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Effect of long-term thermal exposure on microstructure and
mechanical properties of Ti-44Al1-4Nb-4Hf-1B alloy

YIN Quan, HUANG Ze-wen

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

Abstract: The Ti-44Al-4Nb-4Hf-1B alloy was exposed at 700 “C in air for 10 000 h to assess the thermal stability of
TiAl alloy containing Nb-Hf. The changes in microstructure were characterized using transmission electron microscopy
and scanning electron microscopy. The corresponding changes in mechanical properties were examined by tensile and
fatigue tests. The results show that both the decomposition of a, lamellae through a,—a,+y and the formation of B2(w)
through o,+y—B2(w) occur inside the a,*+y lamellar colonies. After 10 000 h exposure, the average thickness of a,
lamellae is roughly halved while the area fraction of B2(w) in micron and submicron size range reaches 8.4%. As a result,
the tensile ductility at room temperature reduces by one third after 10 000 h exposure at 700 “C. The outcome indicates
that TiAl alloy containing Nb-Hf demonstrates a higher thermal stability than its counterparts containing Nb due to
reduced influence of the “oxygen-release induced embrittlement” and “B2+w-formation induced embrittlement”. The
long-term exposure does not cause detrimental effect on tensile strength and high cycle fatigue limit. After 10 000 h
exposure, the proof stress is still at a level of 600 MPa, while the fatigue limit increases noticeably.
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Fig.1  Microstructures of alloy 4Nb-4Hf before thermal
exposure: (a) SEM image; (b) TEM image
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Table 1 Lamellar colony sizes and area fractions of equiaxed y grains and B2(w) after thermal exposure for different times

Exposure Lamellar colony size/um Area fraction of equiaxed y/% Area fraction of B2(w)/%
time/h Mean value Error range Mean value Error range Mean value Error range

0 82 +7.82 9.87 +1.94 3.25 +0.98

1 000 80 +8.40 9.65 *+1.65 5.65 +1.01

5000 81 +6.09 11.03 +1.77 7.44 +1.21

10 000 77 +10.2 10.72 +1.82 8.37 *1.14
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Bl2 4 ANb-4Hf #5551 HU 5
Fig.2 BSE images of alloy 4Nb-4Hf after thermal exposure
for different times: (a) 1 000 h; (b) 5 000 h; (¢) 10 000 h
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Fig.3 TEM images of alloy 4Nb-4Hf after thermal exposure

for different times: (a) TEM center dark field image, 1 000 h; (b)
TEM bright field images, 5 000 h; (¢) TEM bright field image,

10 000 h
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Table 2 Lamellae thickness after thermal exposure at 700 C

for different times

Exposure Thickness of Thickness of
time/h y lamellae/nm a, lamellae/nm
0 700+63 140+37
1 000 680+47 124433
5000 740+60 84421
10 000 710+57 77+24
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Fig.4 Tensile properties of alloy 4Nb-4Hf after thermal

10000

exposure at 700 C in air for different times
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Fig.5 Fatigue properties of alloy 4Nb-4Hf after thermal

exposure at 700 ‘C in air for different times
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Fig.6 Back-scattered SEM micrographs near main fatigue
crack of alloy: (a) 5 000 h; (b) 10 000 h
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