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Effect of Initial Microstructure on Long-term Creep Strength Properties of 2.25Cr—1Mo Steel

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

Synopsis

: Effect of initial microstructure on the long term creep deformation properties of 2.25Cr—1Mo steel has been investigated and a correlation

between creep strength and changes in microstructure during creep deformation has been discussed. Three different heat treatments of (1)
quenching and tempering (QT), (2) normalizing and tempering (NT) and (3) annealing (Ann) were employed to obtain different initial mi-
crostructure. There was not clear difference in both creep rupture strength and microstructure of the creep ruptured specimens for NT and
Ann steels. Creep strength of the QT steel is higher than those of NT and Ann steels at high stress and short term conditions. Very high dislo-
cation density was observed on the creep ruptured QT steel at higher stress condition and that is distinctly different from those of the creep
ruptured NT and Ann steels. In the lower stress conditions less than about 100 MPa, however, no difference in creep rupture strength and mi-
crostructure of those steels was observed. The differences in creep deformation behaviour of these steels were explained by the differences in
the parameter o of a modified @ projection method. It has been shown that the magnitude of a depends on the stability of microstructure dur-
ing creep deformation.

Disappearance of the differences in creep rupture strength of three 2.25Cr—1Mo steels in the long term region is caused by decrease in
creep strength due to microstructural change, and the common long term creep rupture strength for three steels is the inherent creep strength
of the 2.25Cr—1Mo steel. It has been concluded that a proper assessment on a stability of microstructure at the elevated temperature is very
important to evaluate a long term creep strength property. It has been proposed that o parameter of a modified 8 projection method is a can-
didate indicator to describe a stability of microstructure.

Key words: creep strength; 2.25Cr—1Mo steel; creep deformation; creep equation; initial microstructure; microstructural stability.
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Table 1. Chemical compositions (mass%) of the materials
used.

M Ci A N
007 0005 0008
007 0017 00085
013 0018 00102

C S M P S N Cr
010 023 043 0011 0000 0043 246 094
012 029 048 0015 0007 005 220 0%
014 025 055 0010 0009 018 244 103

Ann. (JISSTBA24)
NT. (JIS SCMV4NT)
QT. (ASTMAS42)

Table 2. Thermal histories and prior austenite grain size of
the materials used.

Processing and
thermal history
Rotary pierced and

cold drawn
1203K/20min
—993K/130min AC
Het rolled
1203KM1h AC
1013Kr2h AC
973K/I4h FC
Hot rolled
1203K/6h WQ
903KBh AC

Austenite grain
size number

Amn

(JIS STBA 24) 6

N.T.
(JIS SCMV 4NT) 6.7

QrT.
(ASTM A542) 67

873K2h AC
AC : air cooling , WQ : water quenching , FC : fumace cooling
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Fig. 1. Optical and transmission electron micrographs of the as received steels.
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Fig. 2. Creep rupture strength properties plotted against
the Larson-Miller parameter of the 2.25Cr-1Mo
steels.
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Fig. 3. Creep rate vs. time curves of the 2.25Cr—1Mo
steels tested at 773K-333 MPa, 823K-137 MPa
and 848K-98 MPa.
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Fig. 4. Comparison of the experimental data with the pre-
dicted creep curve at 773K-157MPa of the an-
nealed 2.25Cr—1Mo steel using by a modified 6

projection method.
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Fig. 5. Stress dependencies of parameter &, 4 and B of the
2.25Cr—1Mo steels.
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Fig. 6. Stress dependence of & value of the 2.25Cr-1Mo
steels. o values are converted to those at 823K
using the apparent activation energy of 350 kJ/mol.
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Fig. 7. Effect of parameter 4, B, & and rupture elongation,
€, on predicted values of time to rupture and mini-
mum creep rate'®.
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Fig. 8. Predicted and experimental data of creep rate vs.
time curves at 823K-177 MPa and 823K-88 MPa
of the 2.25Cr—1Mo steels.
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Fig. 9. Transmission electron micrographs of the specimens creep ruptured at 823K—-177 MPa and 823K—88 MPa.
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