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ABSTRACT: This paper introduces the development course, technical characteristics, printing materials and application
fields of binder jetting additive manufacturing (BJAM) technology in metal parts printing, analyzes the main factors af-
fecting the quality of metal BJAM parts, and discusses the research focus of metal BJAM technology. The paper general-
izes the important development nodes of metal BJAM technology and the maturity of the technology at current stage,
summarizes the effects of raw materials, printing and sintering process parameters on the quality of BJAM printed metal
parts, and discusses the density, microstructure and mechanical properties of BJAM printed metal parts according to the
types of materials. The results show that metal BJAM technology enables the high-efficiency and low-cost production of
metal parts, but there are still problems such as low sintering density and serious contraction. It is pointed out that im-
proving the quality of powder laying, developing new types of binder series, as well as simulating and predicting sintering
contraction are the key directions of metal BJAM technology development in the future.
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The development course of binder jetting additive manufacturing
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Fig.4 Powder characteristics
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Tab.2 Types, available materials, advantages and disadvantages of binders
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Fig.5 Schematic of binder-powder interaction in BJAM
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Fig.6  Surface defects that may form due to improper saturation
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Fig.7 Influence of powder spreading and printing speed on the performance of printing parts
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Tab.3 Summary of binder jetting additive manufacturing materials, processing parameters, and characterization (partial)
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Fig.9 Microstructure and properties of BJAM and SLM samples
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Tab.4 Performance data of the BJAM. SLM and CM speciments
L LB /% Jef R 58 J /M Pa Pihiog & /MPa FEAH /% J% 57 9% J¥ /MPa
3.86 198+4.8 556+5.4 66+6.2
4.25 197+£3.5 555+4.3 70+£2.6
BIAM (P #41) 250
4.87 189+1.0 547+0.5 70.5+0.5
5.64 189+1.7 53445.0 64+2.0
3.70 196+4.0 548+6.5 80+1.0
4.20 196+4.1 555+8.2 75+£2.0
BIAM (S ®#%1) 250
4.48 198+1.6 558+3.8 74+3.6
4.69 196+2.9 551+4.3 75+4.6
SLM (P /) 2.30 511+14.0 621+11.0 20+2.0 101
SLM (S J5m ) 2.30 430+11.0 510+20.0 12+1.0 —
CM 0.00 273+37.0 622+6.0 65+10.0 —
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Fig.10 Microstructure and mechanical properties of samples treated with solution and aging
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R & SR W BOR R | T ARSER BE | Ph R R
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420 REEW ) PERE 555 T AH 245 2084k BJAM
FTER I i A e BAR B4 T 2KF, (HES
AL F R B — AT . AU RS, BJAM
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Tab.5 BJAM printsdensity, yield strength, tensile strength and elongation indicators for typical metals

s HUEE % JiE IR 2 /Mpa YrhisE E /Mpa FEfH 2R /Mpa
03 91.3 30.6 (50) — (540) —
SS 316L1"" 95.0~98.0 180~224 (170 ) 494~582 (425) 51~61.9 (40)
SS 4201#61 98.0 250 (345) 737 (655) 3(25)
17-4pHI® 99.0 — (980) 1045 (1060) 4(8)
Ni 6252 99.2 394 (414) 718 (827) 29 (30)
o 86.0 — (333) 117 (344) —
Ti-6Al-4 V] — 790 (880 ) 890 (950) 8 (14)
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Fig.14 Problems and prospect of BJAM



116 fu, %%

T 7

2021 4E 9 H

41 HRUGRRESREHAMNBEE

BIAM i FE ik R R 2 OCH 2L, R R
PREEJE, FE TR A0 I e R B BUR . AR Y
P R R 2% 14 X B 2R UL sl AT Ry 1 52 ) R AR o N B
W7 5 e RE A LA L BIAM (R K25 AR, s X
SRR A R BE A K A TR, TR S SRR I 2
CORiSE )2, SRR RARA TR E RS RO ZE K
B, NI, — 5 T BB A 3 b B A T
T BIAM H R AR AR AT N, 0 — 7 i 20T & Hid
4 BIAM T.Z 4 ML .

