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Properties of High Toughness 9% Ni Heavy Section Steel Plate and Its Applicability to
200 000 kR LNG Storage Tank
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Synopsis :

A 50 mm thick 9% Ni steel plate of low Si and Nb-added type for an LNG storage tank
with a capacity of 200 000 kl has been manufactured. Reduction in Si content and a
small addition of Nb significantly improved HAZ toughness without a fall in strength.
Furthermore, the applicability of the developed steel plate to actual tanks was
evaluated. The developed steel plate and its welded joints, which were made of Ni-based
weld materials, exhibited excellent strength and toughness. The flaw assessment
proved that the developed steel plate and its welded joints have sufficient resistance to

brittle fracture initiation and propagation.
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Synopsis:

A 50 mm thick 9% Ni steel plate of low Si and Nb-added type for an LNG storage tank with a capacity of 200 000 k¢ has
been manufactured. Reduction in Si content and a small addition of Nb significantly improved HAZ toughness without a
fall in strength. Furthermore, the applicability of the developed steel plate to actual tanks was evaluated. The developed
steel plate and its welded joints, which were made of Ni-based weld materials, exhibited excellent strength and toughness.
The flaw assessment proved that the developed steel plate and its welded joints have sufficient resistance to brittle frac-
ture initiation and propagation.
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Table | Chemical compositions of steels used in preliminary tests
o {mass%)
Series C o Si Mn P S Ni Nb
A 0.05 0.25 0.60 0.003 0.001 9.6 —
B 0.06 (0.08 ~ (.25 0.40 0.003 0.001 9.0 —
C 0.05 0.16 0.40 0.063 0.001 9.0 Trace~0.03
A: Conventional steel
B: Steels to study effect of Si content on toughness
C: Steels to study effect of Nb content on strength and toughness
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Fig. 2 Effect of Nb content on toughness of synthetic heat
affected zones of 9% Ni steel
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Nb content {mass%)

Fig. 4 Effect of Nb content on strength of 9% Ni steel plate
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Pretreatment of hol pig iron
(Dephosphorization and desulphurization)

3.3 AEtEEE &

3.3 BASERER
BEMAREAREIL, SIBRaER . —196°C 125 & v 0 & —HR2E
Bads L UERPT v v L - TEARRIC S ORI U A, Mo nRIEE
PhiE, BEtERIERAE RIS 4 B AR 2 IEE WES 11081995 [ & 3
AHMBLIERD (CTODY AkEE k] ISHEMLL 7 CTOD &%tk b,
AW E & BURRE P bR 2R ESSO GRABRIZ & AR L Az, ah%R

LD refining
Desulphurization (Flux injection}
RH degas‘sing
Ingot making
Slabhing
Plate rolling

Heat (reatment

(Double quenchi&g and tempering) BIEE —170°C & LzAY, R BESSO BRI L gLy —196°C {2
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Fig. 5 Manufacturing process of 9% Ni steel plate
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Table 2 Chemical compositions of steel plate

o _ (mass%)
C Si Mn p ) ~Ni Nb Al N 0
Product 0.05 0.09 0.60 0.003 0.0007 547 0.010 0.034 0.0033 0.0011
Ladle analysis 0.05 0.08 0.60 0.002 0.0008 9.44 0.010 0.031 0.0030 0.0019
Requirementt in —n - e _
J1S SLONS90 =0.12 ={.30 =0.90 = (0.025 =0.025 850 9.?)0
Table 3 Welding conditions
Welding conditons
Welding Welding Groove configuration elding conditions .
method material and pass sequence Current Voltage Speed Heat input
(A) V) {cm/min) _@/cm)
AWS i
SAW ERNiCrMo-4 i . Lo _ o 8~22
(Horizontal) | 1.6mmgp 240~300 | 27~28 | 20~60 10y
(Hastelloy)
AWS
SMAW ENiCrMu-6 e o _ 20—55
{Vertical) 3.2, 40mme 120~ 140 : 2223 ! 3187 A1+
(Hastelloy)
TS Z3332
GTAW YGTINI-2 ) 26~37
(Vertical) | 12mmg | 20300 10 A3T0 L gy
(Hastelloy) i

