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 In this paper, the effect of heat treatment on the impact behavior of A356 aluminum alloy foams 
reinforced by SiC particles was studied and new results were generated. The foam was manufactured by 
direct  foaming of melts  with blowing agent CaCO3. A number of foam specimens were processed by 
T6 aging treatment. The drop-weight impact test with a hemispherical striker tip and velocity of 6.70 
m/s was carried out on five untreated foam specimens and five heat-treated foam specimens, and the 
load versus time history data was obtained. The obtained impact response of A356/SiCp composite 
foam includes three stages: an elastic region, a plateau of load region and complete failure region. In 
plateau region, the plastic deformations can be tolerated by the foam at nearly constant load. The small 
amounts of standard deviation and coefficient of variation (for different parameters) obtained from 
statistical analysis of experimental data indicates the reliance on the results for quantitative analysis of 
them. The measurements showed that heat treating of Al foam results in an increase of the plateau load 
level and energy absorption capacity of the foam with 48.1% and 40.3% increase respectively. The 
length of plateau region is also decreased due to heat treatment. Regarding the significant improvement 
of mechanical properties of the foam and increase of its impact strength, the heat treatment after foam 
casting can be considered as a suitable approach for various industrial applications of aluminum foam. 
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Fig. 1 Example of practical applications of aluminum foam [3] 
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Fig. 2 Comparison of impact response of aluminum foam: (A) crushing 
behavior of the foam with different strain rates [13], (B) penetration 
behavior of the foam with different thicknesses [8]  
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Table 1 The chemical composition of A356 aluminum alloy  

 Si Mg Fe Cu Ti Zn Mn Al 

 
6.81 0.35 0.19 0.09 0.07 0.02 0.01 Rem. 

9 Direct Foaming Route of Melt using foaming agent 
10 Homogeneous 
11 Matrix Metal 

1×103 s-1 

2.6×103 s-1 

1.5×103 s-1 
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Fig. 3 SEM micrograph of (a) SiC particles and (b) CaCO3 powder  
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Fig. 4 SEM micrograph of A356/SiCp composite foam  
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Fig. 5 A picture of foam product with dimensions of 57 cm×57 cm  
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Fig. 6 A picture of the drop-weight impact testing machine and the data 
acquisition system (the experimental set up) 
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Fig. 7 Perfectly penetrated foam specimen 
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Fig. 8 The changes in impact load with time for five untreated 
A356/SiCp composite foam specimens (S1, S2, S3, S4, S5)  
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Fig. 9 The changes in impact load versus displacement for five 
untreated A356/SiCp composite foam specimens (S1, S2, S3, S4, S5)  
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Fig. 10 The changes in absorbed energy versus time for five untreated 
A356/SiCp composite foam specimens  

10  
A356/SiCp   

 .1 - 
2-   

3- 4 - 1   

1 Impact Time (Contact Duration) 

5-  . 
  .

2  
 11-13 

A356/SiCp   .
3 

 H  11 -13 3 
2 .  

 )  
 (2  ) 

 (
  

0.07 kN )4.45 %(0.97 mm )10.36 %(0.56 

mm )4.22 %(0.07 ms )1.50 % (0.96 J )4.49 % .  (
3

0.12 kN )5.02 %(0.58 mm )6.26 %(0.78 mm )6.51 %(0.08 
ms )1.55 % (1.51 J )4.79 % ( 

 ) 
2 3(    
  

2    
A356/SiCp )    

Table 2 The results obtained from statistical analysis of impact test data 
for five untreated (as cast) A356/SiCp composite foam specimens 

 )1( )2( )3( )4( )5( 

1 1.62 kN 8.81 mm 12.87 mm 4.45 ms 22.04 J 

2 1.70 kN 10.54 mm 12.67 mm 4.50 ms 20.83 J 

3 1.59 kN 8.31 mm 13.82 mm 4.46 ms 20.40 J 

4 1.71 kN 8.81 mm 13.87 mm 4.58 ms 22.66 J 

5 1.54 kN 10.16 mm 13.00 mm 4.40 ms 20.79 J 

 1.63 kN 9.33 mm 13.25 mm 4.48 ms 21.34 J 

 0.07 kN 0.97 mm 0.56 mm 0.07 ms 0.96 J 

 4.45 % 10.36 % 4.22 % 1.50 % 4.49 % 

  

 
Fig. 11 The changes in impact load with time for five heat-treated 
A356/SiCp composite foam specimens (S1-H, S2-H, S3-H, S4-H, S5-H)  
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Fig. 12 The changes in impact load versus displacement for five heat-
treated A356/SiCp composite foam specimens (S1-H, S2-H, S3-H, S4-H, S5-H)  
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Fig. 13 The changes in absorbed energy versus time for five heat-
treated A356/SiCp composite foam specimens  
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Table 3 The results obtained from statistical analysis of impact test data 
for five heat-treated A356/SiCp composite foam specimens 

 )1( )2( )3( )4( )5( 

1- H 2.40 kN 9.60 mm 11.89 mm 4.98 ms 30.92 J 

2- H 2.18 kN 9.83 mm 13.38 mm 4.90 ms 30.68 J 

3- H 2.26 kN 8.35 mm 11.34 mm 4.80 ms 29.85 J 

4- H 2.48 kN 9.54 mm 11.81 mm 4.93 ms 32.70 J 

5- H 2.33 kN 9.15 mm 11.73 mm 4.99 ms 33.49 J 

 2.33 kN 9.29 mm 12.03 mm 4.92 ms 31.53 J 

 0.12 kN 0.58 mm 0.78 mm 0.08 ms 1.51 J 

 5.02 % 6.26 % 6.51 % 1.55 % 4.79 % 
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Fig. 14 The load as a function of time for as-received and heat-treated 
A356/SiCp composite foams  
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Fig. 15 The load-displacement plot for untreated and heat-treated 
conditions  
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Fig. 16 The absorbed energy versus time for untreated and heat-treated 
foams, and also three stages of the impact response of the foam  

16    
 

 ( )   1  
    

 
2 .  

 .  ( ) 
 16   

 ( )   ( )  
 ( )     .

 
   14  

1.36   
1.44  

  .3  t=1.36 ms t=1.44 ms 
 1.56 kN 2.36 kN 

4 51.3  .
 5 

1 Dislocations 
2 Precipitation Hardening 
3 Initial Peak Load 
4 Elastic Limit 
5 Striker Penetration 

 ( )   .
 t=2.01 ms 

t=1.80 ms  
0.65 0.36  

  .  ) t=2.01 ms t=1.80 

ms ( 6    . 
  

  
 

  . - 
 16  

22.04 30.92 
  

40.3    
 15  

8.81 mm 
12.87 mm  

9.60 mm 11.89 mm   .
4.06 mm 2.29 

mm   . 
 7     .

]14[  .  
- 

T6  ( )
8 

 . 17 –
   

 
  .- 

)14 ( 
  .   

  

 
Fig. 17 Compressive stress-strain responses of untreated and heat-
treated aluminum foam specimens under high strain rate [14] 
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