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Microstructure and Grain Boundary Precipitates in 9~12% Cr Ferritic Heat-resisting Steels

Megumi KIMURA, Koji Y AMAGUCHI, Masao HAYAKAWA and Kazuo KOBAYASHI

Synopsis : Observation of electropolished surface by FE-SEM revealed a multiscale structure composed of prior austenitic grains, packets, blocks and

precipitates for ferritic heat-resisting steels. After the creep-fatigue tests the microstructure showed little change except for the precipitate’s

size and density. Drastic changes of dislocation subgrains within the block were observed by TEM. Occupancy of the precipitates on prior

austenitic grain boundaries was newly proposed as an index of creep-fatigue damage.
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Fig. 1. Schematic drawing of tempered martensitic mi-
crostructure.
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Table 1. Chemical compositions of the materials.

Material Form| C Si Mn Cu Ni Cr Co W Mo V Nb N B Fe
12Cr-2W pipe| 0.14 026 065 074 04 1103 - 195 029 02 0.07 0.06 - Bal.
12Cr-2W plate{ 0.12 028 063 098 035 10.7 - 1.9 036 022 0.06 0.076 - Bal.
9Cr-3W-B plate| 0.078 0.30 0.51 - - 899 301 291 - 019 0.05 0.0034 0.0139 Bal

Table 2. Heat treatment of the materials.

Material Form | Normalizing Tempering ;;i:‘:tzr(g;a;")
12Cr-2W pipe [ 1323K/th  AC 1053K/6h AC 150~200
12Cr2W plate | 1323K/1.7h AC 1043K/6h AC 30~50
9Cr-3W-B plate | 1353K/th ~ AC 1073K/1h AC 150~200

Fig. 2. FE-SEM images of 12Cr-2W pipe steel. (a) Virgin.
(b) After creep-fatigue test.
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Fig. 3. FE-SEM images of 12Cr-2W plate steel. (a) Vir-
gin. (b) After creep-fatigue test.
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Fig. 4. FE-SEM images of 9Cr—3W-B plate steel. (a) Vir-
gin. (b) After creep-fatigue test.
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Fig. 5. TEM images of 12Cr-2W pipe steel. (a) Virgin.
(b) After creep-fatigue test.
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Fig. 6. TEM images of 12Cr—2W plate steel. (a) Virgin.
(b) After creep-fatigue test. ‘

Fig. 7. TEM images of 9Cr-3W-B plate steel. (a) Virgin.
(b) After creep-fatigue test.
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Fig. 8. Schematic drawing of FE-SEM image of Fig. 2(b).

Fig. 9. Schematic drawing of precipitates
austenitic grain boundaries.
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(a)0 . 12Cr-2W pipe steel, virgin (b)0 . 12Cr-2W pipe secl aftr creep-fatigue
06 P 06 P
> 05 b 505 b Mm¢
g 04 p § 04 P
g 03 p g" 03 p
B 02 P B 02 P
01 p 01 p
0 i 0 M s 2 2 o
25 6570 75 8 85 25 30 35 40 45 50 55 60 65 70 75 80 85
Occupancy of Precipitates on Grain Boundary, Occupancy of Precipitates on Grain Boundary,
£+(%) Fv (%)
(c)0 ) 12Cr-2W platesteel, virgin (d)o ,_12Cr-2W plate steel after creep-ftigue

Occupancy of Precipiates on Grain Boundary,

025 30 35 40 45 50 55 60 65 70 75 80 85 025

Ave,

30 35 40 45 50 55 60 65 70 75 80 85
Occupancy of Precipitates on Grain Boundary,

Sfr (%) fr (%)
(e)07 9Cr-3W-B plate steel, virgin (f)07 9Cr-3W-B plate steel after creep-fatigue
06 06 b
% 05 »05 b
g 04 g 04 |
& 03 gosf
= 02 = 02 p
O.l - 0'1 3
0 25 30 35 40 45 50 55 60 6570 75 8 85 0

Occupancy of Precipitates on Grain Boundary,

Sr (%)

25 30 35 40 45 50 55 60 6570 75 8 85
Occupancy of Precipitates on Grain Boundary,

Sv (%)

Fig. 10. Occupancy of precipitates on prior austenitic grain boundaries.
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Fig. 11. Relationships between creep-fatigue life and oc-
cupancy of precipitates or creep-rupture ductility.
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