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Precipitation Hardening and Mechanical Properties in Cu Added Martensitic Ultra-high Strength Steels

Yasunobu NAGATAKI, Kaoru SATO and Yoshihiro Hosova

Synopsis : Cu precipitation hardening behavior and mechanical properties were investigated in Cu added martensitic ultra-high strength steels. In this

work, hardness measurement, TEM observation, lattice parameter measurement and tensile testing were conducted for 0.19%C-1.5%Mn
steels with addition of up to 4% Cu those were water-quenched followed by aging at 250 through 550°C for 20 s through 360 min. Cu added

steels exhibited higher hardness than a Cu free steel in each aging condition. Precipitated Cu content estimated by lattice parameter well cor-

responded to hardness increment in 4% Cu steels compared with Cu free steels aged at the same aging condition. Regarding the tensile prop-

erties of the aged Cu free and 4% Cu steels, 4% Cu steel exhibited superior balance of tensile strength and elongation with tensile strength

level of 1300 MPa. Lower activation energy estimated by peak hardness increment than that of Cu diffusion in bee-Fe matrix suggested that

high dislocation density introduced by martensitic transformation accelerated the growth of Cu precipitates. And smaller Cu precipitation

hardening in martensite matrix compared with that in ferrite matrix was also discussed taking into consideration nonlinear summation of dis-

location hardening and precipitation hardening.
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Table 1. Steel chemistry of steels used (mass%).

C Si Mn P S sol Al N Cu
0%Cu | 0.191 | 0.01 | 1.51 [ 0.001 | 0.001 [ 0.047 | 0.0014
1%Cu | 0.190 | 0.01 | 1.49 | 0.001 | 0.001 | 0.042 | 0.0014 | 1.01
2%Cu | 0.188 | 0.01 | 1.50 [ 0.001 } 0.001 | 0.043 | 0.0015 | 2.03
4%Cu | 0185 | 0.01 | 148 [ 0.001 | 0.001 | 0.044 | 0.0014 | 3.95
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Fig. 1. Change in Vickers hardness of each steel aged at
450°C.
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Fig. 2. Change in hardness increment of each steel aged at
350 through 550°C.
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Fig. 3. TEM image of a 4% Cu steel aged at 450°C for 60
min.
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Fig. 4. TEM dark field image and EDX spectra of precipi-
tates and matrix of a 4% Cu steel aged at 450°C for
60 min.

Aged at 550°C

Precipitated Cu (at%)
N

As- 1 10 100 1000
Quenched N .
uenche Aging time (min)

Fig. 5. Change in the amount of precipitated Cu in a 4%
Cu steel aged at 450 and 550°C.
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Fig. 6. Effect of aging temperature on the tensile proper-
ties of each steel.
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Fig. 7. Tensile strength and elongation balance of 0% Cu
and 4% Cu steels.
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Fig. 8. Summary of precipitation and hardening behavior

of'a 4% Cu steel aged at 450 and 550°C.
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Fig. 9. Arrhenius plot of the aging temperature and the
aging time at the maximum hardness increment
condition of 2% Cu and 4% Cu steels aged at 450
and 550°C.
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Table 2. Summary of the hardness increment in typical studies on Cu bearing steels with ferrite and martensite matrix.

Chemical composition . Corrected
SQRT Aging Hardness hardness
ref. Matrix C | Si | Mn | Ni I Cu Cu temp. | increrment | .
at%Cu c) (Hv) increment
wt% at% (Hv)
This work - martensite 0.19 0.01 1.49 - 1.01 0.88 0.94 450 46 103
This work - martensite 0.188 0.01 1.5 - 2.03 1.78 1.33 450 81 148
This work - martensite 0.185 0.01 1.48 - 3.95 3.46 1.86 450 121 196
Takaki et al. 1 ferrite 0.007 0.005 0.01 - 1.5 1.32 1.15 600 75 -
Deschamps et al.| 21 ferrite 0.0014 | 0.005 0.032 - 0.78 0.69 0.83 500 63 -
Osamura et al. 25 ferrite 0.019 0.002 0.01 - 117 1.03 1.01 500 90 -
Osamura et al. 25 ferrite 0.0061 0.024 0.25 0.27 1.41 1.24 1.1 500 120 -
Maruyama et al. | 28 ferrite 0.0011 0.005 0.014 - 1.57 1.38 1.18 550 100 -
Maruyama et al. | 28 martensite 0.072 0.256 1.9 - 1.52 1.33 1.15 500 50 -
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