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Influence of Different Heat Exposure Temperatures on the Oxidation,
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Abstract: Ti-22A1-25Nb alloys are recognized as pioneering high-temperature lightweight structural materials characterized
by their exceptional combination of high specific strength and excellent creep resistance, thereby presenting broad
application prospects in the aerospace field. However, the decline in oxidation resistance at temperatures exceeding 750 ‘C
limits its development and application. To elucidate the coupling effects of high-temperature thermal exposure on the
structural stability and mechanical properties of the alloy, Ti-22A1-25Nb annular components were subjected to thermal
exposure at 700, 750 and 800 ‘C. By integrating room-temperature tensile tests and microhardness experiments with
multiscale microscopic characterization (SEM, TEM), the evolution of the surface oxide layer and oxygen-rich layer, the
morphological transformation of the fine plate-like O phase, and their impact mechanisms on the room-temperature strength
and plasticity were analysed. The results indicate that with increasing thermal exposure temperature, the oxide layer and
oxygen-rich layer progressively thicken, forming a continuous brittle surface layer with reduced compactness. Concurrently,
the thickness of the fine plate-like O phase increases as the aspect ratio decreases, leading to a diminished hindrance effect
and a reduction in yield strength. The formation of the brittle surface layer causes cracks to reach critical sizes at an early
stage, resulting in simultaneous degradation of the room-temperature strength and plasticity.
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Fig.2 Oxide layers after thermal exposure at different temperatures: (a,;~a;) surface, cross-sectional morphology, and corresponding
EDS line scan at 700 ‘C/50 h; (b,~b;) surface, cross-sectional morphology, and corresponding EDS line scan at 750 ‘C/50 h;
(ci~c;) surface, cross-sectional morphology, and corresponding EDS line scan at 800 ‘C/50 h

SRl ES PRI

3

Fig.3 Vickers hardness test results of samples exposed to
different temperatures
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4 :(a) 700 C/50 h;(b) 800 ‘C/50 h; (c~e) (b) 1.2.3
Fig.4 High-angle annular dark field images of the oxide layer microstructure: (a) 700 ‘C/50 h; (b) 800 “C/50 h; (c~e) fast Fourier
transforms of positions 1, 2 and 3 in (b)

5 :(ay, ay) ;(by, by) 700 ‘C/50 h;(cy, ;) 750 'C/50 h;(d,, d;) 800 ‘C/50 h
Fig.5 Microstructural morphology: (a,, a,) unexposed; (b;, b,) 700 ‘C/50 h; (c,, ¢,) 750 'C/50 h; (d,, d,) 800 ‘C/50 h
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Tab.1 Contents of the B2 phase, coarse plate phase and
fine plate O phase for unexposed samples and samples

o 600 subjected to different heat exposure temperatures
( 0 . Rim-0O Exposure conditions V(€)% V()% V(€)%
o 0 ) o Unexposed 20.78(1.744)  13.21(1.222)  66.01(1.776)
700 ‘C/50 h 18.52(0.570)  13.44(0.583)  68.03(0.975)
° 750 ‘C/50 h 19.54(0.638)  13.59(1.044)  66.87(1.324)
’ B2 N 800 C/50 h 27.62(0.660)  13.31(0.723)  59.07(1.084)
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Fig.6 Room-temperature tensile properties of unexposed
samples and samples exposed to heat at different temperatures
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7 :(a) ;(b) (0]
Fig.7 Room-temperature tensile strength of unexposed and heat-exposed samples: (a) strength variation with the surface brittleness
layer; (b) yield strength variation with the thickness of the fine plate O phase
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Fig.8 Dislocation morphology after tensile deformation: (a) unexposed; (b) 800 ‘C/50 h
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Fig.9 Macroscopic and microscopic fracture morphology of unexposed and heat-exposed samples at different temperatures:
(ar~a;) unexposed; (b;~bs) 700 ‘C/50 h; (c,~c;) 750 C/50 h; (d,~d;) 800 ‘C/50 h

10 :(a) ;(b) 700 ‘C/50 h; (c) 750 ‘C/50 h; (d) 800 C/50 h
Fig.10 Morphology of the longitudinal cross section after exposure to different temperatures: (a) unexposed; (b) 700 “C/50 h;
(c) 750 ‘C/50 h; (d) 800 C/50 h
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Fig.11 Crystal orientations along the fracture path: (a) unexposed; (b) 800 ‘C/50 h
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