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ABSTRACT The research progress of oxides in the high performance steels by additive manufacturing was reviewed in this paper,
including the characteristics and formation of oxides, the influence of oxides on the molten pool, the mechanism of oxide destruction
and reconstruction, and the movement of oxides in the molten pool. In addition, the design idea for the oxide harmlessness was also
described to provide the reference for the research of the oxide harmlessness during the metal additive manufacturing process in the

future.
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Fig.1 Morphologies of the oxidized inclusions in SLM 17-4PH stainless steels™”: (a) TEM image of the inclusions, the insets are the
SADPs taken from the areas indicated; (b) TEM image showing the curved interface near the alloy matrix in the inclusions, the inset is
an EDXS spectrum taken from the dashed area; (c) oxides on the top surface of the as-built samples, the inset is the EDXS spectrum

taken from the secondary phases at the melt track boundary; (d) TEM image of the samples produced from the boxed area in Fig. 1(c),

the inset is the SADP of the secondary phases on the top surface
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Fig.2 Morphology of the nano-inclusions at sub-grain
boundary in SLM 316 stainless steels’': (a) SEM image;
(b) EDS line scan from A to B
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Fig.3 SEM images and EDS analysis of the oxide inclusions''”: (a) sample surface; (b) spatter particle
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Fig.4 In situ observation of the oxide evolution during the solidification of 316L stainless steels™: (a)~(d) powders in low O content;

(e)~(h) powders in medium O content ; (i)~(1) powders in high O content
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Fig.5 Melt morphology and formation mechanism of the SLM samples™: (a) Marangoni convection with good spreading and

overlapping; (b) liquid contraction and balling are promoted by oxidation
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solidification™”!
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Fig.7 Schematic of the oxidation film distribution and morphology variation in different processing parameters”™: (a) the formation of
oxidation films; (b) the destruction and dispersion of oxidation films; (c) the influence of thermo-capillary convection on the

morphology and distribution of oxidation films; (d) the oxidation diffusion behavior at the hatch spacing of 50 um
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Table 1 LMD process parameters for the 316 stainless steel powder sample

371

WEE WokThE /W FEE / (mmes )

HHRR / (mmxmm) By

% E /(L'min ) 3K E / (L'min)

MR 15 5
WmAR1 15 5
MR 15 5
MR 25 15
MR 15 5
BWR2 15 5

A 2700 3 12x4
B 2700 4 12x4
C 3500 4 12x4
D 3500 4 12x4
E 2900 10 4x1
F 3500 4 12x4
1200
994

1000 f

=

= oo}

i 600 F 524 i 545

Exg 504

E.E 400 306

F 200l

0
WA B WHEC D WRFEE  RFFF

316 ANFEHE AR
B9 AFBOCHENIIIR T ZZSHT 316 AMEMI A B H

R
Fig.9 Variation of oxygen content for the 316 stainless steel

powder samples with the different LMD process parameter™”!

B i P S — 4 R T R AR
M e, BRI M fE SRR, B E AR
SRS R BRI N SE oA AR AR A —
ISZI . X AISI 420 AN45 4K A AL 4 A0 B 1 1 5
FHY, BEERISENFEMK (KT 1616 Pa),
b J ) T R ECRER L, RN T 0.8 ums
PF it P SR B 3G 5 SR ) AT s R T 3
m, A EER N, RPBRN. &=

JEMG I, BT SR A R L S A, X b
AR EcE, BMRSE . WE A RE,
e 2 WA R B e Ze ) RS B B, oK
291 ym AN G F EAR, ke b, Jedi2m
Wi BT, MRBUEZPWECRE, T
BRIEALIE T1, N2 R AR A S s 5 R,
B TBRA 0.3~0.5 um. X & KON B & I 52 R
SRR, A R T R 2 Ak,
T TR T BRI S8 2 (1 78 5 8 B 2 S f e
S TEMEM G R, ISR AR S
WG BRI ST RV R TR . ER T SR A (PR P D
WAHLE IR L, fEBOBEM tE R, RS R R
AN & T BRI R, 7T AR i,
AT G

