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Metallurgical Factors Affecting Creep Cavitation Behavior and
Rupture Ductility of Cr-Mo-V Steel Forging

Yoshikuni Kapoya and Toru GOTO

Synopsis :

In order to clarify metallurgical factors affecting creep rupture ductility of Cr-Mo-V steel, creep tests
for the specimens with actual rotor materials differing in quenching temperature and also in impurity con-
tent were carried out at 550°C-210 MPa and 575°C-160 MPa. Creep properties were compared and also
nucleation-growth behavior of creep cavities during creep and rupture ductility were investigated. The
obtained results are as follows :

(1) The high-purity materials have the best rupture ductility among as-heat-treated materials quenched
at 940-970°C and show rupture elongation higher than 10%. Other low-purity materials show rupture
elongation lower than 10%. The decrease in ductility corresponds to the increase in impurity content.

(2) The rupture ductility of the re-heat-treated rotor materilas quenched at 1025°C decreases greatly to
less than half the value of as-heat-treated materials in (1). The decrease in ductility corresponds to grain
growth of prior-austenite grains.

(3) The metallurgical factors that affect rupture ductility remarkably are (a) the pre-austenite grain
size corresponding to rotor quenching temperature, and (b) the amounts of impurity, and the smaller (a) is
and the lower (b) is, the higher is the rupture ductility.

(4) Consequently a parameter is proposed so that rupture ductility of Cr-Mo-V steel can be obtained,
combining both the above-mentioned (a) and (b) factors. This creep ductility parameter, defined as the
Y-factor, is expressed as :

Y=0.34[P]+3.8[S]+8.4[Sn] +12.0[As] +5.6[Sb] + 2.6G.S.
where [P], [S], [Sn], [As], and [Sb] are the contents of respective elements (wt.%), and G.S. is grain
size (mm).

Rotor materials of Y > 0.5 show notch-sensitive behavior, and so the Y-factor is effective in judging the
notch-sensitive/notch-insensitive property.

Key words : creep; creep ductility; intergranular fracture; Cr-Mo-V steel; notch sensitivity; impurity;
grain size.

1. # 8

EHOIIEI, EOT— 5 THD 1Cr-1Mo-1/4
V#zH, 500~675°C DREHETY ) — TR %
TV, 2 )= 7ER L 2 ) —THFEEEH~<T, 7 1) —
TEROBEBER O, Y — THEMERER, A7 v
NEFECLTE LB LEZHSHICLEY, £/, 20
HRICINIE Cr-Mo-V AL EHENTWBER
y—¥ru—yEREAEHBG, LFiEotrug righ

DTy, EFEMELE % 20 EREIIRRITIES 0K
TEEIRNRBETH L Z L ATFHEIRTL

—7%, o7 —THREEOERb, YIREHEL
KELY—Era— s DPEITIEIRE 7 ) — TR
L BERELZBARI DD LUERPLFELRTNED. Th
K2 CTry— 7HEFES R TR Y—¥ra—y o
BHEMEL 227 ) -7 EEEMCOBELRITT
EOWEILHY, ERALEELRFELEEIONS.

INET, Cr-Mo-VH#D 7 \J— FEMHICDWTIEW

FHAELRA 24 At FRE 446 H 5 H%F (Received on Jan. 24, 1992 ; Accepted on June 5, 1992)
* ZFEETEMR)EBBIZAHT T (Takasago Research & Development Center, Mitsubishi Heavy Industries, Ltd., 2-1-1

Shinhama Arai-cho Takasago 676)



1602

#® o @ & 78 4 (1992) 10 %

AZNAHLHAENPOHANORATWSS, ECEHREENEH
B, 70— THRE LRSI L OBRERET Lo
EHEITWRLw, Larbbkdok) LERHEMEL 25
Cr-Mo-V $iD 7 ) — 7TRFRHIEIZEFH LT, WFICE
U727 ) — 71818 % & B I5FE L 22 Fg8 ik ks 12
ENTVBELON, S5 ICRAFEORFIEE & BRTE
& DR E TERENICHARLIRRE DL, w
FREREHZE LS.

