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Microwave sintering of W-Mo-Ni-Fe alloys
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Abstract: 88§W-5Mo-4.9Ni-2.1Fe and 78 W-15Mo-4.9Ni-2.1Fe alloys were microwave sintered, and their properties were
compared with conventional sintered alloys. The microstructure of alloys was analyzed by scan electronic microscopy.
The element contents of W grains and matrix was characterized by EDS and the phase composition was determined by
XRD. The results show that the 88W alloy has density of 16.70 g/cm’, tensile strength of 1 175 MPa, elongation of 3.0%
and hardness of 40.3 HRC, the 78W alloy has density of 15.55 g/cm’, tensile strength of 1 065 MPa, elongation of 6.9%
and hardness of 32.5 HRC after microwave sintering at 1 480 ‘C for 5 min. The properties of microwave sintered alloys
excel conventional sintering. The microwave sintering results in a finer microstructure. The existence of an intermetallic
phase in conventional sintered 78 W alloys leads to the properties deteriorating. However, there is no intermetallic phase
in the microwave sintered 78 W alloys.
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99.5%), Mo HCT-¥IRLE 3 pm, 28 >99.5%)HkIE
Ni B CPEIRLE 3.5 um, 215 >99%), HiIL Fe ¥ (71
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HUAR 1 480 CHLkess 5 min 15 AN 3 FEIE AL T
WRBEEE IR, ARk BRI T RS R . XY
TAEG AR 4 % A A R 5, FLBR S (B
FE )& R 4 1 5 R RE I — AN B R 35 . (YRR
T8W G 4aAE 1 480 ‘Chesh 5 min(AHXT % 98.05%),
88W £ 4xft 1 480 CHe4E: 5 min(FHX % & 97.55%) Uik
B EAEIT A% (98%). 4l BIE T A BT,

F1 W-Mo-Ni-Fe & &M% 1ERE
Table 1 Mechanical properties of W-Mo-Ni-Fe alloys
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PRI, WL BT RS A IR LR Wk
AR — e, W—Rb AR W-W ok ST
s EE s, WSR2 TR 2 S
S AT B v ) R R o A A R R R
88W. 78W A & fprfilbr i 1 fron. il 1)l
(bYAT WL, FRRELE &4 W SRR IR, ATk 15~

Allo Sintering ~ Temperature/ Duration  Density/ Relative Tensile Elongation/ Hardness,
s mode C time/min  (gem )  density/%  strength/MPa % HRC
1450 5 15.27 96.28 381 - 45.9
Microwave 1480 2 15.38 96.97 968 - 50.8
78W-15Mo-Ni-Fe

1 480 5 15.55 98.05 1175 3.0 40.3
Conventional 1 480 30 15.77 99.43 953 - 309
) 1 450 5 16.69 97.49 963 2.1 34.5

Microwave
88W-5Mo-Ni-Fe 1 480 5 16.70 97.55 1065 6.9 32.5
Conventional 1480 30 16.95 99.01 952 - 27.5

B 1 CERIReL FIRSS 88W & 78W 4411 SEM 18

Fig. 1 SEM images of fracture of conventional sintered 88W alloy(a) and 78W alloy(b), and microwave sintered 88W alloy(c) and

78W alloy(d)
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WT Mo 1) W . 8K, EDS Zr#ristirp ey
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B2 CHEBPEL MRS 88W 4. 78W 5411 SEM 18

Fig. 2 SEM images of conventional sintered 88W alloy(a) and 78W alloy(b), and microwave sintered 88W alloy(c) and 78W

alloy(d)
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M
CcVEsw B3 MR RIBA RS FE B0 XRD i
CVIW, MW 78W Fig. 3 XRD patterns of conventional and microwave
MW 88W sintering samples (MV: microwave sintering; CV:
conventional sintering): (a) Conventional sintering;
(b) Microwave sintering; (c) XRD patterns near
tungsten-molybdenum (110) peak (38.5°—42.5 °)
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_ Fe;MosC peak
39 40 41 42
20/(°)

