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Synopsis :

The forgings specified as SA 508 Class 4 for the high pressure water tank have been
manufactured and delivered, which have good mechanical properties and are free of
embrittlement by simulated post-weld heat treatment. An investigation has been made
for reducing the silicon content, so that this steel can be used at high temperature which
will embrittle this steel. Consequenty, it has been clarified that reducing the silicon
content from 0.25% to 0.03% improves the toughness after embrittling by step cooling as
dropping by 35 to 45°C of vTs, but decreases the strength by 3 to 4 kgf/mm**2. The
experimental low silicon content forgings whose drop in strength was compensated by
increasing carbon and nickel contents have satisfied the strength requiremets and show

good toughness after embrittling by step cooling.

(c)JFE Steel Corporation, 2003
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The forgings specified as SA 508 Class 4 for the high pressure water tank have been manufactured and

delivered, which have good mechanical properties and are free of embrittlement by simulated post-weld heat

treatment.

An investigation has been made for reducing the silicon content, so that this steel can be used at high

temperature which will embrittle this steel. Consequently, it has been clarified that reducing the silicon content

trom 0.25% to 0. 03% improves the toughness after embrittling by step cooling as dropping by 35 to 45°C of

v Ts, but decreases the strength by 3 to 4 kgf/mm?.

The experimental low silicon content forgings whose drop in strengthwas compensated by increasing carbon

and nickel contents have satisfied the strength requirements and show good toughness alter embrittling by step

cooling.
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Table 1 Requirements for SA 508 Class 4
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Shape at heat treatment and delivery of the shell for the high pressure water tank

Chemieal requirements (%)
C S Mn P S Ni Cr Mo v
Max. 0.15 0.20 Max. Max. 2.75 1.50 0.49 Max.
0.23 - 0.40 ~ 0.40 0.020 0.020 -3.90 ~2,00 —~0.60 0.03
Mechanical requirements
Tensile properties Charpy impact properties
Yield Tensile Elongation Reduction Absorhed energy at —29°C
strength strength in 50 mm of area
{kgl/mm?) fkgf/mm?) (%) () {kgf-m)
Min. 73.8 Min. Min. Mean value ! Min. 4.8
2.8 914 18 = Each value © Min.4.1
Note + For the materiai with vacuum carbon dioxidized, the silicon content shall be .12 % max.
Table 2 Ladle analysis of the steel for the shell forging
(%)
C Si Mn P S Ni Cr Mo Vv As Sn Sb
016 | 02¢ | 026 | 0006 | 0002 | 309 | 165 | 049 | 0006 | 0001 | "1 1 o004
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Table 3 Aectual cooling rate in quenching of the shell

forging
Portion Mean cooling rate from
800 to 400°C {"C/min)
Surface of 394 mm thick 142
(quarter of 394 mm thick 106
Center of 394 mm thick 8.5
Surface of 230 mm thick 160
Quarter of 230 mm thick 27
Center of 230 mm thick 23
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Table 4 Chemical composition of the materials for simulation test

) (%)
o C i Mn P 5 Ni Cr Mo Vv

51 added 0.16 0.25 0.28 0.005 0.002 3.10 1.63 .50 0.005
Si less 0.16 0.03 0.26 0.006 0.002 3.08 1.65 0.48 0.006

£ 5°C/minds L F20°C/mines 2 XM H L8712,
5°C/min(£500mm A Lo AGTIRGELEE, 20
*C/min 13 250mm B {10 G £ 8 2 AR 24
T4, Fr8L X LI1E595, 6158 L0635°C 3
KEDRE L L, RS -FAL 8 h &L 7.
ribasizs GEEde v { 7oy a5 T —1) w7
L7,

32 EERER

GlokaUBRAS R & Fig. 912079, giiRig s, FRX

Austenitizing: - Si | hot Added
se0°Cxay S added
570 min 0 [ ]
g5k
? 20°C/imin | A | A
5
\E -
&
= TS,
®
c
o
5
o 4
Y.5.
A s 1
2 545 815 535
Tempering temperature ("C)
Fig. 9 Effect of silicon content on strength

