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Change in Hardness and Substructure during Creep of Mod.9Cr—1Mo Steel

Takao ENDO, Fujimitsu MASUYAMA and Kyu-Seop PARK

Synopsis : In order to investigate the structural degradation process during creep, interrupted creep tests were conducted of a Mod.9Cr—1Mo steel in the

range of stress and temperature from 71 to 167 MPa and 873 to 923K. The change of hardness and tempered martensitic lath width were
measured in the grip and gauge parts of interrupted specimens. The lath structure was thermally stable in static conditions, but was not stable
during creep, and the structural evolution was enhanced by creep strain. The relation between the change in lath width and strain was de-
scribed in the form, AW=a(W;—W,)- €, where € is the strain, ¥, is the initial lath width, Wy is the final lath width depending solely on
stress, and o is the constant of the magnitude of 0.67 um/strain. The change in Vickers hardness was expressed by a one-valued function of

creep life consumption ratio. A model describing the degradation process of tempered martensitic structures was proposed on the assumption

that dislocations were eliminated by the migration of lath boundaries. The model could explain the relation between change in hardness and

creep life consumption ratio satisfactorily. The influence of precipitates on subboundaries was discussed in connection with the abnormal

subgrain growth appearing in low stress regime.
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1. (ZFUBHIC

9Cr-1Mo il (T9) D BT KETHEE O, 19834F 1213k
B oCr-IMo B HRIL X 22, FHIZERRE X BN
THD, L2 RERBEA/NE OO T1985FLIREA
ETERMA S NS, KIREBEHRMEICHITHFHR S M
LT T3, ZOME, RMABMEHEL -B&LHEmL,
F eSS OO SRS L A EE L REIC Kk > T 5,

R IC-IMo SO R FM T AZ T 57-012, MR HE
RITBEF 507859, MBEELIZBET 2R, 2V -7
ERHIE L AN FORKRIZBET 2080, 20U —7
W LM AR R ERTbhTE R, 2Th
OHROFTILE L "WOBEHRITFERIET 5, #51&
7)) = TEB AN IR A A 2 L B/N B 0 ) — T Ha
B&UO2 ) - TEOETRIHA - X754 PRFERTE
C AR —4 ToMoOREEEERH 2 Z &2 R0 L
72o RS E, ZOHROFEMEHL»IZT B, H
F—=Z27F 4 PRNFEHEORILHEFEEL, NbRPVESE
DMXEMHBELEASIHA — 27 F 4 FRREEICEEN
BT IREREDOREVZHERONE L, 2ThoDBEI%
ICHDE, oA -2 74 PRFEBIZENS ZHR
TEHEMOBRE LAY —HEOEHERTH % & EHmL TWH

5, ZhoDBRRIT, BB Y —THICEhE2 ) —T
MEOFHIAEFERT 55 A TEETH 54, HERREOM
RS 2B O 7 L RIFHESOMEXE 4+ HFET 55 A T
HETHD, AFTIE, BEPHEELIALT VYA F T2
DOIEDOZEL, ZhoDELE 2 ) — THMEEE L OBR
ZERMICHR Y, T ESRERRD IEH 221 b & RIS RIEHE
2) = THIZEL A SBIEEEHICOWTHERT 5.

2. KBRFGE

FAM OB 9Cr—1Mo 8 (ASME SA-213 T91) {2 1313K,
1hDBEE S LK 1053K T2hDOBR L 2L 724 DT, %
DALZ#HK % Table 1127 . RERF X, F47# 6mmo,
LR 30 mm DR & AMERBA THh B, 7 ) — T
WaRBRIZA B L UBDO 2T, WTFhE RRPTIT- 7,
READIRNBICREIXZNFN 15725 186 MPa b &

Table 1. Chemical composition in mass%.

(o] Si Mn P S Ni
0.1 0.25 0.4 0.016 0.005 0.04
Cr Mo Nb Al v N
8.4 0.9 0.07 0.005 0.21 0.044
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Fig. 1. An example of interrupted and uninterrupted creep
curves tested at 186 MPa and 873K.
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Fig. 2. Change in Vickers hardness ratio (H/H,) with creep
time for the interrupted specimens whose interrup-
tion time is from 657 to 18736 h, where H, and H
are the ambient hardness before and after creep in-
terruption, respectively.
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Fig. 3. Change in Vickers hardness ratio (H/H,) with creep
time for the interrupted specimens whose interrup-
tiion time is from 22.4 to 1185h.
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Fig. 4. Relation between the change in hardness ratio and
creep strain.
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Fig. 5. Relation between hardness ratio and life consump-
tion ratio (#/t,), normalized time divided by the cor-
responding creep life, ¢,.
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Fig. 6. TEM micrograph showing the change of tempered martensitic structures with creep strain. Testing stress and temperature
are 167 MPa and 873K, respectivly. (a) as-received, lath width (w)=0.54 um, (b) £€=5.5%, and w=0.74 um, (c) £=8.2%,
and w=0.90 um, (d) £€=15.6%, and w=0.99 um, (e) substructures of a grip part after creep rupture.
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the data near rapture strain.
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Fig. 9. Relation between AW divided by (W;—W;) and
creep strain, where W, is the initial lath width, and
Wy is the final lath width depending solely on
stress.
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Fig. 10. Relation between logarithm of strain rate and true
strain corresponding to Fig. 1.
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Fig. 12. Relation between normalized subgrain size (W/b)
at #/t,=1 and normalized stress (0/G).
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