F49E  FE1W
2020 4 11 A

BAEEREMBSIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.49, No.l11
November 2020

ETMEEMmARIERBMKRE BFREMFIE
W-Ni-Fe-Co § &R

mrFEl o msEEY, o AL o WL, x oz OTam!', £ o#!', HE%!
(1. VWb OB R &8 2 LAk E K ESSE s, By 152 710016)
(2. ZRALKR, 107 WFH 110819)

B OE: RNEE TS AITEEIR T W-Ni-Fe-Co W& &M AR, IFREAT TR KB AL T SO A4 IS OB . 45 01
W-Ni-Fe-Co Tl & @b AR i 2 RIS ABRLALIN, — BRI Ry AR BORL, =2 di 7 2 /N UKL 45 1T 13 A0 S 8 JUA A TR o
A <o R B8 AL 2R p-(Ni-Fe) AR P & BE 1A U 1K) W RBURL, 9-(Ni-Fe) AR N #8 & A i A W e . ek R/
TR E RO L RE D, W-Ni-Fe-Co & &) B AL ZUE R 1 — 2 RO AL 1, (EU i T B L T2 v 4 N ) il < [R) I 32
B STy B Ty Fe G 2 SRR AR AL, e I RS B R, (R0 TR R, B A
o BOBECEMNN R TN W BRI E S, JFRE B W ORI R o OB R LT R B 3 OB ) W-Ni-Fe-Co

Fa P R IE 1098 MPa, {HE &M ZE, W5 aC 2 B i o b T R0 R L p-(N-Fe) A I ) I 02
KRB WAEE: LT RERKIBRE; SRS A S W-Ni-Fe-Co &4

REESES: TG146.4'11 XEkFRIRED: A

XEHS: 1002-185X(2020)11-3865-05

mCESAES G AARE . mEMES. 3
ORI SR G L 0 Tl R T AR A e S A i 2R )
HE-RIML T IMERE. W-Ni-Fe RA 42 M L i
G ANEENAEESER, EIRARESE. B
TV AT R Tk R iz s U, e g L
IR BRI -pe g - B T (B k. FLE.
BOES) ARGk K ia &7 iEH &), T 2R
Ko AR ARPUCES BB M DU A
SR, HIrOS kB —SHmks LE: na)R
VEST T . TRk be s TR B P AR S T VR
I T2 AR S B m R IR I RN T T B A
fit Tk, HER&HE. L2AER, B
(R RT R G A ST R B2 AT 52 31— I BRI o 16 44+
WHARNFR 3D FTEIROR, &Rk = 4epinl, £
3% 2 MER S ST AR AR I e TROR,  H I
HARCE BN R AR — A EE KT, 15
BKE4. Ml &SRS & LRIz
(R FE T i SR R 48 b A3 A AR o % 4 R R 1 Ak
TSR, 2R H LABOE AR $GR R R 306
18 bE 3 R P R PR L T R M A R
(selective electron beam melting, SEBM)/2 &5 — Fj #L 74!

2l HER: 2019-11-10

1 8 R S MBS B, LR BE R T HON BERU, LA
il A7 4 el 7 ) PR RO O e 0 By AR PR B AT 2 P
e, BABIBRCE . eRAMARR . ZHERRMN
AR O, DR A e o S < A
B HA 20 Hars s i A 42 U
HUBE &Ry A R, 1 T BB RS R 5 b 45T
FRORZ I B AR, AR AR A R AR
A5 P 0 3o Ry R 28 59 P R R R M DAPRAIE . BT
AWEFUR PG @b AN R, BT TR IR AL 7R
M 3 4 AR %% 90W-Ni-Fe-Co £ 4 IR R TAE.

1 % I

HAXRHSEE FR~E AW EMHESR&T
90W-Ni-Fe-Co Tl & &M K . 485 FIH Sailong S2 LK}
PR L R A )3 e %5 34T T 90W-Ni-Fe-Co & 4:11
G . BB EEZER: %RH CAD BffF, 4=
YERIRY . SRS I o) 2 AR AR YRR e e i — R A
VIR 2, B2EE N 0.1 mm. $Fr 438 4 50 5
TV P, 8 OB I B A BER KT 107 Paffi 4R OB
FSTE T 463 155 45 g K9 AR DNV 0 Pk A6 e gt f - R P ) A
TERIE AR B — 2R REZh 0.1 mm B AR, H

HEEWHE: B TE (T22018006); FHKEAHHAIRINHE (2016YFB0700301)
BN %) 9 L, 1985 44, Wit S TR, WIbE SRRk, B iz 710016, Hi%: 029-86231095, E-mail:

yanggy0403@163.com



3866

Mty @A RS TR

49 %

T AR V) v 2 B A B AT IR B A, A e Rk
JE B R —EmE. BE LR, BESn
o 2 50 AE A SR I % o RO I R TR L R
HLUN 12 mA, FHGHE A 2 m/s, F3 2k % B 2
100 pmo

