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ABSTRACT: The increasing use of pressure die cast magnesium alloys for the manufactur-
ing of automotive components requires materials values, which describe completely the 
mechanical behaviour. Present, there is a lack of data, especially for the design process of 
safety relevant components. Therefore, fracture mechanics  investigations were  carried out 
to assess the crack resistance of the alloys AZ91, AM50 and AE42 on the basis of the mul-
tispecimen test method. The investigations occurred on SENB- and CT-specimens taken 
from plate-like components of the same dimensions.  
The results clearly reveal the correlation between crack resistance and microstructure 
concerning mainly the influence of the concentration and distribution of intermetallic 
phases. Because of the cast-induced defects like microshrinkage and gas inclusion the good 
intrinsic properties of the alloys are not exploited.          
 
 
INTRODUCTION 
 
In the recent years the interest in applying magnesium alloys is rapidly 
grown. The low weight, the good castability and manufacturability as well 
as the high specific strength distinguish magnesium alloys as excellent 
lightweight materials. The majority of the global growth in the usage of 
magnesium alloys is related to die castings for automobile applications [1-
4]. In order to obtain a high property level of the material and to ensure the 
functionality of the product, special pressure die cast alloys on the basis of 
the systems Mg-Al-Zn, Mg-Al-Mn, Mg-Al-Si and Mg-Al-RE have been 
developed. However, the exploitation of the materials potential depends 
essentially on the transformation of the good intrinsic properties of the ma-
terial in the behaviour of the cast component [5].  
   Present, the manufacturing of sound die cast parts can yet not be ensured. 
Numerous defects like pores and microcracks often lead to a reduction of 
strength and ductility [6-9]. However, because of the lack of reliable data it 
is not possible to assess the damage tolerance of the used material in safety-



related components. Therefore, the aim of this paper is to investigate the 
crack resistance of the die cast magnesium alloys AZ91, AM50 and AE42 
as well as to reveal the microstructural origins of the different materials be-
haviour. 
 
 
MATERIALS CHARACTERISATION AND EXPERIMENTAL   
 
For the investigations plate-like components from the called alloys with the 
dimensions of 200 x 75 x 10 mm were cast on a cold chamber die-casting 
machine. The chemical composition of the alloys is presented in Table 1. 
Except the too low Mn-values of the alloys AZ91 and AM50 and the too 
low Al-value in AM50 the contents of the elements are in accordance with 
the recommendations [10].  
 
 

TABLE 1: Chemical composition of alloys investigated 
 

Alloy % Al % Mn % Zn % Si % Cu % Ni % Fe % RE 
AZ91 9.3 0.12 0.79 0.02 0.0007 0.0006 0.0046  
AM50 4.1 0.24 <0.0001 0.006 <0.0002 0.0004 0.0020  
AE42 4.2 0.18 0.013 0.002 0.0120 0.0009 0.0023 2.614 

 
The mechanical values Rm, E and A (Table 2) are based on the testing of 
proportional flat tensile specimens taken from the plates (gauge length: 55    
mm, thickness: 10 mm) as well as of separately die cast proportional flat test 
bars (gauge length: 55 mm, thickness: 5 mm). 
 
 

TABLE 2: Mechanical properties 
 

Alloy Rm (N/mm2) A (%) E (GPa) K (J) 
AZ91 175 (208)* 1.3 (1.7) 42 (48) 2.5 
AM50 161 (218) 2.7 (6.6) 50 (48) 12.9 
AE42 141 (192) 1.0 (4.6) 46 (46) 7.4 

* Values obtained of  the separately cast specimens in brackets 
 
It is obvious that the specimens taken from the plates do not reach the ulti-
mate strength Rm and the strain at rupture A of the separately cast speci-
mens. The lower strength of the component related specimens is mainly 
attributed to their greater thickness. This results in a coarse grain structure 



through the section and a low fine grained marginal layer. The decreased 
strain values are due to the higher porosity in the thicker wall. With respect 
to the different materials the component related specimens from the alloy 
AZ91 show the highest strength, whereas the specimens from the alloy 
AM50 show the highest strain at rupture. The elastic modulus values of the 
alloys achieve the same order of magnitude for the both specimen series. 
However, the scattering of the values is broader using the component related 
specimens. 
   The results of impact tests carried out on unnotched Charpy specimens in 
a pendulum impact machine (maximum of impact energy = 20.3 J) already 
reveal a distinct toughness of the alloys. In accordance with the data in [10] 
the lowest average K-value is found in AZ91, the highest one in AM50. 
   The assessment of the crack resistance behaviour under static loading oc-
curred on the basis of the multispecimen test method using fatigue pre-
cracked SENB- (10 x 10 x 55 mm) and CT-specimens (W =20 mm, H = 24 
mm, 9.35 mm) taken from the plates. The stable crack extension ∆a was 
measured on the fracture surface after heat tinting at 350 °C/2h (AZ91) and 
at 430 °C/2h  (AM50 and AE42).  
   For the investigation of the microstructure the specimens were prepared 
by wet grinding until 4000 mesh silicon carbide paper, followed by polish-
ing with finally 1 µm diamond paste and etching with 3 % alcoholic nitric 
acid.  
 
