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Precipitation Strengthening at Elevated Temperature in Fe—Cu Alloys

Koichi NAKASHIMA, Yuichi FUTAMURA, Toshihiro TSUCHIYAMA and Setsuo TAKAKI

Synopsis : The mechanism of strengthening by copper (Cu) particles at 873K was discussed in terms of the interaction between dislocation and Cu par-

ticles in aged Fe—Cu alloys. The moving dislocation was pinned by the Cu particles and passed through them when the bowing angle reached

some critical value (8,). The value of 6, at 873K was around 33 degree regardless of the Cu particle size, although the 6, at room tempera-

ture increased with an increase in the diameter of particle. This indicates that the interaction at 873K is significantly different from that at

room temperature. TEM observation for the 3%Cu steel deformed by 1.9% at 873K revealed that the strain around dislocation is released at

the particle/matrix interface and the attractive interaction is working between the dislocation and the Cu particles. The precipitation strength-

ening was evaluated by considering the effect of mean particle spacing (1) and the 6,, and it was found that the increment of yield stress was

smaller than the Orowan stress.

Key words: Fe—Cu alloy; precipitation strengthening; elevated temperature; Cu particle; bowing angle of dislocation; mean particle spacing; attractive

interaction.
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Table 1. Chemical compositions of steels used (mass%).

Cu C N Si Mn P S Fe

1%Cu steel 0.99 0.007 0.0016 <0.01 0.006 0.001 0.0013 bal.
2%Cu steel 1.98 0.007 0.0018 <0.01 0.008 0.001 0.0010 bal.
3%Cu steel 2.98 0.007 0.0023 <0.01 0.007 0.001 0.0011 bal.
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Fig. 1. Schematic illustration showing a dislocation bow-
ing-out between precipitates.
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. 3. Changes in the mean Cu particle size; d and spac-
ing; A in Cu bearing steels as a function of aging
time at 873K.
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2. Optical micrographs of 1%Cu (a), 2%Cu (b) and 3%Cu (c) steels. Specimens were water-quenched after the solution treat-

Fig. 4. Transmission electron micrographs of 2%Cu steel
aged for 1.8ks at 873K (a) and then followed by
the heating at 0.3K/s to testing temperature; 873K
().
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5. Changes in mean Cu particle size; d and spacing;
A as a function of aging time at 873K. Open and
solid symbols denote the results for the specimens
with only the aging treatment and with heating to
873K after the aging treatment, respectively.
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Cu content in Cu bearing steels.
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Fig. 9. TEM micrograph taken with the Weak-beam
method in 3%Cu steel tensile-deformed by 1.9% at
873K.
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Fig. 10. Change in the theoretical increment of yield
stress; Ao by precipitation of Cu particles at
873K as a function of mean particle spacing; A,
and relation between mean particle spacing ; A
and particle size; dp in Cu bearing steels aged at
873K.
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