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Production of 9% Ni Steel Plates for Liquefied Natural Gas Tankage
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Synopsis:

Along with the continuous increase in the size of LNG

required of the main siruciural steeis or 9%
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tanks, high toughness at low temperatures has been

Ni steels in order o ensure the safety of tanks. Kawasaki Steel has

successfully improved the products of 9% Ni steels with respect to fracture toughness at low temperatures and
supplied 3000 tons of steel plates for the 80000-kl LNG tanks at Chita LNG Receiving Terminal.

The present paper describes the properties of the 9% Ni steels produced recenily and the main controlling

ilems in the production. As a result of lowering phosphorus and sulfur contents and the strict control of the pro-

duction line, the properties, especially the toughness at low temperatures, of the 9% Ni steel plates were much

improved compared with those produced in the past. The properties of weld joints and fracture toughness show-

ed that the 9% Ni steel plates are suited {or the structural material of LN tanks.
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Fig.1 Effect of carbon content on the strength

of 9% Ni steel
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Table 1 Speeifications of 9% Ni steel

Piate Chemical composition (%5}
Designation

thicknessimm) C Si Mn Ik 5 Ni
AS“T\,‘]‘]'L?)SB =50 =613 0.15~0.36 £0.90 £0.035 20.040 | 8.50-9.50

J
(JSI'S 3'\3132} =50 £0.12 0.15~0.%0 £0.90 £0.025 <0.025 | 8.50-9.50
KLN O £ 40 2913 0.15-0.3¢ 20.50 =0.035 =£0.040 2.50-9.50
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Fig. 9 Manufacturing process and major controlling items
of 9% Ni steel plates at Chiba Works
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Table 2 Chemical composition and mechanical properties in the direction perpendicular

to the rotling direction of a 30mm thick plate tested

Chemical composition (wt. %) | Tensile test at RT j V-notch Charpy test at - [96°C
1 . : ¥s } TS El YR lAhsnrhed Shear |l.ateral
C Si Mn @ P ] Ni o N ) ) energy arca expansion
{kgf/mm?®) | (kgt/mm?) 1o} I (%1 fkef-m) (2 (mm)
- . R P S I -
0.064 | 0.24 0.57 | 0.0016 ' 0.0023 | 9.04 66.1 75.1 31 J 88 17.6 100 1.93
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Table 3 Welding conditions

o \ Welding conditions
I'hick- -
Eﬁ:f] el method Groove dimensions Wire Current | Voltage Speed  |Heat input
{mm et} (A) (V) fem/mind | (k) 7em)
220 3.5 33.0
Vertical TIG 1.2 y 10 ! 4
270 4.0 46.3
(41.5)™"
30
300 30 7.5
Huorizontal SAW 2.4 § 25 i [
350 65 17.5
(9.3)%
*  Number of layers B
** Average
Table 4 Chemical composition of weld metals fwit. %)
Welding methad C Si Mn Ni Cr Muo \ W Fe
Vertical TIG 0.03 0.25 0.28 51.5 12.57 13.40 { 2.32 19.2
Horizontal SAW 0.03 6.55 0.63 67.3 0.01 18.00 ‘ 2.52 10.2

Table 5 Tensile test results at RT of weld metals and weld joints

Weid metal Weld joint
Thickness Welding method

() eldng method ) Specimen dia. YS TS El RA TS Failure
{mm ) (kef/mm?) | (kgf/mm®) (%) {9} {kgf/mm?) position
Vertical TIG 12.5 48.3 75.1 35.6 43.4 77.6 WM
i 12.5 44.8 73.8 37.8 48.1 77.% WM

30

e 12.5 39.7 4.6 494 41.0 77.3 WM+ BM

Horizontal SAW R 39.7 74 6 48.6 2.3 77.2 WM
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Table 8 Vonotch Charpy test results at - 196°C of
weld joints of 30mm thick plate

