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Effect of Initial Microstructure on Long Term Creep Strength of a Low Alloy Ferritic Steel

Kazuhiro KIMURA, Hideaki KUSHIMA, Eiji BABA, Tetsuo SHIMIZU, Yoshikazu Asal, Fujio ABE and Koichi YAGI

Synopsis : The effect of initial microstructure, martensite, tempered martensite, bainite and ferrite +pearlite, on long term creep strength property up to
about 80000 h at 848K has been investigated on a 0.5Cr-0.5Mo low alloy ferritic steel. No significant effect of tempering after quenching on
the long term creep strength has been observed. However, strong effect of transformation process during cooling from austenite has been ob-

served. Creep strength of bainite microstructure is higher than those of martensitic microstructure, independent of tempering after quenching.

In the low stress condition in which applied stress is lower than proof stress, creep strength of full annealed microstructure which consists of

ferrite and pearlite has been found to be higher than the others. The smallest creep rate of a full annealed microstructure in the long term

creep region should be caused by both very low dislocation density of the initial microstructure and small amount of dislocations generated

under the low stress condition.

Key words: 0.5Cr—0.5Mo steel; creep; martensite; bainite; ferrite; pearlite; long term creep strength; minimum creep rate; recovery; ¥/« transformation;

mobile dislocation; elastic limit.

wE

KNFEET 7 2 M, {CRBRBOBREEIZ L0 “BLRER
ARERICHH LT 5, BIFEMERLIRRE (LS O BRI R
BaRRL, IR a RBEAFERT 5720123, BRED
IANF—hEENSZSMEIEILEND D, 7z,
BRHIANE -OREBRIER T I v P DOREFEROE S,
S5i3, EimtERSOREME2mMLEL, BREETHT S
ZEREBETHD, L22-T, BIREEDEE L &MF T
T XN 5 BiRRESH I IZBREME X D & BIRR 2~
)= THREOENIZIMRARDENTED, %< DR
RATHON TS, G5 i B o BH 76 23 K #E 2 BEH
12, MROHEBABRTEARLETHD, SR TOEREM
A BB CICER U -MEBIIC LD BEAK T
TENLTH B, WAL, 1Cr-1Mo-1/4VET+Y, 12Cr—
IMo—-1W-0.3V#i 9% & Ut B 9Cr—1Mo #i "®iz 2T, [H
*— 27 F A4 MRRERE TEENIZAE T R AT & B8 H
BOPAPMEBILAEFIER I T EARE TN TS,

—7, EiaTOMBZEA A+ 1T U 72D TR
DT, RS OB REIZiIRAT L 728 bR F o
SRR T 5, 20728, MO 2 ) — TR O
BRICIKGELEVWEEYZ ) — THREIZAE %0, RIKEY

V= THEIEY N v 7 OB ICHY T 5 2o BEEEE
IR 24, = b)) w2 ZADOFERKIZ & > T—:iY
ICREENDIHETH D, FH7 = 71 b RlTEEHD B
Bl —7@EEME ks FIRIEREE THH Z & n
550 RS ) - TREEIMMEICILSTHEETSH D,
BES)—TEE2E5ICm B3I LIINETH S &
Eiohsd, La»L, 0HKERB® 5032 LORE
2 —TRRT —2DENV Y, FOXS 5%
TRIEEO 7 ) — 7B OZERFROHEE Y ) — THE I
BRI EEBILDOEES, WEAEAHLNE B, HIEKY
Y—TaEisXollmbEd8s2L, H50VERES ) —
TEELUNOBR CEIE Y ) - THEAA LGS L
PA[ETHNE, KOENLHESOBERP RS 55,

EZAT, KAEEHD V) — TR L YRR & ORISR
EFRNRMERZIINAETTIIEESW{E IR TS, T
%5 "3 2.25Cr- 1Mo D MM & 7 ) — TR & DB
EFHHICRRET L MR, k{bofEE, B, itk kU
HAMSEOZH BV LD RLED, Zhns ) -7
BT AEEICX L TR E LB AR LThBEZ L aWEL
7z F72, ERFEMEITAKEM B L ONVHA R TS
DO A REL B3DE, 72514 MESkoRENIC
MAT, 72V —TERRIKRGME 22 ZHAHIZ R TE
NIRRT 5720 TH B EMEL TS, £

