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Fracture Toughness of Heavy Section Steel Plate for Nuclear Pressure Vessel
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Synopsis :

The characteristics of heavy section RPV Mn-Ni-Mo steel plates for nuclea pressure
vessel produced recently by basic oxygen furnace and ladle refining process are
introduced. Extra low contents of harmful impurities and homogeneous distributions of
chemical constituents and mechanical properties were proved. Various kinds of test to
assess fracture toughness, Klc, KId and Kla, includint the tests by full-thickness
(250mm) specimens, were conducted and the results are evaluated to be sufficient for

use as a nuclear pressure vessel material.
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The characteristics of heavy section RPV Mn-Ni-Mo steel plates for nuclear pressure vessel produced recently by basic

oxygen furnace and ladle refining process are introduced.

distributions of chemical constituents and mechanical properties were proved.

Extra low contents of harmful impurities and homogenecus

Yarious kinds of test to assess fracture

toughness, K., K;; and K, , including the tests by full thickness {250mm) specimens, were conducted and the results are

evaluated to be sufficient for use as a nuclear pressure vessel material.
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Table 1  Production process of heavy sectian steel plates for nuclear reactor pressure vessels
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Fig. 1 Effect of cooling rate during quenching on

RT ypr temperature of Mn-Ni-Mo steels
for reactor pressure vessel; heating tem-
peratures: 880° ~ $00°C
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Fig. 2 Effect of sulphur content on the shelf
energy obtained by Charpy impact test for
heavy section A533B Ci.1 stecl plates
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of heavy section A333B CI.1 steel plates
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Val. 11 No. | i gkl PR o0 Bt B s
Table 2 Example of chemical composition of heavy section ASTM AS533B (1.1 steel plate
(wi%)
Pate ¢ Si Mn b 3 Cu Ni o Ur Mo ¥ Al Nb
thickness
250mm | 0.18 028 1.39  0.007 0.003 001 961 .15 054 0.006 0019 <0.002
163mm } 008 021 141 0.006 0.002 0.01 068 0.09 049 0005 0017 <0.001
N — d.. e —— . . . . - - . - — .
Tate | i T T e A
thickness ‘ li B Lo Sn Sb As
250mm J 0.001  <0.0002 0.013  <0.002 0.0002 0.002
163mm | 0.001  <0.0001  0.005  <0.001 0.0004 0.002
Table 3 LExample of distribution of chemical cumposilion in heavy section steel plate (w9
T 1 s M;{—[ p s ] N | ¢ | Mo | Aol 0 | Nuw
Ingot: Ingot ASTM I— - et S v - - -
hight: width | Spec. 0.25 | 015 | 115 0.035 ‘0.040 0.40 B 0.45 o
: max. ‘ ~0.30, ~1.50| max max. | ~0.70 ~0.60 | o
n/d:# 48 0 27 .39 10, 008 0. 003 0.61 ¢ 0.15 | 0.5 | 0020 0.00211 0 009-;
1 (UM 0.18 [ 0.28 ' 1.40 o,uoa] 0.004 ‘ 0.62 | 0.15 | 0.55 | 0.019]0.0016] 0.0094
e ipe 2 s Y .15 Bean | B
oa (dlf)e . 2/at l 0.8 028 | 339 0 0007 0003 061 015 0540 019 | 0.0028' 0.0095
| ! ajar oas | o028 138 0,007\ 0.003 | 0.6 | 015 0.53 | 0.018 0.0020[0 0094
Ca/ar | 0018 027 | 1.40 1 0.008 0.004 | 0.62 © 015 0.54 | 0.020|0.0022' 0.0092
i L o/t 018 T 0.28 © 138 | 0.007 0003 62 [ 0.15 i 0.55 | 0.02) 0.0020] 0.0093
‘ . des - 2R Y o | M it : _
1/ar | 0. 18 028 ] 139 1 0.007, 0003* 0.61 045 | 052 0.019 0.0020 0.0095
(¥$ |(22?r|2[41 - az{AT 0.29 P 143 Trooos]jbooxJ (364 015_* usejgb(ns 00029|00094
| 34r [ 0.18 , 028 | 139 0.007 0.003  0.61 0.5 0.52 l 0.019 | 0.0021] 0.0094
- — - — —_———— ———— - . { N . - - ————— [ R AP —
| 4/4r 0.8 ' 028 J 1.41 | onms 00041 0@2 0.15 | 0.54 0.020L0.0019.0.0093
| 0 | o8 + 0.27 1.39 | 0.00% | 0.003 062 ]L 0.15 | 0.54 ]L 0.021 0.0022]0.0094
. —_— _ e — . i J—
Tijar - oas | o027 } 1.40 0003 0.003 I—0.62 L 015 | oss J{ ()019|00016 0.0094
B‘(’i‘s‘)‘"“}‘a“;“%2,14r 0.18 | 027 1 137 0. 005 0.003  0.62 { 0.54 | 0.020 0.0028 0.0092
! 341, 0as ! 0.28 l 140 | 0.008 \ 0,003 | 0.63 | 015 | 0.55 + 0.020 0.()016L0.0094
e | 4/4r | 0.18 ‘ 0.28 | .40 | 0.0tml 0.004 1 0.64 | 0 0019J 0.0024 0. 00()93

Cu, V., Nb, Tl, B, Zr, Co. Sn, Sbh and As are not ¢changed

Table 4 Lk Mmple\ of varmllon of mt.Lh_{mCdl prnperllcs ina heavy sccnon stes,l plate
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‘ afar J 50.8 esa2 _I 28

) 7 ‘ ;)7,;4: " sis | oess 27
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