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Fig.3 SEM morphologies at vertical section of alloys prepared
with different processing parameters: (a) 182 J/mm?®,
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Fig.5 Microstructures of tungsten heavy alloys fabricated with

low energy density (a), high energy density (b) and high
energy density with preheating to 400 ‘C (c) (lighter
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Fig.16 SEM image of the pre-alloyed powder particles*”
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Table 1 Comparisons between the 4 additive manufacturing methods and the conventional LPS method of W-Ni-Fe heavy alloys

Preparation W content,

technology /% Microstructural feature

Mechanical property

Advantages Disadvantages

LPS-like microstructure at
low and medium energy
densities;

Tensile strength:

No need for mold;
suitable for fabrication of

SLM 90 nearlv pure W 1198 MPa; small-sized complex-shaped Poor elongation
. yp . elongation: 7%~9.5% parts; High tensile strength of the
microstructure at high )
; fabricated alloys
energy density
No need for mold;
Tensie syt "SI0 e, sl o
LMD 45~90 LPS-like microstructure 1300 MPa; | h 9 ; Poor elongation
elongation<6% _complex-s aped parts;
high tensile strength of the
fabricated alloys
No need for mold;
EBSM 90 LPS-like microstructure Suitable for fabrications of -
small-sized complex-shaped
parts
No need for mold; Long manufacturing
. . suitable for fabrication of cycle;
Tensile strength. small-sized complex-shaped possible binder
BJP 91 — 770 MPa; . . . .
Elongation: 8 6% part§, low cqst, residual;
o the vaporization of Ni and Fe are low strength and low
avoidable elongation
W particles embedded Tensile strength: 800~ Near net shape: Need for mold;
LPS 80~98 uniformally in the bonding 1000 MPa; elongation: Pe; long manufacturing

phase 17%~30%

balanced mechanical properties
prop cycle

233 10 RFEM KR JE, M HIE W-Ni-Fe &4
MR THRRMEERE. @l T2mA, KA
SLM. LMD. EBSM F1 BJP Hi R#8 LS W Jii & 4
B 90% A i I BUH Y, (RIS RFEATHE & W i &
S0 (91% UL B SE&RIEMHIEH K. RH SLM
AT LMD $ AR % 18 & 42 ) % 98 FE v] iz & T4 48 LPS
il & RE o, (BEBYE T B A5 40 LPS il & A i
AR KERE.

JE PR K 2 1 41 W-Ni-Fe 2 & 4 1904 il i f) 5
WEEZ —. BT W-Ni-Fe &4 2H W MM
Ni-Fe-W F52 A0 P AR 2R, W AR DUSIORE FE 75 341 20 43 B
TREEA R, HALRUUT —FE AR W E S
B EBLELE R GER KT 80%M8, H W MR

FH RO H A5 22 5 ELOK (4 W B L TR A 1Y
WD ERRA AT RS E RS T
PR e AR B S5 AL ) ) 25 T <ol AR I BE SR
FEARFHRMARERL R D BT EE . W ER

P, i DL SE 4 ¥ M T VA R H A vhm DA AR A AE
S A5 I A T ¥ A 5 45 ST AL H S S B DR R ,  RT v DA
AEAH % W-Ni-Fe RTG ekr. 1R TS5 & 1K g
BB 0 F A7 & W-Ni-Fe Tl &k, BT
W AR EEH A8 2 R EOR, W-Ni-Fe & &)
REHAAE R A R 2 e AL sE e, AT 5 20K
Beif & S RAE B O R R S iR, TR
i, ERHKEEES S KNSRI T. BLA
W-Ni-Fe # &R HE 2 RATRRE, Ma
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PRSP FE PR . (X SCHR[38]IE L W-Ni-Fe
AEEN BIP JEF XM TG &, HIFRERZ
Ta S Ks &%, ISR BOBE. i
SIALAE I AR R AR