4.2 HMEFNMHREOBEEERTRANFAR

i 45 50 R A RURE 22 18] (4 AH LA 2 8 35 2 i
HIERAY IUATIEAR | 95 B2 R de R i o R 4 5) —
Ty AR A FOALEE R AT 0, 75 JHE 3 RS 45 79 DR R I
FoAT 9 Xl AR PR B B0, Tt AR i e iy T
B

43 MEFERFFENTE

HRTHIT )8 BIAM BR[OS 45 70 A X 85
A, ARG IESE . SREAR . MEMEERAE S R, O
HRZHERGEEFIFAREE T 2R ARATE . 535,
BA RS RIRZ A VY, BRI (5% B P HTENE
PFEIPERES AL T W BRI AFIE ., I, JFRES 2
RAGIRATENYOEIE , S . H MR E 2R TH
Ji B A B B RG S5 R X HESh B R BJIAM R B 5
DS EP ST 38

4.4 EHRFHEEWHETN S IME

AT 4 A28 0 A B 7 2R JLART T AR C dn sy
RFREAE ), TFHF5T BIAM FTENA 22 AU 48 R K
W T2, S5 BIAM T BB R A9 be 25 AR TE AL
il K Am gk, i BIAM FTENE 24 4 J@ &4 I A
CIECE

45 TR

HHEI BIAM FTENRRA 5 22, GHGITED . [k . BR#s
Wiig . Besh ol B S n AL B, FRAE BB H R e
R, WFRATEN S E— b T 2 5364, HERE
SCERATED . R Abe sl i RMLIL Fn ae Ak, faifb#efE
WA, KT A,

5 H5iE

AR 4R BIAM A PRI S 808 AR A
P2 BRI A 28 BIAM % £ f5e KR AR R
5 800 mmx*500 mmx=400 mm, FTEIH A% 12 000 cm’/h,
EEEEST . BT B AN Tl SR A0 AR A 0 o S
4 JE BIAM FARFTED i i (1) 22 P R A F5 0 AR et |
MR E . FTES B T Z2S85% . Bl

BIAM FTER )& JE@ M EME RGN . BREE IR G 4.
BA4 . %, HPITEIR Ni 625 G4 BURE Ik
99.2%, SREFIK 718 MPa, 4@ BJAM Illlf it 32 2 1)
RIS B FEAIK . RS 25 7 5% B Al s AR B e B AR, I
BEHGEET R B . JF AR RUR 25 70) | B8l T b 45 Wi
FERLT R — RIS R4 R BIAM HiAR KK LB E
RITI

S 30k

(1] FoRME, 2%, HAHIEGD FTENSARKREI]. Hl
W1 5 [ 3k, 2013, 42(4): 1-4.

LU Bing-heng, LI Di-chen. Development of the Addi-
tive Manufacturing (3D printing) Technology[J]. Ma-
chine Building & Automation, 2013, 42(4): 1-4.

2] BEHW, FFEE, AER. G SR R LN
M]. dbmt: B2z, 2017.

WEI Qing-song, YAN Chun-ze, LU Yu-liang. Principle
and Application of Additive Manufacturing Technol-
ogy[M]. Beijing: Science Press, 2017.

[3] FRAZIER W. Metal Additive Manufacturing: A Re-
view[J]. Journal of Materials Engineering and Perform-
ance, 2014, 23(6): 1917-1928.

[4] HEIK, FMNIN, BEMEZE, 45, WOLE DR /A5 R

A WIE Inconel 718 ZHZH SEREMFE[T]. fiias il
iR, 2020, 63(13): 53-60.
TENG Qing, SUN Shan-shan, XUE Peng-ju, et al. Study
on Microstructure and Properties of Inconel 718 Fabri-
cated by Selective Laser Melting/Hot Isostatic Pressing
Hybrid Forming Process[J]. Aeronautical Manufacturing
Technology. 2020, 63(13): 53-60.

[5] YUT, LI M, BREAUX A, et al. Experimental and Nu-
merical Study on Residual Stress and Geometric Distor-
tion in Powder Bed Fusion Process[J]. Journal of
Manufacturing Processes, 2019, 46: 214-224.

(6] EALH. i rERE R R 4w H RO HE A 3 o T
AHEER (R BL)]. Mias 524, 2014, 35(10): 2690-2698.
WANG Hua-ming. Materials” Fundamental Issues of
Laser Additive Manufacturing for High-Performance
Large Metallic Components[J]. Acta Aeronautica et As-
tronautica Sinica. 2014, 35(10): 2690-2698.

