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Synopsis :

SA533 Type B Class 1 and SA508 Class 3 are well-known as the RPV (Reactor Pressure
Vessels) materials which are required to have the highest quality. As these materials
are also excellent in toughness at low temperatures, they are often applied to the
fabrication of plant vessels in special fields of chemical industries. Kawasaki Steel Corp.
has recently produced about 420 tons in total of the two steel grades for the reactor
vessels of ammonia plants. The steels have been refined through the LD-LRF (Ladle
Refining Furnace) process, a unique steelmaking process best fitted for the refining of
superior quality steel. In tems of segregation, tensile strength, notch toughness and
drop weight test performed in their many locations, these products showed good
homogeneity of chemical composition and sufficient mechanical properties.
Furthermore, 500mm-thick products of SA508 Class 3 produces as material for the use
in RPV gave sufficient results in various investigations such as tensile strength, impact

test and so on.
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Synopsis:

SA553 Type B Class 1 and SAS08 Class 3 are well-known as the RPV (Reactor Pressure Vessels) materials which are
required to have the highest quality, As these materials are also excellent in toughness at low temperatures, they are often
apphed to the fabricattion of plant vessels in special fields of chemical industries

Kawasaki Steel Corp. has recently produced about 420 tons in total of the two steel grades for the reactor vessels of
ammona plants. The steels have been refined through the LI-LRF (Ladle Refining Furnace] process, a unique steelmaking
process best MHted for the refining of superior quality steel. In tems of seqregation, tensile strenqgth, notch toughness and
drop weight test performed m their many locations, these products showed good homaogeneity of chemical composition and
sufficient mechanical properties. Furthermore, 500mm-thick products of SA508 Class 3 produced as material for the use in

RPV gave sulficient results in various investigations such as tensile strength, impact test and so on.
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Fig. 1 Manufacturing process of pressure vessel

plates and forgings
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Table 1

Pype I3 Class 1, SA508 Class 3 Hodin

SR,

Preferable procedure for obtaining good toughness

Aimed

(fff‘cts Alming value

Reduction of S content

lmpzmem(nl of shtff energy &

0.003%;

Reduction of TP content

iu\r\tllnp of Ir.lnsstmn tf'mpuaturt

P2 0.010%;

Control of C content

Prevention of lu\\umg of shell energy and high

Bf.; due 10 an increase of precipitate amount

C=9.22%

Control of Al N content .
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Table 2 Chemical compositions of SALSII 13 L1 ;:]atr

1479

Through ‘ Y 7
thicknesstl C | Si [ Mo | P | S | Cot Ni | Co [ Ma| V| AL Nb | 8o | SU|As | T B | G| 0
lscation f } :
S EE T | G- 4 - . __‘_ ; —
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Sampling position of plate corresponds to the middle portion of ingot top

Table 3 Cleanliness by JIS G-0555 of SAS33RCLY
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Tensile properties of SAKIZBCLL plate

e T R
Pheough , Vs, T 0 EL T RA
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Table 5 Charpy impact praperties of SA5338B CL1

plate
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L 27.1 - 45 80 [~ 120
11{ _ -
T 23.8 40 68| < 80
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V: Vertical
PWHT: 620°Cx 20h
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plate
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Table 6§ Results of NRL drop weight test for SASIIRCL T plate
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Specimen: ASTM E208 Type I3

Energy: 4lkgl-m

Direction: Transverse

Sampling posiltion corresponds (o ingot top corner

Photo. 1120 d, [hoaf 44 bk faiheed 40 A

b LA ) JIz‘s;a'nziﬁf;a‘eluqs‘:i{.aﬁ.‘;tf:: L 5. SAS)8CIL 3 AN SEYHME

T g, WA — AT R FESSE A

it ASTM NOU8 T - /0. PonE s T R G S LT, MS 156mm @)
M g5 3 oxid 2 230mm o0 /7 7000 TR A 1 360t BN L

