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Effect of Microstructural Change on Creep Deformation Behaviour and
Long-term Creep Strength of 1Cr—0.5Mo Steel

Hideaki KUSHIMA, Kazuhiro KIMURA, Fujio ABE, Koichi YAGI, Hirosada IRIE and Kouichi MARUYAMA

Synopsis : Effects of the initial microstructure and its changes on creep deformation behaviour of a 1Cr—0.5Mo steel have been investigated, in order to

understand a mechanism of complex creep deformation behaviour which shows several local minima in creep rate. Sigmoidal inflections are
observed on stress vs. time to rupture curves and stress vs. minimum creep rate curves at 823 and 873K. Under the stress conditions lower
than 100 MPa, creep rate vs. time curves indicate inflection at the same time of a tertiary creep stage.

Significant decrease in creep rupture strength due to prior ageing for 500h at 873K has been observed at stress conditions higher than
100 MPa. However, no difference in creep rupture strength between pre-aged and un-aged steels has been observed in the stress conditions
lower than 100 MPa. The inflection of the creep rate vs. time curves has disappeared by ageing prior to creep test.

High density of dislocations and many fine carbide particles are observed within ferrite grain of the un-aged steel. On the other hand,
coarse needle-like carbides and very low density of dislocations are observed within ferrite grain of the pre-aged steel. Because of the similar
decrease in the number of dislocations and precipitate occurring in the un-aged steel during creep deformation, no difference in microstruc-
tural morphology is observed for the un-aged and pre-aged steels after creep for 200 h at 873K—88 MPa. It has been considered that the effect
of precipitation strengthening have disappeared during ageing for 500 h at 873K prior to creep test and creep deformation for 200 h at 873K~

88 MPa.

It has been concluded that complex creep deformation behaviour and sigmoidal inflection of stress vs. time to rupture curve are caused by
decrease in creep strength due to microstructural change followed by advent of inherent creep strength.
Key words: 1Cr—0.5Mo steel; creep strength; creep rate; creep deformation; thermal ageing; microstructural change.
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Table 1. Chemical composition (mass%) of the material

used.

[} Si Mn P S Cr Mo Cu N
1Cr-0.5Mo

(JIS STBA22) 0.10 031 0.51 0.22 0.017 1.03 0.53 0.04 0.0076

Table 2. Heat treatment and prior austenite grain size num-

ber of the material used.

Processing and thermal Austenite grain size
history number
1Cr-0.5Mo Hot ?ggfqe;jhand cold drawn
(JIS STBA22) 8
—1013K/1.5hAC

AC : air cooling

60
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Fig. 1. Stress vs. time to rupture curves of the 1Cr—0.5Mo
steel tested over a range of temperatures from 773
to 923K.
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Fig. 2. Stress vs. minimum creep rate curves of the 1Cr-

0.5Mo steel tested over a range of temperatures
from 773 to 923K.
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Fig. 3. Creep rate vs. time curves of the 1Cr—0.5Mo steel
tested over a range of stresses from 53 to 265 MPa
at 823K.
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Fig. 4. Creep rate vs. time curves of the 1Cr—0.5Mo steel
tested over a range of stresses from 61 to 137 MPa
at 873K.
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Fig. 5. Stress vs. time to rupture curves of the un-aged and
the pre-aged 1Cr—0.5Mo steels at 873K.
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Fig. 6. Stress vs. minimum creep rate curves of the un-
aged and the pre-aged 1Cr—0.5Mo steels at 873K.
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Fig. 7. Creep rate vs. time curves of the un-aged and the
pre-aged 1Cr-0.5Mo steels at 873K-88 MPa.
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Fig. 8. Changes in vickers hardness of the un-aged and the
pre-aged 1Cr—0.5Mo steels with increase in expo-
sure time at 873K—88 MPa.
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Fig. 9. Transmission electron micrographs of the as-re-
ceived 1Cr—-0.5Mo steel and the specimens crept
for 1, 20 and 200 h at 873K—88 MPa.
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Fig. 10. Transmission electron micrographs of the pre-
aged 1Cr—0.5Mo steel for 500 h at 823K and the
specimens crept for 1, 20 and 200h at 873K-
88 MPa after pre-ageing.
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Fig. 11. Creep rate plotted against true strain of the un-
aged and pre-aged 1Cr—0.5Mo steels at 873K-
88 MPa.
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Fig. 12. Calculated creep rupture life of the 1Cr-0.5Mo
steel at 823 and 873K. The calculated lines were
obtained by creep deformation analysis of un-aged
material using a modified € projection method.
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