RFUEE OUHZREEE) 2Rm W-Ni-Fe &
Ha e N R — PO 4 LPS it — R A
AR T2, W DT RO FR & S A P RS B
DRI T AN P A 2 ) S A4 R R K S5 o ELAE T A4 1
LM REF, EELCR AR, B Bk
i NG RN UE=Rng s 3 G ST W v v o N L B e
TR R A K

6 SESRE

X F LMD. SLM. EBSM Al BJP £ A, ¥l szl
T W B3 Hk 90%(1 W-Ni-Fe & & & K, Hd,
KH SLM Al LMD £ AR 45 (1) 90W & 4 0% FEml K
T 99%. MR AERIRE RS A BM HE SO A1
P EEG LPS AL, SLM F1 LMD #l 4% 1)
W-Ni-Fe & 4 I fit $v 58 FE 3% 0] 3 8 i /% 48 LPS
W-Ni-Fe &4, HH LMD #1 £ 1) W-Ni-Fe & & $HiHi 58
fE L ATk ) 1300 MPa /K-F, {H SLM 1 LMD il % [
W-Ni-Fe & B %, —MAE 9.5%LL T .

KU, BN T W-Ni-Fe R& & 138+
IR AL TR JEM B, 4T B0t 7L 32 B R T O
B TR G AR TR . R A EOLE R TR E
DR REE , EH T AR [ (R £, SR )35 Y W-Ni-Fe
Han] RARRNAZ, W@k W kL. KA
[V W& s s W-W RIOROE 2 FE AR kL
PLES 3 P B0 = A, X LU R AR A 1S 3 A4 & Y W-Ni-Fe
G e BAE S LPS HAR B4 1 W-Ni-Fe & LA H &
() 775 5 o AELIG A 1] 3 1] 46 1K) W-Ni-Fe & < 5 7= 4=
IR R A A ), AFEFLIA . R SUEE BRI
SR ZE, WA TN

W-Ni-Fe & 4 I35 44 H1 & i 78 H A ik 3= 22 2 4b
TR R R A B, AT 90W-7Ni-3Fe X A& & ikt
YV L 2E O R HE SR 5, (HiER
REfR R SLEBPEZE I I A . RRIE TR EX UL T2 A
LEVERE R RAATIRARY, MEMER K. &4k
v BUBLZ 5 AL B AE 5 kAT 4 20 BE R 1
Fo, BB R BIAALE],  DARRE B A il iE W-Ni-Fe &
GtEee. FRFEX AL W S8, LHEES W&
HIA SR HE TR R AR K2
WA R R — A E B Z, W i) % = 4l 75 B 1)
G E oK R R R T B E SO I — .
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Research Progress of Additive Manufacturing of W-Ni-Fe Heavy Alloys

Li Chun®, Zhang Wei'?, Zhou Yuzhao? Yang Xiaoshan?, Li Jinfeng?, Liu Xue?, Le Guomin®
(1. Department of Materials Science and Engineering, College of Mechanical and Materials Engineering,
North China University of Technology, Beijing 100144, China)

(2. Institute of Materials, China Academy of Engineering Physics, Mianyang 621908, China)

Abstract: Metal additive manufacturing technology is an advanced manufacturing technology developed from the early 1990s, which can
realize the non-die, fast, fully dense near-net forming of complex high-performance structural metal parts. W-Ni-Fe heavy alloys are
widely used in defense industry and national economy due to their properties of high density, high strength and high plasticity. In recent
years, the additive manufacturing of W-Ni-Fe heavy alloys has attracted extensive attention. This paper summarized the research progress
of additive manufacturing of W-Ni-Fe heavy alloys from domestic and foreign research institutions, which use selective laser melting
(SLM), laser melting deposition (LMD), electron beam selective melting (EBSM) and binder jet printing (BJP) to prepare W-Ni-Fe heavy
alloys. The forming process, microstructure and mechanical properties of the additive manufactured parts were analyzed. The research
trends were finally speculated.
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