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Characterization of Creep Deformation Behavior of 2.25Cr—1Mo Steel by Stress Change Test

Hiroyuki HAYAKAWA, Daisuke TERADA, Fuyuki YOSHIDA, Hideharu NAKASHIMA,
Akihiro KANAYA and Satoshi NAKASHIMA

Synopsis : To characterize the creep deformation mechanism of 2.25Cr—1Mo Steel, stress change tests were conducted during creep tests. In this study it

was confirmed that the dislocation behavior during the creep tests were in viscous manner, because no instantaneous plastic strain was ob-

served at stress increments and transient backward creep behavior was observed after stress reduction same as Modified 9Cr-1Mo Steel. Mo-

bilities of dislocation were evaluated by observed backward creep behavior after stress reductions. Internal stresses were evaluated by the

changes of creep strain rate in stress increments. These values were almost stable during creep deformation. Mobile dislocation densities

were evaluated with the estimated mobilities of dislocation and the changes of creep strain rate in stress increments. Variation of evaluated

mobile dislocation densities with creep strain showed the same tendency as variation of creep strain rate. Therefore mobile dislocation densi-

ty is the dominant factor that influences the creep strain rate in creep deformation of this steel. The difference of estimated mobility of dislo-

cation between 2.25Cr—1Mo Steel and Modified 9Cr—1Mo Steel was considered to be caused by the different amount of solute Mo between

these steels.

Key words: creep; 2.25Cr—1Mo steel; stress change test; dislocation mobility; mobile dislocation density; internal stress.

1. 8

K IFERERNG D SIRIME S D % < IBEE DN — 2 L %
10 NKEABATHH IR TED, ZOMEMRERED
7200, FEMMMAAFHE XN TB D, —fz BT
IS, 2 ) — FIsbEId 3 KT 4481 L
TIHBNTOBRY EETIE, QBEEY » Y —FHEs
ERE M AaFEBBEIN TS, MRSEMERIC
BOET 2856, 2 - TEMEHIEIIEET 3T TH D,
FREWAHGIC L > THGRFMER T 2 Z 2605, LhL,
FEERIZHERA R TR 48 TO 2 ) — 73313 11079
UTFTTohy, BTHBEED 2 ) — 7RI FiE L >
V=TT AOENORESHETH B, LN ->T, &
FDo ) —THRERBD DI, BHb s 3EEEE
ATZMEFHETRD 22 ) — THEEH 5 RZER D
)= TREEHETE T B0, MBS IEREN S EE 0 6 EiF
RIZRED 2 ) — THEAHE T2 BEL S 5, FIEOHE,
DS & RO IMED Y5 il + 2 2 &
NEHETHY, BRFAOHE, Mk, FoEH4HE > e

70 = TEREOHEBE A EEMICHET 288N S 5, L
EDZens, RRABD 2 ) — FETHRE 4 &0 0 ES D
BRI L T ZEnEEEE L1603,

G N — 7T, T IR R 9Cr-1Mo A 8
7Y = TR ICID N SRR AT, RO %E
BEE» o o) — TERHREOHR, EMo58EY, N
RIS N ¥ K OEB RN IS ORIl & ERE L 729, FORE,
2 ) = TER R OBALISREERNEB) U, E B S O
BN - THEDENEHIBELTWBE I & EHE I
L9,

2.25Cr-1Mo #ili3EELRER A 10 7SR 4 8 2 7Rk
FERE AR OO B E A LS & L CE B h T35
BThb, WRAIC-IMFID &> AR L VLT ¥+
A PRI K SR T IR L R MX R 2L -
KHBILIEE S Ty, FARRIZIZS B A 9C—1Mo
il & FIRRIZ Mo (2 & 2 B ML & JEA I b & 3 bl
BB SN TS, AT, ZEA 9Cr-1Mo FIZ I
NYVHERALEE AME Y 2.25C—1Mo #l % 5 51205 h &zt
BREEBL, 20— TEREZOCTIBN 41T - 72,

TRASH12HA B2 TR 1941 H 26 H 2 (Received on Dec. 4, 2006; Accepted on Jan. 26, 2007)
*  JUEEERE (BR) BIEE (Environment Department Kyudensangyo. Co., Inc., 2—18-20 Najima Higashi-Ku Fukuoka 813-0043)
* 2 WMKFERFERE (B KIRFEA PP L55R) (Graduate Student, Kyusyu University, now: Graduate School of Engineering Osaka University)
* 3 JUNRFRZ IS B TSF (Graduate School of Engineering Sciences, Kyushu University)
*4 JUNES) (BR) SAHFFAT (Research Laboratory, Kyushu Electric Power Co., Inc.)

