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Abstract:

EXPAL™ has been developed as corrosion resistant steel that reduces life cycle costs by extending the paint life of
painted steel structures. The developed steel forms a protective rust layer under paint film by the effect of corrosion
resistant elements. Protective rust layer suppresses the corrosion of steel and paint blistering. Repainting interval
estimated from the accelerated corrosion test is more than twice that of the conventional steel, and hence the number
of repainting can be reduced. In addition, the developed steel meets the chemical composition and mechanical

properties standards of JIS G 3106 and has the same weldability and weld joint properties as those of the conventional

steel.
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Table 1 Paint system

. L Target film
Paint system Paint name thickness (m)
Protective coat | Inorganic zinc rich paint 75
Mist coat Epoxy resin paint —
Base coat Epoxy resin paint 120
Middle coat Epoxy resin paint 30
Top coat Fluoro resin paint 25
Total film thickness (um) 250
‘l/ 20 cycles
1h
Dry condition — Wet condition
60C,35%RH,3h [&— 40C,95%RH,3h
1h
\2
Rinse treatment
i

Salt deposition by salt spray
Artificial seawater : 6.0 g/m’
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Fig.2 Condition of accelerated corrosion test
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Fig.3 Results of laboratory accelerated corrosion test : (a) appearance of paint blistering area,

(b) change in paint blistering width
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Fig. 4 Results of exposure test for 4.2 years in Okinawa : (a) appearance of paint blistering area, (b) paint blistering width

BIEGIIEORRZE 2B 3 18T, Hmi, PRy b,
RBUR M IS B34 CBIEE N T L 7ehs, BAFEH O
BRERZ AU @I b~ NS o, 272, K3 (B) IR
TR NG ORBFZ L2 &, WEl, BRI EY
BB DT R WIB R R S i, 2,
CHBIERDERE > 2 ) v FRA TV FEHRD Zn 12 &k 2%)
RrEzohnz ¥, WBHHCE 128, BIFEE T 16 EL
Bz B WL TRE VRO R S ey, 12 004
BRI B\ "CBATEER o TRISTEZ VI L 2 8@ 8 L2 L/ S Wl
BoRL, 64 KT, BHRSEIEEmE 1 USRI E H
33%/NE Tz,

Iz, hEBHE T 4.2 FER 0 B A BB 0 B A
BlE & CBEAENEER YR 4 1R T, PIRMIZEBIE
FNIRD/ NS P olc 28 Db, HEREE AR [k
12, EEBIZ BV T IR O BIEE AIHIR R iR
372,

TR EAMEAR B L VBN RFEABROSREZ VT
BH AR o0t 2L ﬁﬁk%ﬂ%%%&btﬁ%%wsurﬁo
X 5 O, EARGEABICN T 2 HEEE RO
HEAERD 20ETHoTc 2 s, EREEARBROMM %

JFE %R No. 46 (2020 £ 8 )

(b)
1

Paint blistering width (mm)

0.0

8.0

——

6.0

4.0

2.0

0.0

Conventional steel Developed steel

HHBHIIENCIT B 42 FRIDBNREFRER () ZEENTONSR, (b) ZEFNIE

100

80

60

40t

Paint blistering width (mm)

20t

10 20 30 40 50 60 70 80 90 100
Period converted into actual environment (year)

5 BERBZPEOLERMR
Fig.5 Effect of extending repainting interval
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Fig. 6 STEM observation of rust layer formed in accelerated
corrosion test
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Fig. 7 Measurement of membrane potential
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Table 2 Chemical composition of developed steel

Chemical composition (mass%o)

*2

Grade -
C Si Mn P S

Ceq Pcm

Cu Ni Sn \\%

490 MPa 0.12 0.34 1.31 0.008 | 0.001

Add Add Add Add 0.36 0.20

570 MPa 0.09 0.34 1.54 0.007

0.002

Add Add Add Add 0.40 0.19

*1) Ceq = C + Si/24 + Mn/6 + Ni/40 + Cr/5+ Mo/4 + V/14

*2) Pcm = C+ Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15+ V/10+ 5B
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Table 3 Mechanical properties of developed steel