2L ENTE RIS R B AE T RO

e - 541 4LERH
R R
LT AT 6 1 b A DA A Table 7123
ey e £ 2 (- 54) O F o oA 2 Figl b
11 T ’ u:m-, fre VAN Y LB | TR
U ';H'IH- T 7ehe, WP R T LA 4
Surface AR CH L b T 2 b ) -]éﬂk'. N RN
,{ e e b da - LRE b PR o YA R s,
cod 5-2 WEIMIK & & UG
' G R PRI M0, ASME Sec. VI Div, 2

T T e Articie M-2 Para AM203.2 45577 ASME
LT Sect. 11 Part A SA388 [ZiffiLl | 72
ST Ly Al ASME Sec. VI Div. 2 Appendix 9
Article -1 & L8 ASME Sec. ¥V, Article 7
VIR L, B ARRERON LSRR oA A
SN T R 2, e — ) 2 b s
v RS B T LTI SR MY, BLE A e
AR H ﬁ‘i“'u FANNTTEL R ol S T )
Ul b iy A fRI L, JISGo0855 12 .k il
PER I k;j‘f'f*-‘}."Aﬁﬂ%i"‘}-; 4 Fig. 62008, g
(UL T A W A SRERI T T L f T

Photo. 1 Microstructure of SA333 BCL 1 plate



Vol. 11 No. 2 AL SAS33 Type B Class 1, SAS08 Class 3 888 b Gh T 216
Table 7 Chemical compositions of SAB08 CL 3 steel forgings by ladle sampling
Heat s lugot Chemical composition (97}
welght - . e _— e S
number f-[f‘, C | St Mna I S Cu Ni | Cr i Mo VooV Al Sn 5h As Nb
e 015 (015 (120 ¢ o | 040 | 1045 | .
Specification 025 0401 1-50\:4).02.3 -0.025 ~0.lﬂ;7_1100;—:;0.2.)_”0.60' =0.05
Aiming value 0.20 | 0.25 | 1.40 [+ 0.010]+0.005| =20.05 | 0.80 | 0.10 | 6.55 | <70.01{0.015|=0.002]=0.002 | £0.003 | =0.002
(s &0 02002 | 1.39 ' 0.011 1 0004 001 (076|011 | 633 0.007]0.00%] 0.002;0.0004 | 9.002 0.0602
) 44 (020 ] 0.27 | 1.40 |0.009 | 0.002 | 001 | 674 [ 013 | 0.52| 0.00410.610(< 0,002 0.0003 | 0.002 |<0.002
3 50 0.21 | 0.27 ‘ 1.40 | 0.008 | 0.003 | 0.01 | 0.76 | ¢.10 | 0.53| 0.003|0.011{<0.002|0.0005| ¢.002 ;<0002
I - . -
(4) a0 10211025 144 |0.009 §0.003 | 0.61 {0.79]0.07 | 0.55] 0.005|0.011]<0.002(6.0003 ] 0.002 | <0.002
& 40 o210 024 1350008 | 0.003 | 0.00 ]0.7710.0810.54 0.005|0.00%] 0.002]0.0007 | 0.002 |<0.002
e i L R
50 0.19 1025 | 1.37 EU.UOQ 0.003 ¢ 0.00 | 0.79 ¢ 0.11 | §.55] 0.001 0.015|<C0.002( 0.0007 | 0.002 0.002
—_— - .- b — LA R . . —_
24 P 30 e - - 10
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el - 180 = = 4
- q4
z - 126( 2 Egu_._qF,_—_.—
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B ) 8 g e - 8 n- 54
-~ = ?f‘ﬂ - ;‘"'7’374 14 : fﬁ,ﬁ o SST Ti3s = £ 4.3
& v, 8O B, A " ® 6
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S 19 =g U = 54 <,
;S I { w— =8 = =
oo 68 R | = o 0
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0 10 50 ] 10 20 ¢ 10 20 o] 10 20
4" 54 R w54 8 w54 8 o
;’12{“_1 103 ::‘ 6 x— 1.0 ;‘ 6 - 3B _\"6 2_:2_1
J T 5 Loy ] = 4
- BE P — T | L2
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6 0 0 0
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Fig. 5 Check analysis of 5AD08 (1. 3 steel forgings
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Tensile properties of SAH08 CL 3 steel
forgings with 230mm thickness

