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Research on Influence of Extrusion Speed on Microstructure and Properties of
Large-sized TC11 Titanium Alloy Tube
Ning Bo, Wu Junyu, Yuan Lihong, Chen Guizeng, Zhang Yao, Wang Dan
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: TCI11 titanium alloy tubes with outer and inner diameters of 145 mm and 120 mm, respectively, were
prepared using a 45 MN horizontal extruder. The microstructure and mechanical properties at room temperature and
elevated temperature of the tubes obtained at different extrusion speeds were investigated by scanning electron
microscopy, tensile testing, and creep testing. The results show that at an extrusion speed of 20 mm/s, the recrystallized
grains in the hot-extruded tube coarsen, resulting in lower room-temperature strength but higher ductility. When the
extrusion speed increases to 30 mm/s, the primary o phase becomes finer and more homogeneous, leading to increased
room-temperature strength and reduced ductility. As the extrusion speed is further increased to 40 mm/s, the primary a
phase remains fine but becomes less uniform. Under this condition, the room-temperature strength of the tube remains
unchanged, whereas its ductility continues to decrease. The creep rate of the tube at 500 °C under 640 MPa increases
with increasing extrusion speed. Comprehensive analysis indicates that the TC11 titanium alloy tube extruded at 30 mm/s
exhibits superior overall mechanical properties.
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Table 1 Chemical composition of TC11 titanium alloy ingot

Al Mo Si Zr Fe (0] Ti

6.59 3.63 0.31 1.78 0.038 0.14 Bal.
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Fig.1 Transverse microstructures of BO1 bar billet: (a) optical

micrograph; (b) SEM micrograph
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Fig.2 Metallographs of hot extruded TC11 titanium alloy tubes in
transverse direction: (a) E20; (b) E30; (c) E40
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Fig.3 SEM micrographs of hot extruded TC11 titanium alloy
tubes in transverse direction: (a) E20; (b) E30; (c) E40
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Fig.4 Mechanical properties at room temperature of TC11

titanium alloy bar billet and hot extruded tubes
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Fig.5 Metallograph of E30 tube in longitudinal direction
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Fig.6 Mechanical properties at elevated temperature of TC11

titanium alloy bar billet and hot extruded tubes
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Fig.7 Tensile fracture morphologies at elevated temperature of TC11 titanium alloy bar billet and hot extruded tubes:

(a) BO1; (b) E20; (c) E30; (d) E40
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Fig.8 Creep properties of hot extruded TC11 titanium alloy tubes: (a—c) creep displacement-time curves; (d) creep rate curves
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