3 RGBSR AR R T E LT AT

BEAR AR fE 35 (15 AT B SR IR R BRBOR
AP SIEF ARSI A P F B SE = HA
B H S E AR AR SRR S . B, 2
P R AR (e Rl R
AR ARD s Hk, SR SR U
Rz Ot fokL, R, PEONRR. & BRI AR
Y JFICAZ I o 5 G0 4 B SRR BG 14 i 20 A 5
W= AR MEEL L AL BRI



©272 - BERBEEAR

2024 £ 6

A% i SRR oK, R P R B PR AR o
AWV N B PR A B8] 8 3R 110 e AR 5 A it P9 Bk
AR, A AN RO R A R B A i
PERE, JLFE 1077,

HFH AR FeblAAL

A% W 5
al ||| % = ik
wl %] [ v fi
I AN A A

;; Mol , ,
el | %] ] R )
I SN A A5
|| ® i

10 FAHPaEEARMgE™
Fig.10 Concept of the oxide metallurgy

Xof T A R SRR AT R AR E ME VA S AL ) R
TE f L FR 58 BR % BEL RS 5 RN 32 30 DA B ol
PRI E . A ALY TR B A A 5 R e Fl s £k 77 X
BERE T MR . S TREeGRL T AT
B AHTRECER A . AR, ALRETRAEE . IR
B AL 2 B E R T 3, R ROBE B AV AL
VIRORL AR /NS ST ) a3 A T B A, R T BELAS A
IEBNMET LA, AR R EE I s By H A R 5
P2 TR ) A A L 2 7 AR — AN R 737, IX AN 3
Y B 3% 78 2 A 4 1) 12 B e B PELAS/E Y. Xu
SR LSV R B, MO B e
FEARAE IR FE A Z R AR W Mg 2 2
A Ti U B AR R R, 2
EREP R, B mERETEN ZeTi 24
SR 18 0 AT LR 2 B i X B IR A 5 SR
1l e oRL R R FEAR I IR B AR TE B

I S AR R 3 T TEAZAZ O G AX R ORE (1) 7 %
O Z M TG RGE R AR . AT B8
FOR I FHHE A, XA IS AR R EAR KR A BEAE N
KBy T B B AE I U TR R (SR T, A
M 3E % . Wang 25 HL i T Ti-Ca it 5044 i
Al-Ca [t 504N, Ti—Ca it S04 Hh I % W 1 405 i ot
w1 Al-Ca AN, HIRYIRGHRE (0.2~1.6 um
A 1.8~2.1 um)o [AF, Ti—Ca it 204K o di 7Y e 4%
YA B HIRER R, FRAK T RN

[45]

L5 R AT REME . M R S 8 A R AN
IO &5 20 0.05% Fi LA A, TERC T KE S
& A Cey05, AT LME AR F BRI O
W A AR TEAZ AL B, AR RS B ek, 4
IR JoE G 5 P R B v o R R AR AR B A R
AJ DA ME AR T AZ 3ok v FE A0 55 5 AH -5 000 A5 AR 2 8] R
TC 5 e e [ ZH 2R AR P SR e o — F o SO A% )
L R LA EK e [ A48 5 A% IR 2 8] fr 4%
fili AR, RS TR R R T Re 2w, B
TR 3 A B /N oy G H R TR, TEA% R S A
) 1 st B TR R /NS EHT, 2 3E A R R
WA RO ) a2 P L 46 — 4 RRES TR RS . 200
L HE DL - DU AR B 55 o o B A 250
TR R A TG U B s R A A A AR
#H y-Fe JEBIBUEAZIZ OIIAA R . 455K, Ce,054
La,03 F Cey0,S 1F Jy#] A= B IR AR JE 35 5 T2 1% 1% 0
TR . T ST R 2 5 H T O DT X4
AR o2 B oA F A, B4 CaO.
Ce,0;. CeO,. La,0;. Ti,0;. TiO,. ZrO, % . it
5 P 45 P R P 30— UG TR RS AR A 9T R B Ce,O5 A1
La,05 B {EAVIAA 6-Fe K y-Fe i A% HIAZ Lo o

