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Influence of microwave and conventional hydrogen sintering on
microstructure and mechanical properties of
93W-Ni-Fe extruded bars

ZHANG Jia-jia, LIU Wen-sheng, MA Yun-zhu, HE Liu-qing

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The microstructure and mechanical properties of 93W-Ni-Fe powder extruded bars with a diameter of 15 mm
sintered via microwave (1 550 °C, 30 min) and conventional hydrogen (1550 “C, 120 min) were investigated,
respectively. The phases and quantitative analysis of the main elements in the core portion of samples were measured.
The relative density, tensile strength, hardness and elongation of the samples were investigated, respectively. The results
show that the average grain size of the alloys sintered via microwave sintering is finer and the tungsten content of the
alloys is higher than that via conventional hydrogen sintering. Cracks between part of the tungsten grains and the matrix
phase are observed on the fracture of the alloy sintered via microwave sintering. The hardness of the alloys sintered via
microwave sintering is 33.8HRC, which is a little higher than that via the conventional hydrogen sintering. The relative
density, tensile strength and elongation of the alloys sintered via microwave sintering are fairly close to that via the
conventional hydrogen sintering. For the tungsten heavy alloys samples with large size, in order to get the better
microstructure and mechanical properties than that via the conventional hydrogen sintering, further optimization of the
microwave sintering process is required.
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Table 1 Properties of raw powders

Average particle

W1, BEEERIE 1550 °C, Keghita A 30 min, i
WZR 2.45 GHz, B4 90%N, Fil 10% Ha(14
B BORIRA S e e g R — M Tl EH 22
W, BRI 1550 °C, Kegb i Ialh 120 min. H4 P
Bl b 4 Me R A R121600-1/UM B BL 45 e 4 i vp 1
1200 ‘CR4 120 min, BEXAH!, HEAE R 1X107
Pa.

PN RAE LY (S N TTY Ul by SN DN P )
VIR BRAE T BIRARAE, AR50 R R HEK
RIS R s U] IR 25 Pk RSB HL (L 5k
8802, J[E INSTRON 24w A=) &5 4 R BT hr sk e
AU, P AR AN 1 mm/ming SR GAHE
LS5 MeF3A, B A=) W4 4 Wil 21
KH X AT (IS RIGAKU-3104, H AL )
BEAT WA 3 s A T BB (2L 5 JSM-
6360LV, [IAA ™) EAR SR AT I B3, I 4
EDAX A8 1% 73 B 22 4o A7 70 25 158 PERT 8 B 530 #

2 FHR51R

2.1 BIEBRETZRESTEE

1 s A A e A/ e s L2 X b, 1%
GETREEETHEA Z N 5 C/min, 7F 1380 CRE 60
min, RJEFHEF] 1550 C, {3 120 min, Ffi)54) 3
UHER AP BB 2 R FH T30 15 i A\ D e ks ol
WEE, BT AR, K1 bR AR
e, (RIRRE TR A 14.6 °C/min, REILHR
TAEGR A G PRI o A, Tl SR
SEI 2N AR GRS I 173, Bedh N4k, X T

Powder Appearance Purity/% size/um
Reduced tungsten  Irregular 99.9 2.0
Carbonyl nickel ~ Subglobose  99.5 2.5
Carbonyl iron Irregular 99.5 5.4
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Fig. 1 Comparison of microwave and conventional sintering

technique
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Fig. 2 Radial fractograph of extruded bar
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Fig. 3 Radial fractograph of degreased bar
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Fig. 4 Surface morphologies of sintered samples: (a) Micro-

wave; (b) Conventional
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Fig. 5 Microstructures of sintered samples: (a) Microwave;

(b) Conventional
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Fig. 6 SEM images of fracture of sintered samples:

(a) Microwave; (b) Conventional
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Fig. 7 XRD patterns of sintered samples
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Fig. 8 EDX images of sintered samples: (a) Microwave; (b) Conventional
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Table 2 Contents of element of sintered samples (mass fraction, %)

Measured point in Fig. 8

Element
1 2 3 4 6 7 8 9 10
w 24.32 23.15 25.40 24.93 22.66 21.71 19.39 17.90 19.54 20.25
Ni 53.76 54.37 52.45 53.22 54.80 55.75 57.27 58.49 56.56 56.54
Fe 21.92 22.47 22.15 21.84 22.54 22.54 23.35 23.62 23.90 23.21

Ao FHER 3 WJLLEH, TR RRas FE m AR 2 B . Bt
P79t B KR40 il /2 99.2%. 988 MPa Fil 18.6%,
B LG e a5 RE i AD N R PEBE (99.8% 993 MPa
H1 21.8%) $Eilr, MifEE(HRC) N 33.8, Wi TAE4E
SATRRLERE RS . N 6(a)rh B T, A
miRL SRR A AR Z R I S5 559, (AR 3 ik S
TR ARG FE M I PURR B, 3K A2 40 A I
S 18 5 TR I R A R S SR RS 35
pm, /N TAERGEE RS S 1 T3 ok R (45 pm),
TR Sl 6 BRI A S 25 G s, Rl g L
YRR . R 2T, TR beds e iR g A S e %
Mo R, XA A R R N SR
45 30 min J5 G & MTERE AL A AU A TR BE, X
FRAMAILT T R e 45 LA, AR TR RS
SRR bess, At — P s LA
REIRTT LU AL R AR AR S5 F AN e

R3RAFEMK AR RE

Table 3 Mechanical properties of sintered samples

Relative Tensile Hardness Elongation/

Technique density/% strength/MPa (HRC) %
Microwave 99.2 988 33.8 18.6
Conventional  99.8 993 314 21.8

3 it

1) PRI E s FE S BRI ZR A /], TP E ok
JOF LA Geal el i)/, AR S A s O 5 LU AR Goke
SR, BT I HR S A3 ok R 45 A 2 TR A AE TR AL

2) PRI RS RE L (HRC) N 33.8, W& T1E 40
Rt (P £ G AN e - LK L = S |
99.2%. 988 MPa Fll 18.6%, SikGa/Aess L.

3) X T RIS GG R i T e gh, w2t —
AR e 45 T2 A BRIRAT L AR Ge A e 4 AL
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