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Effect of Prior Austenite Grain Size on High Temperature Creep
Properties of a Cr-Mo-V Steel

Kazuhiro KIMURA, Narihito Oui, Takashi MATSUO,
Makoto KIKucHI and Ryohei TANAKA

Synopsis :

The creep tests for the specimens with the various prior austenite grain sizes (10, 26, 52 and 106 um in
diameter) have been carried out at 650°C-6 ~ 17 kgf/mm? to investigate the effect of the prior austenite
grain size on high temperature creep properties of a 1Cr-1Mo-1/4V steel.

The minimum creep rate decreased linearly with increasing prior austenite grain diameter up to 50 pum.
This increase in the creep resistance was proportional to the decrease in the volume fraction of the reco-
vered zone along the prior austenite grain boundaries. In the specimen with prior austenite grain diameter
larger than 50 pm, however, the creep resistance did not follow the linear increase with the grain diameter,
because of the formation of large cracks at higher stress, and the marked increase in the recovered zone
width at lower stress due to the microstructural inhomogeneity.

The prior austenite grain size should be controlled to be below 50 um in diameter to optimize the creep

resistance of a Cr-Mo-V rotor steel for the long term service.

Key words :

creep ; grain size ; steel for elevated temperature service ; creep resistance ; prior austenite
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1. &

B, REERMEH SR KDRET 7~ MicfiFRsh
AL, BiEEHEBMORGeEHET ALV IB
HA G, W28 O S E 0 MR L & R LR IR
TAHLOOHENIHERICB I b TnaD ™Y,

Ko, 70— 7L AHEBFHBE ST
Cr-Mo-VEoy—VY o -1 ¥—H+[n Fif, =0
PR O R SBE IR & & 4 5 MUEIE F Avi i it
DFEEIHERK L MRS I L 20T s (, &IEH
PSSO ESIIC LD 2 E WS LD,
Thbb, EEERJI-Cra—s—robhphiLL

il

1Cr-1Mo-1/4 V # 2> WwT, 550~700°C 2B+ 5 &
K 10000h ¥ TOHMBEHR T2 ) - THEL H O H
UHERL, chbnREIZo>nwT, 7Y — TR O
fili % R * REMIAT O 72, FRHORET LD,

HREHICE A OOy ) — THEIMOBK TR ET
FOFEHNFEALZENTEZERORE, HEEVD, &
BVid A F 4 MO — L8P Ic L aD TR L
<, IHA—2F4+ 4 PRFIZH2 2R R EITIC B »
THURIEDROENEEOEZE L (BT LA v
K7 274 b26%5EEFBOIRBOILK L V) R
RS LI RRT A EERWELEDTY. 7,

BRI IC N2 ) — TREBM AL D NS s ) T

H3F) 61 4 4 HARLGEE A TRE A 62 44 A 10 BS54 (Received Apr. 10, 1987)

* RBUTFE RN (B

Research Institute for Metals)

B EEIHTZERT) 11 (Graduate School, Tokyo Institute of Technology, Now National

*2 PRl ¥ NA KB (Graduate School, Tokyo Institute of Technology)

*3 U LR AN
Tokyo 152)

1.1 (Faculty of Engineering, Tokyo Institute of Technology, 2-12-1 Ookayama Meguro-ku,

*OHGU L¥ERFREAP AR (B BREE A%E) Li# (Graduate School of Science and Engineering at Nagatsuda,
Tokyo Institute of Technology, Now Yokohama National University)

— 123 —



g o W
AL A R4 IR [ S ORI~ OIL K ATE D AT L
TWAILIZEABI LWz L722Y (DUTHifm LN
).

