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Synopsis :

Microstructural changes and the degradation of creep resistance due to creep damage have been studied
on 1Cr-1Mo-1/4V steel crept for a duration of 9 500 h at 550°C. In particular, the effect of grain bound-
ary void on the creep resistance has been examined on the creep damaged specimens, with and without a

reheat treatment.

Metallographic observations have shown three types of microstructural changes with creep deformation:
(1) coarsening of the carbide that usually occurs during tempering, (2) formation of voids and cracks,
and (3) remarkable recovery in the vicinity of prior austenite grain boundaries.

It is found that the extent of carbide coarsening is a little even in the accelerating creep stage, and the

effect of voids on the creep resistance is negligibly small.

Progressive loss of the creep resistance is shown

to be closely associated with the local recovery in the vicinity of prior austenite grain boundaries.
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Table 1. Chemical composition and heat treatment
of 1Cr-1Mo-1/4V steel studied.

Chemical composition, (wt%)

C Si Mn P S Ni Cr Mo \'

0.27 0.27 0.66 0.009 0.007 0.3¢4 1.10 1.23 0.25

Heat treatment

970°C x 19 h—Fan cooled
670°C x 52 h—Furnace cooled
640°C X 23 h—Furnace cooled

Ingot weight: 70 t
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Fig. 1. Creep curve (a) and the relation between
the creep rate and the creep testing time (b).
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Fig. 2. Variations of the 0.29; proof stress and
the tensile strength at 550°C. with prior creep
testing time at 550°C-22 kgf/mm?2.
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Fig. 3. Variations of the elongation and the
reduction in area at 550°C with prior creep
testing time at 550°C-22 kgf/mm?.
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a) As received
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Scanning electron micrographs of the specimens as received and

c) after 9000 h
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Fig. 4. Changes in hardness of the gauge and
the screwed portion of the specimens after creep
testing time at 550°C-22 kgf/mma?.
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Fig. 5. Changes in density after creep testing

time at 550°C-22 kgf/mm? and 600°C-10 kgf/mma2.
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Fig. 6. Variations of the time to rupture and the
minimum creep rate at 550°C-28 kgf/mm? with
the prior creep testing time at 550°C-22 kgf/mm?2,

2
550°C
.Z-E 10-3._.
o~ 7'_
£ s
2 o
8 3r
5 L,
2 )
S
§1W—
o 7+
B st
K
3 5L
2 L (| TR
g 2 3 s 710° 2 3 s

Creep rate at the time of interrupting
the prior creep test (h1)

Fig. 7. Relation between the minimum creep
rate at 550°C-28 kgf/mm? after prior creep
testing and the creep rate at the time of
interrupting the prior creep test at 550°C-22
kgf/mm?.

BEOEBELTRE TS EE 218, 550°C B\ Tix
R Lic X 51 600°C I HREBRORBENFEEZETH S
tod 7 Y — P EACRETEROBEY TR T4
BERHHD.

2T, ZEAkic oW Table 1 ©iRT4&H$T
OFBABEAL, RIEBRMEARDO N1 >4 FR
BEL-EE, BELERRERE XY 7 ) — THERS
ETT50E5ne@RANE.

FAFEHF, 9000h FREiFKI RO 9000h THEERE
BOLFR AR L o 30 © EEEEERM %L Photo. 3 iR

— 97 —



1808 B & M

# 71 4 (1985) Z£15%
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a) As received

¢ ) As reheat treated to b)

Photo. 3. Scanning electron micrographs of the specimens (a), as received, (b), after
creep testing for 9000 h at 550°C-22 kgf/mm?, and (c), asreheat treated after (b).

4. 9000h EEE (b)) TILRERHM (a)
THRINB ORI R Lo e ds v BEHME LTV
2, BB (c¢) RTolicXbh, RERAMLIZE
FEOHZAIELR S, Livl, BRUERRK L THZE
WX WELBELTWS, i, BEAEYEL &P
Wk oRE X L RMEAM (HV @ 258) L AEEOfEHV ¢
243~262) THOT-.

L = AT, StEVENs & FLEwrTTIDI?) X7V — 7KL
L#: Cr-Mo-V &4+ — A7 >4 EKCHBWE T
5L, 7V —7EHPCHEE IR v ET 4 DK 80
voly WiHRE BB ENTEBLHEL VB, L&
T, FHMHE %R L7 9000 h sREibhiC oW TR 2l
ELIEZ A, REAMCHTIHEOE(LEIT —8.9
x10-4 Th b, BFBUHEFOM (—11.4x10-4) DF
80% ThHH1, WROKFIIBFELTIVWAEE bR
%. STEVENS B OFERD LB ir 5D, BEPHW:
Cr-Mo-V #iz Ti, B 2 ESTY, EROKEN
0.5pm FiBEOKEITHY, AERTOEH (B pm
DHDAELADBND) THENIEFTPIVZ X
5EEbNS. Tihbb, A0 sintering OEREIIL
WO RE = F V¥ — KRG THPOT, FhozEfs
ERRITHE T Z L RBESCHEINS.

7 ) — FRABRA R Lici ke BB L, B
28 kgf/mm? T 7 ) - FRBREITV, BHhici/h7s
YV — FEE LR T 7 ) — TRBEE E OB Sh
WroE DR TELALKER & # ¥ C Fig. 8 Wir
7. BEAEYE LR OR 2 ) — THE AR
MloRECH»H 563, Whd RERM L iRIEEEE
OfExAT. cOZ EXIbh, Fd Lk > HEAEY
LI T ERAWELEETLZ L v EET

550°C, 28kgf/mm?

5 b
The specimens

3 after interrupting

2 the prior creep test

Minimum creep rate (h-*)

Reheat treated specimens
2+ after the prior creep test

10 [ I T N B RSN R
0 2000 4000 6000 8000 10000 12000
Prior creep testing time (h)

Fig. 8. Changes in minimum creep rate at 550°C
-28 kgf/mm? with prior creep testing time at
550°C-22 kgf/mm? for the interrupted specimens
and the additionally reheat treated ones.
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Photo. 4. Transmission electron micrographs of the specimens as received and

after creep testing at 550°C-22kgf/mm?2.
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Fig. 9. Changes in width of recovered area with
prior creep testing time at 550°C-22 kgf/mma?,
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Fig. 10. Relation between the minimum creep
rate at 550°C-28 kgf/mm? and the width of re-
covered area for the specimens after prior creep
testing at 550°C-22 kgf/mm?.
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