{(Holding time at tempering temperature is 8h)

A X LI ANTELER O A B L ¥
LiglEey bz s LAWY &, Z o fdm iz Si
IS BIRINC L ST H B A 6] - EALER
FfF TS T 2 X SIEINE LRI
~NyiskiE S, BERES & L1123 - 4kef/mmE{E (,
BISCLL O L XL Tl TEho T b,

Fig. 10z 27 77— ) o 702 & R L ALER §ij ik
DV Sy F e W HERBRER YT, vTs
I ATUTHEBE DRI LD RT3, &4

FLIMEDEEIIII X A Kl L. Jo
Austenitizing: Si NUt‘ Added
140F  860°Cx 2h LR, addel ]
5°C/min I E
120F
20°C/min |:I §
1m0t § 1
&
o 8o : S N
; \ \ A
T g0 N N N )
2N A A
A N ‘N
7 N 73
of A A\ A
y N
A N 3
o A A A
0 v
C.R.=20"C/min
--50F - 4
o - L_ain .
- 100f e Ao A
&
150} o O C
A o
— 200545 With Si added,  Open: s Q.T.
0 £ Without Si added, Solid: Step cooled
- 50} 1
5
T1p
&=
“ —150p R
C.R. = 5°C/min
—200 L

595 615 635

Tempering temperature [°C)
PFig. 10 Effect of silicon content on V-notch Charpy im-
pact property
(Holding time at tempering temperature is 8h)



234 )l 5§

L E 1981

ik SiNERED LI bMM AT IR L5 8
FRUH B, [B—HRBERME T SIEENED T
TR 4935 ClE (- T b, 2
IfbE iz s TLR L TH 5, Fig. 101213 2
T T =N SiikE L S TRT A
W AALEHSDEHIE AR Chmin DS & L 2751
sl LA, 5°CAmin OIS SRR o )y
AR b~ S ~10°C b, LAl ZoniEld
B E DL D270 (35°C) 2L
B

LLE &Y Sin i a4 m s, 0
fifbm %= FHHEWT 5720102, WETbid e wtk i
A-tzrniAsk B B, SR AT 345 Z kA5
B 12,

4. ESIRERBUMORLE

IESifnidMifb stk £ D & L SRS |-

880°C X Bh—water quenching
—610°C X 8h—water cooling
® Longitudinal
_ © Transverse
5 .
E e5f o
5 o :
éﬂ ot | ‘\ .g m ]
U? \.CD n
B o7sr =1
L 1
T ol .
E- 70 .CD §_
56 n
= g5t L p
60t =14
sor 1
® 75k - - - p
. -
2 40 SRR,
55 N A A
30 1
= B SNNETNNE 1
2 Sm:face Qua;ter Cenlter
of thick of thick
Fig. 11 Tenstle properties of the experimental forging

without silicon added

(DX 0, WEthig T L e MrEiliA AL &
DEER AL 0 I AT AIZHESD H LT, F D
TR MBI ITS CR B N & W5 LR & 1T
9 F kL

LCUEEIRC L) 5 ST, 430t X 800w X
V000! (mmj (2@ L, IRt - Tl s,
L=t d LA frv, B LoD Ia % 400
mm | 2R LA A T (i L7 i o
okt L UORTE &M+ Table 512054, 1Sifkiz
I BT 20 2o, R L 2 D
WAz e~ C 2 0.02% 0% < L, Nid B |-
ldas v T 570 06% M5 L7,

Fig. W2 4] #s B A on -, WL T L
Bkl Tva, #oFp 2000V sy 5
o LSRR Y A s AT T AL L
VT L g BT REL LT v B,

