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High Temperature Endurance Abnormal Fracture Analysis of TC11 Titanium Alloy
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Abstract; In order to analyze the cause of abnormal fracture of high temperature endurance TC11 titanium alloy
specimens, the fracture and surface morphology of the specimens were observed and analyzed by optical microscope
(OM) and scanning electron microscope (SEM) , and the micro-area composition was analyzed by energy spectrometer.
Obvious oxidation and multiple cracks occur on the surface of the abnormal fracture specimen, there are many
dark brown oxidation pits on the edge of the fracture specimen, intergranular fractures occur mostly in the pits on the
outer circumference of the fracture, and ductile fractures occur in the core. Cl, Mg, Na and other elements are found
in the crack region of the specimen surface, which is the direct cause of abnormal fracture of the specimen. Mg, Na,
Cl and other elements are introduced by the asbestos rope binding the thermocouple, and hot salt stress point corrosion
occurs on the surface of the specimen under high temperature environment. With the continuous loading of the test
stress at high temperature, the specimen deformation occurs, and cracks occur at the point corrosion pit and rapidly
extend, leading to abnormal fracture of the specimen. There is no thermal salt stress corrosion on the surface of the
specimen when the chromite wire is used to bundle the thermocouple, which has little effect on the durability of TC11
titanium alloy.
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Fig. 1 Microstructure of TC11 titanium alloy forging

after double annealing
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Table I Room temperature and high temperature mechanical

properties of TC11 titanium alloy forgings as annealed

R,/MPa R, ,/MPa A/%  7/% KU,/kJ-m™

1080 938 20.0  43.0 419
25 C

1082 939 18.5  46.5 425

741 — 18.0  60.0 —
500 C

746 — 19.5 540 —
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Fig. 2 Photo of high temperature endurance

abnormal fracture specimen
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Fig. 3 Fracture morphology of high temperature endurance

abnormal fracture specimen
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Fig. 4 Surface morphologies of high temperature endurance
abnormal fracture specimen; (a,b) near fracture areas;

(c,d) severe oxidation areas
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Fig. 5 Fracture morphologies of high temperature endurance

abnormal fracture specimen
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Fig. 6 Metallographs of longitudinal section of high temperature
endurance abnormal fracture specimen: (a) far from

fracture area; (b) fracture area
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Fig. 7 Morphology of crack areas of high temperature

endurance abnormal fracture specimen
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Table 2 Energy spectrum analysis results of high temperature

endurance abnormal fracture specimen surface

Element S1 S2 S3 S4
C 11.72 8.63 3.51 —
0] 72.27 57.73 59. 84 —
Na — 0.18 — 9.55
Mg 6.33 0.15 0.14 1.57
Al — 2.65 2.70 3.41
Si 6.18 0.25 0.22 2.86
S 0.18 — 0.39 1.94
Cl 0. 62 0.56 0.20 45.97
K — 0.14 — 4.15
Ca 0.45 — — 4.20
Ti 1.77 28.39 33.00 26.35
Mo — 1.32 — —
Fe 0.49 — — —
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Fig. 8 Photos of high temperature endurance specimens
with different binding materials: (a) asbestos

rope; (b) nichrome wire
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Table 4 Results of energy spectrum analysis of different

asbestos ropes

Element Asbestos rope 1 Asbestos rope 2

C 9.04 9.78
(0] 71.26 62.94
Al 2.33 —

Na 1.83 2.12
Mg 0. 88 10. 34
Si 13.12 11. 83
Cl 1.52 0.78
Fe — 2.20
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