C g Absorbed | Shear | Lateral
Welding . .
thod Notch position | energy area expunsion
me (kgl-m) K] {mm}
Weld metal 108 00 | 1.2
Bond 13.2 100 1.66
Vet | e trom bond | 116 | 100 | 1.3
TG mm {rom hon . oo .34
3mm from hond 13.5 100 1.53
{Smm from bond | 145 (100 1.60
Weld metal -
Vertical Bond 16 100 1.75
TIG - . [
54 lmm from bhond 2.0 100 1.43
(“’“'”i“’d] 3mm from hond | 17.1 100 1.59
 plate R
Smm from hond 12.1 100 1.44
Weld metal 9.2 100 1.20
Hond 10.1 166 1.27
Horizontal| ™ ' 1
tmm frem bond 11.2 160 1.21
5AwW |
3mm from bond 17 .4 100 1.88
5mm {rom bond 15.4 100 1.56
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Fr7A MY 7R TRBRICHL,

Table 9 IZIER ESSORABHELEL £ - THR
T, 80kef/mm? S E &R P WA & (53EF L 708
PEEZE, 9NN L TR LEEL Ay -
fo, EESBEAICBGTE, TEO0Y%, —173°C
ORBRE T, Ml S BT EERRECG T
fEk Lz, —%, FEO0%T, —196°C # R B
BB LU, TE£SZ%OHLE, WET LI THER
E230mm, #HERTES 0 NEOEEKD S
AMEBIAICEALIY, CTAOESLFOR
BEC, WA SEmEE L, MAESEN
Tit, 80kgf/mm? HREEENGHRN L (53E L 7
Mitt 23 2 Bhictian sl 2, 3T, M
THEZIIIUNI SR RAT S Z &4, B
AR TR L 2,

Mk ESSO Rk, LI Eofhiz TREMiZ 2T
EHER L 7247, I ROBEL 9% NI,
MEEHOEB A EILE G2 LD TE I,

Noteh tip localed at
the toe of SAW joint

Notch

B .\{ BM
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Fig.15 Geometries of wide plate tension test
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Fig.16 Duplex ESS( specimen geometries
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Table 7 COD test results

at--170°C of weld joint of 30mm thick plate

Welding method

Notch position

Fracture load

I’lastic component of

clip gage displacement

Critical COD

P {kaf) ¥y tnvm) dc (mm}
9 450 1.967 0.528
T1mm from bond towinrd WM
18 900 1.766 0.529
10 900 2.014 0.583"
Bond
10950 1_489 0.472°
12 000 1.422 0.474
Vertical TIG 1mm from bond toward HAZ
12 400 1.660 0.550
9 650 1.438 0.415
3mm from bhond toward HAZ 10 6205 0722 YL
10 030 1.180 0.362
11 050 1.308 0.410*
Smm from bond toward HAZ
11 300 0.943 0.323°
11525 2.978 0.874*
Tinm fram bond toward W
10 809 1.820 0.554*
10 825 1.659 ¢.514
Bond
11 065 2.618 0.753
Vertical TIG 10275 2.382 0.653*
1mm from hond toward HAZ
{5 %, prestrained plate) 10875 1.513 0. 467%
11280) 0.523) (0.212)
3mm from bond toward HAZ 1142 0.956 .
11575 0.967 0.337
11 700 1.315 0.d426"
Smm from bond toward HAZ  — -—
11 350 1.022 0.343”
13 900 2.000 0.671"
1mm from bond toward Wi : —
12 925 1.691 0.579*
13875 1.655 0.5787
Bond g
14 000 1.678 0.583"
13500 1.664 0.5t
Harizontal SAW 1nm from bond tward HAZ
13 200 1.573 0.536"
13 500 1,445 0.498*
3mm from bond tward HAZ
13050 1.818 0.547*
14 400 1.761 6.512"
Smm from bond tward HAZ -
14 600 1.886 0.652"
[} Popin # o dmax
Table 8 Wide plate tension test results
Specimen dimensions(mm) Prestr: Test Maximum \l?ﬁ]??:n s“:_fl:s K¢ Elipw Hage Upc}:.im ) Cr“ic,‘.ﬂ CoD,
Test rfi";m temperature | foad gl mm isplacement Tlom, & mm)
0 7 rn - i .“_' 2 |7 -
Thickness | Width | 10760 o COH 0 ] e M 2 Ave] 1| 2 |Ave
Center notched wide| 30.83 | 1000 400 0 —173 | 1475 |47.84(79.73| 1200 |3.96(3.69|3.83|3.46|3.23|3.35
plate tension lesl
of TIG weld jeint 30.85 | 1000 400 5 —168 | 1510 {48.95{81.58] 13190 |4.63|4.58]4.61|4.04[4.00|4.02
_}\Tntched wide plate
tension test of T 30.70 1 1900 400 0 —170 | 1565 |50.98|84.96| 1374 |5.20(4.41(4.81|4.36]3.70{4.02
joint
1
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CHT EMEEOGEGIZ LY, BEERFIZ DT
IR EEOBCOBIs, BRI L THReE
BEBAT ST RECHES L TwA L EizLbed
Z5iLbh, L7zd-T, CODEEBETHLINS o
HIZEED 9 % Ni St B L g EETOE R &M
FEFLE, deoEl L THLRTYE I
Wb b,