[7] KR, HEW], BwOA, 45 3DP B = ETEIRORAY
KIESHTEBARD]. HEBARPLIER, 2017(3): 38-43.
ZHANG Di-sheng, YANG Jian-ming, HUANG Da-zhi,
et al. Development and Research Status of Three Di-
mensional Printing Technology with 3DP[J]. Manufac-
turing Technology & Machine Tool, 2017(3): 38-43.

[8] LINDEMANN C, JAHNKE U, MOI M, et al. Analyzing
Product Lifecycle Costs for a Better Understanding of
Cost Drivers in Additive Manufacturing[C] Chengdu:
Proceedings of the 23rd Annual International Solid
Freeform Fabrication Symposium: An Additive Manu-
facturing Conference, 2012.

[91 UTELA B, STORTI D, ANDERSON R, et al. A Review



Fa2E 18 MAEME:

&R KL FIBL I AR KRS R

117

[12]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

of Process Development Steps for New Material Sys-
tems in Three Dimensional Printing (3DP)[J]. Journal of
Manufacturing Processes, 2008, 10(2): 96-104.

BAI Y, WILLIAMS C B. An Exploration of Binder Jet-
ting of Copper[J]. Rapid Prototyping Journal, 2015,
21(2): 177-185.

BARTHEL B, JANAS F, WIELAND S. Powder Condi-
tion and Spreading Parameter Impact on Green and Sin-
tered Density in Metal Binder Jetting[J]. Powder Met-
allurgy, 2021, 48(2) 1-9.

MOSTAFAEI A, ELLIOTT A M, BARNES J E, et al.
Binder Jet 3D Printing: Process Parameters, Materials,
Properties, Modeling, and Challenges[J]. Progress In
Materials Science, 2021, 119: 100707.

MAO Y, LI J, LT W, et al. Binder Jetting Additive
Manufacturing of 3161 Stainless-Steel Green Parts with
High Strength and Low Binder Content: Binder Prepa-
ration and Process Optimization[J]. Journal of Materials
Processing Technology, 2021, 291: 117020.

BIOME, HOC, B, S S4EBTENIE B 663
T ZWFER[I]. 2020(5): 52-55.

MAO Yi-wei, LI Jing-wen, WEI Qing-song, et al. Study
on the Process of Three-dimensional Printing Bronze
663[J]. Electromachining & Mould, 2020(5): 52-55.
MOSTAFAEI A, STEVENS E L, FERENCE J J, et al.
Binder Jetting of a Complex-Shaped Metal Partial Den-
ture Framework[J]. Additive Manufacturing, 2018, 21:
63-68.

GONZALEZ J, MIRELES J, LIN Y, et al. Characteriza-
tion of Ceramic Components Fabricated Using Binder
Jetting Additive Manufacturing Technology[J]. Ceram-
ics International, 2016, 42(9): 10559-10564.
ROJAS-NASTRUCCI E A, NUSSBAUM J T, CRANE
N B, et al. Ka-Band Characterization of Binder Jetting
for 3-D Printing of Metallic Rectangular Waveguide
Circuits and Antennas[J]. IEEE Transactions on Micro-
wave Theory and Techniques, 2017, 65(9): 3099-3108.
WIELAND S, PETZOLDT F. Binder Jet 3D-Printing for
Metal Additive Manufacturing: Applications and Inno-
vative Approaches[J]. CFI Ceramic Forum International,
2016, 93(10): E26-E30.

MOSTAFAEI A, NEELAPU SHVR, KISAILUS C, et al.
Characterizing Surface Finish and Fatigue Behavior in
Binder-Jet 3D-Printed Nickel-Based Superalloy 625[J].
Additive Manufacturing, 2018, 24: 200-209.

GILMER D, HAN L, HONG E, et al. An in-Situ
Crosslinking Binder for Binder Jet Additive Manufac-
turing[J]. Additive Manufacturing, 2020, 35: 101341.
LORENZ AM, SACHS EM, ALLEN SM. Techniques
for Infiltration of a Powder Metal Skeleton by a Similar
Alloy with Melting Point Depressed: United States,
US6719948B2[P]. 2004-04-03.

