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Relationship between Creep Behavior and Microstructure in Martensitic Heat Resistant Steel

Kengo IWANAGA, Toshihiro TSUCHIYAMA and Setsuo TAKAKI

Synopsis

: Relationship between creep deformation behavior and microstructural change has been investigated in a 12%Cr-0.12%C steel by means of

optical and transmission electron microscopy. Applied stress assists the recovery of martensite at high temperature: Dislocation density is

markedly decreased and Ostwald growth of M,,C, type carbide is promoted. Creep deformation behavior strongly depends on these mi-

crostructural changes in lath martensitic structure.In the early stage of creep test, M,,C, type carbide particles precipitate along lath boundary

and form rod-like carbide. Such a carbide effectively suppresses the movement of dislocations and contributes to the holding of creep

strength. But once the rod-like carbide is separated through Ostwald growth of carbide particles during creep deformation, dislocations be-

come easy to move and the recovery of martensite proceeds rapidly. This leads to an acceleration of the creep deformation.

Key words : martensitic heat resistant steel; creep deformation; aging; microstructure; lath boundary; recovery; carbide; Ostwald growth; dislocation den-

sity; subgrain.
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Table 1. Chemical composition of the steel used. (mass%)

C Si Mn P S Ni Cr
0.183 0.45 0.63 0.023 0.028 0.21 11.63
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Fig. 1. Optical (a) and transmission electron (b) micro-
graphs showing lath martensitic structure in as-
quenched 12%Cr-0.12%C steel.
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Fig. 2. Creep curves at various test condition (a) and rela-
tionship between creep strain and life consumption
rate (b) in 12%Cr-0.12%C steel. Broken line
shows the Starting-point of Accelerated Deforma-
tion (SAD).
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Fig. 6. Transmission electron micrographs of 12%Cr—
0.12%C steel creep tested at 923K-208 MPa. Spec-
imens at the SAD (a) and after rupture (b).
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Fig. 7. Change in diameter of carbide in 12%Cr—0.12%C
steel with aging at 923K and with creep deforma-
tion at 923K-208 MPa. Broken line shows the SAD.
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Fig. 8. Transmission electron micrographs of 12%Cr-
0.12%C steel with creep deformation to the SAD at
different temperature of 923K (a) and 973K (b)-
208 MPa.
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Fig. 9. Transmission electron micrographs of 12%Cr—
0.12%C steel creep-ruptured at different tempera-
ture of 923K (a) and 973K (b)-208 MPa.
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Fig. 10. Schematic illustration showing the carbide disper-
sion in lath martensite. The carbide particles pre-
cipitate along the triple point of lath boundaries in
the shape of sphere.
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Fig. 11. Schematic illustration showing the relation be-
tween creep deformation behavior and the change
of lath martensite structure.
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