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Abstract Experimental Procedure 

Over the past decades, the necessity to decrease the weight of 
automobile parts has created a considerable interest in magnesium 
alloys. The need to develop magnesium die casting alloys for car 
components motivates R&D in high temperature magnesium alloy 
development. In order to improve magnesium alloys with low 
cost, high strength and with notable elevated temperature 
properties, the effect of Ce addition (0.5/1.0 wt.-%) on 
microstructure and mechanical properties of AM50 was studied. 
Results show that addition of Ce to AM50 resulted in grain 
refinement and the formation of the secondary phase AlnCe3. 
Mechanical properties of investigated alloys at both room and 
elevated temperature were remarkably increased. AM50 
containing l%wt. Ce showed relatively better refinement and 
mechanical properties compared to AM50 with 0.5%wt. Ce. 

Introduction 

Weight reduction in automotive industry is very attractive in 
recent years due to potential of fuel efficiencies and lower C02 
emission levels. Magnesium alloys are one of the lightest in 
engineering materials. High Pressure Die Casting (HPDC) is the 
most preferred process to produce magnesium parts for 
automotive as well as for numerous other applications [1, 2]. 
Some widely used commercial magnesium alloys, such as AZ91, 
AM50 and AM60, have already been applied to automobile 
components, such as seat frames, steering wheels, instrument 
panels, brackets, fans, etc [3]. However, some commercial 
application of magnesium alloys for important structural 
components is limited due to poor mechanical properties at 
elevated temperatures [4-6]. 
Nonetheless, the demand of magnesium applications in 
automotive parts has been increasing, so that new magnesium 
alloys having low cost and high elevated temperature properties 
are needed to develop. Hence, more studies have been devoted to 
develop new magnesium alloys mainly based on Mg-Al-RE 
(RE = rare earth), Mg-Al-Ca/Sr and Mg-Al-Si systems, which 
have improved elevated temperature performance [7-13]. Among 
them, Mg-Al-RE system show a significant improvement in heat-
resistant Mg-Al based alloys due to formation of thermal stable 
AlnRE3 precipitates and complete suppression of the Mgi7Al12 
phase [14, 15]. Even though the influences some RE, such as La, 
Pr and Nd, on the microstructure and mechanical properties of 
HPDC AM40 alloy was investigated [7-9], studies on effects of 
single Ce element addition on microstructure and mechanical 
properties of HPDC AM50 alloy is quite limited. Thus, this study 
investigates the influence of different amounts of Ce on phase 
formation and microstructure development as well as its 
influences on mechanical properties at different temperatures in 
order to contribute for the development of new Mg-RE alloys. 

Cerium additions of 0.5 wt.% and 1.0 wt.% were made to the base 
AM50 alloy. Three compositions are referred as AM50, 
AM50Ce0.5 and AM50Cel, respectively. The alloys were cast 
into step-shape plate with four different step thicknesses (2, 6, 10, 
14 mm) as seen in Fig. 1.14 mm section was used for the present 
studies. 

Fig. 1. HPDC step plates with different thickness. 

A Frech DAK-450 cold chamber die casting machine was used for 
casting experiments and 30 shots have been made for each alloy. 
Die casting conditions and parameters are demonstrated in Table 
1. 

Table 1. Experimental die casting conditions 
Parameter 

Melt temperature 
Casting pressure 
Die temperature 
Shot sleeve speed 
Protective gas 
Machine 

Value 
680 °C 
40MPa 
200 °C 
5 m/s 

Mixture of N2 and 2 vol.% SF6 
Freeh DAK 450 (cold chamber) 

