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Tablel Main properties of Additive Manufacturing technology for metallic porous material

Powder bed additive manufacturing

Parameters BJ
PBF-LB PBF-EB
Energy source Laser Electron Beam Sintering
Powder size 15~53um 45~105um 20~150um
Layer thickness 0.02~0.1mm 0.5~0.2mm 0.03~200pum
Powder bed <200°C <1300°C /
temperature
Building ~25cm*/h s ,
efficiency (B3E5¢) ~80 cm*/h <7000 cm*/h
Beam Diameter 50~120 pm 150~300 um 30 um
Maximum build 1500x1500x1500 mm 600x600x700 mm 500x500x495 mm
envelope
Minimum part size 0.1~0.3mm 0.5mm
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Fig.1 Mechanism of the stochastic pore structure in additive
manufacturing (a) via abundant power and insufficient power,

Single laser scanning trace of abundant laser (b) and

insufficient laser (c) with red arrows pointed pores via

insufficient power.[?!]
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Fig.2 Morphology of the stochastic pore structure fabricated by additive manufacturing by adjust energy density (a) ??), scanning strategy (b) %!

and build by binder jetting 1]
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Table2 Main properties of materials with random pore structure manufactured by additive manufacturing

Method Materials Strategy Porosity Pore size Application Ref.
Laser power 1.75~17.65% 10~30pm

PBF-LB 17-4PH steel Scan speed 6.96~27.03% 12~18pm - [24]
Hatching distance 7.36~36.02% > 100um

PBF-LB 316L Stainless steel Scan speeds 4~35% - - [25]

PBF-LB Alloy steel Energy density 6~29% - I“Jecno’éi’?uld‘“g [26]

PBF-LB Ti6Al4V Laser power - - Orthopedic implant [21]

Laser spot size 15~21% 7.2~120.3um

PBF-LB 316L stainless steel Flow cell system [23]
Hatch distance 20.37~32.74% 2.5~84pm

PBF-LB 316L stainless steel Rotated scan vectors 20.6~22.0% - S [27]

components
PBF-LB 420 stainless Foaming agent and 12.05-25.36% 4~100um Breathable mould (28]
steel Energy density steel

PBF-LB Corrax stainless steel Hatch distance 5.91~19.97% 39.18~138.67um Breath:tbel:l o [29]

PBF-LB Ti6Al4V Scanning strategy 45.19% 30~120pm - [30]

PBF-LB ZK60 Magnesium alloys Laser power 9.33~18.13% 12.5~210pum Orthopedic implant [31]

PBF-LB C103 Nb alloy Latice 48% 100~300pm Transpiration [32]

cooling
PBF-LB Nb scanning strategies - 10~50pm Orthopedic implant [22]
Focus offset, pulsed
PBF-EB Inconel 625 scanning, and 23~32% - Thermal protection [33]
layer-by-layer rotation
PBF-LB 316L stainless steel Laser power, scan speed, 25~58% 35~160pum Orthopedic implant ~ [34]
sintering temperature
BI 316L stainless steel LT T 0~52.2% 14~34.9um Filter elements [15]
temperature
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Fig.5 Performance optimization method for lattice porous materials. (a) structural combination®®), (b) biomimetic structure!?, (c) gradient

structure (3 and (d) topology optimization 3],
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Fig.6 Image of PBF-EB Ti-6Al-4V cantilever struts of different diameters (0.05~3mm) and inclination angle (0~90°)14]
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Fig.7 Hollow-strut lattice metamaterials by laser powder bed fusion (a) laser scan trajectory, (b) pCT imagery and (c¢) SEM image of the

hollow-strut lattice metamaterial after ultrasonic cleaning. The blue circle represents the outer diameter while each red circle denotes a laser

scan trajectory. (371
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Fig.8 Influence of post-processing on the morphology and mechanical

properties of lattice porous materials (a) sand blasting!*”), and (b)

chemical etching (48],

2.3 ¥ FARZL 4 (mathematical equation-based pore
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Fig.9 Copper heat exchangers based on triply periodic minimal
surfaces by PBF-LB (a) schematic of heat transfer in the TPMS heat
exchanger, (b) photos of the 3d printed TPMS heat exchanger.?3!
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Table2 Main application of Al in additive manufacturing
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Research Progress of additive manufacturing technologies for metallic porous materials
applications

Yang Kun, Shen Lei, Zhao Shaoyang, Xu Chenyang, Xu Zhongguo
(State Key Laboratory of Porous Metal Materials, Northwest Institute for Non-ferrous Metal Research, Xi’an 710016, China)

Abstract: Porous metallic materials are a class of materials characterized by their structurally and functionally integrated features, with a
well-defined pore structure being their most notable attribute. This porous structure enables them to exhibit dual characteristics of both metallic
and porous materials, making them widely applicable in fields such as nuclear industry, petrochemical engineering, and aerospace. Additive
manufacturing technology allows for the integrated fabrication of complex porous metallic structures, offering advantages such as high material
utilization and precise control over pore structure. This paper reviews the current development of additive manufacturing technologies for porous
metallic materials, with a focus on analyzing the pore formation mechanisms and performance characteristics of additively manufactured porous
metallic materials. It also summarizes their application progress in industries such as healthcare and tooling, discusses the integration of artificial

intelligence in metallic additive manufacturing, and provides an outlook on the future development of this technology.
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