FR12EIR 1AM FR 1245 H 8 HREE (Received on Mar. 1, 2000; Accepted on May 8, 2000)
% SERMEHERTZERT (National Research Institute for Metals, 1-2-1 Sengen Tsukuba 305-0047)

44



7=, B S D3 225C- 1Mo D 27 ) — TR BRI RIE
T ORELFANR, BIENOKE - HEEH TS
) — TR IR E R YIS SRO o H, BIK
» ) — TEBENFEEN L L SER - RIEEER T ) -7
EIZ RTINSO REMZITHE T A I L AWME L
Twb, LaL, 2V —7HREEPRDN 2 ) — THEHEIS
— ML DOYIHIFARE A E AR D & B (KR - BRI
W2 LBHTHOTITIEH 52, BAh - HELMEB K
VBEL S L - BRUMICHARTE S E LMo AER - &
RS TO s ) - 7THREREWEASRAY O NS I L4
EL TS, Amin'?$ 2.5Cr- 1Mo D 2 1) — T RIS
BTG BB A FMICRET L T B3 28, Zhidlt
BEREO 2 ) — TREREICET8DTH 5,
PEDE>IZ, TS DEIUALES PORE,S, &
O TCREBOMERICE VTS, YTy ) — TEEIC
HEBLREFTLEEAOND, ZTITAMETIE, RKH Y
) — g EOuERAFES Z EA#HNE LT, KEE
Cr-Mo SO ¥IHMAR, & IZy/oaEERTROEY, B
B O B 2 ) — TEE RIS T T RE RN,

2. HEMBIURBRGE

HERAMIE R4 5 - Bisg gz A& D 0.5Cr-0.5Mo #i (JIS
STBA20)TdH 1, ZDILEME % Table 11289, #E»
5ERELL 7322 T Table 2 128§ s FEFEO B
v, B s29ssAa oMM aElkl 7z, £ -2
F+ 4 MEEBROWThOBRLETEE—D 1193K,
20min& L7z, AT V¥ A FERED-DHITKIFEAKBAD
BEARNEIT - 720 BEANTZABO—HIZDONWTIZ923K T
1hd 5L 100hDBER L 1T 572 A— AT F 4 ML
TIKD VI P SRIZEEL, ThifFic kK EREEE Y

7R ORI & DB & L iR A AR L 72, DR,

BEANE FORE, BANEZIhD 501000 BR L 72540
¥, 723K CHHBERE X B 2RABE KUOFA L2l 2 2
NFNMT, TS, TL, BT 5 K U'FP# & FKi 4 %,

2 ) — ZIRER I ISR 5 P PR A 30 mm, “PATEBEE 6 mm DD
I$iHx sy —FRBHEHV, KKH, 848K TiT o 7=,
2 ) — FEOOREIIZREBRR 7O 2B HLD {17
- OE & LV, BRERI80000h = THIE L 7z, BULFEE
FORPH KUV ) — TR AT ERO B X JIE ISR
Yy h— 2 XRBRBR4A A, WHESNTHIEL 72, 2
WP F DR LU ) — FEEMERER AT SR ML
IR AR L, BRMNETFIHEMEEEHO T -
7= HREERHE 260~270K D 10% @EREE = F L T 2 —
NERERRTYA Yy VERIBIZLDERL 7=,

45

EAET =74 MEDREEY U — THRE KIS TNHGORE

Table 1. Chemical composition (mass%) of the steel stud-
ied.

C Si_ Mn P S Ni_ Cr Mo N
012 025 044 0013 0012 005 071 0.52 0.0058

Table 2. Heat treatment conditions of the steel studied.

Steel Heat treatment Microstructure
MT 1,193K x 20min. / B.Q. Martensite
TS 1,193K x 20min. / B.Q. + 923K x 1h/ A.C. Tempered martensite
TL 1,193K x 20min. / B.Q. + 923K x 100h/ A.C. Tempered martensite
BT 1,193K x 20min. — 723K x 1h/ A.C. Bainite
FP 1,193K x 20min. / F.C. Ferrite + Perlite
B.Q. : Brine quenching
A.C. : Air cooling
F.C. :Fumace cooling
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a) MT : Martensite
b) TS : Tempered martensite
¢) TL : Tempered martensite
d) BT : Bainite

e) FP : Ferrite + Pearlite

Fig. 1. Bright field TEM images of the steels in the as heat treated conditions.
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Fig. 2. Changes in hardness with increase in tempering Fig. 3. Stress vs. time to rupture curves of the steels at
time at 923K after brine quenching. 848K.
Table 3. Hardness of steels in the as heat treated condi-
tions. 102 ‘
Steel | Microstructure HV(98N) | 0.5Cr0.5Mo steel
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Fig. 4. Stress vs. minimum creep rate curves of the steels

at 848K.
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Fig. 5. Creep rate vs. time curves of MT, TS and TL at
848K, 176 and 59 MPa.
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Fig. 6. Changes in hardness of MT, TS and TL with in-
crease in time to rupture at 848K.
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a) MT : tr = 9,159.3h b) TS : tr

