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Microstructure and Mechanical Properties of Extruded TNM Alloy
Prepared via Powder Metallurgy

WANG Huiqin, SUN Peng , PAN Xiangyu, CHEN Xiaofei, WANG Yilei, LI Jinshan, TANG Bin
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: On the basis of the demand for lightweight and high-strength high-temperature structural materials for
aeroengines, a dense TiAl alloy ingot was prepared by hot isostatic pressing of TNM prealloyed powder. The TNM alloy
bar was subsequently fabricated via hot extrusion at 1 300 ‘C with an extrusion ratio of 5, and the microstructure and
mechanical properties of the hot isostatic pressed (HIPed) and extruded TNM alloys were subsequently analysed. The
results show that the microstructure of the TNM alloy transforms from a near-y microstructure into a duplex microstructure
after extrusion. Among them, the fine lamellar colonies mainly originate from the a—a,+y phase transformation during the
cooling process after extrusion. The y phase comprises two distinct morphologies: fine equiaxed and elongated grains. The
former is formed through recrystallization, whereas the latter are incomplete recrystallized grains. A statistical analysis of
recrystallization of the extruded alloy is conducted via GOS mapping, revealing that the recrystallized volume fraction of
the alloy is 87.8%. Furthermore, the {0001} basal texture of the o, phase was found after extrusion. Finally, the tensile
properties of the HIPed and extruded TNM alloys at room temperature were tested. The strength and plasticity of the alloys
increase by 56.43% and 250%, respectively, after extrusion.
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Fig.1 Schematic diagram of the experimental procedure and dimensions of the tensile sample: (a) schematic of the extrusion process;
(b) geometry of the tensile sample
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Fig.2 The as-HIPed microstructure of the alloy: (a, b) SEM-BSE images; (c) XRD patterns; (d) EBSD phase map; (¢) band contrast
maps overlapping the grain boundaries; (f) mean grain size of the -y phase
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Fig.3 Microstructure of the TNM extruded alloy: (a, b) parallel to the extrusion direction (ED); (c, d) perpendicular to the ED
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Fig.4 EBSD analysis of the TNM extruded alloy: (a) phase map; (b,~b;) phase map, IPF and PF maps corresponding to region A;
(ci~c;) phase map, IPF and PF maps corresponding to region B
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Fig.5 EBSD maps of the TNM extruded alloy: (a) BC map overlapped with the grain boundaries; (b) KAM map of the vy phase;
(c) KAM map of the a, phase; (d) GOS map
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Fig.6 Pole figures (PFs) of oy, y and B, phases of as-extruded alloy: (a) {0001}, {1010} and {1120} PFs for the c, phase; (b) {100},
{110} and {111}PFs for the y phase; (c) {100}, {110} and {111}PFs for the 3, phase
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Fig.7 Tensile properties of TNM alloys at room temperature: (a) tensile strain-stress curves; (b) comparison of tensile properties
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Fig.8 Fracture morphology of the TNM alloys: (a, b) as-HIPed alloy; (c, d) as-extruded alloy
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