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Table 1  Chemical composition of TC4-ELI alloy (ω/%) 

Ti Al V Fe O 

89.87 5.98 4.00 0.075 0.050 
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Fig.1  Schematic diagram of tube area division and sampling  

position 
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Table 2  Extrusion processing parameters of TC4-ELI alloy 

Extrusion ratio 

Extrusion die preheating 

temperature/¡ 

Workblank preheating 

temperature/¡ 

Extrusion rate/ 

mm·s

-1

 

Friction factor 

5.21 340 950 30 0.1 

Tensile sample 

Metallographic sample 

Exterior 

Interior 
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Fig.2  Microstructures of pipe blank (a), exterior of pipe (b), and interior of pipe (c) 
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Table 3  Proportion and size of α grains with different morphologies 

Pipe area 

Proportion of 

equiaxed α/% 

Proportion of 

strip α/% 

Diameter of 

equiaxed α/µm 

Length of 

strip α/µm 

Width of 

strip α/µm 

Exterior 13 86 9 38 8 

Interior 37 58 12 15 6 
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Fig.3  Variation of misorientation angle in exterior (a) and interior (b) of pipe 
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Fig.4  Inverse pole figures in exterior (a) and interior (b) of the pipe 

50 µm�

20 µm�

20 µm�

a�

b�

c�

Misorientation Angle/(°) Misorientation Angle/(°) 

a b 

a 

b 

(0001) 

(001) 

X

0

 

X

0

 

Y

0

 

Y

0

 

Z

0

 

Z

0

 

(010) 

(120) 

(1210) 

(0110) 



� 6�                           �  �c�;<BC TC4-ELI?@A�KL"N�OP��                          �2115� 

 

� ��� !� "��#$%&�'(�

Table 4  Mechanical properties of pipe blank and different regions in pipe 

Region Yield strength/MPa Tensile strength/MPa Elongation/% Reduction of area/% 

Pipe blank 718 787 9.0 25 

Exterior of pipe 784 856 16.5 47 

Interior of pipe 757 836 19.3 49 
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Fig.5  Temperature (a) and effective stress (b) distribution at 

state extrusion stage 
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Fig6  Schematic diagram of {1210} twin deformation 
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Microstructure and Mechanical Properties of TC4-ELI Thick-walled Extruded Pipe 
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Abstract: The forming of TC4-ELI thick-walled pipe was studied by finite element numerical simulation and actual extrusion. The 

differences and the reasons for the differences were explored in microstructure and mechanical properties of different areas in thick-walled 

pipes. The results show that the external temperature and equivalent stress of the pipe are relatively high during the extrusion process. 

More α grains are elongated along the ED direction, and the elongated α grains grow to a higher degree. Base texture with relatively high 

strength is generated. However, the internal stress of the pipe is relatively low. The preferred orientation of the grains is not obvious, and 

only weak {1210}<2021> plate texture is generated. Mechanical properties are affected by the combined effect of grain size and 

crystallographic orientation. Although the exterior of the pipe has coarse grains, the Schmid factor between the axial tensile stress and base 

texture is small, which causes that the exterior of the pipe has higher strength. 

Key words: TC4-ELI titanium alloy; numerical simulation; microstructure; mechanical properties 
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