gbooobooboobd 3800 20040

UDC 669 .15' 24:669.14.018.41:662.767 - 404

LNGOOOOOOOOOODOOONIOOOO

Development of Super-9% Ni Steel Plates with Superior Low - Temperature Toughness

for LNG Storage Tanks
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Abstract

Nippon Steel has developed 9% Ni thick steel platesfor large LNG storage tanks by applying not only
intercritical heat treatment but also decrease of Si content and small addition of Mo. The commercially

produced 50mm thick plate exhibits sufficient mechanical propertiesfor LNG storage tanks.
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The influence of Si and P content on the CTOD value at HAZ/base metal boundary (GTAW, K-groove)
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The influence of Mo and Si content on the tensile strength (TS) of
base plate

00000000000 38000020040

0180

E 0.26 mass% Si O max. load
[ @ pop - in
8 pop
1
i o
s (o]
0.1 »
o« o—i
0.01 r F 4 1 e e e 2 2 s a & a2
0.000 0.005 0.010 0.015
P content (mass%)
(b) 0.26 mass% Si steel
—_ 10
o [ & S —
2 ! ]
= s
© S
3
o 01
> 3
Q 3
2 [
(&)
0'01 2 Il a 'S a 4 Y 4 e A A Il &

0.00 002 0.04 006 008 0.10 0.12

Mo content (mass%)
O30 000HAZOOODOCTODD OO OOOMoD OO M GTAWLK
ooo
The influence of Mo content on the CTOD valuél GTAW, K-
groove, notch location : HAZ / base metal boundary
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Chemical composition and mechanical properties of steel tested(comparison with the results of conventional 45mm thick 9%Ni steel)

Chemical composition (mass%) Mechanical properties
Plate Tensile test "2 Impact test™
thickness C Si Mn P S Mo Ni Position 0.2% proof| Tensile | Elongation | E(-1960)
Orientation™ stress | strength (%) (Average)
(MPa) | (MPa) )
JIS G 3127 | 6-100mm | [10.12 |1 0.30 |0 0.90|J 0.025|1 0.025 - |8.50-9.50 - 59000 |690-830| 210 34(min.)d
SLIN590 41(ave.)O
Conventional |  45mm 0.05 | 0.24 | 0.56 | 0.002 | 0.001 - 9.39 1/4t -L 609 713 34 284
9%Ni steel 1/2t -L 612 713 33 294
Super 50mm 0.05 | 0.08 | 0.59 | 0.003 | 0.000 | 0.08 9.35 1/4t -L 632 747 33 277
9%Ni steel 1/2t -L 633 751 32 258
*1 L : Rolling direction, *2[1 JIS No.4 specimens (G.L. : 50mm), *3 JIS No.4 specimens
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Test plate welding condition
Welding method | Position Plate thickness Current Voltage Speed Heat input Test item
GTAW Vertical 50 mm 280-300A| 10V |4.0-45cm/min| 4.0-45kJmm |Tensile test
Brittle fracture test
100 g
= T E ["® - 50mm thick Super 9%Ni steel
o 5 b | O : 40mm thick conventional 9%Ni steel (A :pop-in)
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Weld Fu§ion HAZ HAZ HAZ Fusion HAZ HAZ
Metal Line imm 3mm S5mm Line 1mm 3mm
Notch location Notch location
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esulls 0 arpy impact test for welded jon Critical CTOD values at 0 1650 for GTAW welded joints
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Duplex ESSO test specimen geometry
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Results of duplex ESSO test for base plate

Test location | Plate thickness

Test temperature

Applied stress

Judgement K

ca

Base plate 50 mm -1960

392MPa No-Go |>280MPa m*?

Note 1) Crack starter plate width is 150mm and test plate width is 350mm.
2) Driving force (K-value) of a crack when it reaches the test plate is 280 MPa m*?2
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