KUMAR A, BAI Y, EKLUND A, et al. The Effects of
Hot Isostatic Pressing on Parts Fabricated by Binder
Jetting Additive Manufacturing[J]. Additive Manufac-
turing, 2018, 24: 115-124.

[23]

[24]

[25]

[27]

(28]

[29]

[30]

[31]

[32]

MOSTAFAEI A, TOMAN J, STEVENS E L, et al. Mi-
crostructural Evolution and Mechanical Properties of
Differently Heat-Treated Binder Jet Printed Samples
from Gas-and Water-Atomized Alloy 625 Powders[J].
Acta Materialia, 2017, 124: 280-289.

MOSTAFAEI A, VECCHIS P, NETTLESHIP I, et al.
Effect of Powder Size Distribution on Densification and
Microstructural Evolution of Binder-Jet 3d-Printed Al-
loy 625[J]. Materials & Design, 2019, 162: 375-383.
BAI 'Y, WAGNER G, WILLIAMS C B. Effect of Particle
Size Distribution on Powder Packing and Sintering in
Binder Jetting Additive Manufacturing of Metals[J].
Journal of Manufacturing Science and Engineering,
2017, 139(8): 15-25.

K, WA, BEE AR ORI A FR 0 e S
R4 O b BORS BERPE BE A2 IR [J]. 2017, 66(3): 223-
227.

ZHAO Huo-ping, YE Chun-sheng, FAN Zi-tian, et al.
Effect of Binder System on Accuracy and Property of
Micro-Jetting and Bonding Formed Sand Molds[J].
Foundry, 2017, 66(3): 223-227.

AR AR BB B B S R ST T K RS (D],
I B RHR A, 2015.

ZOU Zhi-yi. System Design and Materials Research of
Three Dimensional Printing[D]. Huazhong University of
Science & Technology, 2015.

LIU J, RYNERSON M. Method for Article Fabrication
Using Carbohydrate Binder: United States, US65859301
[P]. 2003-07-01.

FAL. AR RAT BB AR L B Bk 45 50 AT A
[D]. J7M: ERGH T K27, 2012.

WANG Wei. Preparation of Molding Materials and Wa-
ter-based Binder for 3DP Technology[D]. Guangzhou:
South China University of Technology, 2012.

BREDT J F. Binder Composition for Use in Three Di-
mensional Printing: United States, US005851465A [P].
1998-11-22.

BOSE S, KE D, SAHASRABUDHE H, et al. Additive
Manufacturing of Biomaterials[J]. Progress in Materials
Science, 2018, 93: 45-111.

ISR = s B bR T #% 18 BE A RS T2 0F 5%
[D]. @ AP RHERE, 2017.

TIAN Le. Study on the Materials and Process of Form-
ing Casting Molds and Cores by Three Dimensional
Printing[D]. Wuhan: Huazhong University of Science &
Technology, 2017.

SACHS E M, HADJILOUCAS C, ALLEN S, et al.
Metal and Ceramic Containing Parts Produced from
Powder Using Binders Derived from Salt: United States,
US006508980B1[P]. 2003-01-21.

BAI Y, WALL C, PHAM H, et al. Characterizing
Binder: Powder Interaction in Binder Jetting Additive
Manufacturing Via Sessile Drop Goniometry[J]. Journal
of Manufacturing Science and Engineering, 2018,
141(1): 55-78.

FIRAE. 3DP UEHA MR I Kol B AR K[D]. L



118 fu % TR 2021 4 9 H
g [RIBFR2E, 2006. [48] MIYANAJI H, MOMENZADEH N, YANG L. Effect of
LI Xiao-yan. Mechanism Research and Process Optimi- Printing Speed on Quality of Printed Parts in Binder
zation of 3DP Forming Technology[D]. Shanghai: Jetting Process[J]. Additive Manufacturing, 2018,
Tongji University, 2006. 20(10): 1-10.

