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Abstract: In order to ensure compatibility between implants and human bone in terms of
biomechanics and cell integration, a comprehensive evaluation of the mechanical and permeability
properties of tantalum lattice structures is conducted to identify the optimal lattice structure for
porous tantalum bone scaffolds. Six types of unit cell structures are designed based on various
modeling approaches for triply periodic minimal surfaces. Samples of relevant tantalum lattice
structures are prepared using selective laser melting technology. The mechanical characteristics of
these lattice structures are determined through quasi-static compression tests, and the failure

processes are documented. Utilizing the finite element software Abaqus, a compression model is

Wk H W . 2024-04-14, EZ . 21999 4 Wi+ A B HIFPE « IR GEFEE) B 82 4 S0,
REETH. ERAKRBERESTBIH (52065063) ; Brim 4t B /K HIA X A ARl 2= 5 4 W BT H (2023D01A86) ,
W 2% R A . 2024-06-13 P 2% Hy R b AIE : https: // link. enki. net/urlid/61. 1069. T. 20240612. 1555. 004



198

[N N BN 1

¥ ¥

developed to analyze stress-strain variations during compression. The permeability performance
of the lattice structures is simulated and assessed using the COMSOL software. The findings
reveal that the lamellar structure exhibits higher elastic modulus, yield strength, and energy
absorption compared to the rod structure, while its permeability is lower. Particularly, the G-
type and F-KS type rod structures demonstrate brittle fractures at a 50% strain. The elastic
modulus of the six tantalum lattice structures ranges from 3. 8 to 6. 1 GPa, and the yield strength
ranges from 47 to 107 MPa, aligning within the spectrum of cortical and cancellous bone. The
permeability of the six structures ranges from 6. 5>X10 ' to 3. 97 X 10 ° m*, falling within the
typical permeability range of trabeculae bone. These results affirm the suitability of the designed
tantalum lattice structures for bone scaffolds, with the G-type lamellar structure displaying the
best overall performance.
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Table 2 Mass fraction of each element in the powder
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A e R/ g/ BiER/
Zhty (mm e+ s ") (mme+s ") 10" m’
G-S 7.858 1.129 1.95
G-N 6.954 1. 094 3.97
I-S 9.730 1. 021 0. 65
N 4.29 1. 146 1.63
F-S 7.986 1.117 0.67
F-N 2.242 0.761 2.13
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