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1- Introduction

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 grain
growth. Several studies have shown the importance of
addition of various grain refiners like Al-10Ti, Al-5Ti-1B, Al-
8B to aluminum 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 and improved fracture toughness. 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 AlzZr.
Due to the possibility of aging of the alloy used in this
research, the aging steps were carried out on this alloy and the
simultaneous effect of aging heat treatment and mechanical
deformation (extrusion) on this alloy was investigated.
According to the research, the simultaneous effect of these two
processes on this series of alloys has not been done. The main
goal of this research is to study the effect of extrusion process
and heat treatment on mechanical properties and
microstructure of Al-3Mg-2.5Cu-xEr alloy.

2- Experimental
Al-3Mg-2.5Cu alloy was used as base alloy. 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 Al-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. Before the tensile test, the extrusion process was
applied to all the samples. In other words, samples made under
different conditions using a hydraulic press at a speed of 1
mm/s at a temperature of 320 °C on a primary cylindrical billet
with a diameter of 29 mm with an extrusion ratio of 6 to 1
(which is the ratio of the cross-sectional area of the initial
billet to the final cross-sectional area after extrusion) was
extruded. Figure 1 shows the metal mold, the dimensions of
the tensile sample and the schematic of the extrusion mold.
After applying extrusion on the samples, the tensile test was
performed on the samples again. To study the effect of heat
treatment (T6 conditions) on mechanical properties, Al-3Mg-
2.5Cu alloy cast samples were heated to 460 °C for 8 hours
and then immediately cooled with water. Finally, the cooled
samples were heated at 120°C for 24 hours in an oven.
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Fig 1. SEM microstructures of refined specimens, with (a) 0.0
wt.% Er, (b) 0.5 wt.% Er, (c) 1 wt.% Er and (d) 2 wt.% Er.

3- Results and Discussion
Figure 1 shows the microstructure images of Al-3Mg-2.5Cu
alloy casting and modified with different weight percentages
of Er. The images clearly show that after the addition of Er, a
remarkable change occurs in the dendritic morphology of the
Al-3Mg-2.5Cu alloy.

Figure 2 shows the effect of different amounts of Al-30Er
on the grain size of Al-3Mg-2.5Cu alloy. It was found that the

average grain size of the basic Al-3Mg-2.5Cu alloy was about
550 pm. The addition of Er to the Al-3Mg-2.5Cu alloy
severely fines the primary columnar and coarse a-Al grains
and produces fine coaxial a-Al grains with an average size of
65 pm.
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Fig. 2. Grain size variations with Er contents.

Table 1 shows the mechanical properties of Al-3Mg-2.5Cu
alloy under different conditions. As seen in Table 1, the
average ultimate tensile strength (UTS) of the samples before
and after the T6 extrusion and heat treatment processes
increased from 225 MPa to 602 MPa. The tensile properties of
Al-3Mg-2.5Cu-xEr alloy mainly depend on the shape, size,
distribution of a-Al grains, secondary phase structure and
distribution of intermetallic among the grains.

Table 1. UTS of unrefined and Er refined samples at the
different conditions.

Er % As-cast As-cast- As-cast- As-cast-
T6 extrusion | extrusion-T6
0 230 460 275 510
0.5 245 480 303 530
1 270 500 317 580
15 242 475 300 528
2 235 468 278 512

4- Conclusion

1- The mechanical properties of Al-3Mg-2.5Cu alloys mainly
depend on the shape and size of deposits and grain size of a-
Al and the distribution of secondary phases.

2- AI-30Er is effective in reducing the grain size, changing the
dendritic morphology and creating a fine and uniform
microstructure.

3- The increase in tensile properties with the addition of Er
nucleating agent is due to the breaking of primary a-Al grains
and the formation of o-Al grains with a more uniform
distribution and a narrower distribution of secondary phases.
4- The optimal percentage of germinating Er in this research
was selected as one weight percent, and in this weight
percentage of Amijan, the highest tensile properties were
obtained.

5- The final tensile strength of casting alloys increases
significantly by adding Er. This is mainly due to the micro-
dispersion and uniform distribution of eutectic phase and a-Al
dendrite and strengthening through precipitated AI3Er
particles using Oravan mechanism.
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Effect of Aging Heat Treatment and Extrusion Process on Mechanical Properties of
Al-3Mg-2.5Cu-xEr Alloy

Mohammad Alipour

Abstract In this study, the effect of AI-30Er grain refiners, extrusion and heat treatment conditions on an Al-3Mg-2.5Cu
aluminum alloy was studied. Different amounts of AI-30Er (0.5 wt.% Er, 1 wt..0% Er, 1.5 wt.% Er and 2 wt.% Er) were
added to the molten alloy at 750 °C. The optimum level of Er was found to be 1 wt.%. Microstructural examinations and
fracture surfaces were conducted by scanning electron microscopy coupled with an energy dispersive spectrometry. T6
heat treatment including quenching to room temperature and aging at 120 < for 24 h was employed to reach to the
maximum strength. In order to eliminate the porosity inside the samples and improve the strength of the samples, the
extrusion process was used with a ratio of 6 to 1. For the prototypes in the direction of extrusion, the diameter of the
primary cylinder is 29 mm. By adding grain refiners and applying T6 heat treatment and extrusion process, a significant
improvement in mechanical properties was achieved. The average ultimate tensile strength (UTS) of the samples before
and after T6 heat treatment and extrusion process increased from 225 MPa to 602 MPa. Addition of one percent by
weight of Er, applying heat treatment and extrusion process, caused a 167% improvement in tensile strength compared
to the base aluminum alloy.

Keywords Rare earth, Heat treatments, Mechanical Properties, Microstructure.
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