COEIIIKRRELLETEAY - REBOKIT Lo
TH ) —THEMPPE SN ABBMIZ B Tid 7 U — TR
DA — 27+ 14 MRFERAE R B § 508l H 5 &
FEzohb, RIE, KRR NS 2R e 2
- 7RI KECEEZSRTHEYI 20 L)
TRERARLZZHREE LY UL, RRTEY
B HECERL CALDES SRR AT A
N, 7)) = TIELE OB ARG L ot

iR TR <7z kS o affiilt — 27 - 1 M
FAy > TR L BRI & v 5 At L RO R~
OWAKENE T HD. & 2555, HAFIEELSHEMT 5 &
BMAR LR OB ZEH L CoER AT
AU oT, FO LD A 5 B O RS SR
AR A Z 2 A4, REOBIIE D K25
HHOMAAHBI IR I TR L ERTLLEVH S,
TS DRI oN b E R A0, REEY 0.01
wt% LTS H 2, 4 — 25+ 1 FHAHE L7 17Cr
14Ni D 7 ) — TP MATTH SRR % 37~
600 pm DK FFPRI DT, ZORE, EE Y
)= T A SRR AT 100~ 200 um O FiPH TR/ &
0, SRR 200 um FHIZLEHF OLDITE R
X r ) —T7THEYRTERRML, 2o ERR

SEAL ETHESMR AU ROEN L (Ledge) @
£ AY - RUEATT TIER 7)) — T B WAk
TAHELODTHAHI LWL TWA, T/, KD
535 Hastelloy X iI2oWTHHE X TWA®, Zh
SOHBRKRAHEE ) TR ATIC B VT
[DYAR SRR L - Z O [P/ AN S VAEIDR i) kB Ad OV
Mo X > ThE S, 2Ry Y — SIS
B ZATERIRLEMRE LTEETHS, Lo
DT, By )= T A b 0F AN, A PR S

% Cr-Mo-V 812w T 7 ) — TP & Shk AR T

ﬁ%#ﬂ#%%ﬁcu%@;7‘$ﬂ~;ﬁ%®ﬁﬁm
FEHORESVLETHLEEZON D,

TOEIBEE LY, KHSERHRYTH w2

Table 2.

%74@

(1988) ﬁ‘ R 5

Cr-Mo-VEIZHDWT 7 ) — 7P RIFTIHA — X F

F 14 PRFEOEBELH, FOFS >0 TIET TIIN
FLA, KB, HA— 259 1 PRERVE

McZfbsd, 29— 7EEOIHA — 27 F 1 PRFK
R R R 2 7oA - O TR & B S 4T/
AL Z2OMBEOFMRER~NI-LDOTHL. B, ER
M TOIAA 27 4 4 MRERTF 2 RS 5700

HA— 2759 1 FMERKRIZB>727 2514 FoFHE»

LNIERIZESTDH LS, 7)) — TR ERMHIRE X
D& 100°C gy, 650°C ORmEEMERRER & L 72,
2. X B H &

R B CHY R O L[ D 1 Cr-
IMo-1/4V @ TH b, ZOfLFHmE I AT £
DFMANME S A HMBES(E % Table 1 1R, %8B,
FUHANETIOEMOIHA - 275 1 MRFEIR 21um
TH-o7. ThiZ Table 2 (2R3 4+ — A5 F 1 MEAL
BMEaM+ I I nIAA—-25FF 4 bRET 10~106
um OFPHT 4 KHEIZREL, wWFhdbA -7+ 1}
{LALBE O BB -C 1000°C K hZed Lz, ST A
NEFFOFEMIBSNAEMN LR Fftod &L %5
L7

) — 7Bk 650°C, 15 )] 6~17 kef/mm? @ &
TH O 7245, WWTRERIAS 1000 h 22 5 2 L A PARS
B 2 ) - T HREBRI AT B 40 mm, PATERE 8 mm
OHFEREER 2 v, 1000h 2822 VA, B
Hij & U CRERTH#E 30 mm, T{1EBFE 6 mm b 0 % Hw
A

BT Ht SO o 7 ) — T IS o W OOkE, ER
’%;EE&U“I_;‘H%%%EL’;%%ﬂ%@ﬁﬁ%ﬁ/)t. IHt — 25
F A MRRIEESEE R FCRONTL, TANIA LY

Table 1. Chemical composition (wt% ) and heat
treatment of 1 Cr-1 Mo-1/4 V steel studied.

