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Titanium alloys are widely used as structural materials due to their high specific strength and excellent
corrosion resistance, with Al as one of the major solid solution strengtheners of a-Titanium alloys [1].
The existence of chemical short-range order (SRO) of Ti-Al has been proposed to explain the solid-
solution strengthening and low strain hardening [2-3]. Despite extensive research efforts, direct evidence
of SRO has only been revealed experimentally by diffuse neutron diffraction measurements [4]. Direct
TEM observation of SRO effects would provide insights into understanding the correlations between
SRO and deformation behavior.

It has been proposed that “diffuse” anti-phase boundaries are created as dislocations slip through ordered
clusters, thereby leading to the localization of plasticity and low strain hardening [5]. Neeraj et al. [6]
reported a residual strain in the localized slip bands resulting from this effect, but the direct evidence of
SRO disturbance had not been shown. One factor that has limited the utility of TEM on Ti-Al SRO is
the low intensity of diffuse superlattice diffraction corresponding to the clusters of short range order.
Here, we use two methods in an attempt to directly image the destruction of SRO by dislocation motion
in Ti-Al alloys. First, we use an in-column energy filter to eliminate contrast from inelastic scattering.
Figure 1 shows the diffuse scattering of Ti3zAl superlattice indicating the existence of SRO. Dark-field
images taken with SRO diffuse scattering peaks (eg. Figure 2) show an evenly distributed darkened
contrast. We speculate that the lack of SRO and the residual strain is the origin of this contrast. Second,
we use ex situ scanning nanobeam electron diffraction (NBED) to assess the residual strain left in planar
slip band and any destruction of the SRO by plasticity. Figure 3 demonstrates an example of an evenly
distributed residual ~ 2% strain in the basal plane but almost no strain in the prismatic plane. These
observations will be discussed in light of the origins of localized plasticity in Ti-Al alloys [8].
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Figure 1. a) Diffraction pattern of aged Ti-6Al alloy showing the diffuse scattering indicative of SRO.
b) Bright-field TEM image of localized planar slip bands of the same sample.
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Figure 2. a) Bright-filed TEM image of planar slip. b) Averaged dark—hﬁeld image using aperture
positions indicated in ¢). ¢) Diffraction pattern with green circles indicating the aperture positions used
for b).
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Figure 3. a) High angle annular dark field image showing the position of the planar slip band. b-c)
Strain maps in the slip band in orthogonal directions. d) Averaged diffraction pattern showing the
direction of u, v and their corresponding indices.
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