R COD 4 EEndet Mo gET 3
FaE LT, BREEGLSHIEWES 28054055,
I 2 TEARE 30mm D EEMFC oW TRD L)
MR EE L CRetEEETL 0,

(1) AZEFE  10mm/1000mm

(2) HiEwE: 2mm

(3) EHY— FIR ! 26mm

(4) FHEHIGH C 16.7kgf/mm? (ASME Boiler and
Pressure Vessel Code, Sec. I1I,
Rules for Construction of Pres-
sure Vessels, Div. 1)

PLEn &ML ), HEIMIET 0T A e ld,
414X1073 X RHB Z EWTE D,

WES 280512 L 5 &, RIEBIFETE ¢ & RIBIZ
ERT AU TA e JUFHER COD I §c MK
ORFEIEH B,

8c=3.5¢a

FRIZ e=4.14%107%, 8:=0.3mm #{LAT S
L, a=20.7Tmm #3505, o 2HBEERRMES
BARRBREEOV E0 D,

Wiz, WEBMBRGRLE L 2B, ALK

NOEHIZ L2 RIGOMERZE L0 L E0fFE
EHLMMMRMHLE S EHET S, &, AR
RO ER ® ap, N B FERE L %9 REED
Aoy ST hE, ay Fag O KOBEESYH
%,

— a()
1546 X107 (dacy 7ag) N/ ag
doyi=do, Y0540y,

aN

GHEGE L LT 2000, do, & LTBIRIGT)
16.7kgf/mm?, Aa, & U C#ITIE) 18.4kgf/mm?
PEZDHE, an=a=20Tmm L B kiZd Y,
ag=104mm HEE N L, Tihbs, HFHIZLLK
fR R 2 FEIZ AN HEOFELR N
2ay & LT 208mm #5545, ZOKESDK
EEMSEfY, il L TLRMEN
ALOTHTVWEEZLNE,

COD BB Tiz—H K 774 A7 54 L 7o kA
Hidhodz, Lol aedh, CIRITINIGED R T
Iy 74 CBBEAWE - 7 77— CHOE
R T3 F -2 RbNah i, £, B
BRF R FEMC AL ROFS s HE L7
RN, TNTHLOVGERSEBRNEEET 2
MEEPTH 72, Lizho T, MO G
F DT o BE B L EEoThE
ML ELH TR EVL L,

—H, AL ESSO RB T3 —170°C & L uF,
—196°C & & iR N T otk & #oniid E

Table 9 Duplex ESSO test results

Specimen Specimen 1} 17 [Impact 21 3)
=P ’ dimensions{mm} | Prestrain | Test energy l.oad Teross Arrested Koo GorNoGo
No temperature rrack lenpth | . e !
’ Thickness| Width 4] e {kgf-m) () {kgf/mm?} {mm) el mm mm’
C-1 30.78 670 0 —173 60 615 30.0 365 1098 No Go
c-—-2 30.84 700 0 — 196 60 647 30.0 391 1123 Na o
H—1 30.77 700 4.7 —178 60 646 30.0 408 1123 No Go
H—2 30.82 700 6.8 —172 0 320 14.8 406 554 Na Ga
B 31.91 2600 0 —170 150 2500 30.1 1324 2202 No Go
Notes

1} Measured at the position where the brittle crack hit the 9%Ni steel plate

21 Maximum arvested crack length

3 Keo= Oaross of 4b tan;rl;“ =

24 : Specimen width
ca ¢ Crack length in the starter sectien
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