Samples (20x10x10 mm) were taken from 14 mm section of the 
step plates for microstructural observation and hardness tests. 
These samples were ground with 800, 1200, 2400 grit silicon 
carbide emery papers. After last grinding step, the specimens were 
washed with water, rinsed with ethanol and dried. The final 
polishing was conducted with OPS™ suspension (Struers). The 
chemical compositions of the alloys were analyzed using a Spark 
Emission Analyser, Spectrolab9 from SPECTRO (Kleve, 
Germany). The specimens were chemically etched using a 
combination of acetic acid, picric acid, ethanol, and purified water 
to reveal the microstructure. Microstructure was investigated by 
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Leica DMI 5000 optical microscopy and Zeiss Ultra55 scanning 
electron microscopy (SEM) equipped with energy dispersive X-
ray analysis (EDX). Grain sizes were determined using the line 
intercept method [16]. The XRD measurements were performed 
on a Siemens D5000 machine using Cu-Kdi radiation 
(wavelength λ=0.15406 run). The diffraction patterns were 
measured from 20 (15-75°) for each sample. The increment was 
0.04° and the step time was 6.4 s. The hardness tests were carried 
out by Vickers hardness on Emcotest Ml CO 10 automated 
hardness test machine; the test load, the dwell time and the 
repetition were 5 kg, 10 s and 10 times. Tension and compression 
tests were performed at room temperature and elevated 
temperatures (100 °C. 120 °C, 150 °C) using a Zwick 050 testing 
machine according to DIN EN 10002 [17] and DIN 50106 [18]. 
Specimens used in tension tests with a gauge length of 30 mm, a 
diameter of 6 mm and threaded heads were machined according to 
ASTM E8M-09 [19]. The compression specimens were cylinders 
with a height of 16.5 mm and a diameter of 11 mm. Both tension 
and compression tests were done under a strain rate of 1 * 10~3 s"'. 
In order to obtain homogenous temperature, the samples were 
soaked at the test temperatures (except RT) for 10 minutes before 
test run. All tests were repeated at least three times. 

Results and Discussion 

Microstructures 
The chemical composition of investigated die casting magnesium 
alloys was analyzed and given in Table 2. 

Table 2. Chemical composition of investigated alloys (wt.%). 
Alloy 

AM50 
AM50Ce0.5 
AM50Cel 

_MS_ 
Bal. 
Bal. 
Bal. 

Al 
4,78 
4,67 
4,49 

Mn 
0,43 
0,35 
0,32 

Ce 

0,53 
1,02 

The X-ray diffraction (XRD) patterns of investigated alloys are 
demonstrated in Fig. 2. AM50 alloy is mostly consisted of Mg and 
Mgi7Ali2 phases [20]. It can be seen in Fig 2, two different 
phases are detected in the microstructure of AM50 alloy, whereas 
three different phases are detected in the microstructure of 
AM50Ce0.5 and AM50Cel alloy as a result of Ce addition. When 
Ce added to AM50 alloy, the diffraction peaks of Mg17Al 12 phase 
decrease and go down the detection limit of XRD machine. The 
main secondary phase in the AM50Ce0.5 and AM50Cel alloys is 
Al„Ce3. 
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Fig. 2. XRD patterns of investigated alloys 

Fig. 3. SEM images of investigated alloys 

Fig. 3 shows SEM morphology of investigated alloys. α-Mg and 
intermetallic constituents appeared in AM50 alloy. EDX study 
was done on selected points as shown in AM50. The results show 
that PI is on o-Mg matrix, P2 is on ß-Mg17Ali2 intermetallic 
compound. When 0.5wt.% Ce was added to AM50 alloy, as seen 
in AM50Ce0.5, new Y-AlnCe3 phase occurred and it appeared as 
needle-shaped. As Ce amount was increased from 0.5% to 1%, 
also y-AluCe3phase amount clearly increased in AM50Cel alloy. 
Similar EDX study was done again in AM50Cel and EDX results 
show that P5 is on α-Mg, and P6 is on γ-Α1ηΰβ3 in AMSOCel 

150 



alloy. Similar situation can be seen in AM50Ce0.5 alloy, but γ-
AlnCe3 phase was less comparing to AM50Cel alloy because of 
Ce amount. As shown in Fig. 3, Ce addition decreases the fraction 
of ß-Mgi7Al|2 phase and facilitates to form y-Al|iCe3. The overall 
EDX results of AM50 and with 0.5 and lwt.% content of Ce are 
shown Table 3. According to these results, it can be easily said 
that addition of Ce causes the formation ofnewy-Al||Ce3 phase. 