9,632.9h

¢ TL : t: = 9,358.2h

Fig. 7. Bright field TEM images of MT, TS and TL specimens creep ruptured at 848K—-59 MPa.
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Fig. 8. Creep rate vs. time curves of MT, TS, TL and BT at
848K—59 MPa.
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Fig. 9. Bright field TEM image of BT specimen creep rup-
tured after 26517.1 h at 848K—59 MPa.
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80000 100000

EAET = 71 RO R 2 Y — THEICRIET VIR ORE

TEEVNR/MEERT ETOER S Y - THBTRI Y -7

HENKRESBWAL, ZOBPHEKIHTTHS. L2 L,

KB D398 L U31MPaTIZ Y ) — TEFRBE®R 2 S
BOTNE ) —THEEERTZD, 49MPall LDE
BB TR O NEHMEL BB, ) — TRBREINT,
2 — TEBOETICES 2 ) — TEEOELDRE Ik
BT,

848K—59MPa T % ) — 7Bl L 7z FP#4 @ TEM BHR¥F (%
% Fig. 14127, 7 ) — 7RBRAI(Fig. 1()HNRNTELD
RSB L TH D, KRABRFETES TNy £ =D
EREHTrIZBD OIS, RNITHT L RIS
) — TR EE RITT RN R D B, 7RSI, &
BRI TR A A KM b S UOE M KD 8 Ew o ) =T
BEERTOR, RAICSIRRIEMARN T 2720 TH 5
EHELTWS, LrL, RILWOY A TR BRI
Fig. 7 % & U'Fig. 9127 L 7= fth D $ifE D & ) — T aklirdt & [F
BETHD, BNBEERELIENZ 26, FPHMOE
h-BER s Y — 7585 % k(O RIE THAT 5 Z
LTV ERbhD, Bk LMOYIEMEERME
EHAEL KL, BMRE D & 22 {EVERIGH T TR
EMORBRELEBDTHE, LzR->T, KIS TEEEES
F LMD Y - TEEEES EENEEEYLT VYA

102 g 250 ; .
E 0.5Cr-0.5Mo steel; : E | 0.5Cr-0.5Mo steel : 1
_ 10 ;_V 848K 31 MPa_ i ...l 4 200 [ F P848K ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
< ; ' P :
o 10°} Z ol :
o 1 @ r
& 10°L 4 2 o0 | .
&' | 5|
107 —Z¥g rrrrrr rrrrrrrrr ”“4“0«» ---------- . BO (S o 3
Fov oL ' . ] ]
10 Lol v el ol . N N L L]
10° 10' 10? 10° 10* 10° 10° 0.000 0.002 0.004 0.006 0.008 0.010
Time /h Instantaneous strain
Fig. 11. Creep rate vs. time curves of the steels at 848K~ Fig. 12. Stress dependence of instantaneous strain at the
31 MPa. loading on FP specimen at 848K.
4 p
107 T
. F F FP: 848K }
10" b L REREEE 7 B 4 4
i .
e 100k GO
=~ F Oa:
o 10t ”‘.“ o 176MPa
o w 5A M e 147MPa
& qo5Lon 2 .\ ,,,,, B, at a  118MPa
o VAT Maad B s 98MPa
&} 6 v = o 69MPa
10 *Vw = 59MPa
[ ‘vvv' T v 49MPa
107 AR 00000000«) v 39MPa
g , o  31MPa
10‘8_ i —l :nui 1 Lo i a4 l I vl ]
10" 107 10‘2 107 10°

True strain

Fig. 13. Creep rate vs. strain curves of FP specimen at 848K.

49

547 I



. 548

$% & 88 Tetsu-to-Hagané Vol. 86 (2000) No. 8

Fig. 14. Bright field TEM image of FP specimen creep
ruptured after 25150.5 h at 848K—59 MPa.
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