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The friction-stir welding (FSW) process, or in fact friction-stir processing (FSP), involves severe
plastic deformation. There is no melting of the work piece in either operation and processing occurs
in the solid state. The mechanism accommodating this superplastic deformation involves dynamic
recrystallization which produces a characteristically equiaxed fine-grain (< 10 um) structure, with a
low dislocation density [1-3]. Li, et al [4] also observed complex networks of helical dislocations
and dislocation loops associated with fine precipitates in the recrystallized grains of the weld zone
for the FSW of aluminum 6061 to aluminum 2024. These helical dislocation substructures were
characterized in part by the elevated weld zone temperatures (~0.8 Ty) promoting dislocation climb.

The present study examined the dislocation substructures in the weld zone for a cast aluminum 359 +
20 volume percent SiC-metal-matrix composite (MMC). Shindo, et al. [5] have previously shown
that this MMC undergoes some SiC particle attrition; with the initial, mean particle size of 4.1 um
being reduced by roughly 25% in the FSW zone. As a consequence of this attrition, a range of
smaller SiC fragments was produced in the recrystallized weld zone.

Figure 1 compares the MMC microstructures in the base or work-piece material and the center of the
FSW zone after welding at a tool rotation speed of 1000 rpm and a traverse speed of 11 mm/s. There
is little perceptible difference between the SiC particle size and distribution between the base and
weld zone and the grain size. Figure 2 compares the typical base and FSW zone center dislocation
substructure. The base microstructure varied somewhat from regions of very high dislocation
density to low dislocation density, with some dislocation loops as shown in Fig. 2(a) (arrows).
There is generally a higher dislocation loop density within the FSW zone as shown in Fig. 2(b);
these seem to be associated with the very small SiC particles (arrows in Fig. 2 (b)), and the elevated
temperature deformation promoting dislocation climb. The occurrence of dislocation loops in the
FSW zone is an indication of deformation after recrystallization and the role played by the SiC
particles in loop production; similar to that played by precipitates in prior FSW observations [4,6].
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FIG. 1. Comparison of the MMC base (a) with the weld zone center (b).
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FIG. 2. Comparison of dislocation substructures in the MMC base (a) with the weld zone center (b).
Note propensity of dislocation loops in (b).
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