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New Steel Plate for LNG Storage Tank
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Abstract

A new low-nickel (6.0-7.5%Ni) steel plate for LNG storage tanks has been developed with per-
formance equivalent to 9% Ni steel, which has been used for LNG storage tanks for several decades.
This excellent performance equivalent to 9% Ni steel was achieved by reducing the amount of
added nickel, optimizing the chemical composition, and by applying the latest Thermo-Mechanical
Controlled Process (TMCP) technology to the steel plate, in order to contribute to cost savings and
natural resource savings. Developed steel has been practically applied through joint research with
customers and committees, and the expansion of its applications is progressing.
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Chemical compositions and production process
Chemical compositions (mass%) [Production
C | Si ' Mn|Ni| Cr | Mo | process
Heat A
. TMCP
(7.1%Ni-{0.05/0.05| 0.8 | 7.1 |added|added
(DQ-L-T)
Developed | steel)
steel Heat B
. TMCP
(6.3%Ni-]0.05]0.06| 1.0 | 6.3 |added|added
(DQ-L-T)
steel)
Conventional 9%Ni-
0.05/0.2210.65/ 9.2 | Tr. | Tr RQ-T
steel steel

DQ: Direct Quenching, RQ: Reheat Quenching
L: Lamellarizing, T: Tempering
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. o © S o oo CTOD results of base plates
570 et o - 10
-.E 700 ¢ ©) * o * ®Heat APmax OHeat B,Pmax
S O —_ #Heat A,Pop-in ¢ Heat B,Pop-in
& 650 | ° © ° ® E 9%Ni steel (max.)
600 ? YS Spec (A841 Gr.G CI.10) T —
<‘>$§§HZZ{ S; YS Spec (SLIN590) °§ 10 ¢ ﬁ g &) .O ﬁ
550 | @YS(HeatA) -
soo | LCYS(HeatB) . . . = 8
0 10 20 30 40 50 60 8 9%Ni steel (min.)
Plate thickness [mm] 5 01 F
©
o
] -3 GTAW
. U .:*Zl.;ﬁfg g Thickness ; 50mm (Heat A)
Tensile results of base plates 32mm (Heat B)
300 0.0
WM FL HAZ1 HAZ3 HAZ5
S 250 f c ® o . .
o) O O [®] 10 #F CTOD #5i¢
S 500 [ CTOD test of welded joints
1
= (8]
@150 - S/
2 Vertical weld
o [
g 100 | 8 SLIN590 Spec £ . (SMAW, GTAW)
2o [ 241J (12-50mm ) E =% Notch(FL)
] =29J (10mm ) IS \>DD>BIDID)] E [=5)»3>5))
8 50 | N =21J ( 6mm ) 9 %1 Horizontal weld
< N g (SAW)
[ [=3=1
0 L L L L L L 3L
0 10 20 30 40 50 60 / 600mm \
Plate thickness [mm]
8 BMYrIE—EHERRIXIL¥— 11 +FHEFIRNES [BREBR
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Results of cross weld notch wide test
. . Notch Fracture stress
Thickness Width . Temperature
Welding method . Length (net)
(mm) (mm) Position (°C)
(mm) (MPa)
6 600 SMAW Fusion line 36 -166 822
25 600 GTAW Fusion line 50 -167 ~—181 752
Heat A 25 600 SMAW Fusion line 50 -168 ~—185 756
(7.1%Ni) 40 460 GTAW Fusion line 80 -165~-179 768
40 460 SMAW Fusion line 80 -166 ~—179 812
50 460 GTAW Fusion line 100 -163 ~-173 807
6 600 SMAW Fusion line 36 -165 1002
Heat B 12 600 SMAW Fusion line 24 —165 954
. 12 600 GTAW Fusion line 24 165 983
(6.3%Ni) L
32 600 SMAW Fusion line 64 -165 857
32 600 GTAW Fusion line 64 —-165 851
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Specimen of duplex ESSO test
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Results of duplex ESSO test
Applied  Crack
Thickness Temperature PPIe rac
stress length  Judgement
(mm) O
(MPa) (mm)
25 —165 393 151 No-go
Heat A 40 —165 393 152 No-go
50 —-165 393 155 No-go
32 —165 408 167 No-go
Heat B 40 —165 393 155 No-go
50 —165 393 155 No-go
Brittle

