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Creep Life Evaluation Based on Hardness Method of High—Cr Ferritic Steels

Yoshikuni KADOYA, Yuichi HIRAKAWA, Hiroaki YOSHIDA and Keichiro MIYAJIMA

Synopsis : The softening caused by long-term aging for 10Cr—1.5Mo—VNbN steel was investigated with hardness test at temperature range of 500 to

650°C up to 10°hours. The softening caused by creep was also investigated at temperature range of 600 to 650°C under stress of 98 to

294 MPa. The change in hardness during long-term aging was able to be expressed by a simple curve in plotting against Larson—Miller para-

meter. The Softening was accelerated by the stress larger than 79 MPa. The change in hardness during creep under the stress of ¢ (MPa) was
correlated with those of long-term aging by plotting against the parameter of

log T+log(20+1log £)+0.000239(5—79)

where T is the test temperature (K') and ¢ is the loading time or aging time (/).

A method to detect the creep damage and to estimate the residual life was deduced from the above mentioned results.

Key words: creep damage; martensitic steels; steel for elevated temperature service; hardness; nondestructive inspection.
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Table 1. Chemical composition of 10 Cr—1.5 Mo—VNDN steel studied (wt%).

C Si | Mn | Ni Cr Mo \ Nb N P S
gzgi$ 0.14 | 0.07 | 0.51 | 0.60 | 10.28 | 1.46 | 0.17 | 0.056 | 0.046 | 0.008 | 0.001
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Fig. 2. Transmission Electron Micrograph of extraction replicas of before and after aging specimens: (a) before aging; (b) after
550°C-10°h aging; (c) after 600°C~10° h aging; (d) after 650°C~10°h aging.
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Fig. 3. Plotting of (a) creep strain and (b) Vickers hardness
versus loading time for creep at 600 and 650°C.
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Fig. 4. Transmission Electron Micrograph of interrupted
creep specimen at 600°C-196 MPa; (a) £€=0.0038,
t=300h; (b) £=0.0088, +=1000h; (c) £=0.0175,

t=3000h; (d) €=0.203, r=3323.9h.

(@) 10CrMoVNDN Steel

@ 1.0 |
N
w
PN
= E
EX 05
£33
7

0.2 —— L

(b)
2 20
BEs . .
S El0F T v
c SO
£S5 5
- - ° .
§ £ % 600°C-196MPa : v
% g Q 650°C- 98MPa : +
as 1 ] )
g (c) v
= + +
8 0.10F 9
£ _ z
=) -
28 oosf f
E = I . v v
8
(=}
= 0.02 N | PR |
0.001 0.01 0.1
Strain

Fig. 5. Plotting of (a) subgrain size, (b) dislocation density
with subgrains and (c) total misorientation versus

creep strain for interrupted creep specimens.
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Fig. 6. Plotting of (a) subgrain size, (b) dislocation density
with subgrains and (c) total misorientation versus
Vickers hardness for interrupted creep specimens.
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Fig. 8. Plotting of Vickers hardness versus Larson—-Miller
parameter for creep.

RERID HRTEEA S 0, FRERIB N AME W2 ) — T #fETO
7a oy FRISERNCIRT LT, RIEBSREERE O %
NHITED MEANFED b h( 2 ) BEMFFOBE X 13, [H—ik
B T, BRBRIDTIKTFM A B - T, KOS
BAHERIZH Y, BMEOART -HENIIHARTTEZ L
IITE R,

