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Synopsis :

Generally, a 2 1/4Cr-Mo steel is used as material for the pressure vessels of oil refining
and the like, with requirement for greater thickness, high strength, high toughness, and
little embrittlement in operation. With this background, experimental manufacture has
been performed of a heavy secion 2 1/4Cr-Mo forged shell ring (t=400 mm). To reduce
embrittlement susceptibility, a low Si-low P type steel was selected and to give strength
even at midsection high austenitizing temperatures were used. Test results showed
high strength and toughness even with greater thickness, as well as little temper

embrittlement, hydrogen damage and creep embrittlement.
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thickness, as well as little temper embrittlement, hydrogen damage
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Table 1 Chemical composition {wi. %)
T
C Si Mn I S Cu Ni Cr Mo v Al As Sn Sh B Nb " Co
3 ~ ) 0.30 - - 200 10.90
5A336 C1. F22 <015 <050 = < _ _ _ _ _ _ f
Spec. ~n.60 | 0.030 | 0.030 ~250(~1.10
. 0.14 j0.05 |0.50 = < 0.10 [0.10 |2.35 |1.00 - 0.010 | < o - - =
Aimed value ; . ~ v ’ N o
~0.15 | ~0.00| ~0.55¢ (.008 | 0.003 ~0.20] ~0.50| ~2.45|~1.10/9-030 | ggp5 | 0-004 | 0.002 |0.00050.0003| 0.005, 0.005
Heat i <
. 0.14 | 030 | 053 | 0.004 | 0.003 | 0.16 | 0.16 | 245 1.03 | 0.011 !0.020 0.002 0.0005 |0.0001 | 0.001 | 0.005
analysis E | 0.001
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Table 2 Cleanliness, ¢ 60400 by JIS G 0555,
of shell ring (%)

dA dB aC dT
(60 <400} | (B0 400) | (60 400) | (60X 400}
074 0.029 0.000 0.000 0.029

Sampling Position

1/41 0.037 0.000 0.000 0.037
Top 2/4¢ 0.033 0.000 0.000 0.033
3741 0.033 0.000 0.000 0.033
4/4; 0.033 0.000 0.000 0.033
0/4¢ 0.037 0.000 0.000 0.037
1/4¢ 0.025 0.000 0.000 0.025

Bottom 2/44 0.033 0,000 0.000 0.033
3/4¢t 0.033 0.000 0.000 0.033
4/41 0.037 0.000 0.000 0.037

Note Type A inclusion : Sulfide, Silicate
Type B inclusion ; Alumina
Type C inclusion : Globular oxide
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Fig. 8 Variation of tensile properties of tangential direction
through thickness (PWHT : 690°C % 24.5 h)

A LT & B IZATEA00 mm AW E Iz TH— 2 E %
MLTw3, BREEEML Y L5 4 —%— (T.P) OB#
#Fig. 9 i d, BB E L7 A — 8~ fE- T
B FF 255 HiEIEE (2 ASME SA336 F2200 345 # T.P.av
20.9x10°F THERL TH D, FMEHIEICOVTIZ ASME Sec.
VIEDiv. 1 {on) X 4 #20.4%10°F TR L T 5, 252 Fig.
10 7 & B REE %60 kgf/mm? LLERE(R L T35 115430~ 480°C
TOSRBEFHRTEL LWL 5,

NSk e Vol. 15 No. 4 1983 - 12 -



23 Cr -1 Mo RSN O I E 253

2/4 t, Tangenlia] Test tempMark
RT )
Y Skt 454°C A A
20 4700
& enk 1600
£ 60
::E - Min. TRrr
= 5l - - {500 .
n - ASME Sec. VI &
P YSusee e B L =
. - " Div.l{oa) x4 -
2T S Taa_ S AL 4400
oo 40 Sl
30 -~ {300
1 1 1 1 A . - — J
19.0 19.5 200 205 21.0 xX10%