Table 3. EDX result of constituent phases of investigated alloys 
from Fig. 3 (at.%) 

Location 
PI 
P2 
P3 
P4 
P5 
P6 

ÜMg/fAI 

96.54/3.12 
62.33/27.16 
96.67/2.98 

— 
98.09/1.76 

... 

nAi/nce 
— 
— 
— 

45.18/15.02 
... 

53.34/17.11 

Fig. 4 demonstrates microstructure of studied alloys. It can be 
seen that the microstructure of AM50 alloy mainly comprises of 
α-Mg and ß-Mg,7Al|2 phases. Mg|7Ali2 phase formed along grain 
boundaries as network. When Ce is added to AM50, a new phase 
occurs. Since solid solubility of Ce in Mg-matrix solid solution of 
AM50 magnesium alloy is low, this phase contains mostly Al and 
Ce [21]. The Al-Ce phase often appears in between the Mgi7Al,2 
phase, possibly providing obstructions to the growth of Mg|7Ali2, 
breaking up its networked structure. Hence, Ce addition is proved 
to be beneficial to refining the grain size of AM50 alloy [22]. The 
grain size decreases with the addition of Ce from 0.5wt.% to 
lwt.%, as shown in Table 4. 

Table 4. Grain size of investigated alloys. 
Alloy 

AM50 
AM50Ce0.5 
AM50Cel 

Grain size [μπι] 
42 (±7) 
33 (±6) 
24 (±4) 

Mechanical properties 
The relationship between hardness and Ce addition is 
demonstrated in Table 5. Hardness of investigated alloys increases 
clearly with increasing amounts of Ce. 

Table 5. Hardness result of the investigated 
Alloy 

AM50 
AM50Ce0.5 
AMSOCel 

Hardness \HV\ 
38 (±6) 
40 (±9) 
45 (±7) 

alloys. 

Fig. 5 shows tensile properties of the investigated alloys tested at 
room and elevated temperatures. The alloys show the highest 
tensile yield strength (TYS) and ultimate tensile strength (UTS) at 
room temperature (RT). Typically, the TYS and UTS decrease, 
while elongation increases with the increase of the temperature. It 
can be seen that the addition of Ce can remarkably improve the 
tensile properties of AM50 alloys at different temperatures. 

From Fig. 5a, it is obvious that AM50 shows the lowest TYS, 
while with addition of Ce, the TYS is remarkably improved both 
at room and elevated temperatures. The TYS of AM50 is 87 MPa 
at RT and 69 MPa at 150°C, whereas for AM50Cel the TYS is 98 
MPa at RT and 80 MPa at 150°C. 
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Fig. 4. Microstructures of investigated alloys 

The UTS has same trend as TYS with the change of Ce content 
(Fig. 5b). The UTS of AM50 is 145 MPa at RT and 120 MPa at 
150 °C, while for AM50Cel the UTS is 168 MPa at RT and 137 
MPa at 150 °C. The elongation of the alloys is also improved as 
the result of Ce addition and at all temperatures the highest value 
is acquired from AM50Cel (Fig. 5c). For example, the elongation 
of AM50 are 2,80% at RT and 8,31% at 150 °C, whereas for 
AMCel the elongation are 4,82% at RT and 10,30% at 150 °C. 
The elongation of the investigated alloys increases with the 
increase of the temperature and reaches a highest value at 150°C. 
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Fig. 5. Tensile properties of investigated alloys at different 
temperatures: a)TYS, b)UTS, c)Elongation. 

In previous studies, the effect of RE on the microstructure and 
mechanical properties of AM series magnesium alloy has been 
investigated [8, 9, 21-23]. These studies indicate that four RE 
elements (La, Ce, Pr, Nd) can improve the mechanical properties 
of AM series magnesium alloys and strengthening effect increases 
with increasing RE content. The present work is good agreement 
with previous studies. 
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Fig. 6. Compressive properties of investigated alloys at different 
temperatures: a)CYS, b)UCS, c)Compression. 

