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Fig. 2. Cross sectional SEM images of the stir zone in AZ31/CNT composite with number of FSP passes and groove depth: (a) 1 pass/2 mm, (b) 
1 pass/3 mm, (c) 1 pass/4 mm, (d) 2 pass/2 mm, (e) 2 pass/3mm, and (f) 2 pass/4 mm

Fig. 3. Comparison of size of CNT clusters between single- and double-FSPed specimen with different groove depths of (a) 2 mm, (b) 3 mm, 
and (c) 4 mm, respectively

Fig. 4. Variation of microhardness in stir zone of the double-FSPed 
specimen as a function of groove depth

4. Conclusions

AZ31/CNT surface composites with different volume of 
CNT were successfully fabricated by applying double-pass 
FSP. In order to optimize the processing condition, a process-
ing parameter map was developed based on a heat index value 
defined by square of rotational speed over tool travel speed. 
Double-pass FSP was more effective for a more homogeneous 
distribution of the strengthening second phase than single-pass 
process. Compared with the FSPed specimen without CNT, the 
double-FSPed specimen with a groove depth of 4 mm (i.e., the 
largest volume of CNT in this work) showed a 71% increase in 
microhardness, suggesting the feasibility of double-pass FSP for 
fabricating high strength magnesium-matrix composites.
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