4 TREMIIEIEPENILTENSE
FREE

AT IR P PR B A R BB, G R
FOTBOR IS, Al S8 A Y R I 35 5 4y
i 2 B fa 5 1A RO . R LG RE
AT LIRS 2 IR P A T V2] BORE 3 A A )
REEAE Coxide dispersion-strengthened, ODS) &
GRS EPRIE )2 YERE . R G G T2t
FURRE, Ik aE N I AE S 2 T DALE & SR AL TR
LT RN B I3 2 o0 8, A T a5
AR Hsu 255 E 0.05% SRR N T
17-4PH R4 LL34F Mn-Si-O 234k, Chen %5
FIH Mn 76 2 R AL G AR s s S 4 B B A
SRIE o T AN IELE S G R b 5] N A
RN Z, HaSZMEEER, flw, &
91K Ji ALO; B Ta,Os il % Tie4 £ & M EEY, i
N Y,05 MR TR EGREN S, SR AR 5 3
5% I ALO; & Ak 4 Wk 550 40 4, T gl oK 4
ALO; I FEE S MR, BRIk 9 Y05 il %
mtE AR S A &1, IINANK R Y,05 A TR
B R A 4 M BE AL AL A7 AE T LA
PR e AR BT, I i S B AT FL AN 3RS =



B4 BE I

KBRS, B4 )3 B v S AP T R A 1 O T T 2

°273 -

e RAAGEE 77, SRR AR B I RR e T fE A G
T2, XM RN A 4 B B AR O M
BHTAE R, T 3864 1) 3 A o o A E AR R 0 67 5 Y
2%, AT DLTE AN A B 20 02 o A JE MR 26 1R T 3R i 4
JE A R} e O,

FAYNG S HEAR N EN T F IR T 57 g,
FA T DUBCA AR B F R L, (R TE
Atk fb b, $ERE AR 1 RE . Liu &Y £E
17Ce2NiSi B I I K e Y05, 7538 A4 ] i 1L 7
L Y JC R WA R Si-Y—0 kL, b B X,
TE R T S5 5l i AR B e AL A a5 . BAR R & Ak
YIHEN T RIEAZAZ OSSN B FEN T4
Iz N TAEGAREIG G rh,  (HIERG A i ot
FED, AR KSR A & A T A
I Z—. BRibz Ak, s TS5
WA, FEH A e RSP AE, AT
DU FEORE S = AR R, SEILAE A e E AL
Bl I S A ie SR DL RO B AL, fE
% S I ) 1 B SE A T AL, ) At
MG S BRI A EENAEER L, A4
kD3 5 1 e R AR I R B

2 £ X

[1] Wang X L. Application of topology optimization design and
embedded technology in 3D printing. Powder Metall Technol, 2023,
41(3): 241
(CEReRE. AU BT RN NEORAE 3D T IR HT. By AR
GHiR, 2023, 41(3): 241)

[2] Gu D D, Zhang H M, Chen H Y, et al. Laser additive manufacturing
of high-performance metallic aerospace components. China J Laser,
2020, 47(5): 0500002
(BUA AR, TRELH, MRk, &6, Tt R & 1k R 8 R AR A 106
Rp . S EOE, 2020, 47(5): 0500002)

[3] Ma Q Y, Du P N, Peng Y B, et al. Application and development of
metal additive manufacturing technology in the field of nuclear
industry. Powder Metall Technol, 2022, 40(1): 86
(BB, thilieg, 29000, . )8 WM )G B AR A% Dk Uk
N5 R . BRI &R, 2022, 40(1): 86)

[4] Sun Y, Hebert R J, Aindow M. Non-metallic inclusions in 17-4PH
stainless steel parts produced by selective laser melting. Mater Des,
2018, 140: 153