58



2. XBHE
2.1 HEMSLUEBRH

ek tid X 25 L, BER L OB A3 HE X 7= 2.25Cr-
1Mo # (JIS: STPA24) TH VD, 7x 74 M +IERLNA F
1 MEAEBL T3, Table 1 127 DILFEMKAERT,
7)) = TaBR IS F TR EZE 10mme, FATEE £ 50mm
OO = ks ) — TR Th 5.

2.2 HEEHE

B ITAE 1.5ton, L S—1:10 D 4 Hv L
F o) — TiRERETEIE L 7z, BRPOMONL, EHEO Y
) — FREOBA L FREI, DIIROMOEBRAEEF LT
BEL 72, 20— 7RSI E 600~700°C, W
24~98MPa D EMEREE TH 5., B OMEIL 3 BRRE
SAEPUFTITV, IREHIEIZPID AR TH 5. BEP O
EEBT 1K, B ETSICH - HMREZEL2KTH
%, & ¥, 700°C 29MPa, 650°C 49MPais & TF 600°C
98 MPa DG BZERERIZONWTIR—ED 7 ) — FiRER
2Tl AEL, BIERICEME T2 Y - T OFAEES L 23
BRFFIZOWTEEL, 2hbnr ) — 7iiide 2z
BrEmi, @Eos) - TRERICKD T - & 2 5REL 7=,
T 1 2 BRI A & JIEIK D FLO ¢ A 0 10% 52
COHETSEEET -2, FEOENSZERBIL, 1
HIG T 1%, 2%, 5% B XUV 10% O & gk (RL) #
MEOBREBRH AT S L2k TiT > 72, BNOBEIE
2t e—2E10mm, 0.1 umEEOBHEE) =7 7 —
CEBW, FUALAY Y E—%&H LT, IDHEERIZIE
ORI CTF — 4 &3 AV ANEDRAAT, ZOEN
WEIZX DT ADOIREEL £1.0X107° TH D, 7=,
EREEOBENIZ W TIER I K UEALIRIYIC X 5 Wik
FEOWA &= BEL 7=,
2.3 WHZEED

2.25Cr—1Mo #lD Mo [EVAE % TET 2 72012, MK
BN EIT -7, HICE L 2z50kHE e 1zih <= 2.25C-
1Mo P 600°C 98 MPa T, THZN 1.7% B KT 7.6% D
2 —FOFHRETER XG0 - T THh 5. I
WO, MM THWZY BRI IC-1Modi D 640°C
98MPa T 1.9% D2 ) —TOT AL TER G2 ) -7
HAHZ DWW T FEHEL 72, REIZIE KBS REMIEIC &
DI L, ThEEE S X UUNL 2 $ D Fe, Cr, Mo, X 512K
EAI oCr-1Mo i TiZ V, Nb {22\ T, FHEFEAT I X~
B TRBANEIT >/, F72, MHFRAEICD

Table 1. Chemical compositions of 2.25Cr—1Mo steel used
in this study.

mass%

C Si Mn P S Cr Mo

Steel A 0.12 0.24 0.45 0.015 | 0.004 2.13 0.95
Steel B* 0.12 0.27 0.43 0.013 | 0.005 2.11 0.96

*: Steel B was used in 630°C80MPa, 650°C60MPa and 675°C40MPa tests.
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Fig. 2. Variation of strain with time during 4.9 MPa stress
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creep condition of 650°C, 49 MPa.
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Fig. 4. Variation of mobility of dislocation B with creep

strain obtained by stress change tests at various
creep conditions.
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Table 2. Result of chemical analysis of extracted residues from crept samples of 2.25Cr—1Mo steel.
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mass%
Creep condition Creep strain Cr Mo Fe
Total 2.13 0.95 96.5

7.6% Extracted residues 0.44 0.61 025

600°C  98MPa Amount of solute 1.69 034 | —
7% Extracted residues. 0.48 0.61 0.31

) Amount of solute 1.65 034 | _—

*(CrFe),Cs, Feas(C,B)s, FesC were detected by X-ray diffraction.

Table 3. Result of chemical analysis of extracted residues from crept sample of Modified 9Cr-1Mo steel.

mass%
Creep condition Cr Mo \% Nb Fe
Total 832 | 092 02 | 0073 | 89.8
640°C  98MPa o
¢ =1.9% Extracted residues 0.87 0.13 0.12 0.068 0.35
Amount of solute 7.45 0.79 0.08 0.005 ///'

*Total chemical composition was referred to the other specimen in a same lot.
**:CruCs, CrN, were detected by X-ray diffraction.
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95% TR F TRMAEMMARDONE, £/, 24MPa &
XU 40MPa TN 2 V) — T CHERIBF 4 BT A
R oni,

(4) BHAEMENBOOTAEEDOELL (2) THRLHN
RN D GENE b 5 BB T A G L 2. T ORER,
2 — FEEDOECIHIE 2 ) — T 5 s 2 V) — Tk
T CHEESTENEEOENMSTENAER L K> T1580D
tEZONS,
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