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Abstract: As a typical refractory metal material, tungsten alloy possesses high hardness, excellent wear
resistance, and good radiation shielding ability, making it widely applicable in various industrial fields.
However, its poor formability hinders the manufacturing of complex structural components using traditional
preparation methods such as liquid phase sintering. Additive manufacturing technology, which fabricates
three-dimensional structural parts by layer-wise accumulation of forming planes, has unique advantages in
producing complex components. Consequently, it has attracted extensive attention in the field of tungsten
alloy component manufacturing. The development and application of additive manufacturing technology in
the preparation of tungsten alloys in recent years are systematically introduced, and the influencing factors
of tungsten alloy toughening during the forming process are further discussed. Firstly, the current research
status of various tungsten alloy additive manufacturing technologies both domestically and internationally is
presented, and their applicable scenarios are summarized. Then, the toughening approaches for tungsten
alloys during forming, including second-phase particles and alloying treatments, are comprehensively
reviewed. Finally, the development direction of additive manufacturing of tungsten alloys in the fields of
composition optimization, process parameter control, post-processing, multi-material printing and
intelligent manufacturing integration to improve the mechanical properties of formed alloys and expand the



H54E 1Y

B A MO BB T e 91

application fields is summarized and prospected.

Key words: tungsten alloy ; additive manufacturing ; toughening ; mechanical property

i L E A S — DU AR A i
I ANER R VB R SRR M R A A A
AT R 9% B R R R R D R — 2 T R B
REJT, HAG iz W T hig 2 a5 m A5 242
AR L A LR AZ Tl A0, Tl A AR
44 F 3N W-Ni-Cu Ml W-Ni-Fe i kK7, 5 W-Ni-
Cuf Ht, W-Ni-Fe H4& 8 & 0% 5L HTHL0R BE FIHT I
Pk AR 22 A S AR DA SR Tl A Rt |
N FHE Iz

B 5 SR — Tl A R e s s R
MORE, B8R SOE 8 A 40 T2 & W AH B 45 (liquid
phase sintering, LPS) ,{Hi% T. 2 XL SCELE 4= LT TE
AR50, EL 28 0 B R T BB A7 75 %5 B AN 5
FU TR A PR ARUE TR AR R A A
TR BT 75 3K, A AR 5% s FIURS 2R 1 5 i ) AT S 21
SR G5 NOE (B AE BUE i R i 7 2 A S,
TR INATEAE G AL TICER R & 4 1) ) 2%
PEBE . BUAb By AR BT AR AR R S OB R AR T2
AEXT B 2% TP AR 55 e DA R i B L 4G SRy PR
il L A B AR E 2 LA Be gt IR IS e & s [ S S
o, W T 5 Al 45 o SR, X205 vk iUE B
A 2 A IV G 1) F2 5 i A A AN

BB ) 3 AR 3D AT ENHEA , & —Fh A 35 AL
P | PR TR A3 o 8 )2 AR O R A SR Y e
HERIE B o A R R Sy i AR A T R
TR, FRVFAE 77 52 2 (0 JLARTT AR R0 AR 00 7 i [
/D T BRI AR IR AOTR 2R L ARk MM s e
AR R & M8 G 4 223 1R i a8 B AL 1T A T B4
Stkgeil gy S e, i & 5B RO | il i i
FRICT AL PR 77 S e S5 i W R BB F - A MR Y
PR ANPEOEE KAEALBA , 38 220 10 5 BB IO
SRR B A (R DR A) R 245 s DA L
B, EE T ZIE AR AR R R, ek
P B G 2 T U AR B e i e 4 SR 1 TRl
FHBOEAE S s fe #AR 38 T eSS 4 R 09 B
R HE, ENAMESC S TR T B A
B IS G A U BT R R A 22

AR AE T E N MG B T S A AT e, XF
L A3 AN T] T2 P 48 6 4 22 3B A AR Bl st SR 5
il BT A 5 0 Ak 1 PR 2R I X LA o S itk A7 4y
P .

1 SBEEEMEIERA

T8 FH T ME S 43 T A3 B o R B IR OB
P X AE LA (selective laser melting, SLM) JOGH 1L
DUFRFE AR (laser melting deposition, LMD ) F1 HL -~ H5E [X.
Y54k F R (selective electron beam melting, SEBM ) %%
H T, B A S22 4 FLEE W-Ni-Fe RG 477,
i B W-Ni-Cu A& &% L K 4l WE2 g SLM,
LMD Hl SEBM H§ #1 il it £ R BE4T T )2 0F 58 1k
AN, ZhEEE I FTENEE AR (binder jet printing, BJP) ¥4 5
VT AP R 2 B 3 M i R R A AR ES A R R R
Br B FTERH AR (powder extrusion printing, PEP) "1 [A
LR A T B 2 R AR Ak P R A A 4 T R oK 1Y) B
AT S A a0 s e
1.1 HOLERBUREEEE