[5] Eo D R, Park S H, Cho J W. Controlling inclusion evolution behavior
by adjusting flow rate of shielding gas during direct energy deposition
of AISI 316 L. Addit Manuf, 2020, 33: 101119

[6] Zhou X, Liu X H, Zhang D D, et al. Balling phenomena in selective
laser melted tungsten. J Mater Process Technol, 2015, 222: 33

[7] Zhong Y, Liu L F, Zou J, et al. Oxide dispersion strengthened
stainless steel 316L with superior strength and ductility by selective
laser melting. J Mater Sci Technol, 2020, 42(7): 97

[8] Kies F, Wilms M B, Pirch N, et al. Defect formation and prevention in
directed energy deposition of high-manganese steels and the effect on
mechanical properties. Mater Sci Eng A, 2020, 772: 138688

]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

[28]

Zhong Y, Liu L, Wikman S, et al. Intragranular cellular segregation
network structure strengthening 316L stainless steel prepared by
selective laser melting. J Nucl Mater, 2016, 470: 170

Saeidi K, Kvetkova L, Lofaj F, et al. Austenitic stainless steel
strengthened by the in situ formation of oxide nanoinclusions. RSC
Adv, 2015, 5(27): 20747

Saeidi K, Gao X, Zhong Y, et al. Hardened austenite steel with
columnar sub-grain structure formed by laser melting. Mater Sci Eng
4,2015, 625: 221

Hou W Q, Meng J, Liang J J, et al. Preparation technology and
research progress of superalloy powders used for additive
manufacturing. Powder Metall Technol, 2022, 40(2): 131

(s, S7s, REpae, & WM 1S ik S S R & HAR K
BEFLREIE. B AR E IR, 2022, 40(2): 131)

Neil B, Gerald H M, Frederick S P. Introduction to the High
Temperature Oxidation of Metals. London: Cambridge University
Press, 2006

Galicki D, List F, Babu S S, et al. Localized changes of stainless steel
powder characteristics during selective laser melting additive
manufacturing. Metall Mater Trans A, 2019, 50(3): 1582

Lee W H, Na T W, Yi K W, et al. Thermodynamic analysis of
oxidation during selective laser melting of pure titanium. Rapid
Prototyp J, 2020, 26(8): 1401

Gasper A N D, Szost B, Wang X, et al. Spatter and oxide formation in
laser powder bed fusion Inconel 718. Addit Manuf, 2018, 24: 446
Deng P, Karadge M, Rebak B R, et al. The origin and formation of
oxygen inclusions in austenitic stainless steels manufactured by laser
powder bed fusion. Addit Manuf, 2020, 35: 101334

Duan H J. Fundamental on Interfacial Phenomena of Non-Metallic
Inclusions in Molten Steel [Dissertation]. Beijing: University of
Science and Technology Beijing, 2018

(BB 8. ANk AR 42 )@ Je 2 MAR 5% FLT I G RE Bt 9 [ 218
3] et AERRHCR 2, 2018)

Wasai K, Mukai K. Thermodynamic analysis on metastable alumina
formation in aluminum deoxidized iron based on ostwald’s step rule
and classical homogeneous nucleation theories. ISLJ Int, 2002, 42(5):
467

Yang L, Zhang W, He L, et al. Study on the growth and morphology
evolution of titanium oxide clusters in molten iron with molecular
dynamics simulation. RSC Adv, 2019, 9(56): 32620

Zhao D, Bao W, Li H, et al. Cluster-assisted nucleation mechanism of
titanium oxides in Fe—Ti supercooled alloys. J Alloys Compd, 2018,
744: 797

Yang X L, Gao F, Tang F Z, et al. Effect of surface oxides on the
melting and solidification of 316L stainless steel powder for additive
manufacturing. Metall Mater Trans A, 2021, 52(10): 1

Yang X L, Tang F Z, Hao X J, et al. Oxide evolution during the
solidification of 316L stainless steel from additive manufacturing
powders with different oxygen contents. Metall Mater Trans B, 2021,
52(4): 1

