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Table 1 Properties of original tungsten alloy powders

FSSS
Alloy  Producer granularity/ = Method Purity/%
pum
w GESAC 5.0 Reduction ~ =99.98
. JIANGYOU .
=99,
Ni HEBAO 5.6 Carbonylation =99.97
JIANGYOU .
=99.
Fe HEBAO 54 Carbonylation =99.96

# 2 30CrMnSiNi2A Wik s
Table 2 Chemical composition of 30CrMnSiNi2A steel

powder (mass fraction, %)

C Si Mn Cr Ni Mo A\
0.25 1.10 1.15 1.08 1.67 0.27 0.11
Cu W Al Ti P S Fe

0.05 0.034 0.024 0.006 <0.003 <0.007 Bal

E1 MAREH
Fig. 1 Morphologies of powders: (a) 90W-7Ni-3Fe; (b)
30CrMnSiNi2A steel.
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3 JLBest 90W-7Ni-3Fe & & FANIN
Table 3 Densities of 90W-7Ni-3Fe alloys and steel

fabricated by co-sintering.

Theoretical ~ Sintering Relative
Composition density/ density/ density/
(gem™)  (gem?) %
90W-7Ni-3Fe 17.18 17.03 99.13
30CrMnSiNi2A 7.79 7.75 99.49

B 2(a)F(b)FTR s B NI RESE 90W-7Ni-3Fe/
30CrMnSiNi2A FF & i B4R R B 21,
90W-7Ni-3Fe &4 HAKHER w M E A
y-(Ni,Fe) ki s A2 i YO0 2H 25 52 301 4 78 1 ] A e
CERRAE: AN WO BORL R EEE S, K4k
IR A X T 90W-7Ni-3Fe &4k ii, H
TR RS 25 B % 7E 1477 C A4S, TitE 1350 C
T p-(Ni,Fe)fh B AR R AAL, R & 4 S IE Mgt
ML X TR, FEaR A 2RI, [
I3 W52 31 B S FROAN BRI 7, R BAAE 12 R 4R
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Fig. 2 Microstructure of co-sintered samples: (a) 90W-
7Ni-3Fe alloy; (b) 30CrMnSiNi2A steel
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Fig. 3 Tensile strength of the 90W-7Ni-3Fe alloy and
30CrMnSiNi2A steel
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Fig. 4 of 90W-7Ni-3Fe/
30CrMnSiNi2A structural composite materials: (a) 90W-
7Ni-3Fe alloy; (b) 30CrMnSiNi2A steel

Fracture morphologies
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Fig. 5 Interface microstructure of 90W-7Ni-3Fe/30CrMnSiNi2A structural composite material ((a), (b)), elemental scanning
line of blue line showed in Fig. 5(b) (c) and energy dispersive spectroscopy spectra of rich W and Fe phase in Fig. 5(b) (d)
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6 90W-7Ni-3Fe/30CrMnSiNi2A FHHe4h S TEM ol 4141
Fig. 6 TEM results of 90W-7Ni-3Fe/30CrMnSiNi2A structural composite material: (a), (b) Bright field images of W
alloy/steel interface; (c), (d), () Selected area electron diffraction patterns of area 4, B and C marked in Fig. 6(a)
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Microstructure and mechanical properties of
90W-7Ni-3Fe/30CrMnSiNi2A structural composite materials
prepared by powder metallurgy co-sintering

ZHU Wen-tan, CAI Qing-shan, WANG Jian-ning, LIU Wen-sheng, MA Yun-zhu

(National Key Laboratory of Science and Technology for National Defence on High-strength Structural Materials,
Central South University, Changsha 410083, China)

Abstract: In this study, 90W-7Ni-3Fe premixed powders and 30CrMnSiNi2A steel atomized powder were used as
raw materials and co-sintered by HIP at 1350 ‘C/150 MPa/3 h. The SEM, XRD, TEM and universal mechanical
testing machine were used to evaluate the microstructure and mechanical properties of co-sintered samples. The
results show that the 90W-7Ni-3Fe/30CrMnSiNi2A composite can be successfully fabricated by co-sintering
method. The co-sintered samples shows high density and uniform microstructure, and the interface present good
metallurgical bonding free from voids or cracks. The relative density of 90W-7Ni-3Fe alloy and steel are more than
99%, and their tensile strength is 920 MPa and 1309 MPa, respectively. A violent element reaction occurs at the
interface between 90W-7Ni-3Fe alloy and 30CrMnSiNi2A steel and a FecW4C phase with thickness of 40—50 um
was formed. In addition, the formation mechanism of FecW4C phase was discussed based on the phase diagram
theory. The tensile strength of tungsten alloy/steel joint is 85 MPa, and the fracture failure occurs in the bonding
zone of FegW4C/90W-7Ni-3Fe. The fracture mainly presents the brittle failure of Fe,WC phase.

Key words: tungsten/steel structural composite materials; HIP; co-sintering; microstructure; mechanical properties
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