[36] ZEHlSC. = ZEmiEp BB B s I T2 5 M RF 5 [49] BREDT J. Binder Stability and Powder/Binder Interac-
[D]. R R K2, 2020. tion in Three-Dimensional Printing[JI]. 1997, 56(12): 70-89.
LI Jing-wen. Research on Process Optimization and [50] 8 K. =4E3TENH AR AR A4 B B A BTF 5
Performance of Forming Sand Mold (Core) by Three BURIEIR[T]. Miss R, 2011, 46(9): 32-37.
Dimensional Printing[D]. Wuhan: Huazhong University ZHAO Huo-ping. Review or Research Status for Three-
of Science & Technology, 2020. Dimensional Printing Technology in Rapid Prototyping

[37] AGLAND S, IVESON S M. The Impact of Liquid Drops of Powder Material[J]. Aeronautical Manufacturing
on Powder Bed Surfaces[C]. Newcastle: Proceedings of Technology, 2011, 46(9): 32-37.
the Chemeca, 1999. [517] BAI Y, WILLIAMS C. Binderless Jetting: Additive

[38] PASANDIDEH F M, QIAO Y, CHANDRA S, et al. Manufacturing of Metal Parts via Jetting Nanoparti-
Capillary Effects During Droplet Impact on a Solid cles[J]. International Solid Freeform Fabrication, 2017,
Surface[J]. 1996, 8(3): 650-659. 56(10): 249-259.

[39] SUFITIAROV V, POLOZOV I, KANTYKOV A, et al. [52] COX S, THORNBY J, GIBBONS G, et al. 3D Printing
Binder Jetting Additive Manufacturing of 420 Stainless of Porous Hydroxyapatite Scaffolds Intended for Use in
Steel: Densification During Sintering and Effect of Heat Bone Tissue Engineering Applications[J]. Materials
Treatment on Microstructure and Hardness[J]. Materials Science and Engineering: C, 2015, 47(9): 237-247.
Today: Proceedings, 2020, 30(6): 592-595. [53] RISHMAWI I, SALARIAN M, VLASEA M. Tailoring

[40] MOSTAFAEI A, BEHNAMIAN Y, KRIMER YL, et al. Green and Sintered Density of Pure Iron Parts Using
Effect of Solutionizing and Aging on the Microstructure Binder Jetting Additive Manufacturing[J]. Additive
and Mechanical Properties of Powder Bed Binder Jet Manufacturing, 2018, 24(4): 508-520.

Printed Nickel-Based Superalloy 625[J]. Materials & [54] MIYANAIJI H, ZHANG S, LASSELL A, et al. Process
design, 2016, 111(10): 482-491. Development of Porcelain Ceramic Material with Binder

[41] 22305, Bk Ak Ak By % = 2 w3 B R IR 5 1k B8 #F 53 [ D). Jetting Process for Dental Applications[J]. The Journal
O PR KA, 2021. of The Minerals, Metals & Materials Society, 2016,
LI Liao-yi. Three-dimensional Jet Printing Formation 68(3): 831-841.
and Properties of Silicon Carbide Ceramics[D]. Wuhan: [55] SALEHI M, SEET H, GUPTA M, et al. Rapid Densifi-
Huazhong University of Science & Technology, 2021. cation of Additive Manufactured Magnesium Alloys Via

[42] TURKER M, GODLINSKI D, PETZOLDT F. Effect of Microwave Sintering[J]. Additive Manufacturing, 2021,
Production Parameters on the Properties of Ni 718 Su- 37(10): 101655.
peralloy by Three-Dimensional Printing[J]. Materials [56] DO T, KWON P, SHIN C S. Process Development to-
Characterization, 2008, 59(12): 1728-1735. ward Full-Density Stainless Steel Parts with Binder Jet-

[43] SHRESTHA S, MANOGHARAN G. Optimization of ting Printing[J]. International Journal of Machine Tools
Binder Jetting Using Taguchi Method[J]. The Journal of and Manufacture, 2017, 121(6): 50-60.

The Minerals, Metals & Materials Society, 2017, 69(3): [57] UZUNSOY D, CHANG I T H, BOWEN P. Microstruc-
491-497. tural Evolution and Mechanical Properties of Rapidsteel

[44] MEIER C, WEISSBACH R, WEINBERG J, et al. Criti- 2.0[J]. Powder metallurgy, 2002, 45(3): 251-254.
cal Influences of Particle Size and Adhesion on the [58] KERNAN B, SACHS E, ALLEN 8§, et al. Homogeneous
Powder Layer Uniformity in Metal Additive Manufac- Steel Infiltration[J]. Metallurgical and Materials Trans-
turing[J]. Journal of Materials Processing Technology, actions A, 2005, 36(10): 2815-2827.

