BAERMHSTIRE
RARE METAL MATERIALS AND ENGINEERING

DOI: https://doi.org/10.12442/j.issn.1002-185X.20250425.

M RMF RN T 2 S 80 55 45 570 15 53 51 & 93 W-4.9Ni-
2.1Fe &K R= I 2200

%]) H}]EJ 1’27 #5]%)-(4 1, Z'T}Hf}% 35 ‘}K}j"ig;i 35 jd%—g’_ 3
(1 M s TR BAAR AT, #IF KD 410073)
(2 IF RS, MIMUEERE TRR%, MEFEGLIRGE ERE AR, WM Kb 410073)
(3 HE N RMZE 66015 #EBL, JEaT 100000)

OB KGR SIS R A e R RS R A R B R AS B AT 1 J TR BRI AT D325 (LI Wi Ak ol A A i B 2 T

KD ) L

i AR rel iR L R AR ARG A5 I IS 2. Al vk DU ACRLAR

FEAEFIFIIE . REAEFIMANE SR AT BN R

B, FET RGBT L ZHiE 1 &R 93W-4.9Ni-2.1Fe & R IFINR 1 4598, 24 7 AP RRHEN L Z S 500 i

R RIREAAT Y. SEREN], AT BB T Y, R 455

s S )i 93W-4.9Ni-2.1Fe A S AA I 1K 48 9 -5 0 AR 43 A

HZTENZ R 2RI R, BRGSO (52 s kR G R ik F /K MERE R R £577) . DSO RifEly 7.65um IR A, Ah455H
MR A 70%. FZITENZ RN 60um, K55 7mE 5 Hilid 93W-4.9Ni-2.1Fe & 4 ER A4 He i vay i & A R ~f s

KERIR: RS EORRER, MMk, REREZ: RMATOA
NEHS:

FEESERS: TQ174 YEkERINAD: A

RS EERAMERL. M. RPN TEReR:
o TTRENMAT RS S UK. R, HASEHE
(021, 5 BT — AR R I e A8 R R AR IR TH . AT EEPEGE 1)
RBER, EPF T E R fR Rk E &M E
T B N RS T B g Y [ v R RS 2 2% e R g T A
A, XfiliE L2 T HE K,

HT, PYERER G SR T B Ry AR ] R
eI, BamiRaSE NG By 7
REBY, i TR R AR, B TR A R A
F TG AFAE TCEE TR 1) 8, [R]85k 5 4 DD X
K B3R T2 LA B i Rl o R RS 2R R IR AR A

A ) 328 5 AR 2 BEAR BOE B e T A A RO 1%
O TS G R HEe-s, Ik A HObIE X E L

(Selective Laser Melting, SLM) 71| HFHIE X 1510
(Electron Beam Selective Melting, EBSM) 21, 644
PJTFR (Laser Metal Deposition, LMD) [13-16] k50w
(Binder Jetting, BJ) 17201, ¥3K$5tH (Powder Extrusion
Printing, PEP) P12 fp T 284k . b, RE&5 Mg T
CZHOCAE S SRR, B R, RIS
NIRRT IR R E S 5 AR A AR
AR, RSB S A AR & & TPtk (R
Wy RS BTE— SR F1 B0 — IR A ] 4k — SR TE Ry — 8
PRl g — ARG 25, YR AR AR FE 158 ARG 25 77 R
B SRR AR VAR S IR SR, TSRS MR HE

HLTE: WA EAREAEE V) (5 H 5 2024106145)
E—EERBIEEEN:
86137001, E-mail: xiaopeng@861china.com

K, WG H TFEEr= R RIK 3. Bil%1T G
PR R B, S EUSUE R .

P 1 il 45 7R S o 3 AR AR R S S AR H e L
AP RIS, HE AT ARE ATFRiE . SRA
B, KA SRR ORS 2 7w S S AL, AR
HE&ERMARMRAR, S, KM, BT S50
YA R, ik, ARSCH BT DR ARRLAR . A
EFIRE. RREEFVMAE . RETER RSN E, @
I REEE TR 3 T 93W-4.9Ni-2.1Fe & & IR I IR
TIHEGEREE, AT T MRMREE R T2 2500 A i
MIRZmAT N, DAOREZE IR IS A Bk & & 5% .

1 SRIgAE

1.1 HEREE

SCEGHT R 93W-4.9Ni-2.1Fe & &W AN E [H UL
MEHTARAR, VEFEEE 1 AR 1R, L%
Bt KRR 25700 A o =) B 1, BRI T (AR5 Ale-14)
SRR (X5 Ald-1#) PEFN, LR A 2B 4k 5 R
Yooy N 5.3 MPa 1 9.9 MPa.

KBTS )3 93W-4.9Ni-2.1Fe &&HkH T
WMFEN: a)lGT M. 753 5 A B A TE 78 B RG 25711
WG4 % (BJ-200, IR =& ERARAF) BILH H
I BOE BCF B AR b) Wi Sk4Z PR ) TZ 28
WS R 45T A AR IR R, B R R E515 2B RSF R

HS, 5, 1991 4, W4, WA, WMEafTERERAR, M K7 410073, Hif: 0731-


https://doi.org/10.12442/j.issn.1002-185X.202504

FIMSEE: APRMRRPE AN T 22 B0 S5 1M T i & 93W-4.9Ni-2.1Fe & SV 0 5 (¥ j

&5 o) Kb RIRBARRR B A2 THRAE T, 140°CHH fk 2
h; d) EERIERTER 2 20K, BRIRAE.