RO, MoV THR S M7= X EEHLFEL T
HY, LITIZAIZED 10Cr-1.5Mo—VNbN ${ D #F X 2 (b i
BIETIHOMBRIZOVWTRETT 3,

Y, BEMIEIZZ Y — TS B & IR AL
EhaZk, £/, TOBILEN S Fig TCHESh D E
BRI EIRREE IO R K BELEA FEEL . ZDETH S
LRFEICBHICEREINSE Z L 4R L TS, 2D,
WwmE L TEER L RS AEEEAE L, THIEGD
B ckbihsLz, $4bb

gPREM L LBDE LTI, texp(—Q/RNTEDLEI NS
Dorn/$7 A — & R T(C+log ) T b & 11 5 Larson-Miller 7§
FTA=ATHbH, ZIT, Q WEHILZRLE, R H A
EBZLTC MMERERT, ga Zho e ThiL,
RD(NARDFIZEBEDILloggk %55, logg=G L EZT
&, G, WEHAH, HEBHEZFE LT,

G:H(D+F(f) ................................................... (3)

D ESIZAEOM O THKY, RIEMZFERIERIZES
REEX(HTEBRTESRLEAL, 51X mb-
7B E, TOBRRIZIZAGDEELE L B D, AGRIEN
(HBNZVTAR) OBBTERTZES L, Zh&D,
Z Z TCltLarson-Miller /Y5 A — 2 AHWTGOEA2 5 6 »
CHED, GIFROADKHIZERTES,

50

1.10
10CrMoVNDN Steel
° 1.00 |- Curve of
é 294MPa c=0
& 090
2
s
a 0380 [
g
e Aging temperature &0
& H  500°C: v
= 0.70 550°C: O oo
s 600°C : o 98MPa
f G 650°C: <o
; 0.60 rg?%ol%n?perature
650°C: ——p—o
0.50 L L 1
4.20 4.25 4.30 4.35 4.40

G =1log (20 + logt ) + logT

Fig. 9. Plotting of hardness ratio versus parameter of G for
long-term aging and creep.
0.070
10CrMoVNDN Steel
0.060 o
z g
5 0.050
&
5 0.040 |-
&
o
CI.'IJ 0.030
&)
g 0020 |
0.010
AG =0.000239(0-179)
0.000 L T I .
0 100 200 300 400 500
Stress o (MPa)
Fig. 10. Plotting of AG versus creep stress.
G=10g T+10g(20-+F10g 1) ++rervvreerermermererinnmneniinecene (4)

g/, AL LTI H/H, 2 T2 LT,
ZIZT, DAMEOWHX I H & ¥# & | H,, TRKRL T
BASIL U 7Rl & s, wIIRE X L OV DR % B 50 % —
LCaHili§ %5 Z & AATRET H 5,

LEEDOHKBED A CrMoV SO S FOHICHEM L - F
EE, KEFFED 10Cr-1.5Mo-VNbN S DI A1 & @M 5
ZEERAL, £F, GITHT 2 RIEHSIRREIMO T —
2DTay b &FFig 9IRS, 52, 7Y —THEMHD
F— 2 ERPUZHEE L7z, ZORR S, 2 — Tk D
K70y bEDGER D H/Hy 1281 5 RIEB SRR
MO GEDZELFWTAGE KD 72, Fig.101Z, AG#R
BEHoizx LT 7ay b LERERT, RRKAS, W
HEOMIZIZRVHEMO S5 Z L@ o R 5, mEDOM
FAMIRERTERT S L,

AG=0.000239(G(MPa)—79) ++-+revrerurernrrerammnnniinninn. (5)



nEoh5,
Y EORBSTORR, 7)) — P o X 13 kA %
TEBZLILSB,

G’ =G+ AG=log T+log(20+log ) +0.000239(5(MPa)—79)

Fig. 1112, 7 ) —7Frhilittoni x flE R4+ R (6)Izd L
T72y b LORY, AL, §XTOZ Y — 7l
D70y bR REFEEREICE S TRIEHBR (AG=0)D
BRI fiET 2 L5125, BElzR(6)TRENhBG %
E UL R SHRRNIC K 2ILEIER T2 ) — TS W
CEAEEMLIBZZENBEDELENSD,