KHl Axio vert Al Stemi2000 ZY4xAH b 1ok B il
JSM-6460 2 Hi, - W Al B R4 it 1) b G ZH 21 W i T 3 gk
177 01 RJH D8 Advance % X B &R AT 5t 5 43 & 4k
KB BIERE AT PR 3875 K Instron HLFJ7 BEM KL
IR HUIAT T BAFPEREMIR, FAHRAZR Ay 1X107 57
PLHFE W E 1 TR,

2 FR5i11E

2.1 MEsEMmRERNRILE

T ek 5 i A R 5 A R A IR T R R T
P 2 fios. il LR A SR RSN 2 FES,
— RN ERIEHR R (WK 2a. 2b), S5Ol BFZ N
FLRE 45 10 B A RN R Can B 2e 2d). BRTERy K&
TR, B AR IR b 2 AT 3 A0 o i A B DUk R
R HHVE 2 /NBURLRL 85 76—l iR B 3 G ekoR
XRD Bl . v LLE H, B AR N2 W T p-(Ni-Fe)
PHARZH B o 45 M 2R T T 30 KM 2R P9 38 a3 43 A (]
4), W LUE HOR AR BORL Y 5 A ARIE T HE p-(Ni-Fe) Al
B W RRL, Rl 45 RN, IR RO A i oo &
DR A0% A5 AT (LR 1) 2 2R ml i i 14 4 i ik
P R RS e sl Sl .

2.2 90W-Ni-Fe-Co & &I B MALRBZ LT T2

Bl 51616 2 5l S o IR HL - SR i 90W-Ni-Fe-
Co # 41 XRD K% K AL T E . ol LLE

s BN BHMALERAREL, BMEE R ITREIE
I y-(Ni-Fe)AH A0 W Rk, p-(Ni-Fe)H 4% 70 # 1
TrEIEAR KA B (R 2), W R IR & A
BEK, B W AR T I A, W-W
AR D

1648 )R R ke 45151 % 90W-Ni-Fe-Co # 4
M, SR > RIS SR BonR, Rl
ok K ) R4 5T B p-(Ni-Fe ) A [ v 4, 3 o 8 ] 3%
Wb i) WA R IEAT B, [RIE, 2 il R e T A i
JEWS, W R R E . SRS KK MR T
DRHEA 3 S R, v e L ORI U R (] 454k
EH T 40 /N J5 3t ] s 52 21 S s ) R0 A Al A T A
F A v SRR DX 3 s b S T 2% 52 30 ) R E
Jyitn LR, ) A b o B ) S R B R

L.5

I 7

1 Sk BE IR R

Fig.1 Dimension of tensile sample
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Fig.2 Morphologies of pre-alloyed SEBM-fabricated 90W-Ni-Fe-Co: (a, b) spherical powders and (c, d) irregular powders
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Fig.3 XRD pattern of pre-alloyed 90W-Ni-Fe-Co powder
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Fig.4 Polished cross-section morphology (a) and EDS element
mapping (b~e) of 90W-Ni-Fe-Co pre-alloyed powder:
(b) W, (c) Ni, (d) Fe, and (e) Co
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Fig.5 XRD pattern of SEBM-fabricated 90W-Ni-Fe-Co alloy
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Research on W-Ni-Fe-Co Alloys Fabricated by Selective Electron Beam Melting from
Pre-alloyed Powder

Yang Guangyu ', Chen Jinghai®, Liu Nan', Yang Kun', Jia Liang', Jia Wenpeng', Wang Jian', Tang Huiping'
(1. State Key Laboratory of Porous Metal Materials, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(2. Northeastern University, Shenyang 110819, China)

Abstract: W-Ni-Fe-Co pre-alloyed powder was prepared by plasma rotating electrode process, and then selective electron beam melting
(SEBM) was performed. Results show that W-Ni-Fe-Co pre-alloy powder consists of spherical powders and irregular powders with the
microstructure of tungsten particles coated by y-(Ni-Fe) phase, which contains supersaturated tungsten. Microstructure of the W-Ni-Fe-Co
alloy shows certain heredity from powder to SEBMed sample. Since the molten pool is subjected to recoil pressure, hot capillary force and
Marangoni convection during SEBM, the instantaneous flow of the molten pool promotes the rearrangement of tungsten particles, leading
to a higher uniformity in the SEBM sample than in the powder. Densification process during SEBM is mainly the rearrangement of W
particles, and there is no significant dissolution-precipitation process of W. The tensile strength of SEBMed W-Ni-Fe-Co alloy is measured
to be 1098 MPa together with a poor ductility. Fracture mode is brittle transgranular fracture of tungsten and ductile tearing of y-(Ni-Fe)
bonding phase.
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