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Relationship between Creep Deformation Behavior and Structural Change in High Strength 12Cr Steel

Hiroyuki Ucnina, Toshihiko Suinya and Tomohiro Tsucuiyama

Synopsis : The creep curves of 12Cr steel tested at 873~948K up to about 3000h were analized using the modified # projection

concept based on the following equation. Subsequently, the correlations between all three parameters obtained and the
structural degradation were investigated.

e=A{l—exp(—at) } +B{exp(at) } —1}
where e is the strain, t is the time, and A, B and « are the parameters determined by curve fitting.

Both values of strain hardening parameter A and weakening parameter B increased with lowering the stress or raising
the temperature, i.e., to the long term condition. The degree of their increases depended on the amount of recovery in
tempered martensite occurred during creep. For the parameter « related to the recovery rate, the structural degradation
brought about the lowering of stress exponent. Such behavior of all parameters corresponded with vanishing the VN
finely precipitated during tempering and creep testing.

The estimation curve for creep rupture life at 873K showed good agreement with the experimental data up to about
10 times the longest rupture data. In addition, this method could predict long term rupture lives with high accuracy
compared with Larson-Miller parameter method.
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Table 1. Chemical composition of tested material
(mass%).

C Si Mn Ni Cr Mo v Nb N
0.14 0.08 0.51 0.60 10.23 1.48 0.17 0.056 0.045

SRR 74E 9 H20H 24 Frk 7 1129823 (Received on Sep. 20, 1995 ; Accepted on Nov. 29, 1995)
*  (BR) a5 SURATAEIFZERT (Materials Research Laboratory, Kobe Steel, Ltd., 1-5-5, Takatsukadai Nishi-ku Kobe 651-22)
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Fig. 1. Relationship between creep rate and time.
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Fig. 2. Relationships between stress and té,, té, and
t.. A difinition of té, and té, are shown in
Fig.1, and t, is time to rupture.
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Fig. 3. Stress dependence of half-value width.
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Fig. 4. Stress dependence of parameter A.
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Fig. 5. Stress dependence of parameter B. (a) obser-
ved value of B, (b) temperature compensat-

ed value of B.
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Fig. 6. Stress dependence of temperature compen-
sated value of a.
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Fig. 7. TEM micrographs of the steel after creep
testing.
(a) Crept at 873K for 25%h and 265MPa.
(b) Crept at 873K for 3310h and 206 MPa.
(c) Crept at 923K for 904h and 127MPa.
(d) Crept at 948K for 1844h and 78MPa.
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TEM micrographs of steel after creep test-

ing.
(a)(b) Crept at 873K for 25%9h and 265MPa.
(c) Crept at 873K for 3310h and 206MPa.
(d) Crept at 923K for 2098h and 127MPa.
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Fig. 9. Relationships between Cr, V and N contents
in the precipitates and P value.
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Fig. 10. X-ray diffraction patterns of the steel
crept at 923K for 257h and for 2098h.
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Fig. 11. Comparisons of measured rupture life with
these predicted by the modified & projec-
tion concept and LMP method.
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Fig. 12. Temperature compensated values of B and
a for tested steel and for a conventional
H46 steel.
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