RESULTS AND DISCUSSION 
 
Microstructure 
The metallographic investigation of the alloy AZ91 reveals a cored dendritic 
microstructure through the whole plate thickness (Fig. 1a). 
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The dendrites are formed by the primary α-Mg solid solution grains sur-
rounded by a divorced eutectic, in which the intermetallic β-phase Mg17Al12 
is embedded in α-Mg that is richer in Al than the primary α-Mg. In the alloy 
AM50 a similar microstructure is found (Fig. 1b). However, due to the re-
duced Al-content the volume of the divorced eutectic is less resulting in a 
low content of β-phase in an isolated form. 
   The microstructure of alloy AE42 shows a globular α-matrix with coring 
as well as a lamellar eutectic with different phases of the Al-RE- and Mg-
Al-type (Fig. 1c).  
   Concerning the soundness the highest porosity due to microshrinkage or 
gas inclusion is present in the plates from the alloy AE42. The reason is the 
reduced castability of this alloy.  
 
Crack Resistance Behaviour   
Selected load-displacement-curves obtained from SENB-specimens (Fig. 2) 

 

provide information about the energy absorption of the alloys.  

Figure 2: Load-displacement curves obtained from SENB-specimens  
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T
to a high plastic part of deformation. In contrast, the displacement values of 
the AZ91 specimens are essentially based on an elastic deformation. The 
alloy AE42 takes in its energy absorption capability an intermediate posi-
tion. The more or less strong variation of the curves arises from the differ-



ences of the fatigue crack geometry and especially from cast induced defects 
at the crack front.  This behaviour of the alloys is confirmed by investiga-
tions on CT-specimens and is also in accordance with the tendency of the 
impact energies from the Charpy test as well as of the strain values at rup-
ture from the tensile tests.   
 
   The experimental determination of crack resistance curves J-∆a of pres-
sure die cast magnesium alloys proves difficult. Though the heat tinting 
leads to a marking of stable crack growth, there are problems to recognise 
the boundary between the fatigue crack and stable crack. In addition, cast 
induced defects present in the region of the stable crack impede the precise 
measurement. Fig. 3 shows examples of the stable crack growth in CT-
specimens from the investigated alloys.  
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The curves obtained from SENB-specimens (Fig. 4) reflect a relatively low 
crack resistance regarding not only the crack initiation but also the tearing. 
To characterise the sensitivity of the material to crack initiation, the crack 
resistance J0.2 is used. The determination of Ji-values is not possible, because 
a remarkable blunting of the crack tip does not occur. The most favourable 
J0.2-value is obtained for the alloy AM50 (Table 3), the lowest one for the 
alloy AZ91. This means that in presence of internal defects and incipient 
cracks the behaviour of components from AZ91 is less damage tolerant than 
that of components made from AM50 and AE42. The cause is the different 
microstructure of the alloys, in which the concentration and distribution of 
the intermetallic phases play an important role. Regarding the alloys AZ91 
and AM50 the differences are especially attributed to the concentration of 
the phase Mg17Al12 at the grain boundaries, which is high in the alloy AZ91 
and low in the alloy AM50.       
   The resistance to crack tearing characterised by the slope of the J versus 
∆a curves ∆J/∆a for a comparable crack growth beyond 0.2 mm is hardly 

In co ble 
re changed to higher values due to the geometrical influence. Regarding 

different between AZ91 and AM50. The unacceptable resistance of the  
AE42 specimens is not attributed to the intrinsic properties of the alloy, but 
to the large number of internal defects.      
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Figure 4: Crack resistance curves obtained from SENB-specimens 
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the different alloys the curves confirm the same tendency of the crack resis-
tance behaviour. Unfortunately, up to now comparable investigations are not 
found in the literature. However, previous own fracture toughness tests car-
ried out on specimens of other castings show the best values for the alloy 
AE42 [11]. These differences reveal clearly the special influence of the cast 
process.  

Figure 5: Crack resistance curves obtained from CT-specimens 
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TABLE 3: Crack initiation values J0.2 

 
∆J/∆a J0.2 (N/mm) Alloy 

 SENB CT SENB CT 
AZ91 

4 7.4 13.5 3.3 10.3 
AM50 10.2 20.1 4.5 12.3 

 

4.7 11.8 4.4 7.3 
AE 2 

 
CONCLUSIONS 

of the alloys AZ91, AM50 and AE42 show a dendritic 
icrostructure and reveal a different concentration and distribution of in-

termetallic phases in dependence on the composition as well as a different 
cast-induced porosity. These differences have a distinct effect on the crack 

 
The investigations 
m



resistance behaviour. The alloy AZ91, in which the brittle intermetallic 
phase Mg17Al12 is strongly concentrated at the grain boundaries, shows the 
lowest resistance to crack initiation and propagation. In opposite, the alloy 
AM50 containing a low amount of Mg17Al12 achieves the highest resistance. 
Because of the above-average number of internal defects the crack growth 
of the alloy AE42 does not reflect its good intrinsic properties. In order to  
exploit the intrinsic properties of all investigated alloys comprehensively, 
the manufacture-induced defects have to be reduced by improvement of the 
casting technology.  
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