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known report that fine grained alloys have higher 
4- 

*fatigue strength compared to coarse grained ones 
' (!3ollason. 1982). The reason for this deviation at 
high stress levels is not very certain. It has however 
been reported that hydrogen porosity in Alumimium 
alloys appears as angular interdendritic cavities or 
as comparatively small spheroidal pores. 
lnterdendritic porosity results from the rejection of 
hydrogen from the solid to the liquid metal during 
solidification until the solution pressure of the 
hydrogen in the liquid exceeds 1 atmosphere 
(Rajan et a/, 1999). The possible entrapment of 
hydrogen porosities in the solidified alloy could have 
contributed to poor fatigue strength exhibited at the 
high applied stress level. On the other hand, the 
addition of 0.03 wt.% of master alloy caused 
significant increases in the values of N at the low 
applied stresses. This observation supports the 
report that there is improved fatigue strength with 
fine grained crystals (Rajan et a/, 1999). 

The influe~ice of the added A5TB to 6063Al is better 
appreciated by the characteristics of number of 
cycles to failure N against the A5TB content for 
various stress levels Fig. 2. At lower stress levels of 
2.01 kIWm2and 3.01 kNlm2, the resistance to fatigue 
keeps rising as the refiner contents increases to 
qbout 0.06 wt.% (Fig. 2). Beyond this value, the 
fatigue strength sharply decreases to the minimum 
when the ASTB content in the alloy reaches 0.11 
wt.%. However, for high stress level of 4.02, 5.02 
and 7.01 kNlm2, the values of N were very low. As 
the A5TB content rises from zero, the fatigue 
, strength initially falls and picks up at 0.05 wt.% 

refiner addition and got to the peak at about 0.06% 
A5TB content for the three stress levels. In excess 
of 0.06% A5TB content, the fatigue strength starts 
to fall gradually until a minimum value is attained at 
0.11 wt.% A5TB content is attained irrespective of 
the value of the stress level (Fig. 2). 

This observation in which peak fatigue strength is 
attained at about 0.06 wt.% A5TB may be due to 
the formation of optimum grain sizes at this 
concentration of A5TB in 6063Al alloy. This may be 
due to the formation of optimum grain sizes at about 
0.06 wt.% alloy addition which upon further increase 
to 0.1 1 wt.%, grain sizes become coarse. This may 
probably be attributed to the report that excess 
refiners beyond the optimum point may lead to 
gravity separation of intermetallic compound thus, 
reducing the fatigue strength (Loong and 
Heathcock. 1989). An increase in the amount of 
refiner has been found to cause an increase in 
localized porosity in the casting, while complete 
removal of grain refiner caused hot cracking 
(Easton and StJohn, 2000). It has also been 
confirmed that as the quantity'of refiner increases. 
the amount of hot cracking decreases; while the 
amount of localized porosity increases (Boot ef a/, 
2002). Therefore, there is an optimum amount of 
refiner required for a particular aluminium alloy to 

obtain castings with optimuin quality. It is known 
that localized porosities serve as stress 
concentrations 'and points of crack mitiation and 
thus will reduce fatigue strength (Dieter, 1988). 
Therefore, the reduction in strength may also have 
been due fo the fact that grain refinement in excess 
of 0.06 wt.% up to about 0.11 wt.% A5TB might 
have led to the increase in defects such as porosity 
in the refined 6063Al. 

This study has also conformed to the report that as 
against the behaviour of steel and Aluminium- 
magnesium alloys under fatigue loading, no definite 
fatigue limit has been found on the stress S versus 
number of cycles N curves (Roilason, 1982). Grain 
refinement of Aluminium and its alloys using A5TB 
master alloy is a common industrial practice to 
produce fine equi-axed structure in the casting. The 
grain refinement leads to improved yield strength, 
high toughness, good machinability and excellent 
deep drawability (Cibula and Ruddle, 1947; 
McCartney, 1989). 

Reduction in grain size raises the fatigue strength of 
a X-7675 Al aluminium alloy (American Society of 
Metals, 1978) is against 1.35~10~ cycles at 30pm 
grain size. It has also been shown that slip in fine- 
grained Al-Zn-Mg-Zr alloy is less intense and crack 
initiation is delayed. For the same plastic-strain 
amplitude, the number of cycles to initiate failure for 
the fine-grained alloy exceeded the cycles to failure 
for the coarse grained (American Society of Metals, 
1978). The improved fatigue strength at 1.02 and 
2.02 ~ N l m ~  applied stresses for the Al 6063 alloy 
may therefore be due to grain refinement. 

From the foregoing, it may be said that grain- 
refining 6063Al alloy containing about 0.03 wt.% - 
0.1 1 wt.% A5TB master alloy may not really be very 
suitable for use in the design of components that 
will be subjected to fatigue stress in the 
neighbourhood of 4.00 k ~ l m '  - 7.03 k ~ l m ~  . 
However, it may be utilized for components that will 
operate under a stress level that is below 4.00 
k~lm'. 
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No. of cycles to failure. n 

Fig. 1 : S - N curve tor AI- alloy wtth dmerent AdPB 
refSncr concentraSion 
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