Compressive yield strength (CYS) and ultimate compressive 
strength (UCS) have same trends both at room and elevated 
temperature as TYS and UTS at different temperatures. From Fig. 
6a, it is obvious that AM50 exhibits the lowest CYS, while with 
addition of Ce, the CYS is remarkably improved both at room and 
elevated temperatures. The CYS of AM50 is 104 MPa at RT and 
88 MPa at 150 °C, whereas for AM50Cel the CYS are 116 MPa 
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at RT and 98 MPa at 150 °C. The UCS of the alloys has the 
general same changing rules with CYS after addition of Ce (Fig. 
6b). The UCS of AM50 alloy are 296 MPa at RT and 270 MPa at 
150 °C, while for AM50Cel alloy the UCS are 315 MPa at RT 
and 284 MPa at 150 °C, respectively. The compression of the 
alloys is also developed as the result of Ce addition and at all 
temperatures; the highest value is obtained from AMCel alloy 
(Fig. 6c). For example, the compression of AM50 are 12,6% at 
RT and 18,78% at 150 °C, whereas for AMCel the compression 
are 14,96% at RT and 20,6% at 150 °C, respectively. The 
deformation in compression of the alloys investigated increases 
with the increase of the temperature and reaches a highest value at 

Fig. 7. SEM observation of the fracture surface of AM50Cel alloy 
at RT: (a) secondary electron image, and (b) backscattered 

electron image. 

Backscatter SEM fracture images of HPDC AM50Cel alloy at RT 
are shown in Fig. 7. The failure surface of AM50Cel alloy is 
composed of tearing ridge and cleavage-type facets. Also, large 
numbers of ductile dimples can be observed obviously. It shows 
the mixed characteristics of fracture. There are more ductile 
dimples and characters of quasi-cleavage on the fracture surface 
of AM50Cel alloy (Fig. 7b). Significantly, almost all the Al„Ce3 
precipitates are distributed around the dimples. This indicates that 
before fracture the alloy has undergone certain plastic 
deformation, and the fine AluCe3 particles are not the main crack 
sources. 

With addition of Ce, the grains of α-Mg matrix are refined and 
eutectic phase ß-Mgi7Al12 is suppressed and substituted by 
AluCe3 with the former being the dominant one. Because 
obtaining of AlnCe3 particles when Ce was added to AM50 could 

refine the grain size significantly. Small grain size can effectively 
prevent the dislocation slip, so that deformation of fine grain 
structural alloys needs higher stress. The main strengthening 
phase in AM50 alloy is ß-Mg17Al12, which has low melting point 
(with eutectic temperature of 437 °C) and a poor thermal stability. 
ß-Mg|7Al|2 phase can readily soften and coarsen at the 
temperature exceeding 125 °C [24]. Addition of Ce to AM50 
results in the suppression of ß-Mgi7AIi2 phase and the formation 
of Ali|Ce3 phase. AlnCe3 phase has a high melting point 
(>1200°C), and then the softening temperature of the alloy 
containing AlnCe3 phase can be increased. With the increase of 
Ce content in the alloys, the amount of Al,|Ce3 particles increases 
significantly, and then the strengthening effect is also improved. 
Thermally stable AlnCe3 phase was formed after addition of Ce, 
which is located at grain boundaries and suppressed the slippage 
of grain boundary at elevated temperature, so that elevated 
temperature properties of the alloys are improved. 

Summary 

The microstructure and mechanical properties of HPDC AM50 
alloys with Ce (0,5% and 1%) have been investigated. The main 
conclusions could be drawn as follows: 
(1) Addition of Ce reduces grain size of AM50 alloy. 
(2) The addition of Ce can remarkably improve tensile and 
compressive properties of AM50 alloys at room and elevated 
temperatures. This is due to Al-Ce phases on the one hand and 
grain refinement on the other hand. 
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