L2 AT, Cr-Mo-V O AHIEL/RITHBED Y
) — THETHENE L, EoRKELTDOr ) —TE Y
FA4RRREROREBIIERENTVEHEELLND
29, REMRT L L TREROBRLE, HKREUEE
By ) — TR B RS A LR KD
NTVBWTIO ), BEROBME RGOV
i, B0 u— 5 ORBEROBPIERYAED OEERS
e, O—FDEANEES 1010°C 2»SBED 955°C
HEICTIFAMENE SR, 71— THRTEREEL <
WEESNTHDL, LIALRD D, ZOUHENRH A
DOWMLIZ L B b D», BEANREIZB S HBHE~DR
1L O BEEEOEHE ) BER LEFIZ B3 % kAL o th
ZHOERI LB LD, WTFhPELLEREZELE T
WBOPICE L TRIKRRE LTARHTHS. 272, 79—
THBHES ISR THBR SR T ORE >V T
I, FOHFLCGRESR, N F A4 MBOBEAS
MREshBHLELI, PO TELCEERITT I &N
o snTwa, ft- T, BRTER#AED 7
) — THBES B R THEEMETF L LT, ki
RARZBEANBEORE L 0— 7 OBREE CHEIRD
SNARFITREROFEELIY i, Zhoilo>WTH
RBULENDH. F510, THWTCE OB SBIREV 2,
I TCOMFRITEICHMPITE & Fm L MIORLRIC
LTS R TE L BHEOERTH S 7
N—=7% x5 4 OEBREREODBERFIFIEETH
0, Lobiy, AHPITEER L BERTIENE & OEEr % B
BhE OB L EEIIRSVWTHITLILIEETD
5.

FIT, AECRAMY LEREAROR LD 5 &

BOEBOO— 7HTHBH Cr-Mo-V % F v T 550
T 575°C 2B W TH 10*h THABK T 5I0To
7)—THREBEETIE LB, MLEFICBIE2 Y —
TR #ERL, 7 —TF 5 ETF 1 OEFERE
DEALEFNz. 51, 209 H 3 EHOMEMIC
SWTiE, BEANIBEZ 1025°C & &< LftikH %
PEBLL, 940~970°C DBEFOHRANBREN LD LD Y
V- SRR RET AL LB, 2)—TFXET 4D
K- B & BITIEE I oW TR, Zh o

T HREEMRT ORI %17 - 72,

2. HEMRURBRAE

2-1 #tEH

kM, F—Eru—% & LT 10 FFEEEEEER
an:3EEOERU—- /RO 2 EEOBE L I0E
Bo—5Ths. WThoOMfHAM D Cr-Mo-VH#ITH Y,
O— & UL E D S u— 7 B BRI KB 2 IR L
7z, EHgu— 5 ORBHRIYIE R, RMBEHICLS
HELRT A o0 — ¥ RLORBEEMY & E% & A%
HAHRBREHEERAL. HFAMOILFK T % Table
113R3. F72, Table 1 I2i3&u— % ¥ & Rk
EHBECHEM ST 5720, Roan & Seth!” 52X i
EENTWBRTERSN LAWY ERE L %
FU—FHICOoOVTHEB LR L. BT, ZoRCE
WT, L>0.6 X shbsu—%5 A CRUE %K -
MigEs, 1<0.6 X ashs0—%4 BRUD %S
MEM LA LTS, &6, iMoo — ¥ 8%
B A BB K NIHE — X5+ A4 bR % Table 2
VR, b, M OMBRRBER LA 1 PHEET
»5h.

