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Abstract 

The Al-0.6Mg-0.6Si aluminium alloy was extruded for high-speed vehicle. The microstructure and mechanical property of 
extruded Al-0.6Mg-0.6Si aluminium alloy were investigated. The results of experimentation show that the tensile strength of 
extruded Al-0.6Mg-0.6Si aluminum alloy is above of 245MPa, and the percentage elongation after fracture is better than 8%. 
The microstructure is rolling structure, and the coarse second phases distribute in -Al solid solution matrix structure. The 
second phases are inclusions, coarse stable phases of  (Mg2Si) or their collection. The tiny  (Mg2Si) strengthening 
precipitation phases mostly distribute in the grain boundary. The size of  strengthening phase is about 5nm. The width of no 
precipitation band is above of 50nm. The fatigue life is 1.061×105 cycle when max=0.75 b. The fatigue cracks initiate in surface 
of extruded Al-0.6Mg-0.6Si aluminium alloy sample. The fatigue fracture is composed of the initiation zone, the propagation 
zone, and the sudden fracture zone, which is characteristic of a mixed-type fatigue fracture. 
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1. Introduction 

Al-0.6Mg-0.6Si high strength aluminum alloy has wide application in high speed train and automobile industries 
due to their superior properties compared to casting aluminum alloy [1-3]. This kind of alloy also has been used to 
produce aircraft in Boeing, Airbus, Bombardier, and so on [4, 5]. The Al-0.6Mg-0.6Si high strength aluminum 
alloy is suitable for producing large-scale extruded material using in train structure. Base on the principle of design 
and produce of the high speed train, the large-scale extruded shape of advanced aluminum alloy with higher 
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strength and better ductile is developed [6, 7]. The long life and safe running of the high speed train depends on the  
quality of high strength aluminum alloy. The microstructure substantially influences the mechanical property and 
fatigue life of aluminum alloy. The fatigue property is significant to ensure the service life of the train. The Al-
0.6Mg-0.6Si alloy is high strength aluminum alloy with extruding and quenching online. The aging treatment 
system, the strengthening mechanism and the effect of fatigue loading on mechanical properties of Al-0.6Mg-0.6Si 
aluminum alloy must go into further. 

2. Experimental procedure 

2.1. Experimental materials 

The experimental aluminum materials are the Al-0.6Mg-0.6Si alloy, which conditions of heat treatment are T6. 
The chemical composition of Al-0.6Mg-0.6Si aluminum alloy is shown in Table 1. 

Table 1.Chemical composition of extrusion aluminium alloy /%. 
Al Mg Si Zn Fe Cu Mn Cr Ti 

base 0.4-0.8 0.4-0.9 0.25 0.35 0.35 0.30 0.30 0.35 

 

2.2. Test methodology 

The mechanical property of Al-0.6Mg-0.6Si aluminum alloy was tested according to standard of GB/T228- 
2002, using an AG-10KNA tensile test machine with strain rate of 0.001mm/s. The fatigue life was tested in stress 
ratio (R) is 0.1 and the frequency (f) is 97 Hz. 

The microstructure was observed by using a VHX-60 microscope, and the sample was etched by using 
hydrofluoric acid of 0.5%. The morphology of fracture and the fatigue damage microstructure was studied by using 
a S-3400 SEM. The precipitated phases were observed by a JEM-100CX TEM. 

3. Results and discussion 

3.1. Extrusion material 

The appearance of extruded Al-0.6Mg-0.6Si aluminium alloy for high-speed vehicle is shown in Fig. 1. The 
feature of extrusion material is perfect. The defect do not found such as cracking, extrusion shrinkage and so on. 

 
Fig. 1. Profile of extruded Al-0.6Mg-0.6Si aluminium alloy. 

3.2 .Microstructure 

The microstructure of extruded Al-0.6Mg-0.6Si aluminum alloy is shown in Fig. 2. The optical microstructure 
(Fig. 2(a)) is rolling structure with coarse second phases. The SEM microstructure (Fig. 2(b)) indicates that the 
coarse second phases distribute in -Al solid solution matrix structure. The second phases are inclusions, coarse 
stable phases of  (Mg2Si) or their collection. When the inclusion or coarse stable phases are distributed in surface 
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or subsurface, the fatigue micro-cracks are caused under the larger fatigue stress. The inclusions or coarse stable 
phases also cause the crack rapid propagating. 

