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1- Introduction

It is well known that Al alloys are very popular for
structural applications due to their low density, high
strength, weldability and good workability. In particular
the extruded profiles are used for making crash boxes in
cars, fuselage stringers and frames for airframe structures.
In particular the grain refinement in Al alloys is mainly by
heterogeneous nucleation and by grain growth. Several
studies have shown the importance of addition of various
grain refiners like AIl-10Ti, AI-5Ti-1B, Al-8B to
aluminium alloys has influenced the microstructure,
mechanical and tribological properties. Especially the
combination of new processing technique like strain
induced melt activation process and grain refiners have
enhanced the mechanical properties of Al Al-Mg-Cu
series. On the other hand the rare earth elements like La,
Sc, Ce and Er are also used for refining grain sizes and
modifying the eutectic microstructures. Fang et al. studied
the effect of rare earth element like Er on the mechanical
and corrosion characteristics of AlZnMgCu alloy. The
secondary precipitate like AI3Er with size of 15-25 nm was
found to inhibit the recrystallization contributing in high
resistance to stress corrosion and improved fracture
toughness. In their work, Liu et al. studied the effect of Sc
and Zr addition on hardness and tensile properties of
AlZnMgCu alloy sheets fabricated by a combination of hot
and cold rolling. With the increase in Sc and Zr addition,
the alloy found to exhibit resistance to recrystallization by
inhibiting dislocation mobility. Hardness and tensile
strength was found to be enhanced due to presence of large
volume fraction of precipitates of AlsSc and AlsZr. The
main goal of this research is to study the effect of adding
the rare earth element Er on the microstructure and
mechanical properties of Al-3Mg-2.5Cu alloy. This series
of alloy which has been used in casting has not been used
in any scientific research on this alloy before. In addition,
the aim of this research is to improve the properties of this
series of alloys without mechanical work and only by
adding rare earth elements.

2- Experimental
Al-3Mg-2.5Cu alloy was used as base alloy. The melting
steps of the alloy were carried out in an electric resistance

furnace using a silicon carbide crucible. Al-3Mg-2.5Cu
alloy samples were cut into various small pieces and then
placed in a graphite crucible. The graphite crucible was
placed in an electric resistance furnace. Melting of
aluminum alloy was done by heating up to ~750°C. Er was
added to the molten alloy at a temperature of 750°C using
Amighan AI-30Er in different percentages of 0.5, 1, 1.5
and 2% by weight. After the successful addition of Er, the
melt was poured into a permanent mold designed and
manufactured according to ASTM B557M-10. A scanning
electron microscope equipped with X-ray energy
diffraction analysis (EDX) was used for microstructural
studies. The cut parts of the alloy were polished and then
etched using sandpaper to obtain the desired structure. The
average grain size of the samples was measured according
to ASTM: E112 standard. The phase was determined by
X-ray diffraction method. Tensile test was performed on
all the samples at room temperature with the SANTAM
machine with a strain rate of 1. mm/min. Four samples were
prepared and tested for each of the percentages and the
average value was reported in the article.

3- Results and Discussion

Figure 1 shows the electron microscope image and
elemental analysis of Al-3Mg-2.5Cu base alloy.
Separation of alloy elements occurs during solidification
of the alloy and causes a high concentration of Cu and Mg
in the inter-dendritic regions.

Figure 2 shows the effect of different amounts of Al-30Er
on grain size in Al-3Mg-2.5Cu alloy. It was found that the
average grain size of Al-3Mg-2.5Cu base alloy was around
550 um. The addition of Er to the Al-3Mg-2.5Cu alloy has
reduced the primary columnar and coarse a-Al grains and
turned them into fine coaxial a-Al grains with an average
size of 62 pum. The main reason is that AI3Er particles act
as nucleation agents during the solidification of a-Al
grains. It can be clearly seen that the microstructure of
Amighan Al-30Er consists of a-Al background and AI3Er
intermetallic phase. The AI3Er phase is uniformly
distributed in the -Ala field. Several mechanisms have
been proposed for the granulation process. In some
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mechanisms, it has been said that the presence of particles
such as AI3Er is effective in the stages of grain crushing.
The presence of some alloying elements, especially Mg
and Cu, improves the performance of alloys such as Al-
30Er. By increasing the weight percentage of Er, these
particles stabilize the grain boundaries, increase the grain
size and lead to an increase in strength.

Cu

Fig. 1. (a) Results from map analysis in sample unrefined.

Figure 3 shows the ultimate tensile strength of Al-
3Mg-2.5Cu alloy under different conditions. As shown in
Figure 3, the average ultimate tensile strength (UTS) of the
samples increases from 225 + 8 to about 310 MPa after
adding Er. The mechanical (tensile) properties of Al-3Mg-
2.5Cu-xEr alloy mainly depend on the shape, size and size
distribution of o-Al grains, eutectic structure and
distribution of intermetallic phases among dendrites or
grains. The main reason for this improvement is probably
due to the smaller size of the grains of the casting material,
which leads to a more uniform and finer distribution of the
secondary phases (intermetallic) in the Al-3Mg-2.5Cu-xEr

alloy. It is clear that according to Hall-Patch theory, the
finer the grains, and the higher strength.
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4- Conclusion

1- The tensile properties of cast Al-3Mg-2.5Cu alloys
mainly depend on the shape, type and size of a-Al
grains and the distribution of secondary phases.

2- Amijan AI-30Er has a significant effect in reducing the
grain size, changing the dendritic morphology and
creating a fine and uniform microstructure.

3- The most optimal percentage for Amighan Al-30Er is a
weight percentage in which the highest strength is
achieved.

4- The final tensile strength of cast alloys increases
significantly with the addition of Er. This is mainly due
to the more uniform and finer distribution of the
secondary phase and grains as well as the distribution
of AI3Er intermetallic phases within the context.

5- The average ultimate tensile strength (UTS) of the
samples increases from 225 + 8 to about 310 MPa after
adding Er.
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Investigating the Microstructure and Strength Properties of 500 Series Aluminum Casting Alloy
Modified with Rare Earth Element Erbium

Mohammad Alipour

Abstract The effects of rare earth Er additions on the microstructure and tensile properties of cast Al-3Mg-2.5Cu
aluminum alloy have been investigated. The results show that by adding 1 wt.% Er grain refiner in the aluminum cast
alloy, the grains can be refined to a fine degree. The microstructures and fracture surfaces of cast aluminum alloy samples
were examined by scaning electron microscopy (SEM). In addition, the rare earth Er modified the eutectic structure from
a coarse plate-like and acicular structure to a fine branched and fibrous one. The tensile properties were improved by
the addition of rare earth Er, and good ultimate tensile strength (310 MPa) was obtained when the rare earth Er addition
was 1 wt.%. Furthermore, fractographic examinations revealed that refined pore and spheroidized «-Al dendrite were
responsible for the high ultimate tensile strength. Adding of 1 wt.% rare earth Er make about 38% enhancement in tensile
strength compared to that of unreinforced aluminum alloy.

Keywords Rare earth materials, Mechanical Properties, Microstructure.
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