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Abstract

Wear behaviour of as-cast eutectic and hypoeutectic Al-Si-Mg alloys with cerium addition was studied. 
The Al-12Si-4Mg and Al-4Si-4Mg alloys were prepared using casting process by varied cerium addition 
in the alloy from 1 to 5 wt%. Dry sliding wear tests were performed against a hardened carbon steel (Fe-
2.3%Cr-0.9%C) using a pin-on-disc configuration with fixed sliding speed of 1 m/s and load 50 N at 
room temperature of ~25oC. Morphologies of both worn surfaces and collected debris were 
characterised by a scanning electron microscope (SEM) equipped with an energy dispersive X-ray 
spectrometer (EDS). It was revealed that the by addition of cerium, intermetallic Al-Ce needle-like 
structure was present in both alloys whereas Al-Si-Ce blocky phase only presence in the hypoeutectic 
alloys. The increase in cerium content up to 2 wt% led to higher wear resistance behaviour for both as-
cast alloys. Formation of craters and localised plastic deformation were observed on the worn surface of 
both as-cast alloys, resulting fine particulate and sheet-like wear debris. The wear resistance was found 
higher for hypoeutectic alloy compared to the hypoeutectic alloy. 
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1. Introduction 
Aluminium alloy was used widely in 
transportation engineering applications because 
of their high strength-to-weight ratios [1]. 
However, the relatively low wear resistance of 
the aluminium alloys is one of the major factors 
that restricts the further replacement of several 
automotive engine components and brake rotors 
made of cast iron by these energy efficient 
materials. Recent advances in the processing 
technologies have provided new means of 
producing for tribological applications. One 
approach has been to incorporate minor alloying 
element into cast aluminum alloys. Savaskan 
and coworkers [2] found that the wear loss of a 
monotectoid-based zinc-aluminium alloy was 
decreased by the addition of 2 wt% Cu. The 
addition of Na and Sr result in modification of 
siliocon morphology of silicon from angular 
platelets to fine fibrous leading to additional 
improvement in the mechanical properties [3].
Lead content from 2 to 10 wt% in Al–Si–Pb 

alloys has been found to decrease the wear rate 
of the alloys [4]. This work carried out to 
determine the the effect of cerium (Ce) on wear 
behaviour of the eutectic and hypoeutectic alloys 
under 50 N applied load and various sliding 
distances.
2. Experimental 
A cast Al–12%Si–4%Mg and Al–4%Si–4%Mg 
alloy was processed by conventional casting 
processes. Experimental alloys were prepared by 
controlled melting of high-purity aluminium 
(99.9%), magnesium (99.9%) and silicon 
(99.9%) and varied cerium (99.9%) from 1 to 5 
wt% in a graphite crucible using an electric 
furnace under an argon gas atmosphere. The 
molten metal of the alloys were poured into steel 
mould at 850 C to produce castings 12 mm in 
diameter and 80 mm in length. The specimens 
was polished using standard metallographic 
procedure consisting grinding, polishing and 
etching (Keller’s reagent).  
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The microstructure of the castings was 
studied under optical microscope (Axiotech 
1000HD). The scanning electron microscopy 
(1450 LEO SEM) of wear surfaces was carried 
out to study the mode of wear. Wear behaviour 
of both eutectic and hypoeutectic alloys were 
conducted on standard pin-on-disc machine. 
Each alloy was sectioned to 10 mm in diameter 
and 15 mm in length. The alloys (pin) then 
clamped against a counter surface hardened 
carbon steel EN-31 (Fe–2.3%Cr–0.9%C) with 
hardness of 60 HRC. Length of travel on wear 
path was 100 mm under a constant load of 50 N. 
Volume loss was used as a measure of wear. 
Wear rate was calculated as weight loss per unit 
of sliding distance (mm3/m). Both pins and 
counterface were cleaned with acetone before 
and after each wear test. 
3. Results and Discussion 
3.1  Microstucture 
Optical micrographs in Fig. 1(a,b) show the 
eutectic and hypoeutectic of  as-cast alloy 
without Ce added comprising primary -
aluminium dendritic network, Al–Si eutectic 
mixture in the interdendritic and Mg2Si phase. 
The addition of Ce led to the precipitation of Al- 

Fig. 1 (a) 0% Ce, eutectic (b) 2 wt% Ce, eutectic 
(c) 5 wt% Ce, eutectic (d) 0 wt% hypoeutectic (e) 

2wt% Ce, hypoeutectic and (f) 5 wt% Ce, 
hypoeutectic.

