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� 1  �������	  

Fig.1  As-designed radially graded porous scaffold: (a) top view  

and (b) 3D view 
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� 2  SLM������/���� ! 

Fig.2  Porous structure made by SLM: (a, b) porous titanium and 

(c, d) porous tantalum 
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Fig.3  OM images of porous titanium (a) and porous 

tantalum (b) 
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Table 1  Measured pore and pole sizes of porous titanium/ 

tantalum (µm) 

Model/sample CADl Porous titanium( Porous tantalum(

Minimum pore size 360 253±11 195±12 

Maximum pore size 1160 1081±19 1079±14 

Minimum rod size 320 400±35 347±13 

Maximum rod size 790 971±13 1031±11 
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Fig.4  SEM images of porous titanium/tantalum (a, c) and its 

magnification (b, d): (a, b) porous titanium and (c, d) 

porous tantalum 
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Fig.5  Micro-CT reconstruction models of radially graded porous 

titanium: (a) 3D view and (b) top view 
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� 6  ��� Micro-CT,-894 CAD89:; 

Fig.6  Comparison of Micro-CT reconstruction model and the 

CAD model of porous titanium 
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Fig.7  Stress-strain curves of porous titanium/tantalum 
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Table 2  Mechanical properties of radially graded/ 

homogeneous porous titanium/tantalum 

Porosity 

structure 

Average 

porosity 

rate/% 

Elasticity 

modulus/GPa 

Compressive 

strength/MPa 

Graded porous 

Ti 

73.18 3.96±0.20 90.83±3.35 

Graded porous 

Ta 

68.18 3.47±0.25 93.27±1.24 

Homogeneous 

porous Ti 

70.11 2.34±0.48 67.63±1.33 

Homogeneous 

porous Ta 

65.39 1.69±0.50 68.56±0.41 
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Fig.8  Deformation of radially graded porous scaffold under 

different strain: (a) titanium and (b) tantalum 

 

 

 

 

 

 

 

 

 

 

 

 

� 9  EF 7 dGHI���/�GHJK)*+%&' 

Fig.9  SEM images of cells on porous structure after being 

cultured for 7d: (a) porous titanium (muscle cells),     

(b) porous tantalum (muscle cells), (c) porous titanium 

(mesenchymal stem cells), and (d) porous tantalum 

(mesenchymal stem cells) 
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Mechanical Properties and Biocompatibilities of Radially Graded Porous Titanium/ 

Tantalum Fabricated by Selective Laser Melting 
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Abstract: Radially graded porous titanium/tantalum orthopedic implants fabricated by additive manufacturing technology have golden 

prospects. A cylindrical radially graded porous scaffold with an average porosity of 70% was built by the triply minimal surfaces (TPMS) 

modeling methods, and the porosity gradually decreases from the central axis (90%) to the circumferential surface (30%). Selected laser 

melting (SLM) process was used to fabricate this scaffold. Optical microscopy, scanning electron microscopy, and Micro-CT results show 

that the SLM titanium/tantalum is consistent with the design models. The porosities of the SLM radially graded porous titanium/tantalum 

are 73.18% and 68.18%, respectively. The mechanical test results show that the elastic modulus of radially graded porous 

titanium/tantalum are (3.96±0.20) and (3.47±0.25) GPa, respectively, and the compressive strength are (90.83±3.35), (93.27±1.24) MPa 

respectively. Both of them are significantly higher than those of homogeneous porous titanium/tantalum. (homogeneous porous titanium 

with an average porosity of 70.11% has an elastic modulus of (2.34±0.48) GPa and a compressive strength of (67.63±1.33) MPa; 

homogeneous porous tantalum with a porosity of 65.39% has an elastic modulus of (1.69±0.50) GPa and a compressive strength of 

(68.56±0.41) MPa). In vitro cytocompatibility experiments show that both radially graded porous titanium and tantalum have good 

biocompatibility and they are suitable for the adherent and growth of mesenchymal stem cells and muscle cells. The radially graded porous 

titanium/tantalum fabricated by the SLM process has more similar structure and properties to natural bone tissue than homogeneous porous 

titanium/tantalum, and both of them are ideal substitutes for bone defect repairing. 

Key words: triply minimal surfaces; radially graded porous titanium/tantalum; SLM; mechanical properties; biocompatibility 
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