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Figure 2. Microstructure of polished A206: (a) without FSP; (b) after FSP 

 

Figure 3. SEM micrographs of A206 grain size: (a) without FSP; (b) FSP 500 RPM-25.4 
mm/min; (c) FSP 1000RPM-50.8mm/min; (d) FSP 1000 RPM-25.4mm/min. 
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Figure 4. Microstructure of the TMAZ (1000 RPM-50.8mm/min): (a) OM; (b) SEM. 

Figure 2 shows optical micrographs of a polished A206. Prior to FSP (Figure 2a), in the as-cast-
T4 condition, porosity can be seen in the Al matrix (100-200 µm) as well as the expected coarse 
needle-like second phase particles.  However, after FSP (Figure 2b), we observe a high density 
of fine and nearly equiaxed second phase particles uniformly distributed within the processed 
zone; moreover, structural integrity is attained by mitigation of the porosity.  For all the 
experimental conditions that were performed in this study, we observed the same tendency.  

Figure 3 are SEM micrographs of A206 showing the evolution of the grain structure during FSP.  
Without FSP (Figure 3a), the grain size of the as-cast-T4 A206 is ~100µm, but subsequent to 
FSP (Figure 3c and d), the grain size is decreased to less than 10µm. FSPed zones generated 
under the three experimental conditions give rise to different grain morphologies.  No grains are 
observed when FSPed at 500 RPM-25.4mm/min; blurred grain boundaries are seen when FSPed 
at 1000 RPM-50.8 mm/min. In contrast, clear grains are seen when FSPed at 1000 RPM-25.4 
mm/min.   

It has been pointed out that the grain refinement during FSP is the result of dynamic 
recrystallization [7- 9]. When FSP conditions are at 500 RPM -25.4 mm/min, the temperature 
range is 306-3540C; for FSP at 1000 RPM – 25.4 mm/min and 1000 RPM -50.8 mm/min, the 
temperature range are 338-4220C and 273-3500C, respectively.   When the rotation speed is 500 
RPM, mechanical stirring is not sufficient to break up the original grains, however, when the 
rotation speed is doubled to 1000 RPM, the broken original grains are homogeneously dispersed 
and subsequently grow.  It is clear that the temperatures attained when FSP processed at 1000 
RPM – 25.4 mm/min gives rise to optimµm conditions for recrystallization vis a vis the other 
two experimental conditions.  In brief, it is the resultant temperature conditions that control 
nucleation and growth, and not necessarily rotation and traverse speeds. 

The microstructure in the thermo-mechanically-affected-zone (TMAZ) has also been 
investigated.  Elongated grains in this region suffer a severe shear force generated by the contact 
of the material with the lateral surface of the tool pin and the screw flake on the pin (Figure 4a).  
Specifically when FSPed at 1000 RPM- 50.8 mm/min, high forces exist in three directions giving 
rise to many torn boundaries as seen in Figure 4b.  
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Conclusions 

(1) Friction stir processing modifies the microstructure of cast-T4 A206.  Coarse needle-like 
particles are broken up and uniformly dispersed in the alµminiµm matrix.  Grain size is 
refined from about 100 µm to less than 10 µm. 

(2) The FSPed zone macrostructure is controlled by the traverse and rotation speed of the tool; 
the shape of the FSPed zone changes from a basin-like nugget to an elliptical one. 

(3) Dynamic recrystallization is influenced and controlled by the temperatures attained during 
FSP.  The latter is controlled by the rotation speed and traverse speed of the tool.  In this 
study, it was found that 1000 RPM-25.4 mm/min offered optimµm condition for grain 
refinement.    

(4) The potential of locally manipulating the structure of cast components to attain enhanced 
performance via FSP are most promising. 
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