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Abstract 
 
The formation of oxide film on the surface of aluminium melts, i.e. bifilms, are known to be detrimental when they are incorporated into 
the cast part. These defects causes premature fractures under stress, or aid porosity formation. In this work, Al-12 Si alloy was used to cast 
a step mould under two conditions: as-received and degassed. In addition, 10 ppi filters were used in the mould in order to prevent bifilm 
intrusion into the cast part. Reduced pressure test samples were collected for bifilm index measurements. Samples were machined into 
standard bars for tensile testing. It was found that there was a good agreement with the bifilm index and mechanical properties. 
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1. Introduction 
 

Porosity has been the major factor that effect cast parts 
quality. Many of the existing quality control techniques involve 
checking the level, distribution and size of porosity in parts. In the 
foundry floors, typically, degassing method is used to reduce the 
dissolved hydrogen which has been blamed as the major source of 
porosity in aluminium castings. This process involves the purging 
of either argon or nitrogen through the melt where the excess 
hydrogen in the melt equilibrates with the rising bubbles and thus 
the level of hydrogen becomes decreased in the melt.   
On the other hand, Campbell [1] proposed the idea of bifilms and 
it has been shown that hydrogen has a little effect on the porosity 
formation and bifilms acts as the major source for porosity in 
aluminium castings. Dispinar [2-6] had shown that degassing 
process removes the bifilms in the melt and thus porosity 
decreases. In his study, Dispinar [2] worked with two different 
melts and one of the melts were upgassed and the other one was 

degassed in order to see the cross-effect of both hydrogen level 
and bifilm content. It was found that the melt with the lower 
hydrogen do not significantly had low porosity. It was the bifilm 
index that had direct relationship with the porosity and 
mechanical properties. 
When it comes to the tensile properties of Al-Si alloys, Caceres 
[7-8] had done an extensive work. The effect of cooling rate (i.e. 
distance from chill) and modification by Sr were investigated and 
it was concluded that at small grain sizes the fracture was 
intergranular and at large grain size the fracture was transgranular.  
Strontium is added to Al-Si alloys to modify the elongated needle-
like Si morphology to finer and fibrous shape. Zhongwei [9] 
showed that the addition of Sr decreases the eutectic temperature 
and reduces the dendrite coarsening thus decreases the dendrite 
size. Dahle [10] looked into the nucleation frequency of eutectic 
phase by Sr modification.  
In this work, the fracture mechanism of Sr-modified Al-12Si alloy 
was investigated by means of bifilm theory. Two different 
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2. Results  
 

Prior to cutting of tensile specimens from each casting, a small section was cut from the edge of the cast parts for macro and 
microstructural examination. The results are given in Figure 3 and Figure 4-5, respectively. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3. Macro analysis of sectioned piece of cast parts 
Untreated, turbulent filling (a) 1st casting, (b) 2nd casting 

Degassed, controlled filling with filter (c) 1st casting, (d) 2nd casting 
 

 
(a) (b) (c)

Fig. 4. Microstructures of each cross section (a) 15, (b) 20, and (c) 40 mm from the untreated turbulently filled castings 
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Table 2. 
SEM images taken from the fracture surface of tensile bars 

              Section thickness: 
 
 
Casting  
Description: 

15 mm 20 mm 40 mm 

Turbulent  
1st casting 

Turbulent  
2nd casting 

Non-turbulent  
1st casting 

Non-turbulent  
2nd casting 

 
One interesting finding in this figure was the coinciding of the 
two linear lines at 27 % volumetric porosity with 135 MPa UTS 
value (Figure 10). For the porosity levels above this value, the 
effect of the bifilms may be more significant for the fracture 
mechanism of the turbulent filling. As can be seen, the UTS value 
for non-turbulent filling is increasing above the turbulent filling 
line.  
For this eutectic alloy investigated in this work, it can be easily 
concluded that neither porosity, nor bifilms have significant effect 
over the fracture of the Sr modified Al-12Si alloys. 
15 mm section thickness is the fastest cooling region in these 
trials due to the mould design. And the microstructural analysis 
show the finest structure with the utmost homogeneous 
microstructure. On the other hand, 40 mm section which is the 
thickest and theoretically slowest section, had the similar 
microstructure as 15 mm section. What was more interesting was 
the fact that thinnest section had the highest levels of porosity 
however they still had the highest mechanical properties.  

4. Conclusion 
 
1. In the Sr modified Al-12Si eutectic alloy, the effect of 

porosity on the mechanical properties seem to be efficient 
when the volumetric porosity is above 30 %.  

2. Filter position in the runner bar plays a significant role in 
the generation or elimination of bifilms.  

3. Thin sections solidifies rapidly to form larger pores 
compare to the thicker sections in eutectic Al-12Si alloy. 

4. The finer the microstructure, the higher the tensile 
properties, regardless of the porosity levels in Sr-modified 
Al-12Si eutectic alloys. 
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