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Fig. 1 Dimensions of creep specimens (Unit: mm)
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(a) XRD pattern; (b) OM image; (¢) SEM image

Initial microstructures of as-cast T46 alloy:
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Fig. 3 TEM images of initial microstructures of T46 alloy: (a) Morphology and SAED pattern of boride; (b) HRTEM
images of interface between matrix and boride; (c) Morphology of a,/y lamellar
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Fig. 4 Creep properties of T46 alloy measured at 800-850 ‘C under 250-325 MPa: (a), (b) Strain vs time;
(¢), (d) Corresponding creep rate vs time
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1 T46 44 7E 800~850 C J2 250~325 MPa s [l A (1) 4 A2 K4/
Table 1 Corresponding creep results for T46 alloy measured at 800-850 C under 250-325 MPa derived from Fig. 4

Temperature/ 'C Stress/MPa Steady-state creep rate/s”" State Life/h Strain/%
800 250 2.1x1077 Without fracture - -
800 275 4.1x1077 Fracture 62.8 13.6
800 300 5.4x107 Fracture 41.9 14.1
800 325 9.9x107’ Fracture 16.1 9.1
825 300 1.3x107° Fracture 15.9 12.6
850 300 2.6x107° Fracture 8.1 11.7
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Fig. 6 Comparison of creep performances of T46 alloy
and other TiAl alloys at 800 C

WY AT, WE 7(d)FTa; R8O 7% 300
MPalf, Wi ERAL AR, Wik 7e)fr
TN, X5 THECK B AR E AN N . N A
325 MPaff, RLGT = @aiCXug4E, Hi TR~

......

Q

Bl7 T46 415 800~850 C J 250~325 MPa {5 [l A1 [ AL A5 T 4 41
Fig. 7 Microstructures of T46 alloys crept at 800—-850 C under 250-325 MPa: (a), (b) Schematic diagrams of specimens
after creep test (ii) and (i); (c) 800 ‘C, 250 MPa; (d) 800 ‘C, 275 MPa; (e) 800 C, 300 MPa; (f) 800 ‘C, 325 MPa; (g) 825 C,

300 MPa; (h) 850 C, 300 MPa
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Fig. 8 Fracture morphologies of T46 alloys crept at 800-850 “C under 275-325 MPa: (a) 800 ‘C, 275 MPa; (b) 800 C, 300
MPa; (c) 800 C, 325 MPa; (d) 825 C, 300 MPa; (e) 850 C, 300 MPa
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Fig. 9 TEM images of microstructures of T46 alloy crept under conditions of 800 ‘C and 250 MPa: (a) Lamellar

morphology and structure evolution; (b) Morphology of TiB; (c) SAED pattern of TiB and «,
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Fig. 10 TEM images of microstructures of T46 alloy crept under conditions of 800 “C and 300 MPa: (a), (b) Dislocations

and twins in lamellae; (¢) Dynamic recovery in lamellae; (d), (e), (f) Morphology and structure evolution of grain boundary
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TEM images of boride morphologies of T46 alloy crept under conditions of 800 ‘C and 300 MPa: (a), (b) Boride

morphologies; (¢) HRTEM image of stacking faults in TiB; (d), (¢) SAED pattern as well as HRTEM image of TiB and

Ti,AlC; (f) Dislocations in TiB
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Fig. 12 Schematic diagrams illustrating dislocations climbing and formation of cusps of T46 alloy during creep process:

(a) Dislocations gliding; (b) Vacancies diffusing and jogs nucleating; (c) Dislocations gliding pinned by jogs; (d) Top view of

(c) representing formation of cusps
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Elevated temperature creep deformation and
rupture mechanisms of as-cast high Nb-containing TiAl alloy

XIAO Shu-long" %, LIANG Zhen-quan"?, ZHAO Hao®, GUO Ying-fei'2, ZHENG Yun-fei' %,
XU Li-juan"?, XUE Xiang" 2 TIAN Jing"? CHEN Yu-yong'?

(1. National Key Laboratory for Precision Hot Processing of Metals, Harbin Institute of Technology,
Harbin 150001, China;
2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
3. Department of Mechanical Engineering, Shanxi Institute of Mechanical & Electrical Engineering,

Changzhi 046011, China)

Abstract: In this paper, the microstructure of as-cast Ti-46Al-6Nb-2.5V-0.2B,C alloy was analyzed by using
X-ray diffraction (XRD), optical microscope (OM), scanning electron microscope (SEM) and transmission
electron microscope (TEM). And the elevated temperature creep tests at 800—-850 ‘C under 250-325 MPa were
conducted to investigate creep deformation and rupture mechanisms of as-cast high Nb-containing TiAl alloy. The
results show that the as-cast alloy exhibits fully lamellar structure. Besides, TiB precipitates inside lamellar colony
or at grain boundary and C atoms exist in the matrix in the form of solid solution. According to creep data, the
stress exponent (n) at 800 ‘C and the apparent activation energy (Q.) under 300 MPa of Ti-46Al-6Nb-2.5V-0.2B,C
alloy are measured to be 5.71 and 313.316 kJ/mol, respectively. Combining microstructure observation by TEM, it
is revealed that the creep deformation is controlled by dislocation climbing and mechanical twinning. And
dynamic recovery and dynamic recrystallization induced by creep play a softening role. In addition, elements B
and C play an important role in improving the creep resistance of high Nb containing TiAl alloys. Particularly,
Ti,AIC precipitates dynamically at the interface between TiB and matrix during creep process. Moreover, TiB and

Ti,AIC follow the well-established orientation relationship as [111}p//[1210];; yies  (110)5i5//(1010); e

Furthermore, the creep rupture is dominated by the initiation and coalescence of cavities as well as the propagation
of cracks.

Key words: high Nb-containing TiAl alloy; microstructure; creep; deformation mechanism; rupture mechanism
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