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Design and Properties of Porous TC4 Titanium Alloy with Minimal Curved Surface
by Electron Beam 3D Printing
Jia Liang, Fan Yongxia, Liu Nan, Yang Guangyu, Yang Kun
(State Key Laboratory of Porous Metal Materials, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract; The design method of porous structure with minimal curved surface was introduced, and the porous TC4 titanium
alloy with minimal curved surface was fabricated by electron beam 3D printing technology. The microstructure changes
of as deposited and heat-treated specimens were compared and analyzed, as well as the compressive properties of the
samples under different apparent densities. The research results show that using Rhino software as the main design
body, and with the program algorithm of Grasshopper plug-in, the minimal surface model can be parameterized, and
then the 3-matic topology optimization software can be used to carry out the surface multi-hole processing. With this
method, the model of multi-stage holes with minimal surface can be established. The compressive strength of porous
TC4 titanium alloy with minimal curved surface increases with the increase of apparent density. When the apparent
density is 0. 74 g/cm’ , the compressive strength reaches 49. 33 MPa. The deposited microstructure is mainly composed of
B-columnar crystals, and the microstructure changes into Widmanstatten structure after annealing at 1 000 °C for 2 h/FC.
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Fig. 1  Rhino software interface and Gyroid surface models

generated with Grasshopper plug-in
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Fig. 2 Porous models of minimal surface with different
apparent density; (a)0.14 g/cm’; (b)0. 36
g/em’; (¢)0.53 g/em’; (d)0.74 g/em’
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Table 1  Chemical composition of TC4 titanium alloy powder
Al v (0] N C H Fe Ti
TC4 powder 6.49 4.00 0.14 0. 009 0. 005 0. 003 0.222 Bal.
ASTM F1108 5.50~6.75  3.50 ~4.50 <0.20 <0.05 <0.10  <0.015 <0.30 Bal.
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Fig. 3 Morphology(a) and size-range distribution(b)of TC4 titanium alloy powder
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Fig. 5 Macro morphologies of porous TC4 titanium alloy with

minimal curved surface by electron beam 3D printing
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Table 2 Theoretical apparent density and measured value of porous

TC4 titanium alloy with minimal curved surface

No. Theoretical value Measured value  Deviation, A
1 0.14 0.28 +0.14
2* 0.36 0.48 +0.12
3* 0.53 0.58 + 0.05
4" 0.74 0.74 + 0.00
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Fig. 6 Metallographs of porous TC4 titanium alloy specimens with minimal curved surface in different states: (a)as-built, 100 x ;

(b)as-built, 500 x ; (c)as heat-treatment, 100 x ; (d)as heat-treatment, 500 x
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Fig. 7  Stress-strain curves of porous TC4 titanium alloy

specimens with minimal curved surface
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