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Corrosion Resistant Steel Plate for Crude Oil Tanker (NSGP™)
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Abstract

NSGP™-1 and NSGP™.-2, corrosion resistant steels, have been developed for cargo oil tanks of
crude oil tankers. Steel plate for ship is usually required to have highly efficient weldability, how-
ever; corrosion resistant steel generally contains too much alloy to be good at highly efficient weld-
ings. Nippon Steel & Sumitomo Metal Corporation has clarified the corrosion mechanism and
developed low alloyed corrosion resistant steels that satisfy the requirement from the perspective
of both corrosion test of IMO and high efficient weldability, the same as conventional steel for ships.
These show excellent corrosion resistance on boards.
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Conventional steel NSGP-1

X2 NSGP-1 &iERMDERABRIER
Corrosion test results of NSGP-1 and conventional steel

Welding method: GMAW

Welding Material:

Boundary
Base metal
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NSSW SF-1 (Conventional) NSSW SF-1 « GP (exclusive)

Weld metal [

Welding Material:

Boundary
: We l{d metg I’
;}.

Base met:

NSGP-1 B F OB REABRZOKE (—1F)
Cross section view of welded joints of NSGP-1 after
corrosion test

NSGP-1 D#gEVFE (RE : 25mm)

Mechanical properties of steel plate of NSGP-1
(plate thickness: 25 mm)

Tensil
Yield strength| tCHSI ;1 Elongation VE e
streng
N/mm? % J
i) | ) ()
NSGP-1 462 554 22 273
D36 TM
=355 490-620 =18 =34
spec.

#F*2 NSGP-1 Oy B REE N HERIER
Results of y-groove weld cracking test

Plate Temp. / Preheat Crack ratio
thickness | Humidity temp. Surface | Section | Root
20 13°C/ 0°C 0% 0% 0%
mm
RH90% 25°C 0% 0% 0%
BoH B & B F400%5 (2014)
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#3 NSGP-1 O#tFEE (#RE : 20mm)
Impact test results of welded joint
(plate thickness: 20 mm)

Notch L HAZ HAZ HAZ
. ‘Weld metal{Fusion line
position 1 mm 3 mm 5 mm
VE,.. (J) 117 103 103 193 208

HAZ: Heat affected zone

AL DERAL D FIFULFRD H AL NSGP-1 DEF I BIAFC
H 5o

312 NSGP-1 DT v V¥ — 3B 2R d, T
GRHEY 7~ =27 — 7% (FABE) ICKDIERLY
DTHY, ABUIH 125kI/cm TH S0 fAINDEBAL D B
BPEED 34] D EEZ IR LCBY), BRGREHEEY
eI

25 EMERER

NSGP-1 (ZBEIZH) 10 D KFJFEH & > # — (VLCC :
Very Large Crude Oil Carrier) D% > 7 JEARIZ#H S
T\Wb,

A OB IE 2004 £C, & 1557 ¥ 7 ERBRICH#E S
n, 2095645 v 7 I3EEETHASN TS, K31,
NSGP-1 % FHH 6 & 7 12BIFA4EH Fy 7 (10 4E)
BRI G & % 5 4mm D EDO Yy MO & R ME
BIRLIZHDTH Do XIZIE SR242 THIA S N7-HE R4 #
Ffito 2WE Ky 7 (54) BOfME%E VLCC-1 & LTHF
BCRT Vo WI LD, BRI R & SRR OZETH 5,

eSS A O S EHMRATIX, €y NEAT 1300
y U EMINLy 7 bdY, FH200 1M, 5 > 75
AL Twb, —F, NSGP-1#AMo 10 FHMRAETIE, £
W 7 TI00 M, 7 v 28, T 50,y v R TH B,
CDOLHIFEIMY > ER Oy M2k LT NSGP-1 138
N7 AN EET 52 ENFEMTOMRTE

T/, ARy ZEPSFEICE Y FOES % Ky 7412
FHEIIL TW 229, B4 RTH#)Ey MESIESEHE
I0FEHTEDLLT, Ev MR EL TRV EEMEEL
72o EHII, EMOWEZNE L724ER, OHoWE &%
LI ST ED NV E BFERL TV 5 ),

RIS, NSGP-1 %4 15 DIEH Y >~ 7 AR 85 C i
LTW5, O %226%0 VLCCIZOWT, #EKY
W (GEAL 2.4 -~ 3.1 F668) o€y MRASHERERT Y
M5Z6%DEY v 7OBEE 4mm U LOY v M EoF
EKRIETH Ao IZIE SR242 THAAS S 720 3k 8 58 FH
ROFERE VLCC-2 & LTHETRT N I sil AR IS
SFETI00 M, % v 74K, K T400 8,2 > 7t 5
AL Twb, —7J5 NSGP-1 # it VLCC-C %< 540D
ST 16 Yy, IRTH 10 7 > 7 KiGEEy
FZRIEIZ AR L TWbe TNHM VLCC DYy Mo
WX DENH DA%, ZOERFNTHER D HEEZ DR

#roH 8 fE 4 H o#it 4005 (2014)

= 1400
= -Max.  Increment for 2.5 yrs
3
= 1200
E x gR gQ 5Q
<8
=+ 400
®c Ave.
: ) :-
=
o
o
o o —
o VLCC-1 VLCC-A
(at 5 yrs later) (at 10 yrs later)
Conventional steel NSGP-1

