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Research on the mechanical properties of gradient porous scaffolds
applied on load-bearing bones

LI Chuansheng, ZENG Shoujin, XU Mingsan, LIU Guang, HE Weihui
(School of Mechanical & Automotive Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract; Gradient porous scaffolds with 5 different porosities that have gradient distributions were designed
based on triply periodic minimal surfaces (TPMS) , and Ti6Al4V gradient scaffolds were fabricated with selec-
tive laser melting ( SLM ) technology. The scaffold has the gradient porosity similar to the gradient porous
structure of human bones. Compression test results show that the elastic modulus and compressive strength of
scaffolds with five gradient porosities are 8.75 ~13.88GPa and 219.48 ~ 528.21MPa, which meet the elastic
modulus and compressive strength requirements of load-bearing bones. Both elastic modulus and compressive
strength decrease with the increase of P (or P ), and the effect of P on elastic modulus and compressive
strength is greater than that of P . The fitting results of Gibson-Ashby can provide reference for the design of
load-bearing bones.
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Fig.1 Gradient porous scaffold design
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Fig.2 Topography of Ti6Al4V powder
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Tab.1 Chemical composition of Ti6Al4V powder
TTE Al Y Fe Y C 0 N H Ti HE
U5 % 6.13 3.95 0.12 <0.005 0.006 0.065 0.012 0.005 Bal <0.12
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Fig.3 Gradient porous scaffolds fabricated with SLM
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Tab.2 Porosity of gradient porous scaffolds

SR BOHHLER/ % FFRALERAR/ %
35-85-60 60 50.19
45-85-60 60 50.21
55-85-60 60 49.85
35-85-70 70 57.40
35-85-80 80 68.70
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Fig.4 SEM images of gradient porous scaffolds
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Fig.5 Stress-strain curves and experimental

process diagram
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Tab.3 Mechanical properties of gradient porous scaffolds

SRR, JEMRGRIE, DURSRE/

L

GPa MPa MPa
55-85-60 13.26 412.51 435.63
45-85-60 13.56 473.98 483.82
35-85-60 13.88 508.38 528.21
35-85-70 11.13 338.37 352.80
35-85-80 8.75 204.81 219.48
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Fig.6 Relationship between mechanical properties
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Fig.7 Relationship between relative density and mechanical properties
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