K42, Table 1 2R L7-BtEAM O FC, BEITEE DR
bREVWO—FH D EEVE—5#H C RV E *H
BALIEF DL ISR A 7. I Table 3 AT H
BB AR L. Thbb, 0— %8 C KU DA
NEE%S 1025°C & L, CORELNEGEHE v—y%
BUERSOFEM IS S - R—&FOBR LML
7-. S5, U—FSHEIOWTE, =VTF A2

Table 1. Chemical compositions and total effective impurity content of Cr-Mo-V steels studied.
(wt% )
Rotor | C Si Mn P S Ni cr Mo v Sn As Sh T"‘i'osgf‘i‘}:i impurity
A 0.28 0.20 Q.79 0.027 0.013 0.39 1.05 1.15 0.24 0.018  0.021  0.003 0.97
B 0.31 0.25 0.80 0.013 0.016 0.14 1.09 1.26 0.23 0.010 0.009 0.002 0.57
C 0.30 0.25 0.75 0.008 0.008 0.35 1.23 1.20 0.26 0.017 0.016  0.003 0.62
D 0.33 0.28 0.85 0.005 0.007 0.34 1.12 1.13 0.24 0.002 0.005 0.002 0.24
E 0.30 0.28 0.69 0.013 0.014 0.28 1.11 1.36 0.23 0.005 0.024 0.004 0.67

* [,=16.1-[Sb]+13.8:[Sn]+12.6-[P]+10.5-[As]+8.8-[S]; from ref. 17)
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Table 2. Nominal heat treatment condition and
grain size of as-received Cr-Mo-V steels.

Nominal heat treatment Grain size
Rotor i . .
Austenitising Tempering Grain diameter
treatment treatment J1S No. #m)
A 970°C; B. C.* [680°C; F. C.**| 4.5 90
B 955°C; B. C. 680°C; F. C 4.0 80
C 970°C; B. C. 665°C; F. C. 5.0 60
D 955°C; B. C. 680°C; F. C 3.5 100
E 940°C; B. C. 670°C; F. C. 3.5 100
* B. C.: Blast Cooling
** F. C. : Furnace Cooling

Table 3. Re-heat treatment condition and grain
size.
Grain size
Rotor Re-heat treatment JIS No. Grain diameter
Mm
1025°C X 10h; cooling rate® of
C | 25°C/h, 670°CX50h; A. C.** 8.0 120
D Ditto 2.8 150
g |950°CX0.2h; W. Q***, 930°Cx 4.3 80
0.2h; W. @%3,1025°CX10h, 670X :
50h, A. C.

* Cooling rate : Correspond to the cooling rate at the centor of
rotor of ¢1 000 mm
** A C.: Air cooling
**¥ W Q.: Water quenching
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Table 4. Creep rupture properties of Cr-Mo-V steels studied.

Creep test condition Minimum cree . . . .
N p rate | Time to rupture | Time to onset of Elongation | Reduction of area
Heat treatment Rotor o) + (MPa) & %/hxlO‘{) #,(h) tertiary t(h) 6 )= & v(9%
A 550 210 1.16 8195 5900 4.4 3.0
575 160 2.18 7 063 4 200 6.0 5.0
B 550 210 2.94 15 323 7 600 14.8 41.0
Nominal 575 160 3.69 12 102 5400 18.7 52.0
(940~970°C c 550 210 3.30 12768 7720 6.9 6.0
hing) 575 160 3.26 9694 4 840 6.7 4.0
quenching D 550 210 1.40 12645 8400 13.8 55.0
575 160 2.80 9226 4700 15.2 37.0
E 550 210 1.90 5653 4700 4.4 6.0
575 160 1.70 4434 4100 4.6 8.0
c 550 210 0.78 13884 12 600 3.2 5.0
Re-heat 575 160 1.15 9814 7 800 2.4 6.0
(1025°C D 550 210 0.60 20323 16 300 5.2 6.0
wenching) 575 160 0.83 13 160 10 100 4.8 7.0
q g E 550 210 1.64 11420 8 000 6.2 10.0
575 160 2.75 8433 6 830 6.0 4.0
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Fig. 1. Creep rate-time curves of rotor A and B

at 550°C -210 MPa and 575°C-160 MPa.
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Fig. 2. Relation between the minimum creep rate
at 550°C -210 MPa and 575°C-160 MPa and prior

austenite grain size.
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Fig. 4. Effect of cavitation on rupture ductility.

