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Fig.2 Relationship between C value and cell porosity
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Fig.3 STL model of uniform pore structure with unit G
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Fig.5 Porous Ti samples prepared by SLM
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Fig.6 DM images of porous Ti samples with G500 (a) and

radial graded structure (b)
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Table 1 Characteristics of G unit cell uniform porous structure

Pore Strut )
Porosity/%

diameter/pm diameter/pm

Designed 300 180 77.6
value 500 290 76.8
Measured 225+6 264+10 69.9
value 375+16 403+13 66.4

K7 Z kIl A SEM B
Fig.7 SEM images of pore architectures of Ti samples: (a) G500

and (b) graded pore structure
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Fig. 8 Stress-strain curves of porous Ti samples
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Fig.9 Deformation behavior of porous Ti samples: (a) G300,
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(b) G500, and (c) graded porous structure
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Fabrication and Characterization of Porous Titanium Based on TPMS Structure

Li Xiang®, Gao Ruining®, Xiong Yinze!, He Dongmei?, Dong Shuangpeng?®, Zhang Chen?
(1. Shanghai Jiao Tong University, Shanghai 200240, China)
(2. Shanghai Ninth People Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200011, China)
(3. Tianjin Medical Device Supervision and Testing Center, Beijing 300384, China)

Abstract: Porous titanium (Ti) has attracted much attention due to its elastic modulus similar to that of human bone tissue and the pore
architectures allowing bone ingrow. The pore architectures not only have influence on the effect of bone ingrowth but also determine the
mechanical properties of porous Ti. An ideal pore architecture can be constructed by precise regulating of implicit function parameters of
triply periodic minimal surface (TPMS). The Gyroid (G) cell structure was used in this paper. The influences of implicit function
parameters of G cell on pore structure characteristics, such as porosity, pore diameter and strut diameter were investigated. The
homogeneous pore structures with porosity of about 77% and pore size of 300 (G300) and 500 pm (G500) were designed. Mimicking the
radial gradient structure of natural long bone, the graded G pore structure was constructed. Selective laser melting (SLM) technique was
used to fabricate the porous Ti samples. Digital microscope and scanning electron microscopy (SEM) were used to observe the pore
architecture characteristics of the SLM-produced porous Ti. It is found that the measured porosities of SLM-produced Ti samples are lower
than the designed values. The measured pore sizes are less than the designed values and the measured strut diameters are larger than the
designed values. The compression tests were examined. The results show that the elastic modulus of porous titanium of G300 and G500 is
2.04 GPa and 3.12 GPa, respectively, and its maximum compressive strength is 63.5 MPa and 103.5 MPa, respectively. The elastic modulus
and maximum compressive strength of porous titanium of gradient pore structure is 6.3 GPa and 186.9 MPa, respectively. These results
indicate that the G cell gradient porous Ti is an ideal alternative candidate for bone defect repair in load-bearing sites.

Key words: triply periodic minimal surface; porous titanium; additive manufacturing; mechanical properties
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