOD

The matrix alloy used in this present work was
primary cast ingot Al-Si-Mg alloy (Al-7.3 wt%
Si- 0.24 wt% Mg) and stainless steel wires of 500 um
diameter were used as the reinforcement. Stainless steel
wires (SS,) were aligned at the uniform distance and
fixed on a stainless steel mould of 30 mm height and
90 mm diameter.

The matrix alloy was melted in a furnace using
clay crucible. Matrix alloy was heated up to the
superheating temperature of 850°C before poured into
the preheated stainless steel mould. The microstructure
in the matrix was observed by light microscopy. The
microstructures in the matrix and near to the interface
were studied by Scanning Electron Microscopy (SEM)
at high magnification under mode of secondary
electron. The present chemical elements in the
microstructural features were determined using energy
dispersive X-ray spectroscopy (EDS).
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RESULTS AND DISCUSSION

Figure 1 indicates the solidification of Al-Si-Mg
matrix alloy into the forms of structure which re
globular structures and needle shaped eutectic Si
structures. This optical micrograph of single stainless
steel wire shows the majority of the structure is
globular structures (denoted by G) meanwhile the
needle shaped eutectic Si structures (denoted by N) are
segregated at the grain boundaries in the Al-Si-Mg
matrix alloy and the incomplete wetting is seen at the
interface.

In Fig. 2, the optical micrograph of double stainless
steel wires shows incomplete wetting at the interface
and good wetting are observed and labeled by I and C,
respectively. The porosities (irregular black areas) also
found in the Al-Si-Mg matrix alloy which is far away
from the double stainless steel wires.

Fig. 2: Optical micrograph of double stainless steel
wires

Heavily concentrated of needle shaped eutectic Si
particles near to the single stainless steel wire was
observed in Fig. 1 compared to the double stainless
steel wires in Fig. 2. In addition, globular structure can
be seen in a larger size around single stainless steel wire
compared to that of double stainless steel wires. These
features are may be attributing to the faster
solidification rate around the double stainless steel
wires compared to the single stainless steel wire.

Figure 3a shows the micrograph of the good
wetting at single stainless steel wire. The stainless steel
wire surrounds with the minority of the eutectic Si
needle shaped particles near to the interface and the
majority of the globular structure at far from the
interface.

The morphology which closes to the interface can
be seen as eutectic Si needle shaped particle in Fig. 3b.
However, far away from the interface, this morphology

Fig. 3b: Magnified SEM micrograph indicates the
morphological evolution around single
stainless steel wire
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Fig. 4b: Magnified SEM micrograph indicates the
coarse acicular eutectic Si needle shaped
particle near to the double stainless steel wires

has undergone evolution to the fine interdendritic
eutectic Si particles (denoted as D) and globular
structures (denoted as G). Very minimal of both typical
porosity and oxide inclusion contents can be observed
throughout the Al-Si-Mg matrix alloy.

Figure 4a shows a micrograph of good wetting
(SSyA) and incomplete wetting (SS,,B) at the double
stainless steel wires. Fewer needles shaped eutectic Si
particles at the interface and a few voids (denoted by V)
can be observed around the interfaces of double
stainless steel wires. This condition may be affected by
incomplete solidification at the interface owing to the
constrained interwire region and lack of vibration.

At higher magnification near to the double stainless
steel wires in Fig. 4b, the coarse acicular eutectic Si
needle shaped particles are found to be dispersed
among the fully developed primary aluminum
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Fig. 5: EDS spectrum of
particle

needle shaped eutectic Si

Fig. 6: Very poor wetting associated with large voids
around double stainless steel wires

dendrites. This result is in accordance with the previous
findings for the without vibration Al-7% Si alloys'”".

Figure 5 illustrates the EDS spectrum of needle
shaped eutectic Si particles which shows that only Al
and Si elements exist and there is no formation of any
intermetallic compounds.

Very poor wetting associated with large voids are
clearly shown in Fig. 6 due to the intimate contact
between the stainless steel wires and thus no contact of
Al-Si-Mg matrix alloy in between the stainless steel
wires.

Generally, the wetting of metal-metal composites is
better compared to metal-ceramic composites. Wetting
is favored by the formation of strong chemical bonds at
the interface. Good wetting thus often also involves
good bond strength at the interface in the final
composite. The formation of these bonds may be
accompanied by mutual dissolution and/or reaction of
the two phases. The latter phenomena are very
detrimental to the composite as thez bring about a
decrease of the mechanical properties''®.
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CONCLUSIONS
The following conclusions can be drawn:

Single stainless wire shows a good wetting
condition meanwhile double stainless steel wire
shows a good wetting, incomplete wetting and very
poor wetting conditions.

Heavily concentrated of needle shaped eutectic Si
structures and a larger size of globular structure
can be seen near to and around the single stainless
steel wire respectively. These microstructural
features may be attributing to the lower
solidification rate around the single stainless steel
wires compared to the double stainless steel wire.
Very poor wetting associated with large voids are
due to the intimate contact between the stainless
steel wires and thus no contact of Al-Si-Mg matrix
alloy in between the stainless steel wires.
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Fig. 7: (a) SEM micrograph, and EDS mapping of (b) aluminium (Al), (c) silicon (Si), and (d) magnesium (Mg)

Incomplete solidification at the interface of double
stainless steel wires is owing to the constrained
interwire region and lack of vibration.

The wettability of solid metals by liquid metals is
very important in determining the needed
properties of the composite systems. Wetting
condition is favoured by the formation of strong
chemical bonds at the interface and also by
providing appropriate constrained interwire region
and vibration during the processing.
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