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Creep Deformation Process Determining Microstructure of Type IV Creep Damage of
the Advanced Ferritic Heat Resistant Steel with High Cr Content

Yasushi HASEGAWA, Tarou MURAKI and Masahiro OHGAMI

Synopsis : Type IV damage deteriorates the creep rupture strength at higher temperature than advanced Ultra Super Critical fossil power plant operation

temperature, 600°C. Its metallurgical investigation is expected to avoid the creep damage at the outer edge of HAZ of welded joint.

Metallographic analyses were carried out to clarify the micro-mechanism of Type IV failure for advanced ferritic creep resistant 9% Cr

steel, ASME Gr.92. Assuming the Type IV failure arises at fine grain HAZ through the welding thermal cycle, the comparison of three candi-

date mechanisms, grain size refinement, dislocation sub-structure evolution and precipitation morphology development through the thermal

cycle at HAZ, decided that the creep deformation process determining microstructure at HAZ is the globular sub-grain microstructure gener-

ated by thermal cycle of welding and PWHT. The creep test at 700°C of simulated globular sub-grain microstructure characterized the typical

type IV phenomena on creep rupture curve. Precipitation morphology change by thermal cycle did not explain the creep time dependence of

rupture strength difference between base metal and HAZ.

Further works on the stress and temperature dependence of the creep life of Type IV phenomena is expected to subdue the creep life deteri-

oration.

Key words: creep; heat affected zone; creep resistance; dislocation; Type IV failure.
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Fig. 1. Optical micrograph of specimen, ASME Gr.92
steel.
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Fig. 2. Creep strain curves of HAZ of weld and that of
base metal at 700°C and 70 MPa.
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Fig. 3. Creep rate curves of HAZ of weld and that of base

metal at 700°C and 70 MPa.
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Fig. 4. Image and EDX analyses of creep interrupted specimens’ microstructures through TEM obsrvation. Base metal mi-
crostructure of interrupted specimen at 700°C of both a) at 24 h creep and b) at 500 h creep. HAZ microstructure of inter-
rupted specimens at 700°C of both c) interrupted at 24 h creep and d) ruptured at 409 h creep.



OGBS RL > TNBE T &, BN RL > T3
Z&, EHITIBMEY Y - TBICE T A EEESHNE L -
TWBZEnbhrotz,

3.3 HAZB LU BMOT700°CY ) —THBRICEH T B,

WHPHFRES LUCTHBERERR

700°C DR FE M FRERIZ 55\ T, REF & HAZ D Type IV
EEREMNE, 3 &bbHRIRICI T 2 RANHEION
BEAEBMNEFHEMBIC KM ETRIE L SR E
FIHANE J1 60MPa—E D ZfF FIZT, 2V — FikBRt% 24,
100, 500, 1000 D &R, ¥ &b bR TIRIBISEMIER
I, BREESHEY, 20 - TRANEREER, MEs
V=TT H D, BHRHAZ TIRERISERER, 2 —
TRANERGER, MEs V) — 78, TEIEL =854 & Bty
BRI DWW T ENEF N Table 2128 L7, £7-, o
SR FEOMP L T B FIZB B HIERE & FERIR
U7zo 27U — T HIRATL #% 24 B R& 2 18 O BF 55 T3 R
EHAZDIT Y A X, iR BBIZIEKRELEZND DL
DO, FEOFGE & & & ISR TR NS E S 28w
U, KFZELFEMBISHEANLT 5, HAZ TR, 61K
B hORATH L o TV B RE /N E <, BRI
TRMEOERIWMA T 2MEABA L NS, HEARIC
HAZ & B oM HikasE 12 1328 b A e <, MX B
THD, Nbd 2 WEVTONHIGRIL % B U 7= 248 1=
.54 % NbC & VNOEANHIERET H 5 V-Wing” Bl MX
RENE , Bt L HAZ CREN A XRIBED OIS
DO, MAIZHERTE =, HAZTRRARE» 2 ) —
TR A SR L TAT, BRO B DML LB 5N,
B A RERONCH L 580 5 h iz, Miiliikigs
BISR L 2REM 2 TEMI% 4 2 ) — 7 iRERE # 24 58] T
IE U 72354 & 500 BERGE % IS B Cldag s Ik, HAZ T
13409 IREFE T REWT B D RRBR AT 88 2 & RN L 7= 85Iz D
WT, ZRZNFig 412 L ORL 72, RAEHFHITH
% M,,C BURALH & MXBURE LY D EDX Z3 ik IR 4 [FIRE
IR LTH 3, Fig 51213 V-Wing B MX A i D 1% % HAZ
ERM, WHIZDODWTEDX iR & & 1R L 7=,

4, EE

HAZ MPK3I13Y, Type IVIRIBORREMME LT3 >D%
B (O SR ORML, QEIEY 72V 4 VG & R
M5 % DAL, QRO KIL), 2HT 54,
KETRZNZhE 2 ) — TR ERE & ik & dr O 8l
E2L KL, XRERTE L THRET %,

4.1 EENOMMBEORE

BWCr7 x 74 bRIFEIT 2 V) — TERERO R A
KIREREAR T D 2 72, Hy R PIEBIZ Tl 2> D 13 2o o
KWAMEEET 5, &FE O IXEVALESLERRT O Stk LG kE
KU ABEMT R/ AZ A, FEROBUHE AR A, &

43

BCr7 x 74 M REMRMEMD Type IVELY Y — THEOMBEEIRFOEE

Table 2. Creep time dependence of a particle size and pre-
cipitation density of MX type carbo-nitride in
laths or sub-grains.

Morphologies of Creep time (h)
MX type precipitates 24 100 500 1000 | 2400
Number density | Base metal | 30.43 7.82 4.94 3.74 2.83"
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Averaged size | Base metal 0.05 0.08| 0090] 0.100| 0.12*
(¢ m) HAZ 0.07 | 0.06 | 0.083"
* data of ruptured specimen at 409 hours for simulated HAZ and at 2400 hours for base

metal.
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Fig. 6. Monkman-Grant plot of Gr.92 steel for minimum
creep rate and rupture time including the data of
weld joint.
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Fig. 12. SEM image of a globular sub-grain microstruc-
ture by carbon shortage thermal cycle with
PWHT.
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Fig. 13. SEM image of a degraded globular sub-grain
microstructure by creep rupture at 700°C for
4000h.
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Table 3. Calculated creep threshold stresses by MX type
precipitates for each creep time.

Estimated precipitation strengthening effect 7 1 ogfeepsggle (h1) 000 T 2200
Inter particle space Base metal | 0.133 | 0.285 | 0.382 | 0.450 | 0.500"
(m) HAZ 0362 | 0.385 | 0464
Creep threshold stress | Base metal 123 65 50 44 41"
(MPa) HAZ 50| 49| 46

* data of ruptured specimen at 409 hours for simulated HAZ and at 2400 hours for base metal.
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Fig. 14. Theoritically estimated creep threshold stresses

correspond to the MX type precipitates in laths or
in sub-grains according to the TEM analyses of
creep interrupted and ruptured specimens for both
base metal and HAZ.
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