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Precipitation strengthening mechanisms in Cu/Ni alloyed steel
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Technology Beijing, Beijing 100083, China)

Abstract: The microstructural evolution and yield strength changes of medium-Mn steels with Cu, Ni, and
Cu/Ni composite additions after aging at 500 °C are systematically compared using electron backscatter
diffraction (EBSD) , transmission electron microscopy (TEM) with energy-dispersive spectroscopy
(EDS), and mechanical property tests. The precipitation strengthening mechanism is further revealed. The
results show that aging at 500 °C increases the yield strength by approximately 125, 540 MPa, and
575 MPa for the Cu, Ni, and Cu/Ni alloyed steels, respectively, due to precipitation strengthening. The
strengthening effect in the Ni and Cu/Ni alloyed steels is much greater than that in the Cu alloyed one,
mainly because the number of precipitated nanoparticles in the former two steels is much greater than that in
the Cu alloyed steel. Although Cu addition promotes the precipitation of NiAl phases, leading to larger size
and higher number of Cu-NiAl composite precipitates in the Cu/Ni alloyed steel compared with the single
NiAl precipitates in the Ni alloyed steel, the precipitation strengthening effect of the Cu-NiAl composite
precipitates is not significantly higher than that of the single NiAl precipitates. This is because the latter,
with its single precipitate sizes below the critical size, strengthen through the dislocation shearing
mechanism, whereas the former, with its composite precipitates exceeding the critical size, strengthen via
the dislocation Orowan mechanism, resulting in weakened precipitation strengthening. Consequently, the
aging precipitation strengthening effect of Cu/Ni steel is not higher than that of the Ni steel.

Key words: medium Mn steel; aging; precipitate; composite precipitate; shearing mechanism; Orowan

mechanism
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Table 1 Chemical compositions of experimental steels(mass fraction/ % )

Steel C Mn Al Cu Ni Vv Mo Fe

Cu steel 0.30 3.00 1.10 2.00 0.33 0.52 Bal.
Ni steel 0.30 3.00 2.05 5.09 0.37 0.55 Bal.
CuNi steel 0.28 3.00 1.98 1.61 4.94 0.31 0.54 Bal.
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Fig.1 Engineering stress-strain curves of three alloyed steels before and after aging treatment(a) ,

and the corresponding yield strength increments after aging(b)
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Table 2 Comparison of tensile properties of three experimental steels before and after aging treatment

Steel Process Yield strength/MPa Ultimate tensile strength/MPa Total elongation/ %
Cu steel HR 1390+12.8 19804+9.7 11.87+0.41
500-2 h 1515+11.3 1645+7.6 3.9640.28
Ni steel HR 1350+15.4 2150+6.5 12.0940.35
500-2 h 1890+9.5 2075+8.4 4.50+0.32
CuNi steel HR 1310+13.6 20854+10.1 12.12+0.38
500-2 h 1885+10.2 206549.9 2.3040.20
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Fig.4 Microstructure and corresponding STEM-EDS analysis results of aging samples of Cu steel
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Fig.5 Microstructure and corresponding STEM-EDS analysis results of aging samples of Ni steel
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Fig.6  Microstructure and corresponding STEM-EDS analysis results of aging samples of CuNi steel
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Table 3 Diameter, number density and volume fraction of precipitated particles in three alloyed steels after aging

Steel Particle Diameter/nm Number density/m* Volume fraction/ %
Cu steel Cu-rich 7.0£1.9 2.34x10% 0.42
Ni steel NiAl 4.0+1.3 1.44<10% 1.06
CuNi steel Cu-NiAl 5.8E£2.2 2.10x10% 1.93
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Table 4 Calculated strengthening increments and measured increments for Cu steel, Ni steel, and CuNi steel by

different strengthening mechanisms

Steel Particle Size/nm Oghear/ MPa Corowan’ MPa Acy/MPa Measured As/MPa  ¢,= Ao+ Asy/MPa
Cu steel Cu-rich 7.0+1.9 189 210 57 125 182
Ni steel NiAl 4.0+1.3 576 615 51 540 591
CuNi steel Cu-NiAl 5.8+2.2 798 586 52 575 627
Note: g aNd G0rowan are the increments of yield strength calculated by the shear mechanism and Orowan mechanism, respectively. Ao is the mea-

sured increment of yield strength determined from the stress-strain curve.
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