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Table 1 Main properties of additive manufacturing technology for metallic porous material'" "

PBF
Parameter BJ
PBF-LB PBF-EB
Energy source Laser Electron beam Sintering
Powder size/pm 15-53 45-105 20-150
Layer thickness/mm 0.02-0.1 0.05-0.2 0.03-0.2
Powder bed temperature/°C <200 <1300
o . . About 25
Building efficiency/cm?h ) About 80 cm*/h <7000
(Single laser)
Beam diameter/um 50-120 150-300 30
Maximum build envelope dimension 1500 mmx>1500 mmx1500 mm 600 mmx600 mmx700 mm 500 mm>500 mmx495 mm
Minimum part size/mm 0.1-0.3 0.5
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Fig.1 Schematic diagram of mechanism of the stochastic pore
structure in additive manufacturing via abundant power and
insufficient power (a); single laser scanning trace of abundant
laser (b) and insufficient laser with red arrows pointing

pores (c)*!!
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Fig.2 Morphologies of the stochastic pore structures fabricated by additive manufacturing with adjusted energy density (a)* as well as scanning

strategy (b)™ and build by binder jetting
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Table 2 Main properties of materials with random pore structure manufactured by additive manufacturing
Method Material Strategy Porosity/% Pore size/um Application ~ Ref.
Laser power 1.75-17.65 10-30
PBF-LB 17-4PH steel Scanning speed 6.96-27.03 12-18 - [24]
Hatching distance 7.36-36.02 >100
PBF-LB  316L stainless steel Scanning speed 4-35 - - [25]
) Injection
PBF-LB Alloy steel Energy density 6-29 - . . [26]
moulding die
. Orthopedic
PBF-LB Ti-6A1-4V Laser power - - ) [21]
implant
Laser spot size 15-21 7.2-120.3 Flow cell
PBF-LB  316L stainless steel [23]
Hatch distance 20.37-32.74 2.5-84 system
. Permeable
PBF-LB  316L stainless steel Rotated scan vector 20.6-22.0 - [27]
components
420 stainless . ) Breathable
PBF-LB Foaming agent and energy density 12.05-25.36 4-100 [28]
steel mould steel
Corrax stainless . Breathable
PBF-LB Hatch distance 5.91-19.97 39.18-138.67 [29]
steel mould steel
PBF-LB Ti-6Al-4V Scanning strategy 45.19 30-120 - [30]
ZK60 magnesium Orthopedic
PBF-LB Laser power 9.33-18.13 12.5-210 ) [31]
alloy implant
. Transpiration
PBF-LB C103 Nb alloy Lattice 48 100-300 . [32]
cooling
) Orthopedic
PBF-LB Nb Scanning strategy - 10-50 ) [22]
implant
Focus offset, pulsed scanning, and Thermal
PBF-EB Inconel 625 . 23-32 - ) [33]
layer-by-layer rotation protection
. Laser power, scan speed, and sintering Orthopedic
PBF-LB  316L stainless steel 25-58 35-160 ) [34]
temperature implant
BJ 316L stainless steel Powder size and sintering temperature 0-52.2 14-34.9 Filter element  [15]
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Step 1: unit cell

Fig.3 Design flowchart of lattice pore structure®

Step 2: pore Step 3: arrangement
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Fig.4 316L lattice porous material fabricated by PBF-LB!""!
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Fig.5 Performance optimization methods for lattice porous materials: (a) structural combination
[39-40]

36381 (b) biomimetic structure™ *, (c) gradient

[43

structure™”, and (d) topology optimization

Build direction
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Fig.6 Image of PBF-EB Ti-6Al1-4V cantilever struts of different diameters (0.05-3 mm) and inclination angle (0°-90°)!"!

