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Table 1 Chemical composition of Ti-6Al-4V alloy powder (a/%)

N C H Fe

Al \% Y Ti

0.03 0.08 0.012 0.25

0.13 5.5~6.5

3.5~4.5 0.005 Bal.
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Fig.1 Morphology of Ti-6Al-4V powder
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Table 2 Forming parameters of Ti-6Al-4V alloy produced by SLM
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Fig.2 Model of the porous titanium composed of units with diamond

molecule structure
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Fig.3 Porous titanium part
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Fig.4 Surface images of porous titanium part: (a) 3D printing,

(b) sand blasting, and (c) plasma polishing
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Table 3 Electrolytic plasma polishing time of 10 porous titanium

parts

Part No. 1 2 3 4 5 6 7 8 9 10

Polishing time/min 0 3 6 9 12 15 18 21 24 27
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Fig.5 3D images of the external surface after polishing for different time: (a) 0 min, (b) 3 min, (c) 6 min, (d) 9 min, (e) 12 min, (f) 15 min,
(9) 18 min, (h) 21 min, (i) 24 min, and (j) 27 min
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Fig.6 3D images of the inner surface after polishing for different time: (a) 0 min, (b) 3 min, (c) 6 min, (d) 9 min, (e) 12 min, (f) 15 min,

(9) 18 min, (h) 21 min, (i) 24 min, and (j) 27 min
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Table 4 R, of the external and inner surface after different polishing time

Polishing time/min 0 3 6 12 15 18 21 24 27
External surface, Ro/um 6.81 4.047 3.253 2.991 1.786 1.58 1.103 1.076 0.706 0.597
Inner surface, Ro/um 9.428 5.221 4113 3.815 3.46 3.035 2.691 1.95 1.953 2.083
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Fig 7 Curves of surface roughness vs different polishing time
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Fig.8 Fitting curves of surface roughness vs different polishing time
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Table 5 Fitting values of R,

t/min Ra external surface/ tm Ra inner surface/ tm
0 6.530 8.870
1 5.821 7.569
2 5.196 6.517
3 4.645 5.665
4 4.159 4,977
5 3.730 4.419
6 3.353 3.969
7 3.020 3.604
8 2.726 3.309
9 2.467 3.070
10 2.239 2.877
11 2.038 2.721
12 1.861 2.595
13 1.704 2.493
14 1.566 2.410
15 1.445 2.343
16 1.338 2.289
17 1.243 2.245
18 1.160 2.210
19 1.087 2.181
20 1.022 2.158
21 0.965 2.139
22 0.915 2.124
23 0.870 2.112
24 0.831 2.102
25 0.797 2.094
26 0.766 2.087
27 0.740 2.082
28 0.716 2.078
29 0.695 2.075
30 0.677 2.072
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Influence of Electrolytic Plasma Polishing Time on Surface Roughness of
Porous Titanium by 3D Printing

Cui Yiyun?, Xiong Xiaging®, Xu Kai"?, Wang Jinwu®?, Wan Keming®
(1. School of Translational Medicine, Shanghai Jiao Tong University, Shanghai 200240, China)

(2. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

(3. Shanghai Key Laboratory of Orthopaedic Implant, Department of Orthopaedics, Shanghai Ninth People’s Hospital,

Shanghai Jiao Tong University School of Medicine, Shanghai 200011, China)

Abstract: Porous titanium orthopedic implants fabricated by 3D printing have golden prospects. As one of the surface technologies, electrolytic

plasma polishing can effectively remove the powder particles attached to the surface of 3D printed porous titanium parts and can reduce the surface

roughness. In this paper, the surface morphology and surface roughness of the external and inner surface tested for different plasma polishing time

were analyzed by triple scanning laser microscope. The results show that electrolytic plasma polishing is effective to reduce surface roughness.

The longer the polishing time, the smoother the surface and the lower the surface roughness. The polishing time is an important factor affecting the

surface roughness. By the fitting curve, the surface roughness of the external and inner surface can be guaranteed to be within a reasonable range

by the control of polishing time.

Key words: electrolytic plasma polishing; porous titanium; 3D printing; surface roughness
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