SLM ARy —Ffrbgs ARG A 14 15 B4 1 3 5 12,
Sepu L SN IO B | AR il LN e v b N e o
EZTAER bR BAnE i 2 | B, O A% i 95
FE P AL B AR Ry 2 2R 10T, Jm 0 ik () P30k 22 M it
DAL {5 AR 0K J O 10 R ], )2 OB S5 A
W AT BRI BEE B E R R AT ABOG 2
JEHE 22 =R 515 LUZ )2 B NI i &0 .
ZH AR REHOCHRAE e R PRl T U
MES 4R | i g i AR TS50, ot i i
TR |2 RN R W, RS A M 4 A SO 45 48 I 1k
TR T2k Re A Tl 5 2% U AT 45 4 1) 22 3R A s L
EERLILEROTY

SLM fil it it 8 b, OB A e 4 VERE 2 WO P %
HHBE Bk 2 B 2 T A SR
Mo BN RS —BREAZS Lk T ESH0W A
Al et 285 R A et SO A ) 45 R R I B A AR/
iy A\ T % B AR B0 G A = AR A Dy K R
LR T A AR R . BRI
EFSY T 93W-TNI A 4 3 B il 3 xR b O R £k g
S X LA X 4% B | 2 U S R 1) 5 e R
B AN R 2 BE & 5% BT B 8985 A aURE A 6 % B
K 1R . SERRgs R Rl 3 m A R % i, il L
A RO A A FLBR A Bk B L, 7E 1.5 T/ mm 14k
RERERE T, & A RE A AR X 25 BE T 3K 98.04 %6 BREY
BRA &S, SLM ERTE m PERE A B4 IR SE G 4&
il £ S AL AT T R AP R I, B R AR A



92 BT R

2026 41 H

WO T R R R AR 2 R R A 1) R A5 B
T 2280, R SLM BRI #5615 3 7 BUE FE 94.5%
i) SOW-5Ni-15Cu & 4 , il 4544 i s W A 78 CuNi
TR KA R AT R BLGE  JE  T LA i 4 21
Shk . EAM, LiAEUS R T SLM H AR i 45 90W-
7Ni-3Fe &4 WAl GEYE , il i W AR EE T. 22
AT EED TREE=99% MEES, A4 tEa
B E R PTHIREE (1121 MPa) {HAE PR 25 (<<1%) .
WLELTHOLAL 4L, 90W-7Ni-3F e & 4 ) %40 W il y
A (Ni-Fe 52540 , HRor W .

100
98}
%6}
94} }&
ol 1

9} {
88l

86 |

02 04 06 08 10 12 14 16 1.8
Linear energy density/(J-mm-")

Relative density/%

BI1 ORI B R TN AR A AR o o g T
Fig.1 Relative density of tungsten-nickel alloy samples under

different linear energy densities' "’

ZE Lk, SLM 4 R B4 0] DL S BB i 0 B0
90 %% M LA #3544 il %, LA N Fe il Cu Z5 {0 1T
RIENFGE TR, T W I S S Ras e £ 2
] PR 05 A 25 SR B A BE R I R I AR S K
FhES MU R 2R R U S0 FLIRSE B |, B e 14
AT HA 35 i i o Ao B (R L8Pk — e i 22, 7E T
T o7 FH 40 3 EL AT R BR ], AT i UGS 1 T2 S5k
A A I — S ) T R, DUAE QRS 1 fig
(14 (R R 2E— 25 4R T AP T — 2B (A9 A
1.2 BB URBREEESE

LMD 45 A Ji 32 it FH 85 T 3 0 A b 4 s
K, BJAEE 220 =T, £ LMD i # i, #ot
SR Sy AT, W T S A T TRy A A M I A 1%
BB AR T = A e b b o R R R B OB b S
T EE [, 20 J2 HERUY BSR4

Li % F LMD T Z il £ -5 98 T 80W-20Fe
BRI AYERE . BFoT R, TEM AR RE
% 4 150 T/ mmPif, 0] RLSRAS A 8UR AR . o0
L 253 H 0 BV A T I R R L 8 U A
PIFPE A7 FE S AR, h 3 P B [ ol R v 0
J R BT Fe, W @ AL &9, Fe, W I LN
B B RS T TR A SRS

Stk T

Wang %5 F LMD £ A il £ 15 1] 1) 9OW-7Ni-
3Fe A &BURE K 990, SRR LS A LA, &
LMD # 5 7 H S 25 ORI R A i v A5 22 1Y) 5
&, Je A i B RN A5 B2 43 1) o (822+30) MPa Fll
(10374-50) MPa, #H bt % 58 W AH s 45 380 (i i i
J&E R Fr 5 BE 43 1) A (606+4) MPa £ (872+14)
MPa) F 3 R 2 T, (5 HGE e M55 2%, iR H
(3.5£0.7) %, 3m/N T AR A A (18+2) Yo i
R T LMD T2 R4 H 8 50 A g, HAo
SERIBC R AL HARXT Y5 B R i S g A L A
B F LMD &b B 945 A 4 A = s (H LMD T. 2 f#
FBOCHVE R RER IR, 5 SLM AL, 255 S B Ie 5
JCE B ZE K, 8 T LT A5 B e S SO 1 9
FEAR