Ce intermetallic phases in both alloy which 
exhibited a needle-like structure [5] as shown in 
Fig. 1 (c,e). A blocky shape Al-Si-Ce 
intermetallic phases was detected only in 
hypoeutectic alloy (Fig. 1e,f). Further increase 
of Ce content up to 5 wt%, the needle-like Al-Ce 
phase was increased and coarsened. These 
intermetallic phases help to improve hardness 
[6] and wear resistance of the as-cast alloy. 
3.2 Wear response 
Fig. 2 shows the wear test results, which 
represent the volume loss as a function of the 
sliding distances for both as-cast alloys. Clearly, 
the volume loss of both as-cast alloys increases 
with increasing sliding distances. It is observed 
that the volume loss of eutectic as-cast alloys 
initially decreases with Ce content up to 2 wt.% 
and  increases dramatically with cerium addition  

Fig. 2 Volume loss as a function of sliding 
distances (a) Eutectic alloys (b) Hypoeutectic 

alloys. 
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of 3 to 5 wt.%. In fact, the wear resistance 
behaviour of eutectic alloy containing up to 2 
wt% Ce was found to be lower than the Al-Si-
Mg without any Ce addition. For hypoeutectic 
alloys, the volume loss was found to be 
decreased with increasing Ce content.  

Decrease in volume loss may be attributed 
to an increase in the microhardness as a result of 
the increase in amount of Al-Ce and Al-Si-Ce 
intermetallic phases. The strong bonds between 
intermetallic phases and matrix will help to 
protect the surface from severe wear mechanism 
[7]. Fig. 3 shows the wear rate as a function of 
Ce content. Generally, wear rate of the 
hypoeutectic alloys is lower compared to the 
hypoeutectic alloy.  The lower wear rate in 
hypoeutectic alloys may be attributed to the 
presence of Al-Ce and Al-Si-Ce which improved 
the hardness and bonding between the Al matrix.  

Fig. 3 Wear rate as a function of Ce content (a) 
Eutectic alloys (b) Hypoeutectic alloys. 

3.3 Worn surface and wear debris 
Fig. 4 showed the worn surface of both eutectic 
and hypoeutectic alloy containing 0 wt%, 2 wt% 
and 5 wt% Ce at 5 km sliding distance. Both 
alloys display surface damages like micro-
grooves, craters and abrasive scoring marks. The 
worn surface of eutectic alloy without Ce 
addition showed truncated grooves, 
delamination and shallow grooves was observed 
in alloy containing 2 wt% Ce.  In addition, alloy 
containing 5 wt% Ce showed delamination. In 
hypoeutectic alloys, severity of worn surfaces 
decreases with increasing Ce content. The worn 
surface of the hypoeutic alloys has a rather 
smooth appearance as a result of homogeneous 
wear; it indicates that wear process mainly took 
place by plastic deformation [8]. Fig. 5 shows 
SEM micrographs of the wear debris; the wear 

debris was present as a mixture of large 
irregular-shaped platelets and a small amount of 
particles. A number of the platelets were 
compact and appeared in some plastic 
deformation.

Fig. 4 SEM morphologies of worn surfaces with 
(a) 0% Ce, eutectic, (b) 2% Ce, eutectic (c) 5% Ce, 

eutectic, (d) 0% Ce, hypoeutectic, (e) 2% Ce, 
hypoeutectic (f) 5% Ce, hypoeutectic

Fig. 5.  SEM micrographs of wear debris with  
(a) 0% Ce, eutectic, (b) 2% Ce, eutectic (c) 

5% Ce, eutectic, (d) 0% Ce, hypoeutectic, (e) 
2% Ce, hypoeutectic (f) 5% Ce, hypoeutectic
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4. Conclusions
The addition of Ce in both alloys led to 
precipitation of Al-Ce intermetallic phase 
exhibited needle-like structure. Intermetallic 
phase Al-Si-Ce only presence in the 
hypoeutectic alloys. Wear mechanism is 
combination of abrasive delamination. Wear 
behaviour of hypoeutectic alloys show higher 
wear resistance compared to eutectic alloys 
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