*Average value
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Fig. 6 Geometries of duplex ESS0 test specimens
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Fig. 7 Geomelries of wide plate tensile test specimens of welded
joints
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Fig. 8 Resistance to brittle fracture initiation of 9% Ni steel plate
indicated by CTOD test

Tahle 4 Mechanical properties of steel plate

. Tensile test {at room temp.) Charpy. in{pact test (at —196°C)
Direction Location Base metal Base metal Strain aging
i YS < EL vE L.E. vE L.E.
(MPa) (MPa) (%) 1] {mm) ) {mm)
L. N 174t 634 ' 33 300 2.43 270 22l
C 1/4t 634 32 280 2.36 280 2.34
Z /21t — — — — — —
Requirement in J1S SLONG90 = 590 600~830 =20 =41

¥S: Yield sfféngth TS: Tensile strength ‘Ifl‘::_nﬁ]oﬁg—:hﬁ

Strain aging: 5% strain, 250°C for 60 min
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vE: Absorbed energy

L.E.: Lateral ex;iansion
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Table 5 Results of duplex ESSO test of steel plate

. ”-[.‘l'-iickness

Materia Test “Width | Test Applied | Crack Jodgment .
’ position {mm} {mm) ! temperature (°C) | stress (MPa) - length {mm) Hogmen {MPa-m'3)
o0 - 5 30 Py
Base metal | Base metal ———- 500 170 350 189 No go =268
50 500 ~196 400 164 Nogo | 2303
422 Wt ERGEE I 52 wRat:
FEFE O IRAL ESSO atBaRE M 4 Table 5 (24, BF —196°C. & 520t b

WIETI 400 MPa ORRBREMFTE . BLEREEMEL 2200 & 20864
BEMOGCRABE S IZWIE LA, Tk & ORGP & BERE
(K.) i3 303MPa- m LI ETdh -7,
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P v LY —HWRBRERE Fig. 9 iom+, DTFhOBEE &
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WERA TR B IR E A K & { Rlof o 7,

Table &6 Mechanical properties of welded joints

;Ve% ding Tensile test
method TS (MPa) Location Bend test
of rupture
SAW TT70r | Weld metal Good*!
SMAW 706 Weld metal Good*!
GTAW 719 Weld metal Good**

*1 Side bend test, Radius of bend = 167 mm
*! Face and root bend tests, Radius of bend = 100 mm
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Fig. 9 Charpy impact properties of 9% Ni steel welded joints
{(WM: Weld metal, FL: Fusion line, HAZL: HAZ 1 mm,
HAZ3: HAZ 3 mm}
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Fig. 10 Resistance to brittle fracture initiation of 9% Ni steel
welded joints indicated by CTOD test (WM: Weld metal,
Fi.: Fusion line, HAZL: HAZ 1 mam, HAZ3: HAZ 3 mm)

Table 7 Results of wide plate tensile test of welded joints

Welding Thickness  Width Notch léflgﬁh Te;r;-[;ét.'ature Maximum net CTOD
__ method (mmm) {mm) {mm) O stress (MbPa) o)
SMAW 50 500 40.0 —-170 | 799 1.04
_GTAW L ) a0 - 600 i 74.6 —-170 841 ) 3.45
— 47 — D R R Vol. 30 No. 3 1998
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Table 8 Resulits of duplex ESSO test of welded joints
Welding Test Thickness |  Width |  Test | Applied | Crack Judgment K.
method position (tnm) {trm) temperature {°C) | stress (MPa) ! length {mm} udg (MPa-m"%
SMAW Fusion line 50 500 —-170 350 169 No go =268
GTAW Fusion line 50 500 ~170 400 164 No go =303
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Table 9 Comparison between required CTOD values and the
minimum CTOD values of welded joints

. . . ) i{equired Minimum
Welding Stress™ CTOD value CTOD value
method (MPa)

(mm) (mm)

164 0.116

SAW 0.49
375 0.241
164 0.078

SMAW 0.83
o 375 0.203
! 164 0.076

GTAW | e 0.96
| 375 0.201

*164 MPa: Normal operate condition
375 MPa: Maximum stress condition

HL SRR, ME LAY EEEOEH @ =129
mm) & 9 &K E LUK (SMAW: § = 20.0 mm, GTAW: @ = 137.3 mm)
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