Y75 4 OEEEIE, BHEMOZIIHTH 2~4 &
ﬂ&ﬁ%(&ofwém.:h%WC&#6,$yE

1 RELHREIZIE, P,S, Sn, Sh, As 7% & ORFW T
%#%( CEERIZL, ThOFHPTEOZ VD DI
Xy T4 ORELBEEFERIILALDEELZ LR
. 2F0, AMTR SN IR LRRT AL —
RPRRIFANE—ZRL, ZOHERET Y ET 1IN
SWEEF ¥ ET 4 FHERPOTATREEL, £0OE
BMOEEHKRKEL DO ERO LS 2RI 272
LOEREEINS.

RIZ, WO X v U5 4 BRI L CER
L7:#%% Fig. 4 12RT. o, ¥y 71K
WO OBIRERLAZODTHED, 7)—TF v ¥
7 4 DEFRIPER OBEBTEEAME T 3 2625520 S h
L. £, B 5294 Cr-Mo-V 8588 CH~FIM kR
EHRELTVWEY, HRERRF 7V —TFxET 4 A
WAWELBEABMEE KT SE2b0LEz2HN

5.
4-3 WHEMHICEET I a&MNATF

AIEi TR~ & 512, Cr-Mo-V $#i2 317 AR FRAEEE
ERTHEO Y - THRIERR, 7Y —-TFrET 4
RRRERIIEBENRTWAEEZONS, Fifi T
BONTHERRUOREKOA RIS & Cr-Mo-V #DHK
WrEEME T 2 EEMNRTFOEZEL LD, RD2H
HIZOWTERZTAA.
(1)o— % DEEANREDOZE

(2)u— % OAMWILEDOLE

FF(1)DEHICE LTI, gilcbiil~xickHicsy
) o— TR A L CIHA — 27 F 4 MR L
R OHEBEOBIL L DVWT Y EHEEEHEL T
LONNHETHSH. FFETHLNEROFEHEPIC
BWTid, BEDORIYOBEHOLEIV %, FHiED
BA =25 F 1 MUREOADPZEMHATFLEZTELD
PR\, FIT, KR CHEONZ 2 ) — TR
#IBA—R7F A4 PRETEHL Fig. 5 187, 0
BA 5, FEEOMIRLIE SRS, MeEe/hasd %
HI EWbhh, FFAERC, ZoOEMOMEmMICE, H
FOMBARGEED S ), S &K D 2 B
S, MM TEOLELHETHA. HALIZLS
EEBMT R OART ¢ A HRE, UToX) icHBsh
L. Thbb, RRTNONF v EF 4 ARICEBRL T
WHEIRET S E, HROLDIBLHATNYENKE
XN, Yy T 1 OBERVEROERAEIK
ELRD, BARICHEBIERESKT + 5.
KiZ(2)YDHEHEIZ>W T, Cr-Mo-V#iicBiT5 P,
S, Sn, Sb, As % & DB TTHE OBRIEE~ D
BILBEHLCAXORTEBY), ZhLHENT 5 L
WrEHE 2 T S RH R 2 —TF v UT 1 DR
BELYRESED I LR ENFRE Sh TV BINEN,

— 102 —



Cr-Mo-V D 7 ) — 7% 2 ¥ F 4 OER-RRESE) LN ESICHET S HENRT

1607

[ Nominal | Re-heat
200} 080 850°C|575°C|550°C[575°C

| Cr-Mo-V forging

m o0 |m >
10|01010|0
KOOI
lojeie 1]

vV

100~ oSN

Grain diameter D (um)

1 5 10 50
Rupture elongation 3 (%)

Fig. 5. Effect of prior austenite grain size on
rupture ductility.
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Fig. 6. Effect of total effective impurity content
on rupture ductility.
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