LSRR MEMIE PR R 2 T L TR L
ZLOTHLOTHIIMIES LUt L & LIk

L

-
= 3or
&
o - ——
o
oy
I 20 o0
=
”;
©
=]
-1
T 10F
=)
—
3
=
860°C X 8h—water quenching
0 —B10°C ¥ 8h—water cooling
—50 ® Longitudinal
O Transverse
=100F
o
&
- 150} / .
— 9200 5 . —
Surface Quarter Center
of thick of thick
Fig. 12 \-notch Charpy impact properties of the ex-

perimental forging without silicon added



Vol. 13 No. 2

SA 508 Class 4 #8dd ol 233

WAMEL TECLEAR L, Fie 13 (2580°C
X200 PWHT % fHI0 L 22 %00 &kl 5 9 5L g S0
EAT 0T HOREII BT LR 2 12 ASME
CODE SECT. VI Div. 2I2BES 413 S, L
DT ~T B,

860°C x Bh—water quenching
—610°C % Bh—water cooling
-+580"C x 20h—furnace cooling
Sampling position: Center of 40mm thick
HnoE
< 4
B
I 4
% J
=
= - .
1%
= 407 E
o -
*—g Kl
20 1
1 1 A 1 1 1
0 206 400 600

Test temperature (°C)

Fig. 13 Elevated temperature tensile properties after
simulated PWHT for the experimental forging
without silicon added

O—f F— : .  —
860°C % 8h->water quenching-+610°C x 8h
—water cooling
Sampling pesition: Center of 4)0mm thick
e O Embrittling temperature: 525°C
A Embrittling temperature: 425°C ®
o &
. ooy ER
= <
- &
@
—150rg ‘;E ;
1‘. -
=
— ool s . o
10 50 100 500

Helding time {h)
Fig. 14 Change in toughness of the experimental forg-
ing without silicon added by isothermal embrit-

tling treatment and step cooling

Fig. 14 (2 5l oM L 25w 77— o
UL HIENE AL - & B S OB A T A
Pefbt T4 o e SMEA HF 2 LT B,

ESIARMTEHE DML ~ 0 2 FBRIN FFGT5
P2 RICEE L 2 FB AR L 2 LMD A
H#d 2 X Fig 54 5405, Fig 1503 b AtLis
FRETHEL SR L 2L Th B,
Lob, BATLREEE I T LR TH B,
Fig 15(2 S5 Togliz > T high & L 3] -
LA s TENRSHEIZ L 2MERTIZIC B
FUNIDRIEIZ L) AARX—TELLNEEZ L
b, —HHEiz- o7t Fig.6 % 2 v+ 1 Fig. 10 »-
OHEL XM LOMBUTITEA S FIT e EF s L

Plot| C [ Si | Ma| Ni|Cr| Mol Vv
gop | © |0.16 10.24 | 0.26 | 3.09 | 1.65 [ 0.49 [0.006 | |
2N 101810030033 (3.76 | 1.61 | 0.56 [0.006

&

B .

s} A8 ——20 |

1 RO—%

& 70F -
| d;,,LS'/A o |
0y o 1
O ——————

—T T
Open: As ()T,
Solid: Step cooled

atili] of p
3

E—: —100p =
—150p h

_200 X L A i ' 'l 'l A A

4 6 810 20 40 60 80100 200

Mean cooling rate from 880 to 400°C ("C.min)
Fig. 15 Comparison about strength and toughness bet-

ween 0.24% Si steel intended for the shell
forging and 0.03% 35i steel for the experimental
forging



236 LTI e A 1981
Table 5 Chemical composition and heat treatment of the experimental forging without silicon added
Chemical C Si Mn P S Ni Cr Mo Vv As Sn Sb

composition 0.001
(%) 0.18 0.03 0.33 6.005 0.003 3.76 1.61 0.56 (.006 0.002 \’] . 0.0004
Max.
Heat Quenching 860 °C X 8h, Water quenching
treatment Tempering 610 °C X 8h, Water ccoling
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