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To be operated safely in cryogenic circumstances, LNG storage tanks are made of 9%Ni steel plates.
For the sake of reducing Ni content, 7%Ni TMCP steel plate has been developed as a substitute for
9%Ni steel plate. Controlling the volume fraction of residual austenite(y ) is important to ensure high
toughness. By utilizing TMCP technology, much residual y is distributed in the base structure to
achieve the same toughness as 9%Ni steel plate. For 7%Ni TMCP steel plate, the thickness of which is
40mm, the properties of the plate and the welded joint were investigated under cryogenic conditions.
The results showed both properties of 7%Ni TMCP steel to be at the same level as those of 9%Ni steel.
This result means that 7%Ni TMCP steel plate is eligible to be used for LNG tanks.
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Fig. 1 Metallurgical concept of high Ni steel
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Fig. 2 Microstructure comparison of 7%Ni TMCP steel with 9%Ni
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Table 1 Test items for performance evaluation

Resistance to brittle fracture

Plate |-Tensile test +CTOD test
properties [-2mmV Charpy impact test |*Duplex ESSO test

Basic performance

Welded . -CTOD test
e -Tensile test
joint -9mmV Cha impact test +Cross weld notched
properties TPy Imp. N wide plate test

®2 IR

Table 2 Results of tensile tests

) Thickness " L YS TS EL.
Material (mm) Position | Direction MPa) | (MPa) (%)
—

THNITMCP | 1/4t ) 655 738 31
steel
—

9%Ni 36 14t C 726 | 743 | 33
steel

SL7N590 - - 590% 690~ 830 215_

C: Transverse to rolling direction
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Table 3 Results of Charpy impact tests

. Thickness " N VE jgg:c.ave | BA jggc.ave
Material (mm) Position | Direction o (%)
——

TRNITMCP] g 14t L 256 0
steel
AT
9%Ni 36 4t L 243 0
steel

SL7N590 - — 1= -

L: Parallel to rolling direction
vE. g5 Charpy absorbed energy at -196°C
BA: Brittle fracture appearance value at -196°C
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Table 4 Results of CTOD tests

Material | TTokness | nu ion [ Temperature Critical CTOD value
(mm) °c) (mm)
o
7%Ni TMCP 10 L -165 1.18 1.05 1.18
steel
-
9%Ni 36 L -165 0.65 0.70 0.68
steel
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Fig. 5 Schematic drawings of Duplex ESSO test
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Table 5 Results of duplex ESSO tests

. Applied
Material Th(l:r:<rr'11<§ss Direction Tem(p%r)ature stress |Judgement
(MPa)
o
TNITMCP L -196 392 No-Go
steel
.
9%Ni 36 L -196 392 No-Go
steel

Arrest Crack propagation

7%Ni TMCP steel plate !
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Fig. 6 Photograph of fracture surface (7%Ni TMCP steel)
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Table 6 Welding condition

. . i Welding material Welding condition
Welding | Direction of Position Maximum
method welding Brand | Diameter of weld heat input

Transverse Vertical
SMAW | torolling |NI-C70S| ¢ 4.0mm eu A 4.4kdmm
direction P
xR 7 DIRABER
Table 7 Results of tensile tests
Material Thickness TS Fracture
(mm) (MPa) location
7%Ni TMCP
o 40 713 Weld metal
steel
9%Ni
> 36 748 Weld metal
steel
SL7N590 (base metal) 690= -

1st side FL .

\ +3mm__ 1¢/4

__WM center - )V' ___________ Loy ]

+5mm
Steel plate

2nd side

7 ¥y VY —iERRER ) v FAE
Fig. 7 Notch positions for Charpy impact tests
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Fig.10 Cross weld nothed wide plate test specimen
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Fig.11 Photograph of fracture path and surface (7%Ni TMCP steel)
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Table 8 Results of cross weld nothed wide plate tests

At . load
. Thickness | Welding | Temperature maxea
Material (mm) method °c) Ogross Onet
(MPa) | (MPa)

7%Ni TMCP SMAW - , -

steel 40 -SAW 165 651 775
9%Ni SMAW . -

steel 36 SAW -165 714 834
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