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Effects of long-term thermal exposure on fatigue behavior of
Ti-44Al-5Nb-1W-1B alloy with varied surface conditions

ZHAO Zhen-xing, SUN Hong-liang, HUANG Ze-wen

(Key Laboratory of Advanced Technologies of Materials, Ministry of Education,
Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The Ti-44Al1-5Nb-1W-1B(mole fraction, %) alloy was treated by two surface treatment processes of shot
peening and electropolishing, the changes of the fatigue behavior of the alloy exposed at 700 ‘C in air for 10000 h was
studied. The results show that the fatigue strength of electropolishing specimens is higher than that of shot peening
specimens before exposure. The fatigue strengths of the alloys with both surface conditions reduce after long-term
thermal exposure, but the electropolishing specimens can maintain the fatigue properties of the alloy better than the
shot-peening specimens. Long-term thermal exposure can cause oxidation on the surface and “B2+w-formation induced
embrittlement” and “oxygen-release induced embrittlement” inside of the alloy. All the three types of changes are
detrimental to the fatigue performance of the alloy. The residual compressive stresses introduced by shot peening are
released during long-term thermal exposure owing to the oxidation, which leads to a significant deterioration of the
fatigue properties. The electropolishing specimens have very smooth surface without defects and stress concentration,
therefore, the electropolishing specimens are more capable of resisting the deterioration of the fatigue properties than shot
peening specimens during long-term thermal exposure.
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Fig. 1 Back scattered SEM images of alloy 511 before((a), (b)) and after((c), (d)) exposure at 700 ‘C for 10000 h
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Table 1 Microstructure parameter and error range of alloy 511 before and after thermal exposure

Exposure Lamellar colony Thickness of a;  Volume fraction of o Volume fraction of ~ Volume fraction of
time/h size/pm lamellar/pm lamellar/% equiaxed y/% B2+w/%
0 112.1+49.4 0.57+0.37 21.3£3.7 10.3£2.2 2.7+1.1
10000 109.5+49.6 0.25+0.19 19.7£3.9 10.7£2.9 3.6+1.3

R 2 AR PR WA K R R

Table 2 Average surface roughness(R,) of samples with different surface conditions

R,/pm
Surface condition
Sample 1 Sample 2 Sample 3 Sample 4 Average
Shot peening 1.27 1.33 1.40 1.25 1.31
Electropolishing 0.37 0.36 0.38 0.37 0.37
Shot peening+exposure 1.51 1.46 2.08 2.16 1.80

Electropolishing+exposure 0.73 0.73 0.65 0.71 0.70
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Fig. 2 Microhardness profiles of shot peened samples before

and after thermal exposure

Fig. 3 SEM images of samples with different surface conditions: (a) Shot peened surface; (b) Electropolished surface; (c) Shot

peened surface after exposure; (d) Electropolished surface after exposure
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Fig. 4 Tensile properties of samples with four surface

conditions obtained at room temperature
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Fig. 5 S—N curves of samples with four surface conditions

obtained at room temperature
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Table 3 S-N fatigue strength at 1X10” cycles and related

data analysis for samples with different surface conditions

Surface condition ori/MPa  o,,/MPa oy /0y,
Shot peening 440 538 0.82
Electropolishing 507 568 0.89
Shot peening+exposure 250 407 0.61
Electropolishing+exposure 450 443 1.02
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