¥F, FigJ0DEREZ= R TR(5)&k D, ABIS N2

1.10
10CrMoVNDN Steel
Long - term aging
o
> 1.00 b (4G =0)
=
>
=
=) A
;g 0.90 |- Creep conditions ﬂ(;
: 600°C
é 294 MPa : A
£ 080F|196MPa: ¥
5 176MPa:  ©
= 137MPa: < v
& 070 || 98MPa: v v
= 650°C
= 98 MPa : +
0.60 1 L 1
4.20 4.25 4.30 4.35 4.40
G'=G+ AG

BCr7 =74 MROBEXRIZE S 2 ) — ATl

TOMPaA FDBAD 27 ) = TIZENWTIZAGHOE L B,
ThabHb, ZOLIEFEOI ) —TBEIZEITAHED
ZALIZ R SEMRNIE D Th g - B SS A — 4
FTAETAILAFLTNS,

4.4 7)) —THRIEOIFHERMVRIIEDRE

FROIEBUER 2R T, REMGBRIZE LD
SBALD LHIFE TOBROATIREFGi 2 BRI h 3
WAL, 2, FHBIZBEABRORML T EI54
A ke Bbhd, —MICERMERBZS T, B
PIZEFBFOIRERCB AL /ML Th5E, 22T, Zhb
DHfEMEL T, LEILOBERARISHLT ST EAnERL
bhb,

4. 3TN REHER» SRR TR S ) —TIAE A
O NIBA T FFmOMEE L%, HHIRE I X O FHRERIZRE
HThHH, HHIFEREOM X (H, A RHEHAEFIZL
T, MY 3, Fig 1222 DT kEmR$A, MRHNOIE
NTnmAERELT, BERMAGE (SRS LIkic
HHMTHAMBICHTH 2B EE L, MfiECHE %
HES 5, KISHEHOME S MERSR» S, FHX@)IZRT
KBGO & A HEE T 5, 7 Ol % IV THEIE

BRAENEOHE S 2L 2L TERL, FHEX(Db)2 5 AGZERD,

XL IR @) 6 R EHET S, Pbrs, [
K(dmd &z, 7)) — THEMRR o =R HRIR
DWHRTE, 7 —THEL L CIKREFEGaS RO O DS
Zeitks,

Bk, 4. 3fiChRzEICKRAFETE, BERNAE
DOFEFRAEEEIA L E VIR DL EAE WA ICIRD EERT
MEEETH O, »DOFOMELL FOIH LA EH U & KIS

(c) Estimation of stress
at the critical point

AG

(Previously
obtained)

Stress o

{Previously obtained)

Fig. 11. Plotting of hardness ratio versus parameter of G’
for creep.
(a) Measurement of the hardness (b) Measurement of the hardness
at high temperature but low- at the critical point
stress region (high stress)
Softening curve for Softening curve for
long-term heating long-term heating
" (Previ ly obtali ' (Provlt_n:ls!y "
v ‘Wh-—‘ ! v | proting ot ara] _
&l har H Plotting of hard-
Hve Hvo E » "® Haess ratio at thel
| |eritical point
A ,
l i
: !
Temp e-time par ter G Temperature-time parameter G
N V
(d) Estimation of creep damage
and residual life
Creep rupture curve
(T, t)
Stress |- »>—--@--——- T, t)
o I |
| g e | t
i 1! \ | creep damage -
:
A :
] !
Larson-Miller parameter T (C+log t,)
Fig.

time are known.

12. Illustration of the method to detect creep damage and estimate residual life for the case when service temperature and

103 N



. 104

$k & 4R Tetsu-to-Hagané Vol. 92 (2006) No. 2

FIEABETH 5, 10Cr-1.5Mo-VNbHIEBR DS, L =
WIB /34 . 38 TRLZ&DIZ, IOMPaREETH B L%
ibhd,

5. #68

USCT 7Y PHBE—-ZMDECr7 = 74  RESEHD
oMM Aa T+ A2 L4 EMELT, 10Cr-
1.5Mo-VNbN D BRFE ERFIE LU 7 ) -T2k d i
S FEF PN, MoV CTIRE L - Xz k52
) — T ekl O nTREME A REF L 22, Bo MR KRD
BOTHB,

(1) RFEFEISEFEHICES X 0BT, kiR L
L C Larson-Miller /¥ 5 X — & T(20+log ) TR < T X%
%, ZOILHROKILEAMGR I, Larson-Miller /57 A —
21T, 205X10°DEZATHYD, ThL LOERTIEHE
ERBWIETT 5,

(2) (HDOFEREH VB L, BXHIEIZE > TEHD
EREE (REDH 250 EEMA E) OHEENTIRETH 5.