Tan J H, Wong W L E, Dalgarno K W. An overview of powder
granulometry on feedstock and part performance in the selective laser
melting process. Addit Manuf, 2017, 18: 228

Hebert R J. Viewpoint: metallurgical aspects of powder bed metal
additive manufacturing. J Mater Sci, 2016, 51(3): 1165

Lu S, Fujii H, Sugiyama H, et al. Weld penetration and marangoni
convection with oxide fluxes in GTA welding. Mater Trans, 2002,
43(11): 2926

Sun Z, Tan X, Tor S B, et al. Simultaneously enhanced strength and
ductility for 3D-printed stainless steel 316L by selective laser melting.
NPG Asia Mater, 2018, 10(4): 127

Williams R, Matthew B, Neil H, et al. The impact of oxidised powder
particles on the microstructure and mechanical properties of


https://doi.org/10.3788/CJL202047.0500002
https://doi.org/10.3788/CJL202047.0500002
https://doi.org/10.1016/j.matdes.2017.11.063
https://doi.org/10.1016/j.jmatprotec.2015.02.032
https://doi.org/10.1016/j.msea.2019.138688
https://doi.org/10.1016/j.jnucmat.2015.12.034
https://doi.org/10.1039/C4RA16721J
https://doi.org/10.1039/C4RA16721J
https://doi.org/10.1016/j.msea.2014.12.018
https://doi.org/10.1016/j.msea.2014.12.018
https://doi.org/10.1007/s11661-018-5072-7
https://doi.org/10.1108/RPJ-08-2019-0226
https://doi.org/10.1108/RPJ-08-2019-0226
https://doi.org/10.2355/isijinternational.42.467
https://doi.org/10.1039/C9RA05628A
https://doi.org/10.1016/j.jallcom.2018.02.148
https://doi.org/10.1007/s10853-015-9479-x
https://doi.org/10.2320/matertrans.43.2926
https://doi.org/10.1038/s41427-018-0018-5

<274

BARMEEAR

2024 £ 6

[29]

[30]

(31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Ti—6A1-4V processed by laser powder bed fusion. Addit Manuf, 2021,
46: 102181

Attar H, Ehtemam H S, Kent D, et al. Recent developments and
opportunities in additive manufacturing of titanium-based matrix
composites: A review. Int J Mach Tools Manuf, 2018, 133: 85

Leung C L A, Marussi S, Towrie M, et al. The effect of powder
oxidation on defect formation in laser additive manufacturing. Acta
Mater, 2019, 166: 294

Reinhart A, Ansell T, Smith W, et al. Oxide reinforced Ti64
composites processed by selective laser melting. J Mater Eng
Perform, 2021, 30: 6949

Qiu C, Panwisawas C, Ward M, et al. On the role of melt flow into the
surface structure and porosity development during selective laser
melting. Acta Mater, 2015, 96: 72

Bellot J P, Defay B, Jourdan J, et al. Inclusion behavior during the
electron beam button melting test. J Mater Eng Perform, 2012,
21(10): 2140

Louvis E, Fox P, Sutcliffe C J. Selective laser melting of aluminum
components. J Mater Process Technol, 2011, 211(2): 275

Gu D, Dai D. Role of melt behavior in modifying oxidation
distribution using an interface incorporated model in selective laser
melting of aluminum-based material. J Appl Phys, 2016, 120(8):
083104

Yuan P, Gu D, Dai D. Particulate migration behavior and its
mechanism during selective laser melting of TiC reinforced Al matrix
nanocomposites. Mater Des, 2015, 82: 46

Eo D R, Park S H, Cho J W. Inclusion evolution in additive
manufactured 316L stainless steel by laser metal deposition process.
Mater Des, 2018, 155: 212

Cherry J A, Davies H M, Mehmood S, et al. Investigation into the
effect of process parameters on microstructural and physical
properties of 316L stainless steel parts by selective laser melting. Int J
Adv Manuf Technol, 2015, 76(5-8): 869

