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Table 1 Sintering parameters of different samples

Heating element Sintering Sintering
of sintering temperature time
furnace (&S] (h)
S1 Molybdenum 1450 1
S2 Molybdenum 1480 1
S3 Molybdenum 1480 2
S4 Molybdenum 1500 1
S5 Graphite 1500 1
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Table 2 Heat treatment parameters of different samples

Schedule Parameter
S4H-1 Vacuum dehydrogenation 900 °C
S4H-2 Vacuum dehydrogenation 1250 °C
S4H-3 Cyclic quenching 5 cycles
S4H-4 Cyclic quenching 10 cycles
S4H-5 Cyclic quenching & Vacuum 5 cycles & 900 °C
dehydrogenation
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Fig.1 SE images of the cross sections of 93W-4.9Ni-2.1Fe alloys
sintered with different parameters: (a) S1; (2) S2; (c) S3; (d) S4

GBI RGS ISR R G SRR V=
ANBY B OETE oML HE L A AR L R R UL,
Hor 35— BOE % 4R T 1435 °COW-Ni-Fe 3t S iAH 20,
JE A B B X E &R 0 T8 ARG S A K8
BRI S, HFEABUR K R ILRAEAEAE 1480 °C AR
NS, TERSE 1 (D) REIREEERTE W BTR IR E7)
AT . ORGSR B T e flGE AR T s nE,
RIEIRRER, S EEARY 8 VA -7 L ] 3 5 i s 7 45
ITRATRER . P Re s, IR RO A 2R P
R S . A ASCRIREE R 4570 WU G
93W-4.9Ni-2.1Fe ¥ BE4s I 5L N2 BETHES b R v ik A
JS2 et 22 20 °CH

B 2 R T AR 0L 45 R il 0 5 406 7 - 2 A%
o MR, Fraremi i LES e 8, RIN
B AR R RAT A TC S ZE 5] o BAE He 4 e IR 5 B2 L A
{EJ7TH, S4 A i d i, 1521 T 765 MPa, BiJE KA S3.
S2 M S1o AR TGRS i 10 s 25 o AR 558 152 A2 A 3
R B L 0RO 0K R Ul IFE A SO BT SR
ToF it R B2 B2 B0 FE R A PR AR T bR

1000
800 9 ch =765MPa/
©  600- o, =STTMPa
= o, =485MPa /
= i ~7
o 400 5., ~444MPa v
— sl
200 | ¥
' —S3
— 4
0- :
0 2 4 6 8 10

/%

Pl 2 AT LHLGRAS 93W-4. ONi-2.1Fe & 4 ) FR4f B J)- AL
Hh £
Fig.2 Compression stress-strain curves of 93W-4.9Ni-2.1Fe alloys
sintered with different parameters
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Fig.4 Compression stress-strain curves of 93W-4.9Ni-2.1Fe alloys
sintered with different furnaces
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fabricated with different heat treatment parameters: (a) S4; (b) S4H-1;
(c) S4H-2; (d) S4H-3; (e) S4H-4; (f) S4H-5
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Table 3 Physical and mechanical properties of samples
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manufactured with different heat treatment

conditions
MGS  Cuu Yield Tensile  Elongation
%) strength  strength  at break
(m) %) (Mpa)  (MPa) (%)

S4 3256 212 ~633 827 53
S4H-1 32.65 18.6 ~561 795 7.7
S4H-2 34.73 17.8 ~602 840 5.9
S4H-3 33.03 10.4 ~637 889 14.0
S4H-4  36.90 7.3 ~628 912 13.2
S4H-5 33.44 9.6 ~614 938 18.7
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Fig.7 Tensile stress-strain curves (a) and its enlarged picture of small
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Abstract: Binder jetting is a technology that combines the advantages of both additive manufacturing and powder metallurgy, which can fabricate
complex-shaped W-Ni-Fe alloy components with good mechanical properties and dimensional accuracy. Since the optimal process parameters for
manufacturing strong and tough W-Ni-Fe alloy via binder jetting are still not publicly reported, this study systematically investigates the influence
of the sintering temperature, sintering time, and heat treatment process on the phase composition, microstructure, and mechanical properties of 93W-
4.9Ni-2.1Fe alloy produced by binder jetting. The strengthening and toughening mechanisms of different heat treatment processes (vacuum
dehydrogenation and cyclic quenching) were analyzed in detail. The results indicate that the impacts of sintering temperature on the physical and
mechanical properties of 93W-4.9Ni-2.1Fe alloy are much greater than sintering time, and its numerical design should exceed the powder metallurgy
method by at least 20 °C. In terms of the strengthening and toughening mechanism, vacuum dehydrogenation mainly improves toughness by
toughening the Ni-Fe phase, while cyclic quenching mainly improves toughness by reducing the connectivity between W particles and then changing
the fracture behavior of W phases. The synergistic use of vacuum dehydrogenation and cyclic quenching resulted in tensile strength and elongation
at break of the samples reaching 938 MPa and 18.7%, respectively, which were 13.4% and 253% higher than those of the untreated samples.

Key words: Binder jetting; W-Ni-Fe; heat treatment; vacuum dehydrogenation; cyclic quenching
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