Tempering parameter

Fig. 9 Relation between tensile strength and tempering

- . . PWHT TF " Mark
F'op, 54t , Tangential 59 < B T304 % 100
680C %245 K20 6 1078
90}
80} 4800
=
=701 {700
=
o Spec. min. TS
g 60 JASME SA336 I722) 1600
E Lt - S } =
E oLy el o I's ;
o S0F {500
P—
3
- 40r 4400
0L ASME sec. VIl Div.1 1300
{Max. aliowable stress)X4
20 4200

| 1 1
0 100 200 300 400 500 600 700
Test temperature (°C)

Fig. 10 Tensile properties at elevated temperature

2N =TT OWTEAK L~ # Fig. 11 ioR$, & Si
SRR lcs, 70 — 786813, R AH — 7128 L ERiEy
AERLTD, F280 L2 ) —7HmENTI NS ¢,
20, EWHEED 20w T L TR B0%LE S RIFTH - 72,

3:3:3 Htbess X LIREESRE

MO EBIIC & B AL % Fig. 12 1004, MK AEH: ¢
FTA SN, FLEIZENT b vE_s T13 kgf-m LILE, SC
Ry TToay (54] % REEBIE) 3 -55CUTEA - T W
Bo b T KR ABMIIC  2HNZ LS, JTTe (54
JERETEBEE D SC UMD ) LITCL P E A&, o
NEOfE L O SohE@MISETH Y, o, b ¥ L
BEWDNECHETHE LT 25, ML Y LRILES -
VT, ST (As, Sb, Sn O{EMD) B L UG 2 @k
T L 2P OB Ak E CEL LT v b, —F, B x
BEL K Loes X =5~ WE# Fig. 13 10RT, My & L3

100
ohdte .
< sof * s, ®
s
60
:a: 30F e o 482C . © Botlum 4300
E; = 5000 -
i \\ .u' T g
@ 20 e WY R 550°C 200 =
W \\ [y
w 150 T e e 4150
2 Conventional vange ™ \\
[=%
e Lo SRIGWCK245) © -
I; 1 ] ! ! I ] L]
17 18 19 20 x10
Larson Miller's parameter, 7 (204 log 1)
T . Temperature (K} ¢ Time (R)
Fig. 11 Relation between rupture stress and Larson
Miller's parameter
O Before siep cooling
O g ® Afier step cooling
=
= sk /_O\o\ o/a/“\
I
. — 60}
&
= ok FATT FATT
K
& —eor i g W
C—sof & TTsu ¥ 8?’”&3}:, R
g 54
=100k
£ 30r 130
&3 20 &
- R T - 120 =
10k S 0
=
1 o1, 2 5.1, °
II'&"P?iTt 'af T! sztffzt
Top Bottem

FATT : 50% [racture appearance transition temp.
Fig, 12 Variation of impact and drop weight properties
of tangential direction through thickness
{PWHT : 680°C > 24.5 k)

A —F—719.3~20. 9% 10D G2 b 72 - T, 1TITE L~
PEEERL T3,

3:3-4 WM
SC MBIk BHEMIEH AKX T 52000, HE2Bmm o

PPusition Mark
Top 2]
Middle X
Batiom L4
—40p -

o) FAT'

\_——. w

= —gok

£ . Tsa o o--"®

= st s

ﬁ ~ 80

1 | ] I 1
15.0 19.5 200 205 21.0

Tempering parameter

Fig. 13 Relation between transition temperature and
tempering parameter (2{#, Tangential}

NSREEFEE Vol 15 No. 4 1983



254

234 Cr—1 Mo ML BB o Bl

3y AR, 325 mm o CT RE, H350mm D¢ 3 o
ATy B EERLZ, ERFSE % Fig. 4~16 125
¥

2.0
p——p—pg O 8~
_1of A
E L
‘,‘E r Top, ¥ ¢, Ldirection = Bﬁf“"oe 5¢ M“’;SC
MVLIT * 80070
o5k DWHT 1 690°C X245k » 2 :
] 1 1 1 i
0.3 e —40 20 G 20