Donte B C, Kiirnsteiner P, Stern F, et al. Microstructure formation and
mechanical properties of ODS steels built by laser additive
manufacturing of nanoparticle coated iron-chromium powders. Acta
Mater, 2021, 206: 116566

Ghasemi A, Fereiduni E, Balbaa M, et al. Influence of alloying
elements on laser powder bed fusion processability of aluminum: A
new insight into the oxidation tendency. Addit Manuf, 2021, 46:
102145

Song M, Lin X, Liu F, et al. Effect of environmental oxygen content
on the oxide inclusion in laser solid formed AISI 420 stainless steel.
Mater Des, 2016, 90: 459

Lee T K, Kim H J, Kang B Y, et al. Effect of inclusion size on the
nucleation of acicular ferrite in welds. ISLJ Int, 2000, 40(12): 1260
Sarma D S, Karasev A V, Jonsson P G. On the role of non-metallic
inclusions in the nucleation of acicular ferrite in steels. ISLJ Int, 2009,
49(7): 1063

Wang D Y, Qu T P. Development and prospect of Mg clean steel
technology. Steelmaking, 2020, 36(5): 1

(CEfEK, RMS. B33 M E AR ke 5 e 3. #R4N, 2020, 36(5):
1)

Pan K, Zhang J, Chen H L, et al. Effects of rare earth metals on steel
microstructures. Materials, 2016, 9(6): 417

Liang W, Geng R M, Zhi J G, et al. Oxide metallurgy technology in
high strength steel: A review. Materials, 2022, 15(4): 1350

Yan F Z. Novel Fabrication Technology and Microstructure Study of
Oxide Dispersion Strengthened Ferrite Alloy [Dissertation]. Hefei:
University of Science and Technology of China, 2021

(EIFER. A IR BORA R 3R G 5 7L ) &% B T OO 225+
Fo [ AL ] AR PERZEROR K, 2021)

Xu L Y, Yang J, Wang R Z, et al. Effect of Mg content on the

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

microstructure and toughness of heat-affected zone of steel plate after
high heat input welding. Metall Mater Trans A, 2016, 47(7): 3354

Li X, Zhang T, Min Y, et al. Effect of magnesium addition in low-
carbon steel part 1: behavior of austenite grain growth. lronmak
Steelmak, 2019, 46(3): 292

Li X, Zhang T, Min Y, et al. Effect of magnesium addition in low-
carbon steel part 2: behavior of austenite grain growth. lronmak
Steelmak, 2019, 46(3): 301

Tian B, Sun L G, Zhu L G. The behavior of pinned particles for Mg
treated shipbuilding steel under high temperature. Steelmaking, 2020,
36(6): 72

(T, PISEAR, RS0, 58 i 261 T Mg AL BEAR AN ET FUR T 1
TERAT . 14, 2020, 36(6): 72)

An Z Y, Wu K M, Lu B W, et al. Effect of Zr-Ti combined
deoxidation on toughness of coarse-grained heat-affected zone with
high heat input welding of low carbon high strength steels. Trans
Mater Heat Treat, 2013, 34(7): 106

(ZIEJR, ZHFW, S8, &5, Ze-Ti 5 A B R  RAaR K 2k g
BRIV R m. AR AR BESR, 2013, 34(7): 106)
Wang X, Wang C, Kang J, et al. Improved toughness of double-pass
welding heat affected zone by fine Ti—Ca oxide inclusions for high-
strength low-alloy steel. Mater Sci Eng A, 2020, 780: 139198

Mei Z, Wan T M, Lou D C. Effect of rare earth modifier on grain
refinement of ultra-low carbon steel as cast. Spec Cast Nonferrous
Alloy, 2002(2): 3

(MR8, T3 R, A8 A8 T B A 5 N B 28 bR 4 AL PO BT
T RIS A &R, 2002(2): 3)

Xu M Q. Heterogeneous Nucleation Behavior of Pure Iron and Its
Atomic Level Structure Origin [Dissertation]. Shanghai: Shanghai Jiao
Tong University, 2018

