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Tablel Propertiesof natural porous materials™™

Property Crab!'! Beak™ Bamboo Bone!*! Cuttlebone!’
Density/g-cm™ 0.1 0.7-1.5 1.8-2.0 0.2
Compressive strength/MPa f:g;ll:: 119333 6.8
Tensile strength/MPa 4145 50 }‘g’gf;;:ﬁ% ﬁzg’i‘;:ljg 102
Young’s modulus/GPa 5.8 1.4 l?a )2;11:: 3150 Rﬁ;i;llj 1117. 5
Specific compression strength/MPa-(g-cm™)" 32211219265;2375 34
Specific tensile strength/MPa-(g-cm™)" 500 32211123(3).—?(9)2 R{:(;(iiaall:: 27;_58_3722 510
Specific stiffness/GPa-(g-cm™)” 14 [;zg‘:;lzg:fg li;;if:{: 85..58-96.jl
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Relationship diagrams of strength-density (a) and Young’s modulus-density (b) of engineering materials
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Table2 Mechanical properties of different materials™
Materials Density/g-cm™ Modulus/GPa Strength/GPa  Specific stiffness/GPa-(g-m>)" Specific strength/GPa-(g-m™)"
Ceramic 2-18 50-1000 0.9-2500 3-5000 0.05-1250
Metal 1.8-20 11-5000 7-1700 0.6-2800 0.35-940
Composite 1.5-2.2 10-200 90-1200 0.5-140 4.1-800
Polymer 0.8-2.5 0.11-7 15-120 0.05-9 6-150
Natural 0.12-1.1 0.011-30 0.22-70 0.01-250 0.2-580
Elastomer 0.75-2 0.0001-0.12 0.7-110 0.00005-0.2 0.35-150
Foam 0.015-0.57 0.0002-1 0.01-13 0.0004-70 0.02-870
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Fig.2 Typical porous structures in nature: (a) bamboo! "™ (b) nacre!"*?!; (c) crab™; (d) beak*>"; (¢) bone™'**!; (f) cuttlebone™* >
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Fig.3 Schematic diagrams of additive manufacturing®!: (a) fused deposition modeling; (b) selective laser sintering or selective laser

melting; (c) stereo lithography apparatus; (d) laminated object manufacturing
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Research Status of Multi-layered Porous M aterials Inspired by Nature

Liu Zhuomeng'?, Wang Jianzhong®, Zhao Yongging'*
(1. Northeastern University, Shenyang 110819, China)
(2. State Key Laboratory of Porous Metal Materials, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: This paper mainly introduces several biomaterials with multi-layered porous structures and excellent mechanical properties in
nature, and their macroscopic properties are closely related to the multi-layered micro-nanostructures on their surfaces. By the
construction of multi-layered porous structures, biomaterials not only greatly reduce their own density, but also often maintain excellent
mechanical properties, such as light weight, high strength, sound absorption and noise reduction. Through the imitation of the porous
structure of biomaterials, it is expected to provide important enlightenment and to help for the development of artificial materials with
biomimetic porous structure and excellent performance.
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