Double border scan
=200 um walls
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Fig.7 Hollow-strut lattice meta-materials prepared by laser powder bed fusion: (a) laser scan trajectory, (b) CT images, and (c) SEM image of the

hollow-strut lattice metamaterial after ultrasonic cleaning (the blue trace represents the outer circle, while each red circle denotes a laser

scan trajectory)®”)
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Fig.8 Influences of post-processing on the morphology and

mechanical properties of lattice porous materials: (a) sand

47 [48]

blasting”” and (b) chemical etching
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Fig.9 Copper heat exchangers based on triply periodic minimal
surfaces prepared by PBF-LB: (a) schematic diagram of heat
transfer in the TPMS heat exchanger; (b) photos of the 3D
printed TPMS heat exchanger”™”
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Fig.10 Additive manufacturing metal implants registered and certified by the national medical products administration (NMPA)
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Fig.11 Filters prepared by CAM using additive manufacturing:
[5556]

(a) 32 mm-diameter AM conical filter; (b) pore morphology
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Fig.12 OM image and pore size distribution of cross-section of the
breathable AISI stainless steel sample prepared by PBF-LB™*
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Fig.13 Metal porous materials prepared by additive manufacturing

technology for transpiration cooling™
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Table 3 Main application of Al in additive manufacturing

Application direction Core objective

Typical Al technology & method Ref.

Process optimization &

Machine Learning algorithms, genetic

Find the optimal process parameters to achieve a

intelligent parameter . o algorithms for optimizing neural networks, [60-61]
o ) balance between multiple objectives )
decision-making and deep Learning
. ) Identify defects in real-time during the manufacturing o . )
Defect detection & quality . . . Computer vision, deep learning, and multi-
o process and provide early warnings or enable adaptive ) [62—64]
monitoring . modal data fusion
repair
Material & microstructure  Rapidly analyze material microstructures and predict Deep learning and convolutional neural (65-66]
analysis their final properties networks (CNN)
. ) Automatically generate manufacturable structural . o
Intelligent design & ) . Generative Al topology optimization, and
. ; designs based on performance requirements or . . [66-67]
generative design o reinforcement learning
spiration images
o Enable the manufacturing system to “perceive” the ) ) ) . )
Process monitoring & . . . Real-time perception with optical scanning,
. environment and make real-time adjustments for o . [65,68]
adaptive control o ) ) computer vision, and parameter modeling
dynamic, intelligent production
Manufacturing traceability ~ Trace the manufacturing origin of a part through its .
Deep learning models [69]

& security assurance

characteristics to ensure supply chain security
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AR T T SRR 3 v 2 2 IR S A5 A AR 1 e
71, A EERE 4 )8 2 LA BHE i PR G SR AL T A
FORBRAT . K384 T N TR REAESG I Hlid b 1) B 1
Bl my LLE B, PLLAS % 2 5% (machine learning
algorithms) AR BN T GEFOR O A THTR A B IEH1 il
ERARMENEARI, HAZ O AF 2 A S Z 80
WL RA T ESAE. W7 R R 25
P BB S0 L 2SE B S E R VPl Ao 72
P EE T R ML % ST B, B P 1 A
ReAb 7K, A AU RARAIE e B A I 46 2 F B
6 RESRE

= A LR AR T R 2 SLA R 22 E I AR
HAEEMEYT WU MRSV N H a2 . a4
oK, B A HE b ) 3 2 % (3 B DAL SRR e AR ) 5 48
%, M ISR A NG R 2 AL B & R 0 T 4
2o AZBOR CAE B BHEN Y SO ST DUt B BT, I 78
AT ML IR N IR IR D T SR, 32 FR T WF I [R]
B TR 03 ) 22 AL R T B 2 AR e
MR, k= RS R TR T, M ISR 2 SR
R ETHI N AR 2 2P AL «

D S5 F BT 5 PR R TR LR i AR5 < AR T BE AL
TGN, R B BRI K7 Y AL 25 M A S SR m] BT
o P RS S R A v T SR B 7 SR B AR SR o 8T
AR = R 7o M A B ISR R 2R ALES M (1 E 3l
B S TERE TN . BLA Bt I R 2 BB FEN 2