(RHIIC. BEER I 5 RO AZAT 9 S 57 FRUBE S5 MR IR R 7T [ 241
W ). b ERSSER, 2018)

Yang Q X, Gao Y W, Liao B, et al. Discussion of inclusion as
heterogeneous nuclei of primary austenite of medium-high carbon
steel during hard facing. J Chin Soc Rare Earths, 2000, 18(2): 138
(BBRHE, m oy, B, 5. A WAE s B A HE 15 42 ) b U )
Az B R AR AR T T AZAZ O AR . P EIRG 12%4R, 2000, 18(2): 138)
Pan N, Song B, Zhai Q J. Catalysis on heterogeneous nucleation of
solid compounds liquid steel. Acta Metall Sci, 2009, 45(12): 1441
(T, R, B, [ A PR ARIEE 15 50 % A% B A 4
SRR, 2009, 45(12): 1441)

JiY P, Kang L, Song Y Q, et al. Crystallographic calculation about
heterogeneous nucleation potency of RE,Oj; in liquid steel. Rare Met
Mater Eng, 2017, 46(10): 2889

(=, TUE, R, % RE,05 XH4RTR5E [ B 5 5B AZ 232k 3508
1R SET L WA S B MRS TR, 2017, 46(10): 2889)

Hsu T H, Chang Y J, Huang C Y, et al. Microstructure and property of
a selective laser melting process induced oxide dispersion
strengthened 17-4PH stainless steel. J Alloys Compd, 2019, 803: 30
Chen P, Yang C, Li S, et al. In-situ alloyed, oxide-dispersion-
strengthened CoCrFeMnNi high entropy alloy fabricated via laser
powder bed fusion. Mater Des, 2020, 194: 108966

Liu XY, Sui Y, Li J B, et al. Laser metal deposited steel alloys with
uniform microstructures and improved properties prepared by addition
of small amounts of dispersed Y,O5 nanoparticles. Mater Sci Eng A,
2021, 86: 140827

Ghayoor M, Lee K, He Y J, et al. Selective laser melting of austenitic
oxide dispersion strengthened steel: Processing, microstructural
evolution and strengthening mechanisms. Mater Sci Eng A, 2020, 788:
139532

(4% 58 296 T1)


https://doi.org/10.1016/j.ijmachtools.2018.06.003
https://doi.org/10.1016/j.actamat.2018.12.027
https://doi.org/10.1016/j.actamat.2018.12.027
https://doi.org/10.1007/s11665-021-06077-5
https://doi.org/10.1007/s11665-021-06077-5
https://doi.org/10.1016/j.actamat.2015.06.004
https://doi.org/10.1007/s11665-012-0153-z
https://doi.org/10.1016/j.jmatprotec.2010.09.019
https://doi.org/10.1063/1.4961410
https://doi.org/10.1016/j.matdes.2015.05.041
https://doi.org/10.1016/j.matdes.2018.06.001
https://doi.org/10.1007/s00170-014-6297-2
https://doi.org/10.1007/s00170-014-6297-2
https://doi.org/10.1016/j.actamat.2020.116566
https://doi.org/10.1016/j.actamat.2020.116566
https://doi.org/10.1016/j.matdes.2015.11.003
https://doi.org/10.2355/isijinternational.40.1260
https://doi.org/10.2355/isijinternational.49.1063
https://doi.org/10.3390/ma9060417
https://doi.org/10.3390/ma15041350
https://doi.org/10.1007/s11661-016-3535-2
https://doi.org/10.1080/03019233.2017.1368953
https://doi.org/10.1080/03019233.2017.1368953
https://doi.org/10.1080/03019233.2017.1376427
https://doi.org/10.1080/03019233.2017.1376427
https://doi.org/10.1016/j.msea.2020.139198
https://doi.org/10.1016/j.jallcom.2019.06.289
https://doi.org/10.1016/j.matdes.2020.108966
https://doi.org/10.1016/j.msea.2020.139532

© 296 -

BARMEEAR

2024 £ 6

[13]

[14]

[15]

o e N e e N e e e e e e e g

(F¥E, F/RTE, WIES, 55, JBAR AT 93W—4.9Ni-2.1Fe & &4141
JeMERERIRZ M. MBI RS 5 T2, 2005, 13(4): 442)

Zhou S H. Research on Mechanical Alloying and Strengthened
Sintering Technologies of Tungsten Heavy Alloy [Dissertation].