The TEM image of extruded Al-0.6Mg-0.6Si aluminum alloy is showed in Fig. 3. The tiny  (Mg2Si) 
strengthening precipitation phases were observed in the grain boundary. The size of  strengthening phase is about 
5nm. The strengthening of Al-0.6Mg-0.6Si aluminum alloy depends largely on  precipitation phases. There no 
precipitation phase was found in the zone next to the grain boundary. The width of no precipitation band is above 
of 50nm. Because the  strengthening phase is very tiny, it isn’t easy to cause the fatigue crack initiate. 

         
(a)                                                                                                               (b) 

Fig. 2. Microstructure of extruded Al-0.6Mg-0.6Si aluminum alloy: (a) OM 400×,(b) SEM. 
 
 

 
Fig. 3. Intergranular precipitated phase of extruded Al-0.6Mg-0.6Si aluminum alloy. 

3.3. Mechanical property 

The mechanical property was investigated as shown in Table 2. The results of tensile strength test indicate that 
tensile strength of extruded Al-0.6Mg-0.6Si aluminum alloy has been well above of 245 MPa, and the percentage 
elongation after fracture is better than 8%. The zone of fracture is located in the center of the sample, as show in 
Fig. 4.  

    Table 2. Mechanical properties of extruded Al-0.6Mg-0.6Si aluminum alloy. 
Tensile 
strength 

b (MPa) 

Non-proportional extension
0.2 (MPa) 

Percentage elongationafter fracture
 (%) 

Microharness 
(HV) 

245 205 8 102 
 

 
Fig.4. Tensile fracture sample of extruded Al-0.6Mg-0.6Si aluminum alloy, The thickness of the sample is 4mm. 
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The fracture morphology presents the cleavage characteristic along the rolling direction, as shown in Fig. 5. 
There still are some dimples in fracture.  

 
Fig. 5. SEM of tensile fracture sample in extruded Al-0.6Mg-0.6Si aluminum alloy. 

3.4. Fatigue property 

When max=0.75 b, the cycle fatigue life is 1.061×105 cycle. The fatigue failure is located in the shoulder of the 
extruded Al-0.6Mg-0.6Si aluminum alloy sample. 

The fatigue fracture is composed of the initiation zone, the propagation zone, and the sudden fracture zone. As 
shown in Fig. 6, it is characteristic of a mixed-type fracture. The fatigue fracture microstructure of the extruded Al-
0.6Mg-0.6Si aluminum alloy is composed of dimples and cleavage planes. The fatigue crack initiates in the surface 
of extruded aluminum alloy sample. While, as is shown in Fig. 7, there is no fatigue striation in propagation zone, 
there mostly is cleavage plane. In the sudden fracture zone (Fig.8), there are some dimples. 

 

 
Fig. 6. Feature of fatigue fracture. 
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Fig. 7. Extension zone of fatigue fracture. 

 
Fig. 8. Sudden fracture zone of fatigue fracture. 

 
Fig. 9 is the surface damage of Al-0.6Mg-0.6Si aluminum alloy in fatigue sample. It shows that the tiny crack 

initiate in the suface. In surface of fatigue sample, the defect, inclusion, coarse grain and brittleness particles cause 
stress concentration in microstructure, promote the micro-crack initiation. So the surface structure has large affects 
on fatigue property. 

 
Fig. 9. Surface damage of Al-0.6Mg-0.6Si aluminum alloy in the fatigue test 400×. 
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4. Conclusion 

(1) The tensile strength of extruded Al-0.6Mg-0.6Si aluminum alloy is above of 245MPa, and the percentage 
elongation after fracture is better than 8%.  

(2) The microstructure is rolling structure, and the coarse second phases distribute in -Al solid solution matrix 
structure. The second phases are inclusions, coarse stable phases of  (Mg2Si) or their collection. The tiny  
(Mg2Si) strengthening precipitation phases mostly distribute in the grain boundary. The size of  strengthening 
phase is about 5nm. The width of no precipitation band is above of 50nm. 

(3) The fatigue life is 1.061×105 cycle in max=0.75 b. The fatigue fracture is composed of the initiation zone, the 
propagation zone, and the sudden fracture zone, which is characteristic of a mixed-type fatigue fracture. The 
fatigue cracks initiate in surface of Al-0.6Mg-0.6Si aluminum alloy sample. 
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