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Table 1 Characteristic of raw powders
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Fr, MBS 4 Fh & SA SR EE LA, HillE
THEL R R X 85 B (S 2% B 5 3 2 R LU A 70
N 99.13%. 98.61%- 98.83%F1 98.61%, X i
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Elemental powder Purity/% Mean particle size/um Particle shape Fabrication method
W 99.98 3.03 Irregular Oxide reduction
Ni 99.60 5.6 Spherical Carbony process
Fe 99.00 5.4 Spherical Carbony process
Cu 99.90 3-5 Spherical PVD
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Fig. 1 SEM micrographs of tungsten alloy as HIPed: (a) 0%Cu; (b) 2%Cu; (c) 4%Cu; (d) 6%Cu
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Fig 2 Liquidus surface projection of Ni-Fe-Cu'"*!: 1—90W-7Ni-3Fe; 2—90W-5.6Ni-2.4Fe-2Cu; 3—90W-4.2Ni-1.8Fe-4Cu;

4—90W-2.8Ni-1.2Fe-6Cu
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Table 2 EDS analysis results of matrix phases in different

model alloys

Mass fraction/%
W Ni Fe Cu
90W-7Ni-3Fe 254 529 216 -
90W-5.6Ni-2.4Fe-2Cu  12.6 475 18.7 213
90W-4.2Ni-1.8Fe-4Cu 6.9 40.8 174 379
90W-2.8Ni-1.2Fe-6Cu 4.0 26.2 120 578

Model alloys
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B X R B 3 RIREXRECN WA,

SO XN p REEEAH . 0 LT I X T RT S AT
(LK 3(b)+ (), SERBIHIREXIR W G AR
3277 BCC G544, T (X 45 p Ak &5 A0 U A T 0 57 T
FCC 2514, BI#EEEE 90W-Ni-Fe-Cu & 4 BCC
SERII W AR 5 B— FCC G5 K10 p K45 AHZH R,
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Fig.3 TEM micrographs of 90W-4.2Ni-1.8Fe-4Cu alloys HIPed(a), SAD patterns of matrix(b) and W grain(c)
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Fig. 4 Elemental maps from EPMA analysis of 90W-4.2Ni-1.8Fe-4Cu alloy as HIPed: (a) Micrographs; (bl)—(b4) EPMA

area mapping
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Fig. 5 Tensile strength, elongation(a) and hardness(b) of tungsten alloys as HIPed
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Fig. 7 Tensile fracture morphology of 90W-Ni-Fe-Cu alloy: (a) 0%Cu; (b) 2%Cu; (c) 4%Cu; (d) 6%Cu
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Effects of Cu on structure and properties of
HIP 90W-Ni-Fe-Cu tungsten heavy alloys

WANG Jian-ning, CAI Qing-shan, ZHU Wen-tan, 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, the 90W-Ni-Fe-Cu alloy was fabricated by hot isostatic pressing. The effect of Cu content
on the microstructure and mechanical properties of 90W-7Ni-3Fe alloy was systematically investigated by the
SEM, TEM, EDS, EPMA and universal mechanical testing machine. The results indicated that with Cu increasing,
the sintering temperature of 90W-7Ni-3Fe alloy decreased and the microstructure changed from solid phase
sintering to liquid phase sintering. The tensile strength and elongation of 90W-Ni-Fe-Cu alloy firstly increased and
then decreased with the increase of Cu. When the Cu content reached up to 4%, the spherical tungsten grain and
matrix phase were uniformly distributed, therefore the optimistic tensile strength and elongation (953 MPa and
7.65% respectively) can be obtained. Its fracture mode is mainly composed of W cleavages and matrix ductile
tearing. However, when the Cu content further increased to 6%, its mechanical properties were decreased, which
attributed to two reasons. Firstly, the solubility of W in y phase was decreased due to the increased of Cu, therefore
the solution strengthening of W to y matrix phase was weakened. Secondly, the liquid phase was extruded by
hydrostatic pressure during sintering process, which resulting the inhomogeneous microstructure.

Key words: tungsten heavy alloy; copper addition; hot isostatic pressing; low-temperature sinter; microstructure;
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