Test temperature {°C})

Fig. 14 COD values (8) before and after step cooling at
various temperatures

] R . ~ 400
Top, 3¢, L-direction
PWHT : 690°Cx24.5h
-
% 1000 Before step cooli
E p cooling 300
£
‘ £
.E -
3
h
= —_
2 7 s
: -
— =
-4 200
500
-
. . 100
19 500
Test temperature ('C)
Fig. 15 K {Jic) values before and after step cooling

at various temperatures

Before‘SC < Top, 3¢, L-direction 1150
After SC | @ PWHT © 690°C X 24.5 h
400 F
_ 4100 &
T a0k >
B o =z
‘ E
LE o
"E“; 200 F o)
—_a
= . 50
i
- e
100
0 L L 1 ' '
—100 — 80 — 60 —40 -20
Test temperature {"C)
Fig. 16 Temperature dependence of Ki. before and after

step ceoling

WP COD (6) i, REBHIFHIBmmHbHTHY, 4T
Ly po2E (100 mm) THME COD $4-2 2 boTid
Zpuds, BiEd L —40CHBMTIE, RIS REE TR
HiE T COD (6a) AL, FRELHL. 6mm &Eib
DTHor, TR, —60CTIRRMEFTHEEEEGET®
COD (&) TH-7h%, ZOMIE 1 mmEEnkEnbnTh
=72 (Fig. 14 $8), AR TiE 5 H 7z COD i ~T LI
HATHTET B L0TH bo BT~ 59 DRBIVPL S TR
£ 3 & LIBHS T COD i3 BRIV LI R k- TR &
% nTwvid, Lizhi- TR ST (400 mm) o IR E
(0°CHLE) ToCOD i, ARETHKH SN (H1.6 mm)
ENKEL B EMETE S, FIOMENN (K i3, Fig. 15
RLZ L K (fi) THERT 2 b SC Rk & Lo EiE
£ LUB00°C T, #4LEFLEI90045 S L5600 kgf v'mm/ mm? T
H0, EFIEHE SRS L L ~LofY #2550 T 5,

ZNE - BT (Ke) (2, Fig. 16 1253 L 72 % 5 12 — 15~ — 100°C
o B v TSCHBL] % T % L& 1190~275, 120~ 365
kgf/mm/ mm? Td 0, SC LPEte T b I5-FHE B A 86 &
[l L~ 2 LT B,

(Position > Top 34t ) Test temp. | Mark
w F R.T. PWHT 1690°CX243h / | Room temp.| ©
[ 482°C [ ]
SO 2+Cr-1Mo Plate (R.T)
= -
i
g*; ASME best
E’é fit curve
s 100 F
= s
El
S IS1J data band
3 - (500°C)
[-‘ -
10 'F
IR Lo sl Lot vl n Illllllj’ i
10° 10" 10t 10°
Number of cycles to failure, Nr (eycles)
Fig. 17 Results of low cyele fatigue test of shell ring at room temperature

and 482°C

NN BESEFESE Vol 15 No. 4 1983 —

14 -



2 14 Cr- 1 Mo I3 3R 44 20 ) 56 255

3:3+5 WEHEG

Him B LR (482°C) Ty A 7 VB R £ Fig.
17 125, Sl iz ASME best fit curve 35 X ¥2% Cr-1Mo
VT —#0 2 HE-HL T B9, WEL%RE ;é%;ﬁ
LA 7wy, E2A8TC TOMIEEIRTOME & ) ACAFGHI
ﬁﬁmtf*b%ﬂtﬁ%ﬂ?ﬁfﬂyF”mkHLumL(
W, F72482°C THT — & IARELI % S Loyt Y
R GTHEE LR L8 LTHE), BEcLazn
UL DML MIZR S LnTH 2PN 2,