Guo &M F§ LMD T.Z s Uil % T 95W-3.5Ni-
L.5Fe & & 058 T HOGDIR X & WY i & )~ PEfE
SEIR . 255 R, ARG 8 I O T R A5 B A iF
B A I 58 A AL AR DU s b T 25 i JE B, B 5 T A
1000.,1200,1400 W #OG T 28T By 41 2R J) 2= vk
e, WD 1000 W B, 8y K o ik 58 i 1k A e 3R
ZARNE R WKL, P R K B g R, 4n & 2(2) frs ,
5 BT PFT P 5 B AN B8 Pk R AR . SO Th SR &=
1200 W B, 68 2% i 5 . WABDREE — 25 05 4k, W AH
5 h 45 M 2Z TAE B A R e a5 A, OB AR a8 i
AR R AT B 2 i (HATIAEAE — SRR W RIOR , T 24
BN IEPEWTE, Q& 2(b) s . OB DIRIE 22 1400 W
b, AR WKL 58 A B, AP 2(c) Fiw , BRI 3
WAFTE— WAL (H R TIE B T ORI, L T fg
R AR B BUR R ) 2R RE
JnpE S, A5 B A 58 B A 541 MPa, (B KR B
0.99%.,

H A, LMD AR & 20T LS 380 B =99 % 45
A&l E B XTI R4S AL 5 T2, il 45 19
TSR B A BRI (RS A A A1, W7 2
P S T T2, R R A LMD il 5 89 & 4 S &
JE K TP QAT R T2 sk e Ak B
RIS T A AL J1 24 PERE
1.3 BEFRERBLEFEEESE

EBSM $ AR J& — Fp A FH 5 £5 1) = el 1 SR 76 5
7S IRBE R % 2 A T R b 4 B R AR R Y
B E T2 5 SLM B AL, ZH A AR O R
2 L RPN OB R 2 A S A I AT AL, B
Je A AR TV F - [ B A2 L 2 B 2 R X
— i A, AR T =S E . TR



H54E 1Y

B A MO BB T e 93

=

]

/ \A

Unmeltelparticles s

- v
f
‘ o

/

<

e 2
. '»Jf
A F .

2.
: v
Cleavage

» o

F2  RFESOETHERT LMD il 95W T DR e 4
(2)1000 W;()1200 W; () 1400 W

Fig.2 Fracture morphology of 95W prepared by LMD under different laser powers
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(a) parallel to build direction; (b) perpendicular to build direction
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Tab.1 Comparison between tungsten alloy additive manufacturing technology and traditional LPS technology
Additive Is a high energy .
. Advantages Disadvantages Ref.
technology  source required
RSLM Yes No mold required; suitable for manufacturing — residual thermal stresses and cracks; low melting [32,46]
small complex parts; high strength and point alloy elements are easy to evaporate; low
hardness; high degree of design freedom ductility ; low material utilization
LMD Yes No mold required; suitable for manufacturing ~Compared with SLM, the manufacturing speed is [32,50-51]
large and complex parts; high strength and  slower; low ductility; uneven microstructure;
hardness; additive parts can be repaired; high low melting point alloy elements are easy to
material utilization rate evaporate
EBSM Yes No mold required; suitable for manufacturing  The cost is high; it requires precise control of the [50-52]
small complex parts; manufactured in high electron beam and the process is complex;
vacuum environment to reduce material oxidation  residual thermal stresses and cracks; the material
and pollution; high strength and hardness utilization rate is low
BIP No No mold required; suitable for manufacturing Long manufacturing cycle; residual adhesive; [46,52-53]
small complex parts; low cost; avoids low strength; low ductility; possible voids and
evaporation of low melting point alloy elements;  microcracks
high material utilization; high toughness
PEP No No mold required; suitable for manufacturing ILong manufacturing cycle; residual adhesive; [32,52-53]
small complex parts; low cost; high ductility;  difficult process control
avoid evaporation of low melting point alloy
elements; high material utilization rate
LPS No Suitable for refractory or irregular-shaped  Requires molds; long manufacturing cycle; liquid [32,51]

powder materials; the manufacturing process can

be carried out at lower temperatures; high

phase formation may lead to uneven structure;

process control is difficult

toughness and anti-friction properties
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Fig.6 Summary of research on mechanical properties of additively
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manufactured tungsten-based alloys at home

and abroad [34,38,40-41,48-49,55-59]
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