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Synopsis :

In April 1971, the extra-heavy plate production system started its operation at
Mizushima Works, Kawasaki Steel Corporation. With its main purpose for the
manufacture of high-grade extra-heavy plate for nuclear reactor vessels and pressure
vessels for desulphurizing equipment, the system features an integrated control system
for production and product control, together with the use of LD-LRF (ladle refining
furnace) system for mother metal refining. These contribute greatly to the manufacture
of highly reliable steel plates of superior soundness. This report relates some
background of the development of the extra-heavy plate, its quality and characteristics

for manufacturing process, specifications and applications.

(c)JFE Steel Corporation, 2003
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Introducing Kawasaki Steel's Extra-Heavy Plates
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Hiroyuki Matsumoto

Synopsis :

In April 1971, the exira-heavy plate production system started its operation at Mizushima Works,

Kawasaki Stee! Corporation. With its main purpose for the manufacture of high-grade extra-heavy plate

for nuclear reactor vessels and pressure vessels for desulphurizing equipment, the system features an

integrated control system for production and product control, fogether with the use of LD-LRF {ladle

refining furnace) system for mother metal refining. These contribute greatly to the manulfacture of highly )

reliable steel plates of superior soundness. This repert relates some background of the development

of the extra-heavy plate, its quality and characteristics for manufacuturing process, specifications and

applications,
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Table ¥ Comparison of tramp elements of A533Gr. B between Ladle Refining Furnace (LRF)

and electric furnace (%)
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| i ‘
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Table 2 Outline of LRF

LAlloy hopper

Induction coil

- —f.adle car

100t LRF
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~Vacuum cover

Schematic picture of the flow pattern

of molten metal in the LRF

General specification

Specification

Electromagnetic induction
Generator

Induction coil

Type

Heating equipment
Transfermer
Vacuum system Type

Heat capacity

Deoxydizing condition

Low frequency converter

alloy steel
Semi-killed steel, killed steel

From low-C to high-C steel including

Frequency 1--1.2Hz
350kVA < 2
Inner dia. : 3 450mm

Height : 3 100mm

A, C. 3 phase, Arc heating
BO00KVA

QOperating pressure

| Five stages steam ejector
- Three stages condenser
;

‘ 0.05 Torr
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Table 3 Rolled steels for general structure

Chemical composition(%)

Yield point or Tensile strength ‘ Elongation,

1 [#3]
Notation - --m o e —| vield strengthV’ .

‘C max. i Mn max. I P max S max. (kg/mmz) min. (kg/mm?) (%3
5534 — 0.050 0.050 i7 34~44 28
8541 - # # 21 41~52 23
5550 — — ” 2 : 25 50~62 21
SS55 0.30 1.60 0.040 0.040 i — 55 min. ! —

Note ; (1) Y. S for plates in case of over 4in in thickness 7 . (2)“"’i‘_égtm;;iece ,.]I-S 7N0. 4 o
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Table 4 Carbon steels for machine structural use
- | Chemical compositions (%)
Notation — T T -
i C i Si Mn i P max. |‘ S  max.
S 10C ‘ 0.08~0.13 0.15~0.35 0, 30~0.60 ! 0.030 0.035
S 12C 0.10~0.15 0.15~0.35 0.30~0.60 6.030 0.035
5 15C 0.13~0.18 0.15~0.35 0.30~0.60 0.030 0.035
5 17C 0.15~0.20 0.15~0.35 0.30~0.60 0.030 0.035
5 20C 0.18~0.23 0.15~0.35 0. 30~0.60 (. 030 0.035
S 22C 0.20~0.25 0.15~0.35 0.30~0.60 0.030 0.035
S 25C 0.22~0.28 0.15~0.35 0,30~0.60 0.030 0.035
S 28C 0.25~0.31 0.15~0.35 0.60~0.90 0. 030 0.035
5 30C 0.27~0.33 0.15~0.35 0.60~0.90 0.030 0.035
S 33C 0.30~0.36 0.15~0.35 . 0.60~0.90 0.039 0.035
S 35C 0.32~0.38 0.15~0.35 0.60~0.90 j 0.030 . 0.035
S 38C 0.35~0.41 0,15~0.35 0.60~0.90 0.030 0.035
5 40C 0.37~0.43 0.15~0.35 3.60~0.90 0.030 0.035
S 43C 0.40~0.46 0.15~0.35 0. 60—~~0_90 0.030 0.035
S 45C ! 0.42~0.48 0.15~0.35 0.60~0.90 0.030 0.035
S 48C ] 0.45~0.51 0.15~0.35 0.60~0.90 0.030 0.035
S 680C 0.47~0.53 0.15~40.39 0.60~0.90 0.030 0.035
S 53C 0.50~0.56 0.15~0.35 0.60~0.90 0030 0.035
5 535C 0.52~0.58 0.15~0.35 0.60~~0.90 0.030 0.035
S 58C 0.55~0.61 0.15~0.35 0.60~0.90 0.030 0.035
S 9CK 0.07~0.12 0.10~0.35 0.30~0.60 0.025 0.025
S 15CK 0.13~0.18 0.15~0.35 0.30~-0.60 0.025 0.025
S 20CK 0.18~0.23 0.15~0.35 0.30~0.60 0.025 0.025
Note : 1. S 9CK, R 15CK and 5 20CK : Cu max. 0.25%, Ni max. 0.20%, Cr max. 0. 20%, (Ni+Cr) max. 0.30%

