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Effect of thermal exposure on microstructure and
mechanical properties of Ti-44A1-4Nb-4Zr-0.2Si-1B alloy

ZHU Xiao-long, HUANG Ze-wen

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

Abstract: The effect of thermal exposure at 700 °C in air for 10 000 h on the microstructure and mechanical properties
of Ti-44A1-4Nb-4Zr-0.2Si-1B alloy was investigated using scanning electron microscopy and transmission electron
microscopy and tensile and high cycle fatigue test. The results show that the decomposition of a, lamellae through a,—y
and the formation of B2(w) through a,+y—B2(w) are not prevail inside the a,+y colonies. This tends to suggest that the
oty lamellae are at a high level of thermodynamic stability. B2(w) grains consist of many micron-sized cells, in which o
particles with D8 highly ordered structure in cell-wall regions grow significantly during the long-term exposure. Such
D8s-w particles also form widely inside the cells. Moreover, the micron-sized equiaxed y phase also precipitates from
B2(w) grains. The tensile ductility in the exposed alloy reduces remarkably. While the long-term exposure does not cause
detrimental effect on tensile strength and high cycle fatigue limit. The proof stress is still at level of larger than 600 MPa,
while fatigue limit increases noticeably after 10 000 h exposure.
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Fig.1 Back scattered SEM images of alloy 4-4-1 exposured in air at 700 C: (a) 0 h; (b) 1 000 h; (c) 3 000 h; (d) 10 000 h
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Table 1 Volume fractions and sizes of microstructural constituents in alloy 4-4-1 exposured in air at 700 C

Exposure Volume fraction of a,+y Volume fraction of Volume fraction of = Volume fraction of Size of a,ty
time/h lamellar colony/% B2(w)/% equiaxed y/% equiaxed ay/% lamellar colony/pm
0 73.8+7.7 8.3+0.5 13.94+0.5 424403 35+3.0
1 000 73.21+6.7 9.24+0.3 13.6+0.4 45104 37+3.5
3 000 72.4+6.0 10.5+1.0 14.24+0.7 3.9+0.4 34429
10 000 70.0+6.4 11.74+0.6 13.61+0.8 4.1£0.5 36+3.7
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Fig.2 BSE images of equiaxed B2(w) grains in alloy 4-4-1 before exposure (a) and after 5 000 h exposure in air at 700 C(b)
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Fig.3 TEM bright field (BF)images showing cell structure composed of equiaxed B2(w) grain in alloy 4-4-1 before exposure (a)
and after 5 000 h exposure in air at 700 C (c) and selected area diffraction patterns ((b), (d)) in B2(w) cell
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Fig.4 TEM bright field images of a,+y lamellae of alloy 4-4-1
before exposure (a) and after 10 000 h exposure in air at
700 ‘C(b)
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Fig.5 BSE images of a,ty lamellae colonies of alloy 4-4-1
before exposure (a) and after 10 000 h exposure in air at
700 C (b)
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Fig.6  Tensile properties of 4-4-1 alloy exposed at room

temperature (a) and 700 °C in air (b)
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Fig.7 Fatigue properties of alloy 4-4-1
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