2019, 266(10): 484-501. [59] ZAGO M, LECIS N F M, VEDANI M, et al. Dimen-

[45] CHEN H, ZHAO Y F. Process Parameters Optimization sional and Geometrical Precision of Parts Produced by
for Improving Surface Quality and Manufacturing Ac- Binder Jetting Process as Affected by the Anisotropic
curacy of Binder Jetting Additive Manufacturing Proc- Shrinkage on Sintering[J]. Additive Manufacturing,
ess[J]. Rapid Prototyping Journal, 2016, 22(3): 527-538. 2021, 43(7): 102007.

[46] MIYANAIJI H, ZHANG S, YANG L. A New Phys- [60] NANDWANA P, KANNAN R, SIDDEL D. Microstruc-
ics-Based Model for Equilibrium Saturation Determina- ture Evolution during Binder Jet Additive Manufactur-
tion in Binder Jetting Additive Manufacturing Proc- ing of H13 Tool Steel[J]. Additive Manufacturing, 2020,
ess[J]. International Journal of Machine Tools and 36(10): 101534.

Manufacture, 2018, 124(12): 1-11. [61] HUBER D, VOGEL L, FISCHER A. The Effects of

[47] PARTELI E, P6SCHEL T. Particle-Based Simulation of Sintering Temperature and Hold Time on Densification,

Powder Application in Additive Manufacturing[J].
Powder Technology, 2016, 288(4): 96-102.

Mechanical Properties and Microstructural Characteris-
tics of Binder Jet 3d Printed 17-4 PH Stainless Steel[J].



Fa2E 18 MAEME:

&R KL FIBL I AR KRS R

119

[62]

[64]

[65]

[67]

[69]

[71]

(73]

[74]

Additive Manufacturing, 2021, 46(4): 102114.
NANDWANA P, ELLIOTT A, SIDDEL D, et al. Powder
Bed Binder Jet 3D Printing of Inconel 718: Densifica-
tion, Microstructural Evolution and Challenges[J]. Cur-
rent Opinion in Solid State and Materials Science, 2017,
21(4): 207-218.

DAHMEN T, HENRIKSEN N G, DAHL K V, et al.
Densification, Microstructure, and Mechanical Proper-
ties of Heat-Treated MAR-M247 Fabricated by Binder
Jetting[J]. Additive Manufacturing, 2021, 39(6): 101912.
SHEYDAEIAN E, FISHMAN Z, VLASEA M, et al. On
the Effect of throughout Layer Thickness Variation on
Properties of Additively Manufactured Cellular Tita-
nium  Structures[J]. 2017,
18(2): 40-47.

STEVENS E, SCHLODER S, BONO E, et al. Density
Variation in Binder Jetting 3D-Printed and Sintered
Ti-6A1-4V[J]. Additive Manufacturing, 2018, 22(7):
746-752.

ZHU Y, WU Z, HARTLEY W D, et al. Unraveling Pore
Evolution in Post-Processing of Binder Jetting Materi-

Additive Manufacturing,

als: X-Ray Computed Tomography, Computer Vision,
and Machine Learning[J].
2020, 34(7): 101183.

XU Z, ZHU Z, WANG P, et al. Fabrication of Porous
CoCrFeMnNi High Entropy Alloy Using Binder Jetting
Additive Manufacturing[J].
2020, 35(11): 101441.
SALEHI M, MALEKSAEEDI S, NAI S M L, et al. A
Paradigm Shift towards Compositionally Zero-Sum
Binderless 3D Printing of Magnesium Alloys via Capil-
lary-Mediated Bridging[J]. Acta Materialia, 2019, 165
(16): 294-306.

SALEHI M, MALEKSAEEDI S, NAIM L S, et al. To-
wards Additive Manufacturing of Magnesium Alloys

Additive Manufacturing,

Additive Manufacturing,

through Integration of Binderless 3D Printing and Rapid
Microwave Sintering[J]. Additive Manufacturing, 2019,
29(8): 100790.

CAPUTO M P, BERKOWITZ A E, ARMSTRONG A, et
al. 4D Printing of Net Shape Parts Made from Ni-Mn-
Ga Magnetic Shape-Memory Alloys[J]. Additive Manu-
facturing, 2018, 21(10): 579-588.

