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Fig.1 Relationship between polarization resistance and

biocompatibility of some popular metals™"
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Table 1 Mechanical properties of titanium alloys for biomedical applications

Tensil rength Yiel Elongation M 1
Alloy ) fJTeS§lt\deI’agt , strength? :),/MPa ° %/ft o OGd;’laUS/ Type of alloy Ref.
Pure Ti grade2 345 275 20 102.7 a 125
Ti-6A1-4V ELI (mill annealed) 860~965 795~875 10~15 101~110 atp 26
Ti-6A1-4V (annealed) 895~930 825~869 6~10 110~114 atp [26
Ti-6A1-7Nb 900~1050 880~950 8.1~15 114 atp 26
Ti-5Al1-2.5Fe 1020 895 15 112 a+p (26
Ti-13Nb-13Zr (aged) 973~1037 836~908 10~16 79~84 B (26
Ti-12Mo-6Zr-2Fe (annealed) 1060~1100 100~1060 18~22 74~85 B 126
Ti-15Mo (annealed) 874 544 21 78 B (26
Ti-29Nb-13Ta-4.6Zr(cold rolled+ST) 650 620 26 62 B (22
Ti-23Nb-0.7Ta-2Zr (cold rolled+ST) 400 280 33 55 a'"+p (27
Ti-23Nb-0.7Ta-2Zr-1.20(cold rolled+ST) 880 830 14 60 B (27
Ti-24Zr-4Nb-8Sn (hot rolled) 830 700 15 46 B 28

Ti-25Nb-3Zr-3Mo-2Sn (aged) 710 470 20 65 B 128
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Table 2 Comparison of different methods for porous materials making

Powder metallurgy sintering

Metal-slurry mixture

Mesh stacking sintering 3D printing

e No strict requirement for
raw powders

e Able to make functionally
gradient materials

for raw powders
Advantage

e No strict requirement

e Size and shape of pore
are able to control

e Gradient pore size can be e Size and shape of pore are
controlled by the mesh easy to control
prepared ahead Parts shape can be varied
when cooperating with
computer aided design

e Open cells are hard to be
. found in finished parts
Disadvantage o Size and shape of pores are
hard to control

found on main
structures

e Unwanted pores can be e Sintering process is

e Have strict requirement for
complicated raw powders
e Pore size and shape are

limited by the mesh

K2 AR 2 LA
Fig.2  Different processing of porous titanium block making:
(a) sintered titanium mash!®, (b) 3D printed titanium

block!, and (c)sintered titanium and slurry mixture!®’
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Table 3 Comparison between SLM and EBSM technical parameters

SLM EBSM
Working atmosphere Noble gases Vacuum
Oxygen content Low Extremely low
Working power 400~500 W 3500 W
Scanning speed 10m/s <8000 m/s
Powder size 20~60 pm 40~100 pm
Focal point size 0.1~0.15 mm 0.14~0.3 mm
Building precision 0.05~0.1 mm 0.2~0.3 mm

Lower working speed
Higher working precision
Stronger residual stress in products
Needs secure structural support

Technical characteristic

Higher working speed
Lower working precision
Weaker residual stress in products
Needs simple structural support

Post treatment

Unmelted powders are easy to be removed
Hot treatments are always needed

Unmelted powders are hard to be removed
Hot treatments are not necessary
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Fig. 4 3D printed sample for bio-use: (a) metal cranium®, (b) cervical fusion cage®®”, (c) tooth™®”, and (d) cup-cage for hip

[41]
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Table 4 Chemical composition and density of CP-Ti powder used in previous researches (w/%)

Method Powder diameter/pm Ti 0} H N C Fe Density/% Ref.
F. Abe SLM 25 Balance  0.097 0.005 0.009 0.010 0.036 92 (421
H. Attar SLM >50 Balance  0.130 0.001 0.010 0.010 0.110 >99.5 31
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Fig.5 Influence of different printing parameters on parts relative density: (a) P=85 W, v=71 mm/s; (b) P=135 W, v=112 mm/s; (c¢) P=165

W, v=138 mm/s!*¥
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Table 5 Comparison of mechanical properties between Ti and Ti alloy AM works

Material Density/% Method Pore structure E/GPa Omax/MPa Ref.

Pure-Ti — Annealed — ~104 340
Pure-Ti 70 SLM Cubic — 30 [58]
Pure-Ti 71 SLM Overlap — 70 ;31
Pure-Ti 70 SLM Truncated cube — 50 [59]
Pure-Ti 99.5 SLM Cubic 130 1136 [43]
Ti-6A1-4V 70 EBSM Cubic 1 20 160]
Ti-6A1-4V 73 EBSM Rhombic 2.99 59.4 [61]
Ti-6A1-4V 72 SLM Cubic 3 30 [62]
Ti-24Nb-4Zr-8Sn 70 EBSM Dodecahedron 0.7 35 [56]
Ti-24Nb-4Zr-8Sn 85 SLM Rhombic 1 52 [57]
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Review on 3D Printing of Biomedical Titanium Alloy

Niu Jingzhe', Sun Zhonggang®, Chang Hui?, Zhou Lian"*
(1. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)
(2. Institute for Advanced Metallic Materials, Nanjing Technology University, Nanjing 210009, China)

Abstract: Titanium and its alloys have been used as one of the most important biomaterials due to their high strength, good corrosion
resistance and excellent biocompatibility. Casting is the most important way to produce implantable products such as spinal cage and
knee implants before. However, this method is outdated to fit new biomaterials requirement such as personalized implants and
precision medicine cure. The advantages of 3D printing technology in medical titanium alloys are gradually highlighted due to its
abundant processing methods. This paper mainly discussed the development of 3D printing technology on bio-used titanium and its
alloys, and especially focused on porous titanium implants printing. The technical barrier of current 3D printing for bio-used titanium
alloys was analyzed. Suggestions for further development on biomaterials 3D printing industry were also given at the end of the paper.
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