Tabhle ¥

Torough |~ w1y o 1.8 El | WA
thickness ; [hrection . . T, o .
location (kigfimmd | Ckgfimm?®) | (700 2%
(spec.) | (spec.) Min. 56.2- Min. | Min.
Wi T 35.2 73.8 18 38
L 53.9 68.0 28A 75
54.7 68.9 28A | 74
Surface ¢ - - -
T 52.6 607.6 264 72
52.2 67.5 28A | 71
L 48.3 63.9 26A 1 71
48.7 64.1 27A T2
Vg oo e — TR N -
T 45.0 64.1 274 | 68
485 64.2 28A | 67
, 479 63.7 2BA | T3
’ 47.0 637 | 30A| 74
47.9 64.0 28A | 70
oy I\
48.0 63.5 28A 70
. 48.6 63.5 284 69
47.5 63.8 28A | 69

* T: Tangential, L.: longitudinal, K: Radial
PWHT: 620°C~20h
Specimen: ASTM A370 (Round type,

Dia.: 12.5mm, G.L.: 50mm]
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Photo. 2 Microstructures of SA503 Cl. 3 steel
forgings with 230mm thickness
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HOSAS3Y Type B Class 1, SAS08 Class 3 #o 2za
Table 14 Tensile properties of 500mm thickness trial forging
7_‘ . o . ‘ Test temperalure Y. S T.5. Kl R.A
Couling rate from | position | Direction (°C) (kgl/mm®) | Cegfimm®) | (7)) (%)
B00C 10 460°C e [ p e —— . S S
{*C/min) L iSpee] ! T R.T. Min. 35.2 ; 56.2-73.8| Min. 18 | Min. 38
. o Y .
i | [ " 47.3 | 61.6 28A 74
80 Y ;
i T " 48.0 62.3 284 72
) L. # 48.7 61.9 284 74
25 (2 - - - -
T “ 46.5 62.3 29A 69
. L “ 459 61.6 29A 74
10.8 8 o
T - 45.9 61.4 27A 70
; L. . 4.6 61.0 294 71
8.9 L3l
T “ 45.2 61.8 27A 68
L " 45.7 61.5 28A 72
7.8 iy -
T " 45.3 61.7 28A 71
" L “ 44.2 ! 61.1 30A 73
7.0 (4] - . 4 s ——
T ’ 443 1 61z 30A 72
Position: refer to Fig. 17 Direction: L: Longitudinal, T: Tangential PWHT: 620°C x50h

Specimen: ASTM A370 [Round type, Dia.: 12.5mm, G.L.: 50mm}

Table 15 Charpy impact properties of 500mm thickness trial forging

- = T
Cooling rate from o - : - o ey
BOBC to 400°C | Position | PWHT | Direction ;;7” B B ’,{’;:U Ir\”f
CCFmin ) (*C) (kgf-m} | (kgf-m) oy ("
. I 24 22.4 23.9 - 55 35
80 (1 A - P
T 10 17.2 17.2 - 50 35
1. 12 17.4 23.3 - 38 - 30
25 2 , - -
T ! 17.2 18.3 37 - 30
60 C k15 e | 4 T} 25
7.8 ) * 50h : :
T 118 9.8 11.8 -12 "
L 115 11.3 12.6 - 18 25
7.0 (@ T +18 9.4 10.4 - 14 "
I +25 7.2 7.6 1 T
) -7 214 219 43 "
80 oy - e , -
] L T 0 14.8 16.0 42 T
. L 10 8.2 17.6 —37 "
. “ 520 €. T 1l 16.0 16.8 35 =
_ _ < 100k . . _ : el
7.8 £ [ k9 12.4 14.1 16 "
L ~ 20 8.5 9.6 -8 o
7.0 ey —— - -
T ;24 7.6 8.4 « |
Position: refer to Fig. 17 Divection: L. Longitudinal, T: Tangential, K: Radjal

Specimen: ASTM A370 {(2mmV notched!



