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The Effect of Stress on Degradation of 1 Cr-1Mo-1/4V Steel at
Elevated Temperatures

Kazuhiro KIMURA, Takashi MATSUO, Makoto KikucHI and Ryohei TANAKA

Synopsis :

The creep tests for the specimens aged and stress—aged in the temperature range from 550 to 700°C have
been carried out at 550°C-28 kgfjmm? to determine quantitatively the degree of degradation of a 1Cr-
IMo-1/4V steel. The decrease in creep resistance due to aging has been discussed in terms of two mi-
crostructural changes: (i) a homogeneous change; the coarsening of intragranular carbides, and (ii) a het-
erogeneous change; the formation of subgrains or ferrite grains along prior austenite grain boundaries.

When the stress—aged specimens were compared with the specimens aged without stress at the same hard-
ness level, the creep resistance of the former was substantially lower than that of the latter and the amount

- of subgrains or ferrite grains for the former was significantly greater than that for the latter. The decrease
in the creep resistance was proportional to the increase in the width of recovered area, which was defined
as a parameter representing the amount of subgrains or ferrite grains along the prior austenite grain boun-
daries.

The loss of the creep resistance during elevated temperature exposure is caused not by the homogeneous
microstructural change of the carbide coarsening, but by the marked local recovery along the prior aus-
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tenite grain boundaries.
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Table 1. Chemical composition and heat treat-
ment of 1 Cr-1Mo-1/4V steel studied.

Chemical composition, (wt%)

C Si Mn P S Ni Cr Mo v

0.27 0.27 0.66 0.009 0.007 0.34 110 123 0.25

Heat treatment

970°C x19h—Fan cooled
670°C x52h—Furnace cooled
640°C x 23h—Furnace cooled

Ingot weight : 70t
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Fig. 1. Creep curves of Cr-Mo-V steel at 650,
600 and 550°C.
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Fig. 2. Changes in time to rupture at 550°C-28
kgf/mm? of the 1 Cr-1Mo-1/4V steel subjected

to prior aging under various conditions.
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Fig. 3. Changes in minimum creep rate at 550°C
~-28 kgf/mm? of the 1Cr-1 Mo-1 /4V steel sub-
jected to prior aging under various conditions.
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Table 2. Comparison of X-ray diffraction data of precipitates extracted from both specimens after stress
aging for 9000 h at 550°C-22 kgf/mm? and aging for 1000 h at 700°C.

2
550°C, Z2kgf/mm 700°C, 1000h V,Co* Mo, C** CrysCo™ FegCrovs
dobs. Tobs. dobs - Tovs. d /1, d I/1o d 1/1y d /1o
2. 635 219 2. 637 80 2, 66 30
2.575 444 2.575 371 2.60 20 2,54 5
2. 412 589 2. 387 1018 2. 40 100 2.38 66
2. 357 1699 2. 352 614 2,37 30 2,37 50
2. 257 1340 2. 259 1199 2.28 100 2,26 25
2.194 196 2.216 393 2.20 25
2.153 1741 2.152 390 2,17 50
2.110 300 2,108 1053 2.10 60
2. 087 620 2. 069 1148 2.07 100 2.06 70
2.031 1755 2.02 60
2. 029 4741 2 012 1865 2,05 100 2.01 100
1. 993 120 1. 978 1021 1,97 85
- 1.871 610 1,87 30
1. 864 1198 1. 852 579 1, 88 50 185 20
1. 803 119 1. 803 123 1. 80 50
1. 781 1051 1. 781 235 1.78 40
1. 757 424 1. 762 371 1.75 16 1. 76 15
1. 667 216 1. 684 256 1, 68 15
1. 641 114 1,63 5
1. 607 215 1. 61 30 1. 61 7
1. 589 473 1. 589 243 1. b8 20
1. 511 164 1, 503 12
1. 486 450 1. 488 448 ,
1.474 281 1. 477 200 1. 47 50 L4 8

«: Representative ASTM Card, 1-1159
«x: Representative ASTM Card, 11-680
«xx: Representative ASTM Card, 14-407
s+ : Representative ASTM Card, 6-0688
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a) As received

b) 650°C, 6500 h

c) 650°C, 3 kgf/mm?, 6000 h

Photo. 1. Scanning electron micrographs of the specimens as received, a), aged, b), and stress aged, c).

a) As received

b) 650°C, 6500 h

c) 650°C, 3 kgf/mm?2, 6000h

Photo. 2. Transmission electron micrographs of the specimens as received, a), aged, b), and stress

aged, c).
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Fig. 4. Hardness decrease with aging under
various conditions.
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Fig. 5. Relation between the minimum creep rate
at 550°C-28 kgf/mm? and the decrease in Vickers
hardness.
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Photo. 3. Scanning electron micrographs of the specimens aged, a), and stress aged, b).
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Fig. 6. Variation of the width of recovered area
with aging time under various conditions.

b) 550°C, 22 kgf/mm?, 9000h
Photo. 4. Transmission electron micrographs of the specimens aged, a), and stress aged, b).
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area.

— 133 —



480 g & R

% 72 4 (1986) 3=

BT 5 pm DUF G % O BMAL AR | Ol T
&, 7)) - T EAREEEROBCHATE = LR R L
T2, (7, EEBEBROEIE 5pm B2 5L 7Y
—7EIAIRELET TS L i s, AERE|oOIHAF
—ATFA PRERE 20pm THB 0T, EEFERD
DS S pm Pl ¥ AR TS &, C OERASKIOR
7 BBCRTHRYUEREDS X5 i b, WIRET
DRFHIIABER TR e BT, 7 ) — FEED
ETOEERHELE-LDEELAS.

BEDZ E00, BREHLES 7 ) — FEFOET
VR FSE B T o BIE IR O IR X o T —He e b
TR, ZoRFEETOREIEB S Cr-Mo-V gD
7Y —TERRET IS X5 MBRFCHS ELiER
Ihb.

35 X @R — 2 D%(EiE

BUENCI, BT E5C 0 RATRY 7 EE IR O ik Fe ot 7
V= 7ERAET IR 5T 5 HBRTCHS Lo
DA Uiz, L7cddioC, RFFEECE Uk Bir e
BEEIROBE ZIEPHEMCIE T X, RERERL
7o Cr-Mo-V $R0 £H @k #5835 L CH M icigstnie
bhadDblBbhs,

EZAHT, ThETicd Cr-Mo-V §icEd LT &
MO BIEORE LT 5 e, XEEIFE— 270
AR 2 WE LI RERH B0, Fe, FiECH b
CLcZOMDER B FHERTChH B RAFEETOEE
FIRTIXBEAFENE LSRBRD LT3, £oT, %ff
R DAL TR 5 C D R 7c [E11E BL5: o> 21 % SF4
TEDNE S ka5,

FRGHH D (211) EHTEL S RD I & BRI
BT RFTH: EEFERO 18 & o Bif%% Fig. 8 i
7. BEHRFUROIE O fh R AR A+ % e

0 700°C

23 v 650°C
- ¥ 650°C, 3kgf/mm?
< 22 A 600°C, 10kgf/mm?
£ 21 m 550°C, 22kgf/mm?
° 2.1}
2
820
3 ,
L 1.9~ / v,
: "

1.8

1701 | Lol ] 1

1 | 10
Width of recovered area (um)
Fig. 8. Relation between the half-value width

obtained by X-ray method using (211)a peak
and the width of recovered area.
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