B4 fkess 78W &4 SEM {21 EDS %
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Ni 8.67 10.92
Mo 7.38 20.04
w 79.45 58.61
Ni Fe Ni W
Fel I Mo | I |
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Energy/keV

Fig. 4 SEM image(a) and EDS pattern(b) of microwave sintered 78W alloy

AR AN Mo TG 3 ANMEBEHS [Tk,
PR R A, RIS L RES [ AL W AT .
Tihh, REEEAH. W AR Mo (3R B A b AR AR B
Mo WA KR {EIG, WA FRLEBEFIA [ Mo
T O S EANAT WORREE T 34, g R Wk 2
Frgile ARG, Mo iRINEE RN, RERAA W ok

H Mo S E i T8W A Ak Mo & B AT Ik
13.76%; W SR 240 17%~18%; 88W KL
Mo FRT 2K 6%~9%, W b2k 5%~6%.

Mo IR 2 , W AHFTRE A T Mo 75 #3448 K. XRD
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%2 W-Mo-Ni-Fe #4:f] EDS J§43 341
Table 2 EDS analysis of W-Mo-Ni-Fe alloys
Mass fraction/%
Alloy Sintering mode Composition
4 Mo Ni Fe
Grain 90.81 6.10 1.17 1.92
Microwave sintering
Matrix 24.96 8.67 21.80 44.57
88W-5Mo-4.9Ni-2.1Fe
Grain 92.03 5.24 0.82 1.92
Conventional sintering
Matrix 24.86 6.86 20.17 48.11
Grain 79.36 17.96 1.01 1.68
Microwave sintering
Matrix - - - -
78W-15Mo-4.9Ni-2.1F
Grain 79.06 17.42 1.54 1.98
Conventional sintering
Matrix 22.03 13.76 20.87 43.34

XRD i, W50, S5 Mo ¥ 93W 5 & XL,
88W-5Mo #r4x[W, Mo](110)fi751Ig Ak, Mo &
HIRZ M 78W-15Mo Gt N E. Hit, &
Mo Gasmfb /e B35, NI BT o A 5 4
[T e 2 (1

3 Zig

=

1) 76 1 480 ‘CHlddsess 5 min [ 78W-15Mo-
4.9Ni-2.1Fe G MPTHrsriEis 1 175 MPa, fiKEA
3.0%, TR 40.3 HRC; {EAHFIZAF Fibedsn
88W-5Mo-4.9Ni- 2.1Fe &4 PihissfE ik 1 065 MPa,
EEN 6.9%, MEEN 32.5 HRC, T iikess
5G4

2) LReai e B, e sl G WA 240
NI,

3) 5 88W &A4AILL, Mo JLRIRMELZ K] 78W
G RN, BrhramsE . RS, APKET
[ 78W &4x T FesMosC WA AHLELE

REFERENCES

(11 B, B4, sk TEEHESEE SR EIRD
M AR SRR 5 TR, 2000, 5(1): 27-32.
ZHAO Mu-yue, WANG Fu-sheng, FAN Jing-lian. Review on the
development and prospect of tungsten heavy alloy in China[J].

Materials Science and Engineering of Powder Metallurgy, 2000,

22(1): 27-32.
2] I&E, S g, AENAE, U4k, BB, WAL, mtE

B GITFE R R #MEHTR, 2003, 17(12): 15-18.

YE Tu-ming, YT Jian-hong, LI Li-ya, PENG Yuan-dong, LU
Yu-xiang, HU Li-fu. New advances in study of tungsten heavy
alloys[J]. Materials Review, 2003, 17(12): 15—-18.

[3] HONG S H, RYU H J. Combination of mechanical alloying and
two-stage sintering of a 93W-5.6Ni-1.4Fe tungsten heavy
alloy[J]. Material Science Engineering A, 2003, 344: 253-260.

[4] FANIJL, GONG X, HUANG BY, SONG M, LIU T, TIAN ] M,
Densification behavior of nanocrystalline W-Ni-Fe composite
powders prepared by sol spray drying and hydrogen reduction
process[J]. 2010, 489:
188-194.

[S] BOSE A, GERMAN R M. Microstructural refinement of

Journal of Alloys and Compounds,

W-Ni-Fe heavy alloys by alloying additions[J]. Metallurgical
Transactions A, 1988, 19: 3100—-3103.

