
Environmental Studies on Titanium 
Aluminide Alloys

Titanium aluminides are attractive alternatives to superalloys in moderate temperature 
applications (600 to 850 °C) by virtue of their high strength-to-density ratio (high specific 
strength). These alloys are also more ductile than competing intermetallic systems. 
However, most Ti-based alloys tend to degrade through interstitial embrittlement and 
rapid oxidation during exposure to elevated temperatures. Therefore, their environmental 
behavior must be thoroughly investigated before they can be developed further. The goals 
of titanium aluminide environmental studies at the NASA Lewis Research Center are 
twofold: characterize the degradation mechanisms for advanced structural alloys and 
determine what means are available to minimize degradation. The studies to date have 
covered the α 2 (Ti3Al), orthorhombic (Ti2AlNb), and γ(TiAl) classes of alloys. 

Near surface hardening of O-Ti as a function of air exposure duration at 600, 700, and 
800 °C. The horizontal dashed line indicates the baseline hardness of the unexposed 

material. 
The α2 and orthorhombic (abbreviated here as O-Ti) alloys had high rates of oxidation at 
800 °C, but the limiting environmental factor for both appears to be interstitial 
embrittlement during air exposure (refs. 1 and 2). Embrittlement, as measured by 
microhardness profiling, was significant for both the α 2 and O-Ti classes of alloys after 
exposure to 800 °C air for only 1 hr (see the graph above) and was measurable after 100 
hr at 600 °C. In related studies at NASA Lewis, this level of embrittlement dramatically 
reduced the fatigue lives of α 2 and O-Ti alloys (refs. 3 and 4). Examination of oxidation 
and embrittlement behavior as a function of composition showed that alloying was 
effective in reducing oxidation (as in the following graph), but was not effective in 
preventing or reducing embrittlement in any of 11 different O-Ti alloys examined 
(provided by the Materials Directorate at Wright Laboratory).
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Depth of embrittlement after 500-hr exposure to 800 °C air does not correlate to O-Ti 
composition. The horizontal dashed line indicates the baseline hardness of the unexposed 

material. 
Coatings have been examined as a means to retard embrittlement in α 2 alloys and are 
under investigation for O-Ti alloys. For α 2 alloys, the coatings examined include those in 
the MCrAlY family, mixed ceramic-metallic coatings, and graded coatings. Silicide 
coatings have been examined for O-Ti alloys. Although all these coatings provide 
oxidation resistance and resistance to oxygen ingress, fatigue testing of coated coupons 
showed that all coatings induced a fatigue life debit that was more severe than the 
environmental embrittlement effect that the coating was supposed to prevent. This result is 
in general agreement with previous coating efforts on Ti-based alloys. 

Three different γ alloys were also evaluated in terms of their oxidation and embrittlement 
behavior: Ti-48Al-2Cr-2Nb (GE alloy, 48-2-2), Ti-46.5Al-3Nb-2Cr-0.2W (Universal 
Energy Systems alloy, K-5), and Ti-46Al-5Nb-1W (Allison alloy, Alloy 7). The 48-2-2 
alloy had marginally acceptable oxidation kinetics at 800 °C, whereas both K-5 and Alloy 
7 had acceptable oxidation rates to beyond 1000 hr at 800 °C. 

γ TiAl has no detectable hardening after long-term exposure to 800 °C air, in contrast to 
O-Ti alloys that show extensive hardening under the same conditions. 

Microhardness profiling detected no evidence of embrittlement for any of the three γ alloys 
after a 1000-hr exposure to air at 800 °C. This is in stark contrast to the embrittlement 
behavior noted earlier for α 2 and O-Ti alloys (as shown in the last graph). However, data 
from other labs suggest that γ alloys do show a decrease in fatigue life when 600 °C 



vacuum and 600 °C air mechanical fatigue results are compared (ref. 5). Since the fatigue 
debit is relatively minor and the initial intent is to use these alloys in low-strain conditions, 
coatings may help extend the life of γ alloy components. A highly oxidation-resistant Ti-Al-
Cr coating alloy, which combines excellent γ substrate compatibility with toughness, has 
been developed at NASA Lewis (ref. 6). This alloy is being evaluated as an oxidation and 
embrittlement resistant coating designed to enhance the life of structural γ-alloys.
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