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Evolution Mechanism of Quenched Martensite in Ti—42A1-6.5V-2Zr
Alloy under Intermediate—temperature Stress

DU Yali!, SONG Lin', ZHANG Tiebang', LI Xiaobing?

(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China; 2. Jihua
Laboratory, Foshan 528200, China)

Abstract: TiAl alloys demonstrate significant application potential in the aerospace field because of their low density, high
specific stiffness and strength, and excellent high-temperature mechanical properties. However, challenges such as poor
room-temperature plasticity, limited damage tolerance, and difficulties in hot working still hinder their widespread use in
practical engineering. Research has suggested that obtaining a uniform and fine lamellar microstructure through
microstructural control is an effective approach for enhancing room-temperature plasticity and improving workability. This
study focused on a Ti-42Al-6.5V-2Zr alloy, which was subjected to quenching from the (3 single-phase region to obtain a
microstructure dominated by lath martensite o, Subsequent holding and loading experiments were performed on the
martensitic structure to achieve microstructural refinement of the TiAl alloy. The subsequent microstructural evolution
during intermediate-temperature holding and loading was studied by high-energy X-ray diffraction. The applied stress
significantly promotes the phase transformation from a, to «y. The mechanical anisotropy between the «, and -y phases leads
to rapid accumulation of elastic strain energy and crystal defects within the o, phase, which markedly accelerates the
formation of the lamellar y phase.
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Fig.1 In situ synchrotron radiation experiment: (a) schematic diagram of the in situ synchrotron radiation thermal compression
experiment; (b) holding process parameters; (c) loading and holding process parameters. LD: parallel to the load axis;
TD: perpendicular to the load axis
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Fig.2 BSE image of the as-cast Ti-42Al1-6.5V-2Zr: (a) low-magnification BSE image of the Widmanstitten structure;
(b) high-magnification BSE image of the Widmanstitten structure, with the lamellar colony details shown
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Fig.3 Microstructure of the Ti-42Al-6.5V-2Zr alloy after quenching at 1 400 C: (a) synchrotron radiation high-energy X-ray
diffraction pattern; (b) BSE image of the martensitic microstructure; (c) pole figures of martensite {0001} and <1120> and of the
retained 3, phase {110} and <111>
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Fig.4 Microstructure of the Ti-42A1-6.5V-2Zr alloy martensite after holding at 900 C for 16 min: (a, b) BSE image of (a,+y) lamellar
structures; (c) phase distribution diagram of a,, 'y and 3, phases; (d) 1D HEXRD patterns obtained by azimuth integration at 360°
during the entire holding process
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Fig.5 Ti-42Al1-6.5V-2Zr alloy at 900 ‘C/300 MPa loading: (a) true strain and stress as a function of time; (b) strain rate evolution over time
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Fig.6 Microstructure of the Ti-42Al1-6.5V-2Zr alloy after loading at 900 ‘C/300 MPa: (a, b) BSE images of (a,;+y) lamellar structures;
(c) phase distribution diagram of «,, 'y and 8, phases; (d) 1D HEXRD patterns obtained by azimuth integration at 360° during different
loading periods
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Fig.7 Evolution with the azimuth angle in the range of 0°~360° in the Ti-42A1-6.5V-2Zr sample: (a) holding at 900 ‘C without loading;
(b) loading at 900 "C/300 MPa for 3 min; (c) loading at 900 “C/300 MPa for 10 min; (d) loading at 900 "C/300 MPa for 15 min; (e) 1D
HEXRD patterns of (2021),, for states a~d
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Fig.8 Intensity vs. time curves for the (2020),, .(2021),, and (001), reflections: (a) loading at 900 “C/300 MPa; (b) change rate for (a)
over time; (¢) holding at 900 ‘C; (d) change rate for (c) over time
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