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γ-TiAl alloys provide higher specific strength than 
nickel-based superalloys. However, γ-TiAl alloys are 
relatively brittle, particularly at grain and twin boundaries. 
After even just a single loading cycle below the yield stress, 
there is evidence of localised plasticity in the grains most 
favourably oriented for slip (soft-mode). This may lead to 
premature stress accumulation at boundaries. Determining 
the exact location of such initial plasticity may permit such 
microstrucutral features to be avoided. 

Fig. 2: Schematic of steps undertaken to apply a Pt speckle pattern 
[2], and then produce strain maps by high resolution digital image 
correlation (HR-DIC) of secondary electron (SE) images, and lattice 
rotation maps by electron backscatter diffraction (EBSD).

Experimental

Conclusions

At 700 °C, the same patterns of initial localised deformation 
were seen as at 25 °C: at lamellar interfaces, γ/α2 type: 77%. 
The lines of localised plasticity measured by DIC are parallel 
to the lamellae in all cases; the extent of strain along the 
lines is not necessarily uniform: often the shear strain is 
highest where the band intersects the pillar edge and 
decreases towards the pillar centre. 

Microcompression at 700 °C 

● This study has demonstrated that the highly localised 
plasticity that must precede failure in high cycle fatigue is 
inherently related to the lamellar structure of γ-TiAl alloys, 
which predetermines the locations of plastic strain 
accumulation, even in a single loading cycle.
● Stress concentration by misfit strains and the mismatch of 
elastic moduli at the lamellar interfaces may assist the 
development of localised plasticity below the yield stress of 
the bulk polycrystal.
● Unlike previous reports [3,4], interlamellar cracking below 
the general yield stress, or sliding at the lamellar interfaces, 
were not observed.

Fig. 1: The length scales of TiAl: its microstructure.
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Strain mapping of compression Characterisation of initial plasticity

Microcompression specimens were focussed ion beam 
milled in specific orientations from single colonies of a 
HIPped, nearly lamellar Ti-45Al-2Nb-2Mn-0.8vol.%TiB2 
(Ti4522XD) polycrystal [1], as depicted below.  

Fig. 6: Scanning 
transmission 
electron images of 
the pillar 
compressed at 
700 °C in Fig. 5.

Fig. 4: Micropillar compressed at 
25 ºC and mapped for strain (DIC) 
and crsytal orientation (EBSD) 
before/after compression.
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Fig. 3: Loading curves for micro- 
compression at 25 and 700 °C

Compression was per- 
formed to low strains (0 – 
2%), at 25 and 700 °C, i.e. 
the maximum operational 
temperature of the material 
in aero-engine service. 

Fig. 5: Crystal orientation and strain maps of a pillar compressed at 
700 °C.

The initial, localised plasticity occurred in the γ-TiAl phase, 
most often near γ/α2 interphase boundaries. The 
deformation mechanism was either longitudinal twinning,               

At room temperature, the 
onset of plasticity always 
occurred near lamellar boun- 
daries, and of the five 
boundary types, most com- 
monly (64%) near the γ/α2 
interphase. 

 

which was iden- 
tified by the mor- 
phology of the 
deflected pillar 
edges, or longi- 
tudinal slip, where 
the slip lines 
generally lay 30 – 
50 nm from the 
γ/α2 or γ/γ inter- 
faces. No sliding  
or cracking of the 
lamellar inter- 
faces was iden- 
tified.
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