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Effect of Solute Copper on Yield Strength in Dislocation-strengthened Steels

Junaidi SYARIE, Koichi NAKASHIMA, Toshihiro TSUCHIYAMA and Setsuo TAKAKI

Synopsis : The cffect of solute Copper (Cu) on yield strength was investigated in dislocation-strengthened iron such as martensitic steels and cold-rolled

steels having various dislocation densities. Yield strength of the Cu bearing martensitic steels increases with increasing the solute Cu content.

However, the increment of yield strength by Cu solid solution is smaller in the martensitic steels than in the ferritic steels. Dislocation density

of martensitic steels increases with increasing Cu content, and yield strength is also enhanced depending on the dislocation density. The

increment of yield strength can be reasonably explained by dislocation strengthening mechanism based on Bailey-Hirsch relationship. In the

cold-rolled Cu bearing ferritic steels, the strengthening by Cu solid solution is significant but it tends to disappear with increasing the dislo-

cation density. These facts indicate that yield strength of the steels with high dislocation density is determined by dislocation strengthening

and the contribution of Cu solid solution disappears due to the high density of dislocations.

Key words : Cu bearing steel; yield strength; solid solution strengthening; dislocation strengthening.
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Table 1. Chemical compositions of steels used in this
study (mass%).

Ni Cu C Si Mn Fe

8%Ni 802 | <001 | 0004 | <0.01 | 015 | bal.
G [ 8%nNi-0.5%Cu 794 | 048 | 0003 | <001 | 015 | bal.
S | 8%Ni-1%Cu 801 | 092 | 0003 | <001 | 021 | bal
E 8%Ni-2%Cu 800 | 1.86 | 0.003 | <0.01 | 013 | bal
8%Ni-3%Cu 792 | 286 | 0003 | <001 | 014 | bal
pure iron - <0.01 | 0.008 | <0.01 | 0.005 bal.

31 os%cu - 049 | 0009 | <0.01 | 0.007 | bal.
& [ 19cu - 100 | 0.007 | <0.01 | 0.006 | bal.
15%Cu - 140 | 0003 | 002 | 017 | bal

others; P:0.010, S: 0.010, N: 0.004
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Fig. 1. Changes in Ms and Mf temperatures of 8%Ni—Cu
steels as a function of Cu content.
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Fig. 2. Optical micrographs and transmission electron micrographs of martensitic steels.
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Fig. 3. Relation between Cu content and dislocation densi-
ty in 8%Ni—Cu martensitic steels.
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Fig. 4. Relation between Cu content and 0.2% proof stress

in 8%Ni—Cu martensitic steels and ferritic Cu
bearing steels.
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Fig. 7. Optical micrographs showing recrystallized pure
iron (a) and 1% Cu steel (b).
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Fig. 8. Changes in dislocation density of pure iron and 1%
Cu ferritic steel as a function of thickness reduc-
tion by cold rolling.
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