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Effect of trace boron addition on microstructure and properties of
CuNiMnFe alloy
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Abstract: In order to refine the dendrite and eliminate the segregation of CuNiMnFe alloy, the molten CuNiMnFe alloy
was modified by trace boron addition. The effect of the modification treatment on microstructures and properties of the
CuNiMnFe alloy was studied, the microstructure and phase were characterized by the scanning electron microscope,
transmission electron microscope and energy dispersive spectrum, and the hardness and tensile strength of alloys were
measured on Brinell hardness tester and universal material testing machine, respectively. The results show that B addition
has a significant effect on the microstructures of CuNiMnFe alloy. In the range of 0-0.15%B (mass fraction), the
increased boron addition can refine the dendrite microstructure, reduce the secondary dendrite arm spacing (SDAS) and
the amount of eutectic  phase, while the precipitation of the secondary f and nail-head y phase inside the dendrites
increase. At 0.10%B, SDAS is the least, the lamellar eutectic § phase almost disappears, and the obvious secondary
phase and nail-head y phase inside the dendrite. With the boron adding, the as-cast hardness and aged hardness of the
CuNiMnFe alloy increase at first, and then decrease. The as-cast CuNiMnFe alloy with 0.1%B addition has the peak
hardness, and the aged peak hardness can remain the maximum hardness value of HB380. The tensile strength of aged
CuNiMnFe alloy can reach up 1 130 MPa.
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£ 1 A BRI CuNiMnFe 754 R H]
Table 1 Secondary dendrite arm space of CuNiMnFe alloy

with different boron additions

B addition/% SDAS/um
0 153.710
0.025 66.093
0.05 54.121
0.10 48.457
0.15 55.331
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Fig. 1 Microstructures of CuNiMnFe alloy
with different B additions: (a) Without
addition; (b) 0.05%; (c) 0.075%; (d) 0.10%;
(e) 0.15%
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B2 CuNiMnFe & HoM i
Fig. 2 As-cast microstructures and phase distributions of

CuNiMnFe alloy: (a) Normal microstructure; (b) Dendrite and

primary phase; (c) Precipitated phase
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Fig. 3 TEM image of CuNiMnFe alloy(a) and diffraction
pattern and [011] crystal zone axis(b)
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Fig. 4 Phase and energy spectrum analysis of CuNiMnFe
alloy: (a) Primary f8 phase; (b) Precipitated phases f and y
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Fig. 5 Precipitated phases morphologies
of CuNiMnFe alloy with different boron
additions: (a) 0; (b) 0.025%; (c) 0.05%;
(d) 0.10%; (e) 0.15%
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