Harbin: Harbin Institute of Technology, 2016 6]
(AD s ER & VNS S LR LRSS TERTI [ A0k

3C . MEIRIEE: e RVE T K%, 2016) [17]
Chen W G, Ye H. Structure and properties of WCu alloy wire by

swaging process. Powder Metall Technol, 2011, 29(1): 13

(MRS, L Je i 46 WCu25 & 42k M AL 4005 T R 7T
MARBAERK, 2011, 291): 13) [18]

Wang G D, Yang H B, Liu G R, et al. Research progress in
deformation processing of tungsten heavy alloys. Powder Metall

(E#%5 274 1)

[63]

[64]

[65]

[66]

Pobel C R, Lodes M A, Korner C. Selective electron beam melting of
oxide dispersion strengthened copper. Adv Eng Mater, 2018, 20: [67]
1800068

Han Q Q, Setchi R, Lacan F, et al. Selective laser melting of advanced

Al-AlL) 04 Simulation,  microstructure
mechanical properties. Mater Sci Eng A, 2017, 698: 162

Hu Z P, Zhao Y N, Guan K, et al. Pure tungsten and oxide dispersion

nanocomposites: and [68]

strengthened tungsten manufactured by selective laser melting: [69]
Microstructure and cracking mechanism. Addit Manuf, 2020, 36:
101579

Kenel C, Luca A D, Joglekar S S, et al. Evolution of Y,0; dispersoids

Technol, 2014, 32(3): 221

(ES7I8, Bifeds, XEESR, 45w LRSS I Lo it . R
BEHR, 2014, 32(3): 221)

Fan J L. Tungsten Alloy and New Preparation Technology. Beijing:
Metallurgical Industry Press, 2006

(VEFOE. B8 & LR EOR. bt e Tk g3 At 2006)
Alam M E, Odette G R. Improving the fracture toughness and
ductility of liquid-phase sintered WNiFe tungsten heavy alloys by
high-temperature annealing. Materials, 2023, 16(3): 916

Yu Y, Zhang W C, Chen Y, et al. Effect of swaging on microstructure
and mechanical properties of liquid-phase sintered 93W-4.9(Ni,
Co)-2.1Fe alloy. Int J Refract Met Hard Mater, 2014, 44: 103

S-S S

during laser powder bed fusion of oxide dispersion strengthened
Ni-Cr-Al-Tiy/y’ superalloy. Addit Manuf, 2021, 47: 102224

Zhang X, Cao H B, Yang X Y, et al. Enhanced thermal stability of the
cellular structure through nano-scale oxide precipitation in 3D printed
316L stainless steel. Fusion Eng Des, 2021, 164: 112213

Liu L, Ding Q, Zhong Y, et al. Dislocation network in additive
manufactured steel breaks strength—ductility trade-off. Mater Today,
2018, 21(4): 354

Voisin T, Forien J B, Perron A, et al. New insights on cellular
structures strengthening mechanisms and thermal stability of an
austenitic stainless steel fabricated by laser powder-bed-fusion. Acta
Mater, 2021, 203: 116476


https://doi.org/10.3390/ma16030916
https://doi.org/10.1002/adem.201800068
https://doi.org/10.1016/j.msea.2017.05.061
https://doi.org/10.1016/j.fusengdes.2020.112213
https://doi.org/10.1016/j.mattod.2017.11.004
https://doi.org/10.1016/j.actamat.2020.11.018
https://doi.org/10.1016/j.actamat.2020.11.018