X3 fieKsiEA VLCC-1 D5 FE#% & NSGP-1 # M VLCC-A
D10 FREDE v MDD B

Observed pit count for VLCC-1 using conventional steel
upon 5-year and VLCC-A using NSGP-1 upon 10-year

inspection

20

No.4 Starboard side tank

15 4

10 1

0 T T T
15

20

Pit depth at 4th inspection (at 10 years) (mm)

Pit depth at 2nd inspection (at 5 years) (mm)

M4 E—tEy DOSFEHE 10 FEBRERROEIEHAKEER
Depth measurement result of the fifth year and the tenth
year of the same pits

Ave.
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500
S First dock inspection results
g (after 2.4 to 3.1 years)
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VLCC-2 | VLCC-B | VLCC-C | VLCC-D | VLCC-E | VLCC-F | VLCC-G

Conven-
tional
steel

X5 HeksEERE NSGP-1BEH6ENDE Y MDD EEER
Observed pit count of VLCC-2 using conventional steel
and six VLCCs using NSGP-1
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Analysis results of gas concentration in vapor space of COT

Tank 3S 4C 4S 5C
Crude oil A B C D

H.S 2790 1330 498 817
H,0 49 3.9 53 2.5

0, 1.7 2.5 1.8 39
CO, 3.7 4.0 22 10.9
SO, 1.3 39 1.6 2.7

N, 329 45.0 25.7 62.0
CH 54.9 4924 62.2 15.0

H.,S, SO,: vol.ppm, Others: vol.%
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< Dawn : ~25°C (wet) >

Condensate water

Inert gas @
(0,,€0,,S0,)

Wet & dry
cycle

< daytime : ~50°C (dry) >

Elemental S Rust

Inert gas @
(0,,C0,,S0,)
X6 LRREROEREE
Corrosion mechanism at COT upper deck plate

Temperature control unit
(specimen: 25%C/50°C)

Test chamber ¥
Thermostat || Specimen |
water bath |

3. Distilled
°*° water

X7 BERERIRREES
Simulated corrosion test apparatus for upper deck of COT

£5 XEEMICL2BRERABRES LU COT LRERD
SUHERK (mass%)

Compositions of corrosion products on simulated test

specimen and upper deck plate of COT analyzed by X-ray

diffraction method (mass %)

o-FeOOH S-FeOOH y-FeOOH
Simulated test 30 0 3
COT 37 0 8
Fe,O, S Others
8 21 38
0 12 43
ooOH & & % #4005 (2014)
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Layered elemental S

8 BHEARARBOBERERMIES L VTHRSH
Cross sectional morphology and distribution of elements by
electron prove micro analyzer (EPMA) in corrosion product
of specimen after simulated corrosion test for upper deck

*6 BRERHRER
Simulated corrosion test results

Test results

NSGP-2
IMO spec.

1.53 mm

=2 mm
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04 I
40°C H,S0, (pH=2)
I
m 045 I Before corrosion test
3
s 05 r
>
> L Al
E 055 | NSGP-2 "
c 4
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6 L -
L 06 pemm=mrmr === === ="
Conventional steel
065 ‘
1 10 100 1000 10000
Currentdensity (WA/cm?)
0.1 I
40°C H,S0, (pH=2)
|
o ot After corrosion test
(@]
w
%)
>
=01
E NSGP-2
; an
E -02 smuntill L 7 I
I Conventional steel
-0.3
1 10 100 1000
Currentdensity (UA/cm?)
9 fitkiHE LU NSGP-2 DT / — KRR

Anodic polarization curves of conventional steel and
NSGP-2

R7 NSGP-2 D#tfsEE (HRE : 16.5mm)
Mechanical properties of NSGP-2
(plate thickness: 16.5 mm)

YP TS EL VE, .
(N/mm?) (N/mm?) (%) )
NSGP-2 432 504 24 258
D36 T™M
= 355 490-620 =20 =34
spec.

%8 NSGP-2 Oy BAEZEI N HERIER
Results of y-groove weld cracking test

. Temperature / | Surface crack | Section crack
Plate thickness

ratio
0%

ratio
0%

Humidity
20°C / 60%RH

30 mm

+£9 NSGP-2 D#tFE#EM4E (HRE : 16.5mm)
Impact test results of welded joint (plate thickness: 16.5 mm)

Notch HAZ HAZ HAZ
i WM FL
position 1 mm 3 mm 5 mm
VE,.. (J) 174 132 172 224 250

WD EVED BIF 7 2 & DWGE S I ize 7225 D
HeETE IS AR L PERI TR 2.7mm & 7% D IS AR O G55
L L THREIN TS 2mm % L0555, NSGP-2 134
L6mm THb, ZDXHIZ, NSGP2 ZHW\AHZ &I12Xh,
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w
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Upperdeck plate )

4

B 4
4
Conventional ,” ’_l

steel N /

N
3

N

-

Corrosion loss (mm)
—
(6]

o
3

(=)

0 5 10 15 20 25 30
Test duration (years)

10 NSGP-2 DEMBAERIMERS LU 25 FRIETRERE
Onboard test results of NSGP-2 and estimated corrosion
loss after 25 years
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