Z-direction

. *3 . *4
Thickness Tensile test Charpy impact test tensile test”®
Steel Grade N
(mm) Specimen | - YS TS g (%) | Position | LSt temp- Absorbed RA (%0)
P (N/mm’) | (N/mm’) (C) |energy()| Each | Ave.
490 MPa 25 JIS 1A 427 542 25.7 1/4t 0 347 83,82,83 | 83
Developed 50 JIS 1A 458 558 | 347 | 1/4t 0 315 | 72,76,77| 75
steel 570 MPa 25 JIS 5 523 651 39.4 1/4t -5 258 80, 80,79 | 80
50 JIS 5 607 698 39.2 1/4t =5 280 76,76,73 | 715
SM490YB | 16<t=40 JIS 1A =355 490 =19
> > >
HSG3106|  -Z35 | 40<t=75 | JISIA | =335 | ~e6lo | =21 | 4 0 =27 =25 | =33
Spec. SM570 16<t=40 JIS 5 =450 570 =26
= = = - > > >
235 | 40<t=75 | JIS5 | =430 | ~720 | =20 & > =47 =25 =3
*3) C direction *4) L direction *5) JIS G 3199, Z35
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- . ‘ Table 4 Results of y-type weld crack test of developed steel
51 AbESE S USRI
Preheating
- MY o A A T — .

R 2 ICHBERLE L BB O 2R 2R ¥ o i RITH Grage | Welding | Welding | Thickness tignp:jxe
€L, Cu Ni Sn, WEIRIIL TV 2. &3 ICHEHD process”* | consumable” | (mm) | O PEEL
FIRFE [HRFFE S & O v v & —BRRHE, Z ST~05 [9RR (O
PE27RT . BHFERAS JIS G 3106 DIy, 5I5REFE, >+ SM490YB SMAW | LB-W52CL 50 0
VR AR L, R0, Z AT~05 R JIS GMAW | DW-50WCL 50 25
G 3199, 235 DAL &L L, REFRI T X 7 7 7 PE4R sMs70 |oMAW | LB-W6XCL | 50 0
LTwa, GMAW | DW-60WCL 50 25

*6) SMAW: Shielded Metal Arc Welding, GMAW: Gas-shielded

5.2 BEEINS KU BRI Metal Arc Welding

R4 HRMO y RIAERINGABE Ry R, 7 —
DRBETCIITENOC, WA —NVEXZNT — 2 IEBTIET
B25°CT, v— FEINOFEIFRED ONL P oTc, |51
ISR T OBBIRE 2R T, AR, BEm A
Bl s, BB 8o = v 7 v REmH e s
HebRL 2 B T, BRFES 2 F > 7o VAHERE T O BRI 13
JIS G 3106 D& 2GR L, HEd & F 7 VST v )%

*7) LB-W52CL (4.0 mm), DW-50WCL (1.2 mm¢), LB-W62CL
(4.0 mm), DW-60WCL (1.2 mm¢),: KOBE STEEL, Ltd.
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BHFEEA 28 L 7258 0RO LCC oA 21T - 72,
HomHdz Ty Lz,
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DRt E R LT, - HERFE, WHEIBEOBEZDLE TS
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Table 5 Mechanical properties of welded joint of developed steel
. . . . Tensile test Charpy impact test
Steel Grade Thickness | Welding Welding Heat input
(mm) process™® | consumable™ | (kJ/mm) TS 5 Test temp. Notch Absorbed
(N/mm”) (O] position energy (J)
Weld metal 116
Developed 490 MPa 25 GMAW | DW-50WCL 2.0 553 0 HAZ 1°10 166
steel US-W62CL Weld metal 86
570 MPa 50 SAW % MF-38 4.1 604 -5 HAZ 1710 202
JIS G 3106 | SM490YB — — — — =490 0 — =27
Spec. SM570 — — — — =570 -5 — =47

*8) GMAW: Gas-shielded Metal Arc Welding, SAW: Submerged Arc Welding
*9) DW-50WCL (1.2 mm¢), USW-62CL (4.0 mm¢) X MF-38: KOBE STEEL, Ltd.

*10) Position of 1 mm ftom fusion line
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Fig. 8 Calculation examples of life cycle cost
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Fig. 9 Appearance of tank applied with developed steel
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