ok 1074
[
o o Wuenching temperature
CLot BE0 - 900°C
B 207 \ Al: 0.0107, -0.0267
. =3 "h\.}i' 00077, 60107,
= 0 e} [
40 \ \
2 J\‘ﬂ B,
60 Tl
10 25 40 0 R0ln @ 4o
Cooling rate (CSmin’
Fig. 19 Relation between RTxnr and cooling rate
from 800°C to 400°C
ARG E s T B
9. % ]
T =TT e BRI LT, SAS33B

25 L] E T R V44
=
(e
&
= 100F .
.
S >
b e
, A
= 40f e
|
o 60k v
£ i a
Iowof 0 3 Yol ;-
o
100 -
.
L .
6 -50 -4 -0 -2 W 0
Tapr 101
vTrio . Temperature showing absorbed
energy of 6.9kgt
¢ Trin: Temperature showing lateral
expansion of 0.89mm
Fig. 18 Comparison of Ty with oo and 1 Try

PEARER G MBS T - 7 35 L

L £ T

58

CL1H£601 SAR8 CL 3 FF# 3600 BN L 72,

WU, ML SRS LT L s T T
BEPURI X L O A i 2 2 D kAT E
§ TN L AR R O & 4 L7 e, b

I OFTEER ALY L L, PR IERMES FHFMZ DT, LRI 3~ 5 A s L2
ab L BT fi!-'f'fé’f}i‘f"ii;ﬂr(!ﬁ?‘ﬁ" T, D5y TR O T v, SRR T AR R
Yo7 —# 23420808 0, Jashildii LT RSB R
r £ X M
L) G4, wilE, kG, Fhob DU DESREAELEL 6 (1974) 2. 153
2) Ak, RRER, R, WD NS REECIE M, 4 (1872) 4, 17
PoLAR, hA meREL RE fulel Bk R 6 (19770 130 102
4y fhodk, MU, RS M D NI REBGLHL 4 (1872) 3, 375
5y fddb. (e, 1R, RGN EERL 6 (19740 2, 15
6) M. MR RTTR, fGHL D IS RIERELH, 6 (1974) 2, 32
70 RN HEE, GRER MR ARER, Mo NI REELEE L (1974) 2, 44
B) L, fHIL FER BT, & NDRELIHL 6 (19740 2. 69
9)  FEde, Hpy, W Rk, SRR NI RIEUEHR, 8 (1974) 1. 15
10) L.E.Steele: "The influence of composition on the fracture toughness of commercial nuclear vessel
welds”, NRL-Report 7095
11} K.Kussmaul, J.Ewald, G.Maier and W.Schellhammer: “Fahancement of the quality of the reactor
pressure vessel used in light Water Power Plants by advanced material, fabrication and
testing technologies  4th International conference on structural mechanics in reactor technolugy
August 1977, Sanfrancisco, California, USA
12) R.A.Grange: Trans ASM, 59 (1966). 26
13} J.W.Halley: Trans AIME, 167 (19463, 229



19}
201
21}
221
23]

27

W SADRY Tvpe B Class 1 SAROR Class 314

P4v fl, 51 (1965) 11 2037
BT OF D RUREE, 52 019660 4, 594

ANBE N ORI, SRED T AT IE T, 22 (1967), 2445
wEWE,RRGL RerRM 1D ACREEAIZ WL 29 119710, 11

S, g, PR Sl CWRESTILE, 22 (1972), 46

ERRF, A, AvlR D M BIEOATIEHL 25 (1975) 4. 16

Sla, AT g, T MO, fovd o WRRER, 282 (1975), 9
o, N0, SR, YD RIEReR R, 282 (19750, 28

GEEE, i, BT DR LB, S 748 (1975)

Wi, WAk 5271 (1976)

DIF K, A, BEHL SRAC D SRR BE. A 143 (1977)

MelE], 5 A, BEE), BN N RBRETIE L 38 (1978), 6]

PR, WA TR e 0, 39 119700, 1059

LS. NRC Regulatory 1.99 "Lffect residual element on predicated radiation damage to Reactor Vessel

Materials Rev. 17 April 1977






	★j11-210-227
	j11-210-227