2. Others : Cu max. 0.30%, Ni max. 0.20%, Cr max. 0.20%, (Ni+Cr) max. 0.35%
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Table 5 Rolled steels for welded structure

Chemical compnsition (%) i Yield point or ¢ Tensile Elongation, min_

Notation - yleld strength, min.! strength -
co max.‘ Mn } P max. ‘ S max. ‘ {kg/mm*) . (kg/mm?*) | Test piece ‘ %

2.5xC T ‘ ; : I
SM4lA 0.25 max, 0040 ‘ 0.040 22 I 41~52 ! JIS No, 4 24
SM41B 0.22 [0.60~0.20 ” p L | P w
SM50A 0.22  11.50 max.’ o 30 50~62 u 23

SM50B | 0.20 .50 max.| | ” " 1 p ;,
) |

Note ; (1) C% in case of 50~100mm in thickness
{2) EL% in case of over 40mm in thickness

Loipofomik, KIRERE L4 K DEEM Bt il bl feotch b Th D, EF IR
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Table 6 Forecast of Japaneqe nuclear power generat:on (10 kW)

‘ 1970 ‘ 1975 1980 ‘ 1985 ‘ 1990
' 1 890 2406 3338 4929 6 034
Water (32) en e | (20) (20)
Fosil ! 3 871 ‘ 8 370 10 918 ‘ 12414~12914 | 1313615136
_ | (66) (70) RS (53~55) T (aa~50)
132 944 3117 6000 | 10 000
Nuclear ‘ @ i 8) (18) ‘ (25) ! 33
Total ‘ 5 896 ‘ 11720 17 443 | 23643 | 30170
{100) (100) o ! ooy 1 ooy
Note ; ParentheSLS %

Table 7 Nuclear power capacity of the wortd (Jun. 30 1972) (MWe Net)

Operatmg ([)Jrnt]:lj:ni?gztructmn Total
Nation —_—— S
Capac:ty Nu mber : Capacity | Number ‘l Capacity Number

US.A. L sl 25 109978.1 | 119 |  120829.1 144
Japan ‘ 1741 . 6 4267 19 16 008 25
UK. i 5430 29 6462 11 11802 40
W. Germany 2214.6 0 9538 12 11772.6 22
U.S S R 2 065 13 9338 12 11403 25
Sweden 450 2 6 899 9 7349 11
Spain 613.2 2 5992.6 8 6 605.8 10
France : 2700 10 3857 5 6 557 15
Canada 2004.5 6 3516 ; 5 5520.5 ! 1
Swiss 1006 3 3275 4 4281

Italy 554 3 840 2 1394

India 380 { 2 808 1 1188 ; 6
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Table 8 Kinds of direct desulfurization processes

Invented company

Process

RCD Isomax | Universal Oil Products Co. {(UOP)

RDS {somax | Chevron Research Company (CRC}

Gulf HDS Gulf Research & Development Co.

H 0il Cities Service Research & Develop-

! ment Co. and Hydrocarbon Research

Inc.

IFF HDS Institut Francais de Pétrol (IFP)

Residfining | Esso Research & Eng, Co. and Union
Gil Co,

Varga | Lurgi Corp.

