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Figure 4a shows that for a 1mm strip, over 50% of the Ti particles were deformed into fibres of
thickness 0.5-2um. Figure 4b shows Si particles a few microns apart producing indentations and
kinks along a deforming Ti fibre. TEM observations in Figure 4c confirmed that unlike the a-Al that
was easily recrystallized, the Ti fibres accumulated a comparatively high dislocation density. There
was no discernible Al-Ti interfacial reaction nor interfacial oxide at any of the magnifications used in
the TEM studies.

Si grains

SEI 15.0k¥  X7,000 1um WD 12.8mm

Fig 4: (a) Backscattered electron image of further extruded Al-12Si+12Ti Imm strip showing heavily
elongated Ti; (b) secondary electron image showing the interaction between Si particles and the
elongated sub-micron Ti fibre; and (c) TEM image of the a-Al/Ti interface with embedded Si
particles.

3.3 Mechanical properties

At a total strain of 6, the yield stress of Al-12Si+12Ti increased by over 30% relative to the
extruded 30mm bar with a strain of 0.2, with no loss of elongation to failure of 17%. This was still a
relatively low total strain and fraction of Ti in comparison with small batches of powder processed
Al-20vol%Ti with strains >10 that showed dramatic strengthening [4]: because the matrix/fibre
interface acts as a barrier to dislocation (slip) propagation, strengthening is proposed dependent on
the fibre spacing in a Hall-Petch type relationship [16]. Nonetheless, these results provide
encouragement for the feasibility of our spray forming based approach to scale-up.

Table 2: Mechanical properties of extruded 30mm diameter bar and Imm thick strip.

Strain Yield Stress (MPa) Elongation (%)
30mm bar 0.2 96 17
Imm strip 6 129 17

Despite the low Ti fraction, but in order to assess the response of the material to higher strains,
strips of 1mm thickness were subjected to 3 ARB cycles resulting in the majority of Ti particles
reduced to sub-micron thickness as shown in Figure 5a. There was no discernible fibre breakage,
supporting previous ideas that the filamentary phase must be capable of a high recovery rate [1].
Figure 5b shows the Ti fibres after dissolution of the a-Al matrix. Many Ti fibres or ribbons were now
over 500um long with thickness as small as a few hundred nanometers, although some only slightly
deformed larger Ti particles remained, deriving from the large spread of Ti sizes in the starting
powder.
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COMPO 15.0kV X700 10um WD 14.6mm

Fig 5: (a) Backscattered electron image of ARB Al-12Si+12Ti showing Ti fibres and ribbons of
sub-micron thickness; and (b) SEM image of Ti fibres and ribbons after dissolution of the a-Al
matrix.

Conclusions

Spray forming with co-injection has been shown to be an exciting route to the manufacture of
metal-metal composites at large scale. The spray formed Al-12Si+12Ti comprised refined equiaxed
a-Al grains (~5um), spherical Si particles (~1um) and uniformly distributed Ti particles (~80um),
and was free from measurable interfacial reactions or oxides. Deformation processing was carried out
to a true strain of ~8.4 providing elongated Ti fibres of sub-micron thickness and a-Al grains that
underwent particle stimulated dynamic recrystallization due to the Si particles to maintain a fine,
near-constant grain size irrespective of total strain. It is suggested that during deformation, the Si
particles also played a role in imparting stress to the Ti particles to produce fibres of sub-micron
thickness. Preliminary tensile properties suggest that progressive Ti elongation provided modest
strengthening. Larger Ti fractions and deformations are now being studied, with accumulative roll
proving to be an encouraging deformation processing route.
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