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Degradation of Mod.9Cr-1Mo Steel during Long-term Creep Deformation

Hideaki KUSHIMA, Kazuhiro KIMURA and Fujio ABE

Synepsis

: Long term creep strength property of a Mod.9Cr—1Mo steel has been investigated in conjunction with changes in microstructure, in order to

understand a degradation mechanism at the long term conditions. The predicted creep rupture lives from short term creep deformation data

whose rupture lives are less than 1000 h, are consistent with the experimental data up to about 10000 h. In the long term region longer than

about 10000 h, however, creep rupture lives become shorter than the predicted one with increase in time to rupture. In the specimens creep

ruptured at short term region less than about 10000 h, homogeneous progress in recovery of tempered martensitic microstructure, such as in-

crease in lath width and coarsening of subgrain, has been observed. On the other hand, remarkable progress in such recovery of the mi-

crostructure has been observed at the vicinity of prior austenite grain boundary for the specimen creep ruptured at long term region under the

low stresses. Such preferential recovery along a prior austenite grain boundary can promote the beginning of tertiary creep under the low

stress condition. It has been concluded that preferential recovery along a prior austenite grain boundary is a main factor of a degradation of

the Mod.9Cr—1Mo steel during long term creep deformation.
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Table 1. Chemical composition of the material used
(mass%).

c Si Mn P S Ni Cr Mo Cu v Nb Al N
009 029 035 0009 0002 028 870 090 0032 022 0072 0001 0044

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

Processing and thermal history | Austenite grain size number
Hot extruded and cold drawn
1323K/10min AC 9.2
1038K/30min AC

A.C .: Air cooling
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Fig. 1. Stress vs. time to rupture curves of the T91 steel.
The predicted lines were estimated based on the
data indicated by solid symbols.
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Fig. 2. Stress vs. minimum creep rate of the T91 steel test-
ed at 823 and 873K.
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Fig. 3. Creep rate vs. time curves of the T91 steel tested
over a range of stresses from 100 to 200 MPa at
873K.
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Fig. 4. Creep rate vs. life consumption ratio of the T91
steel tested over a range of stresses from 100 to

200 MPa at 873K.
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Fig. 5. Creep rate vs. true strain of the T91 steel tested
over a range of stresses from 100 to 200MPa at
873K.
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Fig. 6. Rupture elongation of the T91 steel tested over a
range of temperatures from 823 to 998K.
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Fig. 7. Change in Vickers hardness with increase in time
to Tupture over a range of temperatures from 873 to
973K.
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a) As-received
c) 873k-120MPa,tr=12,858.6h

b) 873K-160MPa,tr=971.2h
d) 873K-100MPa,tr=34,141.0h

Fig. 8. SEM micrographs of the as received steel and the
specimens creep ruptured at 873K.
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Fig. 9. TEM micrographs of the as received steel and the
specimens creep ruptured at §73K.

BRI VR 7 — 2 25 PHIZ N A& D L % 5
ZEg b, BIEHMOBXZAXIIETET,
923K T3 I REFREIBIM M TR b I LRI 5(E
ME RS SN, BIROERIIV Sklenicka 5 ' W5 L
Tk, ENEEORAICK DRI TIIE S BET T
35, SRS THAL LS T2 L 4 U A AR
ITHT MWD T 5720, REFBIETIIE X 23b 32
FRYZLEHERL TS, LrL, AEBRER,»S, B
NTIRRANEE CHER LI T 34 g E)11E 2 Hois
W — 2T 52, KIG D TIEBORIEAIEA — 2 57
T4 MRIFEEEO BT TERANICET L, BT
KAOEIEORE A HEXMEICD R 7%, $10000h %43
Z 5 REFEIBEMAL TIIB X B AR E XK T LA E 5 X
b,

BIShEIZB T, [HX— 25754 FRFEE TORR
F 2 EfERERMIZEC BB E LTE, (1HRRRIED
DEERAALIZRER U 72K 530 65 O it i 0k 6 &
C2HRMIZ IR TR TIE L 7 V% 4 EREERIC
HAINZABOTARKENZED2O0OBENEZL S
NB3H, ZOFHIZOVWTIISHRORIFETH 5,
3:3 VV—THEICRIITAY—LEBETLOEE

2V — TR A 10000 h LA _ED{RIE 1 - BERRIER T
3, BRET - 2250 TFHEL D & 7 V) — THETIRE A



Fig. 10. Schematic illustrations on the microstructural
change with creep deformation behaviour.
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Fig. 11. Comparison of the creep rupture strength of the
T91 and 1Cr—1Mo-0.25V steels.
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Fig. 12. Creep rate vs. true strain of the T91 steel shown in
Fig. 5. The solid lines were represented by the
creep data of less than 6000 h.
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