C Si ’\ln P S Ni ( r

Mo v
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970°C X 19h— Fan cooled
670°C X 52 h— Furnace cooled
640°C % 2? h - Purnace rooled

12? 025

0.27 0.27

Ing‘ﬁt weight : 70t

Heat treatment to obtain four different prior austenite grain sizes in a Cr-Mo-V steel.
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Optical micrographs of the specimens
with the prior austenite grain sizes of 10, 26, 52
and 106 um after different heat treatment.
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I'ig. 1. Time to rupture as a function of prior
austenite grain size under five applied stresses.
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Fig. 2. Minimum creep rate as a function of prior
austenite grain size under five applied stresses.
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Fig. 3. Rupture elongation as a function of time to
rupture in the specimens with the different prior
austenite grain sizes.
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Fig. 4. Hardness against rupture life in the speci-
mens with the different prior austenite grain sizes.
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Photo. 2. Secondary electron

images of the speci-

mens interrupted at 650°C-10 kgf/mm? with the
prior austenite grain diameter of 10, 26 and 52 pm.
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Fig. 5. The width of recovered zone in the speci-
mens interrupted at 650°C-10 kgf/mm? as a func-
tion of prior austenite grain size.
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Photo. 3. Secondary electron images of the speci-

mens with the prior austenite grain sizes of 52 and
106 um after crept at 650°C-17 kgf/mm?.
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Fig. 6. Creep rate-time curves of the specimens
with the different prior austenite grain sizes at

650°C-17 kgf/mm?2.

Photo. 4. Reflection electron image of the speci-
men with the prior austenite grain size of 106 pm
after interrupting the test at 20h at 650°C-17
kgf/mm?.

74 (1988) & 8 %

N EAE BRI IZ Y 2R L TWADTIE R
B oI AT % 7 U CBEHE L 72 8k SR RIS &
NTwan, 25617, ORI MHIX Fig. 3 12K
L72&H123.5% THo7. ChonZ &hs, [HA -
A7+ 4 FREED 106 pm ORKM & SIL RO &
T )= TRET DL, B/ho ) —7THEEICELRES B L
FilZIHA — 25 F 4 PRI ADSAE L, Ehouifs
TEHIoENDEE LFE Y, HRh W HERFE WA L
T ) - THEESEML-bD LRSS,

3-4:3 MEMICBE Y- THEWOIBA — A5 F

1 bR

HA— 27+ 4 FRAZEHNSOum 22 5 L0 17
kgf/mm? Tlx 7 V) — 7P F§ 5 25, oK <
%AHE S0pm LLETEL 7 ) — 7THBLEEEMT 5 L5 <
A LHL, &6 6kgf/mm® 12 F TERT T
HET7 Y~ TEMOKINI N T HREODRTED L
T, #HIT AN AR,

EIAHT, HARFEEFBZAL V) — TEIAIET
ZWLIBBMTABREEIV 220y BHoH
@10)11)15)18)19)&) Z) W ‘ir%—m{ﬁ\{%lﬁ)ZO)Zl)‘: QB V‘Tﬁi%é
NTwz, Tho3R-EATORNERICLDER
DREENMESNDHEY, HVEEERRNOE
WL B s ) - FRIOBRTAELBRERAE &2
LRTwah, LA L, FhsidwdFnd sl ced

(650°C, 8kgt/mm?
U (a)

tr=1451h
tr=2034h|

Creep rate (h™)

I I
20003000 50007000

200 300 50070
1000

Time (h)

Fig. 7. Creep rate-time curves of the specimens
with the different prior austenite grain sizes at
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a:52pum, t,=4297h b:106um, t,=3052h
Photo. 5. Secondary electron images of the speci-

mens with the prior austenite grain sizes of 52 and
106 um after crept at 650°C-6 kgf/mm®.
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Photo. 6. Transmission electron micrographs of
the specimens with the prior austenite grain sizes

of 52 and 106 um, crept at 650°C-6 kgf/mm?.

HEfTHEMEREIFEL RTLTVA.