) K e}

B 1 P 93W-4.9Ni-2.1Fe &A1 AR SEM BT (2) FiK 14
(b) koK 2#
Fig.1 SEM images of 93W-4.9Ni-2.1Fe alloy powders: (a) 1#; (2) 2#
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Table 1 Properties of two kinds of 93W-4.9Ni-2.1Fe alloy

2.1Fe alloy billets manufactured with different

powders
Density Compressive yield strength
(g/em?) (MPa)
1# 7.01 £0.08 3.32+0.12
2# 8.23 £0.10 3.37+0.07

powders
(pum) Bulk Tap
density density
D10 D50 D90 (g/em?®) (g/em’)
Powder 1# 5.09 9.62 2097 5.94 8.84
Powder 2# 432 7.65 12.83 7.12 9.43
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Table 2 Density and compressive yield strength of 93W-4.9Ni-
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Figure 2 Compression stress-strain curves of 93W-4.9Ni-2.1Fe alloy
billets manufactured with different powders
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Figure 3 Compression stress-strain curves of 93W-4.9Ni-2.1Fe alloy
billets manufactured with different binders
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Figure 4 Photographs of 93W-4.9Ni-2.1Fe alloy billets manufactured
with binder Ald-1 # (a-c) and Alc-1 # binders (d)
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Figure 5 Photographs of 93W-4.9Ni-2.1Fe alloy billets manufactured
with different binder saturation values
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Figure 6 Compression stress-stgaifgurves of 93W-4.9Ni-2.1Fe alloy
billets manufactured with different binder saturation values
XTGBT TEM S, WA —E R
TP« A HL 2% R 08 ) 5 P ORAE A1 3 LT R T4
FER RS A B TR M ks e, (Ha SBUITY
DX AN R 2 ARG 4, IO e I 7R R BRI R,
PEARE AR RS RERE . NG A . PRIk, i) iy
IEFNHE RAS, RS A EE N 70%.
2.4 BRITENZEXIERGRE R RN

BT B Z JE 2 MR R AR BSURE FEAT B R A B
SHL W HBUE O SR AR RCRRARMS, AN
RERHRAEH 3 AE00, ALK R 2 A Ale- 148K VERE
RSSOV IEORE, AR B B RATENZR BN 40 pm. 50
pum A1 60 um #i& 7 R 51 93W-4.9Ni-2.1Fe &4k, &£
3 BT LR S R R ARG R . T A
B, WA RE BN R4 0 FE 5 B R AT BN R B U Ok
KEo HITHIZER 40 um I, PR A T 47 58 2 73
ik F] 8.67 +0.06 g/em® Fil 4.21 + 0.14 MPa [ F={H

3 TEIRERITEEEH SRR % B E SRR ARSRE

Table 3 Density and compressive yield strength of 93W-4.9Ni-

2.1Fe alloy billets manufactured with different

single-layer printing thicknesses

Density Compressive yield strength
(g/em?) (MPa)

40 pm 8.67 £0.06 4.21+0.14

50 pm 8.39+0.13 3.79 £0.07

60 pm 8.23 +£0.10 3.37£0.07
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Figure 7 Compression stress-strain curves of 93W-4.9Ni-2.1Fe alloy

billets manufactured with different single-layer printing thicknesses
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Influence of Material Characteristics and Process Parameters on the Quality of
93W-4.9Ni-2.1Fe Alloy Billet Produced by Binder Jetting

Xiao Peng!?, Yang Kai!, Li Tengfei’, Zhang Qingxia®, Liu Anjin3

(1.Hunan Vanguard Group Co., Ltd, Changsha 410073, China)

(2.State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, College of Mechanical and Vehicle Engineering, Hunan
University, Changsha 410073, China)
(3. Chinese People's Liberation Army 66015 Unit, Beijing 100000, China)

Abstract:

Binder jetting is a potential low-cost method to near-net-shape fabricate large-scale complex-shaped W-Ni-Fe alloy components.

Nonetheless, it faces challenges such as billets cracking during curing and debinding. Developing the manufacturing process for high-strength W-

Ni-Fe alloy billets is an inevitable requirement for ensuring the large-scale application of binder jetting. In this study, a series of 93W-4.9Ni-2.1Fe

alloy billets were fabricated with variables including powder particle size, binder material, binder saturation, and single-layer printing thickness. The

compressive strength of the billets was tested, as well as the influence of material characteristics and process parameters on the quality of 93W-

4.9Ni-2.1Fe billets was analyzed. The results indicate that the compressive strength of binder-jetted 93 W-4.9Ni-2.1Fe alloy billets exhibits a negative
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correlation with powder particle size and single-layer printing thickness, while increasing continuously with higher binder saturation. By employing
a water-based alcohol binder, the 93W-4.9Ni-2.1Fe powders with a D50 particle size of 7.62 pm, a binder saturation of 70%, and a single-layer

printing thickness of 60 pm, the binder-jetted 93W-4.9Ni-2.1Fe alloy billets achieve a balance between good strength and dimensional accuracy.
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