(3) WHIZRRESERRDICPE S L2 ME T 5, H
L, KIBH TIIITENR AR S hkly, ZOLEVWEN

& LB ITIBNOBALIMEN R &2 ERBINZRR LG, 2,

#fb & 8 PO ZLIZIZROHIEA S 0, 20K
TR - ISR B 5.

(4) 10Cr-1.5Mo~VNON# D 7 ) — 72§k S5 i X %1k
i, KA TEE XN, ZOREICL > CTRIEFBSRRSIC
OB XELLBERDIT A I ENTE S,

G’ =log T+log(20+log £)+0.000239(5(MPa)—79)

52

(5) ERFEASHROERREERCIRNIOSmEFRHEL
T, 27U —THREOREN R E L SRAE O & HIE %
1o, WfEE VT2 ) — THRIE R & CICKRAAHR o & HEE
THEHEMERTE, ZOHERZ, (HBEU(4)DH
Rae RO TREFHDICAE LR (R - Bk K ORHE)
E/T, MEOZ Y — THNHRX EICEBOBRIKE TR T
DTH5H,

X 73

1) Y.Kadoya: The 123rd Committee (Heat—Resisting Mater.and Alloy),
The Jpn. Soc. for the Promotion of Sci. (JSPS), Rep. 39, (1998), 347.

2) Y.Kadoya, B.FEDyson and M.McLean: Metall. Mater. Trans. A, 33A
(2002), 2549.

3) Y.Kadoya, N.Nishimura, B.F.Dyson and M.McLean: Creep and Frac-
ture of Engineering Materials and Structures, ed. by J.C.Earthman
et al., TMS, Warrendale, (1997), 343.

4) K.Kawamoto, H.Karato, S.Inoue, T.Goto and Y.Kadoya: Mitsubishi
Heavy Ind. Tech. Rev., 24 (1987), 1.

5) Y.Hirakawa and Y.Kadoya: The 123rd Committee (Heat—Resisting
Mater. and Alloy), The Jpn. Soc. for the Promotion of Sci. (JSPS),
Rep. 44, (2003), 1.

6) R.Ishii, Y.Tsuda, K.Fujiyama, K.Kimura and K.Saito: Tetsu-to-
Hagané, 89 (2003), 699.

7) T.Goto: J. Soc. Mater. Sci. Jpn., 32 (1983), 563.

8) Y.Kadoya and T.Goto: J. Soc. Mater. Sci. Jpn., 36 (1987), 999.

9) Y.Kadoya and E.Shimizu: Tetsu-to-Hagané, 86 (2000), 189.

10) Y.Kadoya, T.Kitai, A.Matsuo, I.Tsuji, M.Kishimoto, T.Tsuchiyama

and M.Okamura: Tetsu-to-Hagané, 78 (1992), 910.

PB.Hirsch and J.N.Kellar: Acta Crystallogr., 5 (1952), 162.

J.A Bailey and P.B.Hirsch: Philos. Mag., 5 (1960), 485.

A.Orlova and J.Cadek: Philos. Mag., 28 (1973), 891.

Y.Nishi,H.Nomura and K.Shiratani: Jpn. Special Steel Tech. Rev., 9

(1973), 19.

T.Goto and T.Yamauchi: J. Soc. Mater. Sci. Jpn., 30 (1981), 228.

11)
12)
13)
14)

15)