DHC Badische Aniline und Soda Fabrik
(BASF)

Table 9 Operating condition of oil desulfurization

| Direct | Indirect
desulfu- | desulfu-
. B rization | rization
Ol Topped | Vacuum
. crude residue
Temp. ("C) 450°C max.450°C max.

Press. (kg/cm’g) | 140~160 | 90~110

Life of catalyzer (year) | 0.5~2.0 | 3~5

Consumption of hydrogen
{SCF/Bbly

600~~800 | 300~400




140

Foizp s, TrEe=7, W#E, 2%
g, Y =FLv7 e BEIES (FE
8y Ao bfHahd.

T wE=7 7T v FINLRER 500t/day Th
St O WEE-CrE 1000t/ day i L7 B,
SRR bicir 1700t/day ¥ ToRE R E D
SEL, CHEE T + - v RS
Wi o b, EGBEHRESF L L, BIT
EHEO ROEMESEREI AL L T LD
bDTH D, 1000t/day & A D- Pzt &
KX HMETHL,

! £ 3200mm

R P 15 000mm
sgEiHE ASTM A302Gr. C
e oA 150mm

OB 300t

FEREE, A0, BYEFLYTIVE
feETh, BOTORRESC LY 77 v ik
itL, HEHROREL AL, FRLOMAY
fo T g,

BEF TeEiniRgEkES Table 10 i,
Tohb R X h B RER e MR v
Table 11, 1217534, & foiiRE %o HH O
& AERE A Table 13 i+,

AR TRB T A RO AR, B o
WCTEE SRR D,

(1) 142 Mo

SB49M, A204 Gr.C 2z ORI HROE
Mic 4 o, Fig. 8 g+ X 5 500°C {4
FECERMO 2 (5L Lo r ) — TERE Y o
T h, Elel OGS AR TIRCE0.2~0.3%
Ty —THENRLEL 2D 0T, B
CrRE o OEHOCEYHEHAL TV,

LB BECHBSLINELS LA
LYo ERBEAYE C ZitShiton
A302Gr. B¢, ECAA 7~ F7 A HE
N, CRE o R TP A S RSk
LEH T,

(2)  19%Cr-l4 %Mo

- OEEIL Y % MofilicCragRinL, 0.5%
Mo Rb LTERADZ7) —THEXRLILD
Y EREARLDTHEL, KM% Mofilhic

JI e B Bk kR

April 1974

Table 1¢ Main processes of high-temp. and
pressure reactor vessel

" Operating ‘ Operating

Process ‘ pressure | temperature
| (kg/emy | O

Medium pressure | s0~100 | 100~120
polyethylene

High pressure 1000~2 000 190~250
polyethylene

Texaco gasification 15~35 1 100~1 140
process

Reforming . 15~50 470~510

Methanole synthesis 100~1 000| 200~400

Ammonia synthesis

Claude process 1 000 500600
Fauser process 200~300 450~500
Casale proces 600~800 500~-600
Topsoe proces 150~300 420~~550

*

Cr, 2HEMLIEA 1 %% THRiEme T il
LT ) —FRESEIINT 54, Thillid
AERSELLL D Lo IOEKIVEEN
T\, ¥i- o OEMEITY % Mo kB ~C
BRI ka4 A0, CEOMMNC L
Loy —THEOETEN D THD,
COMBERITIL SR EERSL, B
Cres 1% U848 (A387 Gr. C) 1

20

3
H

i
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v:/
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—. \
4 L | 40.5% Mo
£
e <§_Jx1%Cr—0W0Mo
FoRRT) A NVl !
YN\ 5% Cr05% Mo

" \\ \
W A
= \
“ \ \ \ _

5| RN
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0
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Fig. 8 Creep strength of pressure vessel steeis
(124/10 000hr)
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Table 11 Specification of steel plates for pressure vessel {(Chemical compositions)

