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Effect of Co on Creep Deformation and Precipitation Behavior of High-Cr Ferritic Steels

Yoshikuni Kapova and Etsuo SHIMIZU

Synopsis : The creep behaviour of alpha iron with Co was investigated at temperature of 600°C under stress of 30 to 40 MPa. The minimum creep rate
for model alloyed with Co was two orders of magnitude lower than that of alpha iron. The changes of strengthening factor in alpha iron with

Co are consistent with the content of Co. The creep behaviour of martensitic 10% Cr steels with Co was also investigated at temperature of
600°C under stress of 250 to 350 MPa. In contrast to alpha iron with Co, the changes of strengthening factor in martensitic steels with Co
show no monotonic, but the curve has a maximum, at around 3% Co, as a content of Co, associated with the solid solution strengthening of

Mo and W. An excess of Co content like 5% Co acccelerates the Laves phase precipitation reaction in a way similar to increasing the Mo and

W content, suggesting that Co increases the supersaturation of Mo and W. This leads to the appearance of the curve with a maximum.

Key words : solid solution hardening; supersaturation; creep; martensitic steels; alpha iron; Laves phase; phase stability; kinetics.
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Table 1. Chemical composition of ferrite and martensite model alloys studied.

(mass%)
Steels C Si Mn Ni Cr Mo w Nb v Co N Co Note
(at%)
Fe 0.010| 0.01 | 0.01 - - - - - - 0.0 | 0.0009 [ 0.00
Fe-1Co 0.004 | 0.01 | 0.01 - - - - - - 1.1 0.0008 | 1.04 Ferrite
Fe-3Co 0.008 [ 0.01 | 0.01 - - - - - - 30 | 0.0010 | 285
Fe-5Co 0.007 | 0.02 | 0.01 - - - - - - 5.1 0.0012 | 4.85
10Cr 0.120| 0.05 | 0.08 | 0.17 | 1030 0.73 | 1.71 | 0.046} 0.17 [ 0.0 | 0.0360 | 0.00
10Cr-3Co | 0.120( 0.06 | 0.07 [ 0.19 | 10.11| 0.65 | 1.74 | 0.046 | 0.17 | 3.1 0.0350 | 2.94 | Martensite
10Cr-5Co | 0.120 0.06 | 0.10 | 0.21 | 10.15| 0.67 | 1.75 | 0.047| 0.17 | 4.8 | 0.0380 | 4.56
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Fig. 1. Stress dependences of minimum creep rate for ferrite model alloys and martensite model alloys.

Fig. 2. Transmission Electron Micrograph of crept specimen at 60

() 10Cr-5Co, tr=676 h.
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0°C—270 MPa: (a) 10Cr, tr=1167h; (b) 10Cr=3Co, tr=1679h;
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Fig. 3. Subgrain size versus normalized stress for ferrite

model alloys (previous paper [4]) and martensite
model alloys (present work).
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Fig. 5. Volume fractions of M,;C, MX and Laves phase
as a function of time at 600°C for martensite model
alloys.
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Fig. 9. Effect of solid solution elements, Mo, W, Co, on

strengthening factor of ferrite model alloys and
martensite model alloys at 600°C.
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Fig. 10. Schematic representation showing the effect of Co on solvus, supersaturation ratio and nucleation rate; (a) binary phase
diagram showing alloy of composition C, and (b) variation of nucleation rate J, with temperature.
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Fig. 11. Solubility of Mo and W in ferrite calculated by
Thermocalc as a function of Co content for
martensite model alloys.
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