11

M S0 RG22 AL R R T R

* 2945 -

2200 BUHT , VEREIOAIE I 5 A5 DR S 2% T TR i A R T
BEAER A o BLARBEAOUNS BE Ry » (H R AR A s
Wb S ROR R 5 R P T AR () <z i 2 SLA RER B
THSYERE TR . ESRB B RE S A B SR W 73k
73 HOHG A I3 BT BE 0 F4E (s MRFAE R 2 A R
155D, I F % B0 5 FH 5 VR F i, DU 25 B AR i vt 1)
i, 0 4G 3G R 2 FLARLIHE T R -

D FRAEALPE O 1A FR MR 5T el R L K
J& , bedt I 22 SLABL AR bR 5 1 R 0 E CL A
H5eE, AN BEHRUE T IR PRI, X T 1A i <
J& 2 FLARL, HAZ L Z B (n LR A L FLAR A B
R 2 ARG ER, HEUA BT TR A 5B A S
—, FEAFEB R R G Z AT FER AT k. R, i
i BT G A 3 < 2 SLARL R FLAS H RS L (IR
AIGH A FRIEIE L) , LG8 — AR R T ik
PRAEVR R o ICRAT U BEM BRI T, I 40 J
HoNFHYE R -

3D [AFEE A B IE SR B TREAHIT FU R A% - RS 4577
M5 55f Y (binder jetting, BID R IR A HliE B 5
FELAL R (B LI BESEIL A FLIR A H) A7 A B A
AR MRS T R AR RN I 7. PRI,
2 RAR 58 BI B , 168 5 B AT IR SR 1) BRI 37 5%
I RGO R MRS Db R SRR T A i T
SARAL RS T Z S B AL REN BN ) 2R TR
LTS, DA BAR K LA HERE

4 FEHF IG5 HAR R R BRI RSB, 2 R
—BORE IR SR 2 LA RS S R ROBERS HE R 50
MISCHEEA . BN, R 3R 3 5 B & e BRI ™, T
586 3 A A A 8 B R RUST  E L LA mT 42 f) B)
A4, PR E SR A <l AR O B YUK RUE Eig
fLo. XM EMT75A M LRSS, o sl
TR REZ )i 2 IR s RO . AR,
R 3G 113& 5 B R G5 &1, TR P R ) 3 5
Y = YT T e T P O RE SR S R b aR A, 5
AR R 2 ARS AR RE I R IR TR N
HEZREE MG W BT A4S & RIFI s tE Rt w2 5
MOROTRE T Frigds , o0 e 1T ARH T B B S
REANEREIL T .

SYNLHERE S HIE R RS, A EIEES
MGG, L A B R B R B R R B A I
o AR A% 0 BKEN 77, HEBh 6 )& 2 SLAS KL HE 47 i
EREANCThRE R BT, IR S5 2Y)
B 05 FAR 45, AURT LA R e vk B AT H Affe #4
RES AV A E R R 2 LR . fEfE T RE T, HlLas
5 S I8 I SEI o M R it Bl A 5 I S R TR T O A 4
FLBR BT B TR 55 20 A1 5 A R 3E e kB, T PR 5 40—

Burto BeAh, A AT 2 B 2 AL & e R T
K I - 2G5 RE” 22 18] [ 52 2R A 5%
A5 PR A0 ST 0 5 R RE AR € DI RENE BB A1
BHICTT R, ALK SEELE 8 2 FLAM R M L S8 H0 2t
ML) () i RE 7 A 0 I R A BT e
VA T 25 U g R SR I A Ak S T e AL A R
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Research Progress on 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 Nonferrous 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 rate and precise control over pore structure. This paper reviews the current development of additive manufacturing technologies for
metallic porous materials, focusing on 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 mold manufacturing, 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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