Note ; (1) The carbon content for plates over 5in in

! Heat Chemical composition for plates over 4in in thickness (%)
Steel Notation treatment | ; : : - ; o
C L si Mn Mo \ Ni | Cr
SB 42 N <0.30 0.15~0.30, <0.80 — — —
SB46 N <0.33 P <0.90 - S ——
SB 49 N <0.35 ” # —_— —_— -
A 299 N <0.31 " 0.90~1.40 —— — —
A515 Gr. 55 | 4~-8in, <0.26, p <0.90 — — —
l Ov_rer 8in<0.28
C-Mn #” 60 N <0.31 ” ¢ ” —_ — —
# 65 [ <0.33 v b —_ o —
w70 ) <0.35 v — — —
A 516 Gr. 55 | 4~8in, <0.24, #” 0.60~1.200 — — —
Over 8in<0.26 !
» 6O ‘ N <0.27 v |0.85~1.20 — — —
” 65 <0.29 r # —_— [ R
” 70 J <0.31 7 ” J— — —
sB46M | N <0.25 0.15~0.30| <0.90 0.45~0.60 —— —
SB 49M : N <0.27 » p ” —_— —
1Mo ‘ A204 Gr, A ‘ <0.25 " 7 #” — e
” B '/ N <0.27 P v — -
" [N J <{.28 I3 i #” I —_— —_—
SB 56M N <0.27 0.15~0.30/1. 15~1.500.45~0.60| —— —
Mo Mo A302Gr. A | NT <0.25 " 0.95 | o« —— —
” B NT <0.25 # 1.15~1.50 » | —— —
A533 Gr. A QT <0.25 ” » ” *‘ N -
A302 Gr. C NT <0.25 ;0.15~0.30;1.15~1.50‘0.45~0.60|0.40-0.70f —
# D | NT <0.25 S T 'y —
Mn-Mo-Ni | A533 Gr. B QT <0.25 w | P e 0.40~0.700 ——
,, C QT <0.25 ” ,, # 0.70~1.00| —
P D QT <0.25 " ” 7 |0.20~0.40| ——
A387 Gr. A { NT | <0.21 0. 15~0.30/0.55~0.80(0. 45~0.60] ——  i0.50~0.80
1Cr- Mo # B NT | =0.17 w 0. 40~0. 65 ” — l0.80~1.15
» C ! NT <0.17 0.50~0.80  ~ 0.45~0.65 —— |1.00~1.50
21Cr-1Mo | A387 Gr. D NT | <0.150 £0.50 [0.30~0.600.90~1.10 ——  [2.00~2.50
Ab42 QT g <0.15%" 4 & # — 7
3Cr-1Mo A7 Gr. E | NT | <0.15% <0.50 ‘0.30~0.500.90~1.10E — |2.75~3.25
Ni-Cr-Mo | A543 | QT ‘ <0.23 ‘o.zo~0.35‘ <0.40 ;0.45~0.503.00~4.00‘1.50~z.00

thickness is 0.17 max. on product analysis
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Table 12 Specification of steel plates for pressure vessel (Mechanical properties)
‘ b Yield pomt ar l . Elongatlon, min.
Steel ! Notation ‘ vield strength, min. Te“i‘£ St"efjgth _— I
| (kg/mm ) (kgg/mm?®) Test p1ece ! o
i . —— — .. I ——— . - PR L —— o —_— —
| sB42 ‘ 2 | 4250 IS No. 4 27
SB 46 ‘ 25 46~55 7 25
SB 49 27 4960 P 23
A 299 27.6 51.7~62.1 GL=50mm 19
A 515 Gr. 55 20.7 37.9~44.8 ” 27
C-Mn » Gr. 60 22,1 41,4~-49.6 # 25
» Gr. 65 24.1 44.8--53.1 ,, 23
» Gr. 70 26.2 48.3~58.6 # 21
A 516 Gr. 55 20.7 37.9~44.8 " 27
» Gr. 60 22.1 41.4~49.6 ” 25
» Gr. 65 24.1 44.8~53.1 7 23
# Gr. 70 26.2 | 48.3~58.6 # 21
| SB46M i 25 | 4655 NS No.4 | 26
SB 49M 27 ' 4960 ” 24
15 Mo A204 Gr. A 25.5 ‘ 44.8~53.1 GL=50mm 23
# Gr. B 27.6 ; 48.6~58.6 " 21
\ # Gr. € 29.6 L 517621 # ‘ 20
| SB56M ‘ 35 | 5670 | J1S No. 4 7
‘ : | _
Mn--Mo AS&ZGL A 31 51.7~65.5 GL=50mm 19
# Gr. B 34.5 55.2~68.9 ” 18
l A533 Gr. ACL1 | 34.4 | 55.2~68.9 w 18
. ; | ot _rome |
Mn-Mo-Ni ‘ A302 Gr. C, D ‘ 34.5 55.2~68.9 GL=50mm 20
| A533 Gr. BLD CL 1 34.4 55. 2~-68.9 P 18
| A387 Gr. ACLZ | 31.0 48.3~62.1 | GL=50mm 22
1Cr- 1Mo ‘ A387 Gr. B CL2 27.6 44.8~58.6 ” 22
| A 387 Gr. C CL 2 | 31.0 51. 7-55 5 | ” ;o2
o — e — et _
21Cr 1Mo . A387 Gr. D CL2 310 51.7-68.9 GL=>50mm 18
| asecra ‘ a1.4 | sB6eT2a | ” 20
3Ct-1Mo ‘ A387 Gr. E CL 2 " 31.0 " 51.7~68.9 ! GL=80mm | 18
_ . 1 S
Ni Cr-Mo | As3CL3 | 48.3 e o~73 9 oL GL=530mm | 16
HA, CHEERICEG DGR R LS GO rtoR I ORKOBETH L.
#+2 Al S AVNE Bk d OC, IFEHO tw g v —7 (Fig. 9 8 LWL
Wi, FpeRERAER A £, B IKER mie ko, Cr-Mo @iy, aEfEORE
THREIh AT HESHAL L TERERE, T X R A BN, WP NEALRELL
2 2R ORIE LB, AFC L - T U o os{e (REREL)
(3) 2%% Cr-1% Mo &R LA B A Lk ES, B e RInLC

