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Effect of minor Cr additions on microstructure and
mechanical properties of 93W-Ni-Fe alloys

LIU Wen-sheng, TANG Fang, MA Yun-zhu, HUANG Bai-yun

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

Abstract: The effects of solid solution quenching and element chromium additions on the properties and microstructure
of 93W-4.9Ni-2.1Fe alloy were investigated deeply. Optics microsccopy(OM), scanning electricity microsccopy(SEM)
and EDAX energy spectrum were used to study the microstructure and compositions of the alloys, respectively. The
strength and elongation of alloys were tested with quasi-static tensile testing machine, and the relative densities of the
alloys were measured by Archimedes method. The results indicate that when the Cr content (mass fraction) increases
from 0 to 1.5%, the tensile strength, relative density and elongation of 93W-Ni-Fe alloy reduce from 997.2 MPa, 99.27%
and 14.94% to 834.7 MPa, 95.21% and 5.69%, respectively. Meanwhile, with the Cr content increases from 0 to 1.5%,
the tensile strength, relative density and elongation of solid solution quenching 93W-Ni-Fe alloy reduce from 1 039
MPa, 99.33% and 18.37% to 888.5 MPa, 96.10% and 7.39%, respectively. Elements Cr, W, Ni, Fe and O form Cr-rich
solid solutions and gather along the interfaces of the alloys, which result in reducing the mechanical properties of
93W-Ni-Fe alloys.
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Fig.1 Changing curves of mechanical properties with Cr

content for 93W-4.9Ni-2.1Fe alloys: (a) Tensile strength; (b)
Relative density; (c) Elongation
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Fig.2 Factural morphology(a) and microstructure(b) of 93W-

4.9Ni-2.1Fe alloys sintered without Cr
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Fig.3 Factural morphology(a) and microstructure(b) of 93W-
4.9Ni-2.1Fe alloys sintered with 0.9%Cr
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Fig.4 Fractural morphology(a) and EDAX spectrum(b) of
middle phase in fracture plane of 93W-4.9Ni-2.1Fe alloys
sintered with 0.9%Cr
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Fig.5 Fractural morphology(a) and microstructure(b) of 93W-
4.9Ni-2.1Fe alloys sintered with 1.5%Cr
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Fig.6 Fractural morphology(a) and microstructure(b) of 93W-
4.9Ni-2.1Fe alloys quenched without Cr additions
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Fig.7 Factural morphology(a) and microstructure(b) of 93W-
4.9Ni-2.1Fe alloys quenched with 0.9%Cr
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Fig.8 Fractural morphology(a) and EDAX spectrum(b) of
middle phase in fracture plane of 93W-4.9Ni-2.1Fe alloys
quenched with 0.9%Cr
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Fig.9  Factural morphology(a) and microstructure(b) of
93W-4.9Ni-2.1Fe alloys quenched with 1.5%Cr
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