Crack

14 ERk ESSO HERBEATIFEE L BEmE
Fracture path and fracture surface of duplex ESSO test
(Heat B, 32 mmt)
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F4  7%Ni M ERIER
Evaluation program of 7%Ni steel

Thickness (mm) Basic property test Fracture toughness test
Chemical compositions, Macrostructure, Microstructure,
6. 10. 25. 40. 50 Sulfur print, Non-metallic inclusions, Hardness, CTOD test*, Dynamic tear test***,
T Side bend test, Tensile test, Low temperature tensile test, | Duplex ESSO test***
Base metal 2mmV Charpy test, Strain aged Charpy test
Physical constant (young's modulus, poisson ratio,
10, 40 coefficient of linear expansion)
fatigue properties (S-N curve)
Welded joint 6. 10, 25, 40, 50 Macrf)strl.lcture, Microstructl.lre, Hardness, CTOD test* .
Longitudinal bend test, Tensile test, 2mmV Charpy test | Cross weld notched wide plate test**
Welded joint between 40 Macrostructure, Microstructure, Hardness, CTOD test
7%Ni and 9%Ni Longitudinal bend test, Tensile test, 2mmV Charpy test | Cross weld notched wide plate test
. . Macrostructure, Microstructure, Hardness, Tensile test,
Repair welded joint 25 CTOD test
2mmV Charpy test
* Other than 6 mm thickness
** Other than 10 mm thickness
*** Other than 6 and 10 mm thickness
F5 JIS HLUV ASTM Mg
JIS and ASTM standard
. . . Mechanical properties
Designation Ni (mass%) Heat treatment
YS (MPa) TS (MPa) VE gooc 1)
SL7N590 6.0-7.5 TMCP+ T i
S T cmpering = 590 690-830 =41
SLIN590 8.5-9.5 Quenching Tempering
Class9 . =585 690-825 =27
A841 Grade G 6.0-7.5 TMCP+ Tempering
ASTM Class 10 =620 750-885 =27
AS553 Type-1 8.5-9.5 Quenching Tempering =585 690-825 =27

7O T%Ni $i# FHASHE L T b,
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HLNG ¥ >~ 7 H#iix, Ni & 6.0~7.5% O HipH T JIS,
ASME B XN ASTM IZBIME L 7z, HIOME RS
IZ7RF o JISIEZ JIS G 3127 (IRE DA 28 H = v 7 )V i i
) 12 SLINS90 & L CHEER S 720 Ni % 6.0~7.5% &
L, fb&ndy, Bis i DAME 3T 9%Ni §il (SLIN590)
ERIUBIETH Do WIMIBWTYH, 2013 412 ASTM CK
EIAEHABR %), ASME CREMMY: %) 125 &S iz,
ASTM Tl A841 (Standard Specification for Steel Plate for
Pressure Vessels, Produced by TMCP) @ Grade G & L C& 4%
ENTBY, Wy, BEEDAHE ST 9%Ni 8 (A553)
DRUED IR I N7z Ni A RILIIS £ L < 6.0~7.5%
ICHE SN, 2B, ASTMIZBWTIE, MHIE L LDt
KD Class 9 122 THEIED Class 10 25BE S7z, 1
Hio Heat B 1ZBEIC Class 10 (20 S A4iH & > THBY,
ASME, BT, API~® Class 10 &k HUGHED T <
FETHD, %P, Class 91220V TIE, ASMEIZBWT
13 “Case of ASME Boiler and Pressure Vessel Code” Code Case
2736 (Div.I), 2737 (Div.ID) 128§k S 720 API (API 620
Appendix.Q) b 2014 SEENICEGFHFTETH S FrHHE
T, 9%Ni SFEREE LNG % >~ 7 FIIC oW Th NK

m o o — -

15 LNG 2>7 (KBR#H X RALE—T15)
LNG tank (Senboku Terminal 1 of Osaka Gas Co., Ltd)

vk (2014 4E 5 H) BL O DNV fsfk (2014 4F 2 H) & HUs
HATH D,

25 SHROELE

FILNG & > 7 L7 =54 MR D720, 7Tz
I LAEERAT VL AR EOMOE L D b IREE_ A
THLDIIINAZ, BIED L9112 ASTM A841 @ Class 10 (2
LAIETE, —EDy v 7 BEREA~OHEMAIFES NS,
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