BIRE7 = 71 REOHT,
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CH % LR L, #ofod ik & ARy
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Table 13 Maximum available temperature of steel plates for pressure vessel
for high temperature service
Steel Specification Heat treatment Max. temp
Mo ASTM A204C N ! 1000°F
Mn-Mo ASTM A302B NT 1000°F
Mn-Mo-Ni ASTM AL33B QT 800°F
1Cr-0.5 Mo ASTM A387B NT 1200°F
1%Cr-3{8i-1/2Mo ASTM A387C NT 1200°F
21,Cr-1Mo ASTM A387D NT 1200°F
# ASTM AB542CI 1 QT 700°F *
Ni-Cr-Mo ASTM A543 QT 650° F **
N : Normalized
NT ; Normalized and tempered
QT ; Quenched and tempered
* 1+ ASME Case Interpretation 1414
** : ASME Case Interpretation 1358-1
Hydrogen pariial pressure {lb/ir®abs.) 5000 90600 13000
1] 5('3(] . 1 00 1 Hi0 2000 25:1)0 3 QOO_L_T QOO ;11 [')00 /
Surface decarburization ————~ —_ A L i Mo b R Ih ! ) I I ¢
Low g gyl 007 20Cr30Ce60Cr Effect of L o has 4 times the resistance o
. carhon DU‘SMOO,SMOD,E.“DU‘BMD GO08- pet o trace Cr. t‘n H. ?uatk .
Satisfactory g 9 0o a © v Mo is equivalent to V., Ti ar Nb
Hydrogen attack # Y ® &« & ¥ EJ up to 0.1%
Decarburization ® < X x ¥ = P 100 72 Si, Ni, P and 5 do not increase‘l
o0k |_Note : Austenitic stainiess steels are 2 < resistance ; 4500
satisfactory at all temperatures and 5 Trio 5 T |40
» | pressures E E 1
) ey i} __l_l____J,___ il = CLLUN- S (S S 1300
- =] BOCr-05Mo steel T
~ N e e O, 20730 40 500 70 [ +0.8% W,0.75% V{1 XX
o T ydrogen partial pressure{kg/cmiabs.) i
o Lo for— o ——— — e e XX 35 - -
- ~F=4<C = | 0cr05Mo stee Sl T IR
z Not_welled R A e LY | L
E X o | ° 10.1%Y »
L 1 “L20Cr O0.5Mo steel— T 1 - T3, 3
8 . " : i I v /,.mu 2
E \ * 5
[i ” f . 1 970kg'em? | 4800 E—
“See detalllo-sf-- = <
for effect] h L 700 &
of trace||%” i e 0.5Ma steel
lpmcntsl ._ﬁMo: steel N o] e
NS Carbon stee] ‘ ) —° *
N -arho 4 . o h
o o) 2200 steel i N - 500
o o . —]
; | ; ol S N v R
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Fig. 9 Operating limits for steels in hydrogen service
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