VERLEE B, DORMAL T, LECOMTE-BECKERS 1.
Density and Porosity Control of Sintered 316L Stainless
Steel Parts Produced by Additive Manufacturing[J].
Powder Metallurgy, 2012, 55(4): 260-267.

TANG Y, ZHOU Y, HOFF T, et al. Elastic Modulus of
316
Binder Jetting Process[J]. Materials Science and Tech-
nology, 2016, 32(7): 648-656.

WILLIAMS C B, COCHRAN J K, ROSEN D W. Addi-
tive Manufacturing of Metallic Cellular Materials via
Three-Dimensional Printing[J]. The International Jour-
nal of Advanced Manufacturing Technology, 2011,
53(1): 231-239.

SUN L, KIM Y H, KIM D, et al. Densification and

Stainless Steel Lattice Structure Fabricated via

[75]

[77]

[78]

[79]

[80]

[82]

[87]

Properties of 420 Stainless Steel Produced by Three-
Dimensional Printing with Addition of Si3N4 Pow-
der[J]. Journal of Manufacturing Science and Engineer-
ing, 2009, 131(6): 89-101.

KUMAR P, JAYARAJ R, SURYAWANSHI J, et al. Fa-
tigue Strength of Additively Manufactured 316L Aus-
tenitic Stainless Steel[J]. Acta Materialia, 2020, 199
(20): 225-239.

MOSTAFAEI A, STEVENS E L, HUGHES E T, et al.
Powder Bed Binder Jet Printed Alloy 625: Densifica-
tion, Microstructure and Mechanical Properties[J]. Ma-
terials & Design, 2016, 108(16): 126-135.

MOSTAFAEI A, STEVENS E L, FERENCE J, et al.
Binder Jet Printing of Partial Denture Metal Framework
from Metal Powder[J]. Materials Science Technology,
2017, 46(2): 289-291.

XIONG Y, QIAN C, SUN IJ. Fabrication of Porous Tita-
nium Implants by Three-Dimensional Printing and Sin-
tering at Different Temperatures[J]. Dental Materials
Journal, 2012, 31(5): 815-820.

SHEYDAEIAN E, SARIKHANI K, CHEN P, et al. Ma-
terial Process Development for the Fabrication of Het-
erogeneous Titanium Structures with Selective Pore
Morphology by a Hybrid Additive Manufacturing Proc-
ess[J]. Materials & Design, 2017, 135(14): 142-150.
SHEYDAEIAN E, TOYSERKANI E. A New Approach
for Fabrication of Titanium-Titanium Boride Periodic
Composite Via Additive Manufacturing and Pressure-
Less Sintering[J]. Composites Part B: Engineering,
2018, 138(16): 140-148.

DILIP J J S, MIYANAIJI H, LASSELL A, et al. A Novel
Method to Fabricate TiAl Intermetallic Alloy 3D Parts
Using Additive Manufacturing[J]. Defence Technology,
2017, 13(2): 72-76.

MARTIN E, NATARAJAN A, KOTTILINGAM S, et al.
Binder Jetting of “Hard-to-Weld” High Gamma Prime
Nickel-Based Superalloy RenE108[J]. Additive Manu-
facturing, 2021, 39(10): 101894.

SCHMUTZLER C, STIEHL T H, ZAEH M F. Empirical
Process Model for Shrinkage-Induced Warpage in 3D
Printing[J]. Rapid Prototyping Journal, 2019, 25(4):
721-727.

MR = AESTENR PRS0 0T . R S LR B Y
[D]. PU4: P23 T.K2%, 2016.

LIN Su-min. Precision Analysis, Modeling and Experi-
mental Study of Three Dimensional Printing Parts[D].
Xi’an: Xi’ an University of Technology 2016.
MATWEB. Material Property Data[EB/OL]. (2018-01-
16)[2021-08-15]. http://www.matweb.com/

DOYLE M, AGARWAL K, SEALY W, et al. Effect of
Layer Thickness and Orientation on Mechanical Be-
havior of Binder Jet Stainless Steel 420 + Bronze
Parts[J]. Procedia Manufacturing, 2015, 1(1): 251-262.
DIGITAL METAL. Materials for 3D Printing[EB/OL].
(2019-07-15)[2021-08-15].
terials/

https://digitalmetal.tech/ma-