D EOMBEESRE L, (1)106 um DK O S A
1000h 2% LAMITKT L2 E (Fig. 4), &7
()BT OIS ), ERBEIc8¥Em L 7- 2 & (Fig. 3)
AT TCEZDE, 106 um ORKE TR, FIRZEHAT
DICNEPIZK Y, Z O TO R Z BHE#IEO
BAMEAE S L, T HAIHA— AT A MRS T s
{, FABERICB > TRIRNEILR LR, 20 —7
EHASRIETLZ b0 EBEbRS, IEHIIZBW
TIOL) HBEHE L LFEKE LT, k054,
KO 7 ZOFR G HMAIL T B % & XA F 4 MR A
ARG —MAH L, Fhd T ZERIHT 22 S IR O
BHN~NOIEAEFED TV L ENFEETHLH, Lrl, =
DX AW TOOERF IR TI > 7 DIEFEE S
LREEBKLETEST L0, ERM2ESS. Lz
HOT, TOL) BBESBICHBTEL L0 L HE
Eh5.

DEo#RLn, KEEBOGREE L 58 L 72546,

— 129 —



1648 o W O FT4E (9 E8 T

Cr-Mo-V #DHA — 27+ 4 bR 50 um LT IC3H
BANLRETHLLERSND.

4. & E]

HA—-257F 4 PREXLVEBTCLILES 2
Cr-Mo-V % vy, 650°C T2 ) — 7FHHIC RIFT
Bt =27+ 4 FMUEOZELHN, ThEDLH %
HMBLEILEBET L0 2 aT L-RR, UToRRER
A

1) IHA— 27+ 4 PEOWMIIE 7Y — T
L, S0um LT &M Ciddk/hs U — 73#E &IH
F—ZAFF A4 PRFEICREFITS. LrL, WMEFH
50um ¥ B2 5 EZORER/NS LN, BICHETK
BN TREFRFIURT 5 5 V38T 525800 S5 h
5.

2) B ORIEA X714 PREFKELRBDIE
E/NE L, 106 um DFRETIIEICS, HEEERMMT 5%
DToFEL/NERMEERT A, BB OIS
THMT 5.

3) B S IIBEMTERR ORINAECERIRT L, BT
EEEIAS1000h LFO&RTXIAA — 25+ 14 PRED
KMIEBERIBEDSN LW, LA L, 106 um DK
OS2 1000h #8825 & 28ICIKT T 5.

4) 50 um LT oMK 2B VT, M—In/)THHETFL
72 RE TR LN A AHFERORIXIHA — 27 F 14 ML
BEOIPMIESFIRIZFR L TH S

5) B, EBEFEIBTHNT L 72 106 pum OFE T,
BEOMAZENA»BEIRL. T/, Bhis—icyh
HLTWDBOTERLC, E£F%E % LT LB SR
BRI SN TWwWis, 8512, {KIETClE L 723tk
R R TORI L REFIROEEE S Eh o T X
BRI 1RANOILRAKRAEED /N S WRRHI A,
IhFELW.

6) 1) RU'4) o#FLD, FEL 50 um LLTF IS
BIBEMNI ) —THEELIHF —2FF A4 MRIFEE OB
BERS LT, B —2 7+ 1 MRROBEIMIEES B/
7) — 7HEE OB IR EE OB & B EHE D
KIEROBV EMNIET D E #HS 22 L, Cr-Mo-V
Mo 7 ) — TEUSBEFEIROIE T3 %2 <, REMICIE
HBERICLOTRESIRAZ EEFHS ML 2.

7) IHA—Z27F A4 FRAED 50 um % 48 2 S AR
T, BICHOBE, 70— 7THERAFKRT T 5013 %D

7)) — 7 HREEZRTLURNCEH N ORE R ETT 5
ZECky, —H, WhrdAHEUTIET LERM*
VA7) - TEOEMPBUOROO R B0
FLAE DI AE D THERO A — AL, [MIfEHIK
PRIANE BRI KT A-D LR L. &6, &
NHLOFRRELY, REEMTOMELZERL A,
Cr-Mo-V #lDIHA — 27+ 4 FhifFid 50 um LT IZEH
BEINLRETHLEHTL.

Bhbhiz, AR S A FETERT -4 (H
HREEREE) BEEERICERH LT T, 61, A
FEO—ERFHEMIT, FAREFERICL 2L %
LT, #ABEEXRLET.
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