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Elucidation of damage mechanism of high temperature fatigue material by nano
meso macro strength analysis

NAGASHIMA, NOBUO

4,200,000

12Cr-2W
12Cr-2w

Nano indentation were performed for 12Cr-2W ferritic heat-resisting steels.

One of the 12Cr-2W with superior creep-fatigue property showed transgranular fractures, whereas the
other steel with inferior creep-fatigue property did intergranular fractures. In the inferior steel,
the coares blocks neighboring the prior austenite grain boundaries were fomed during the
creep-fatigue testing. Nano-scale hardness of the blocks neighboring the grain boundaries were
markdely became less than those of the fine blocks inner grains after the tests. Moreover, a pop-in
behavior occurred at only the coarse blocks neighring the grain boundaries. The pop-in behavior
indicates that the dislocation density in the coarse blocks should be extremely lower by the
recovery or rearrangement of dislocation by the creeE-fatigue process at high-temperature. Therefore

local deformations were assisted in the coarse blocks neighboring to grain boundaries and introduce
the intergranular fractures.

ferritic Cr-W steel tempered martensite coarse block grain boundary creep-fatigue nano-
indentation pop-in behavior
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Fig.1 Optical micrograph (a), (b), (c) and schematic

(d) Schematic drawing of
martensitic structure

drawing (d) of the construction of the multi-scale
structure within a prio austenite (y ) grain for a farritic
12Cr-2W steel.
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Fig.2 Creep rupture strength at 923K in (a) and
Creep-fatigue lives tested in trapezoidal strain wave
shape with 10.8 ks hold time at tension side at 923K
in (b) for 12Cr-2W steels used in the previous study.
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(pile) “in these figures»®.
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Table 1 Micro structure properties of 12Cr-2W steel

Block Sabgrain
SizeAve. Size Ave.
(um) 7 (um) 7
12Cr-2W | Before creep
plate fatigue test 1.51 0.45
After creep
fatigue test 1.52 1.53
12Cr-2W | Before creep
pipe fatigue test 1.60 0.54
After creep
fatigue test 1.60 1.16
Table 1 pipe plate
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Fig.3 Nano indentation tested for before the creep-fatigue

test of 12Cr-2W(plate).
Y
Fig.3
Y
20
Table 2
Fig4 5 Fig.4 Y
Fig.5 Y
Fig.4
216 218
195 190
Table 2
Table 2 Statistical analysis of Nano hardness of 12Cr 2W
(plate)
Before Creep- After Creep-
fatigue test fatigue test
Near Far Near Far
prior prior prior prior
y GB y GB y GB y GB
Number of the 22 21 23 25
measurement
Mean 216 218 195 190
Standard error 7.6 8.2 8.8 6.6
Minimum 145 137 144 142
Maximum 285 307 311 291
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Fig.4 Histogram of Nano hardness measured near the

prio y grain boundary.
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Fig.5 Histogram of Nano hardness measured far the

prio y grain boundary.

pipe

Fig.6 Y
204 m
AFM F-h
4
340-373nm 4
F-h
Fig.7 Y
Fig.7(a) AFM y
2
F-h Fig.7(b) 2
F-h
390nm
1 F-h
450nm
F=100p N
pop-in
(1) Fig6 7 F-h
Fig8 9
Fig.8
200 240
Fig.9 °
()
Fig.8
150

(a) AFM image

1000

T T
12Cr-2W(pipe)
befor Creep-

0 [fatigue test

@
S

o
=1
=1

IS
S
[S)

Force, F (p N)

N
o
=)

108” u26 360 460 500
Penetration Depth, h (nm)
(b) Force-penetration depth curve

Fig.6 Nanoindentaiton tested for before the creep-fatigue test

sample.
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Fig.7 Nanoindentaiton tested for after the creep-fatigue test

sample.
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Table 3 Statistical analysis of Nano hardness of 12Cr-

2W(pipe)
Before Creep- After Creep-
fatigue test fatigue test
Near Far Near Far
prior prior prior prior
y GB y GB y GB y GB
Number of the 18 18 15 17
measurement
Mean 213 211 155 186
Standard error 6.5 7.7 4.7 4.4
Minimum 161 154 132 151
Maximum 278 272 205 219
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Fig.10 Histogram of Nano hardness measured near the prior y

grain boundary.
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Fig.11 Histogram of Nano hardness measured far the prior y

grain boundary.
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