3:3:6 KFERE
®.@mwquTWéﬁMr%&ﬁ#amﬁmnﬁwfﬁ
KWiSE (%O, Yt %4t %, NS (4 mM?ﬁGﬁ

BRIy #EREL L i Ik EEAAOT — P 2 L —7ICEEL K
#iR el Bic th U7s, Fig. 18 125 %0E & UCARDE Po.=

40
: ¢
tt
# ook E C § @ — 300
o o 9
=
: ¢ & o
o, [ ]
P(‘
@
=
@
=
_E 20k — 200
=1
m
=
- PWHT 1 690°C X245 h

Temperature - 500°C ® Top
Exposure time : 100 h Q Bottom
10 ] ! 1 ! ] 1 100
0 100 200 300 400 500 600

Hydrogen pressure (kgf/em?)

Fig. 18 FEffect of hvdrogen pressure on absorbed energy

at 0°C

40

g =300

Absorbed energy at 0°C (kgf-m)
w
=
|

=
20 — 200
PWIIT  690°C % 24,5 h
Tempervature : 560°C ® Top
Pressure © 500 kgf/em?* O Bottom
10 i 1 | { 1 1 100
0 100 200 300 400 500 600

Exposure time (h)
Fig. 19 Effect of exposure time on absorbed energy at 0°C

0 ~ 500 kef/em?, EHE 500°C, WSS LOOERT T L L 70 58
BRI OWTO0TCTIIBHTE L v L -l B Sa 2R L
Tk, BFIC L 2= 2L K- LRI b o» 7, K kAl
frE GBS L0T, o, %L e, Fig, 194202 Py, =500 kef/
cm?, HHES00C TIEFRIR & X4 TR L8800 Cic BT
Ly N E—IRHRERTYRT. 20 Fig 18, 19 5 R %
@M TRIBRBIZE ZHLBRO LN L2 b,
Photo, 4 {2, K41 500 kegf/ cm®, #LHES00°C TH00RERISR /%
LB a0 C BT 33 v VRS Rk oo ik
Mo SEM (R %5, 71 » 7 fidgsr witke T w2k
Aiadr %, Photo.5(a)ik, BEL ¥ LA (T P.=20.6x10% %
LAz 2ot ERHETHE L - 30ERD
SEM %, MIIBFERZOARITEERCHMIELZE ZOlE %
WY, L LICHMEMIEERLTEY, T2 L3FRERETD
FMNT, HEAMIIASRRC L 2REEIE-Tww
CEEMRLTWS

Hydrogen pressure ! 500 kgf/cm?, Temp. : 500°C

Exposure time ; 500 h

Photo. 4 Fractured surface at 0°C shown in
test steel exposed in hydrogen
circumsiance

4., E =

4+1 FEREMROHEH

OB E T owW T, ThETICLIRENYLTE
PESICHERCHETHI I EAHREINT B, WROBRS
AR g TR LA BV WELHREL-THY, B
EHIR A CRGE LR RS L RBEORSREE T o Tw S,
B 560, HRSRDNENEHET 0o, MBETORS T
WEEBELL, ASERIFe. 2025t B D EXTEL -
Y = EREH LM T A S, HBETICBEWTLERTD
ATl L2 CHEHRIREATVWE, Za2 ki, MMk » 70
HYED, PETLIWIEEREL T3, ZOnEEN, #
BB L L WEER2 52 TEN & LI NERBREEIC LT
BEPREITEELLON, TTEMEERTLTYWS

42 KERE

REREL, WO ESIRSE T TRBIRAL
PRBEAFKIR LT A2 R EAER L, SIHOESE, M

JUEBIFXHEER Vol. {5 No. 4 1983



256

2 34 Cr 1 Mol A ERSE DM 5

{a)

A o~y ey

Hydrogen attacked steel
{500 kef/em?, 500°C, 500h)

{b)
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Fig. 20 Segregation of chemical elements near hot top of
200t hollow ingot
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Photo. 6 X-ray mapping of carbides in 214 Cr-1Mo steels
showing the effect of Si on carbide composition
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