(6] ke, JHAEZ. MM ESED]. T EE, 2001, 16(3):
36-39.

ZHANG Lan-ting, TANG Zhi-hong. Tungsten heavy alloys with
molybdenum additions[J]. China Tungsten Industry, 2001, 16(3):
36-39.

(71 S, BURR, R, M, ook, f HY. BJE
B ARIE A IR B G HLEAI IR (D], A9 AR 6 Tl 2003,
13(2): 22-25.

Y1 Jian-hong, LUO Shu-dong, TANG Xin-wen, LI Li-ya, PENG
Yuan-dong, DU Juan. On mechanism of microwave sintering of

P/M parts[J]. Powder Metallurgy Industry, 2003, 13(2): 22—-25.

8] Uik, Hfds:, BRI, Fmal, B R, BR%. ik
RAE 4 @A R4 b i B HBIR (7], Bl & @i kbRl 22 5 T

&, 2009, 38(4): 742-747.
PENG Yuan-dong, YI Jian-hong, LUO Shu-dong, LI Li-ya,
CHEN Gang, RAN Jun-ming. Research on the application of
microwave technology in preparation of metallic materials[J].
Rare Metal Materials and Engineering, 2009, 38(4): 742—747.

91 S, BT, )k ARG SbRHK s oe 45 BRI 9T
[C)/2009 AEMRIB AR SUIBICE. KRKF: P ERY



2824

A G A R

2012 4F 10 H

BARIBEHITIIE, 2009: 14-20.
YI Jian-hong, ZHOU Cheng-shang. Research on the application
of metallic

of microwave technology in

materials[C]//2009 National

preparation
Conference on P/M and its
Application Technology. Zhangjiajie: Powder Metallurgy
Research Institute of Central South University, 2009: 14-20.
ZHOU Cheng-shang, YI Jian-hong, LUO Shu-dong, PENG
Yuan-dong, LI Li-ya, CHEN Gang. Effect of heating rate on the
microwave sintered W-Ni-Fe heavy alloys[J]. Journal of Alloys
and Compounds, 2009, 482: 6-8.

JAKR, Sd%, BRAR, oK, Bk W W-Ni-Fe %
AWML T EA S E M, 2009, 1909):
1601-1607.

ZHOU Cheng-shang, YI Jian-hong, LUO Shu-dong, PENG
Yuan-dong, CHEN Gang. Microwave sintering of W-Ni-Fe
alloys[J]. The Chinese Journal of Nonferrous Metals, 2009,
19(9): 1601-1607.

AT, Ak, PR, BouR, FAE. Mkbess
W-Ni-Fe %% BE & @ AR TR I G K BAMALZAT). ByR B a: it

[13]

[15]

[16]

BHREE L TR, 2010, 15(3): 300-304.

ZHOU Cheng-shang, YI Jian-hong, LUO Shu-dong, PENG
Yuan-dong, WANG Hong-zhong. Distortion and microstructure
of microwave sintered W-Ni-Fe alloys[J]. Materials Science and
Engineering of Powder Metallurgy, 2010, 15(3): 300—304.
RABIN B H, GERMAN R M. Microstructure effects on tensile
properties of tungsten-nickel-iron composites[J]. Metallurgical
Transactions A, 1988, 19: 1523—1532.

LIN K H, HSU C S, LIN S T. Variables on the precipitation of
an intermetallic phase for liquid phase sintered W-Mo-Ni-Fe
heavy alloys[J]. International Journal of Refractory Metals &
Hard Materials, 2002, 20: 401-408.

LIN K H, HSU C S, LIN S T. Structure analysis of the
constitutional phases in liquid phase sintered W-Mo-Ni-Fe heavy
alloys[J]. International Journal of Refractory Metals & Hard
Materials, 2003, 21: 193—-203.

UPADHYAYA A, TIWARI S K, MISHRA P. Microwave
sintering of W-Ni-Fe alloy[J]. Scripta Materialia, 2007, 56: 5—8.

(4wl FTHBLD)



