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Abstract

In transportation infrastructure such as bridges, there is demand for reduction of life-cycle costs from
construction through to rebuilding. For steel bridges, a key challenge is addressing corrosion under paint
coatings, particularly in areas exposed to harsh environments, such as girder ends and edges. “Eco-view
Plus” is a corrosion-resisting steel that contains Ta, Mg, and rare earth metals (REM) which improve the
steel's corrosion resistance under painting by enhancing the corrosion resistance of inclusions, and promoting
the formation of zinc rust by zinc-rich paint which shields steel surface and the coating-steel interface from
corrosive environments. Eco-view Plus can extend the time for the growth of coating blisters to approximately
twice than that of conventional steel materials. Its application to girder ends and edges is therefore expected to
significantly reduce the life-cycle cost of steel bridges.
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Fig.1 Image of corrosion environment at bridge abutment
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Table 1 SEM image and elemental composition of inclusions on
(a) SM, (b) Ti-SM, (c) Ti-Ta-SM

SEM image

(b) Ti-SM () Ti-Ta-SM

b%

Elemental composition (at%)

Normal steel

Cc N Al S Ca Ti Mn Fe Ta
a 30 - - 21 2 - 21 25
b 18 20 2 1 1 50 - 8
c 35 6 . - : 20 - 24 15
> 9

Corrosion product

® Fe compound
O Zn compound

Corrosion promoting agent

CI, 0,, H,0, etc
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Fig.2 Inhibition mechanism of under-film corrosion of Eco-View Plus

RsD = 551154 /Vol. 74 No. 2 (Nov. 2025) 33



1.E-04

1.E-05 . |

i (b) Ti-SM (c) Ti-Ta-SM

1.E-06

1.E-07

1.E-08

Current density (A/cm?)

1.E-09

1.E-10

1.E-11

-0.3 -02 -01 00 01 02 03 04 05 06
Potential (V vs. SCE)
R 3 &4k 07 7 — FoRl ek 5
(a) AEGH, (b) Tiwdsndd, (c) Ti-Ta@hng
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Fig.4 Plot of Vc with Ta content of steels
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Fig.6 Appearance of painted steels of (a)SM and (b)Mg-SM during
exposure test at Miyakojima
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Fig.7 Cross-sectional images of corrosion product of (a)SM and (b)
Mg-SM after exposure test
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Table 2 Composition and crystallite diameter of corrosion product
of steels after exposure test

SM Mg-SM
Corrosion products Fraction ~ Crystalite  Fraction  Crystallite
(%) diameter (nm) (%) diameter (nm)
a-FeOOH
316 20.7
Fe based (Akaganeite)
compound g FeOOH 19.3 276
(Goethite)
Zng(OH)sCl,H,0 - - 20.6 66.6
(Simonkolleite) ’ ’
NaZn,(SO,)CI(OH)s(H,0)s
Zn based (Gordaite) 8.9 95.4 26.1 57.1
compound Zn0
(Zincite) 35 36.7 45.2 35.8
Metal Zn 5.2 _ 8.0
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Table 3 Chemical compositions of SM and Eco-View Plus

Elemental composition (Wt%)

Steel C Si Mn P Cu Cr Ni Ti Others
SM
(JIS G3106) 017 036 1.38 0.015 0.003 0.01 0.04 0.01 0.001

Eco-View plus 0.056 0.30 1.24 0.010 0.001

0.70 <0.01 048 0.05 Ta, REM, Mg
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Table 4 Cyclic corrosion test (CCT) conditions

Sample image Surface preparation CCT process Environment  Time
30°C =2°C 0.5h
Sand blast Saltspray |« 5% NaCl
* ISO Sa2 1/2
R Condensation 30°C+2°C 25h
g humidity 95+ 3%RH
3
73.7° 3 Coai
oating Air drying 1 50°C £2°C 1.5h
X « Inorganic zinc 35 um rving 20+ 3%RH
+ Epoxide (Clear) 20 ym
. . . . || 30°C £2°C 1.5h
Fluoride (Clear) 20 ym Air drying 2 20+ 3%RH
50 mm
(a) 120
L| osm
€ 100 ®Eco-View Plus
£
ﬁ 80 + o
Qo
2
= 6.0 T o
3 °
2 401 o e
2 1 o,
-
20 + °
b @]
00 o9 ; !
0 10 20 30
CCT test period (week)
Coating blister Coating blister (b) 200 ~
length length o SM
‘ ------- SM-Gompertz
& 160 7| @ Eco-ViewPlus 0
£ = = Eco-Gompertz o
F ¢
2 120 4
e}
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g 80t
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Fig.8 Appearance of painted steels of 0 *=8-6 H ® i i ,
(a) SM and (b) Eco-View Plus after 16 weeks of CCT 0 5 10 15 20

FRiIE, M), Tava— 79 ATENEFNL03H,
155 L % )R ISREDORMZET 2R L Ro72 (K
9 (a))o

S DB LETFIZ OV T, BB IR OFRRFZEAL
WLl CHE L, —E0HLHEIETLET
DY %P 2 A 4 IRE S Tw ™, SE0
L9 AR O BES AR S RIIH 0% b8 %
HeE T B BE 1213 Gompertz it % Fiv 725132 2%
T&AZEn5, (1) RITRT Gompertz BRI X 0 &
PR ZFTICET MM ORMD ) 217572,

ZZC v BEOBNER (mm?)
K FFElEomEE (mm®)
t B (week)
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Fig.9 Changes in (a) maximum length and (b) total area of coating
blister on steels during CCT
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Table 5 Prediction results of repainting cycles on steels with
Gompertz curve

K Correlation  f54
Steel (mm?) a b coefficient (week)
SM 2,000 0.005 0.9982 0.94 14
Eco-View Plus 2,000 0.005  0.9992 0.89 29

& L7z 20 bR (1=012B1F%a) %05%
EL7 M9 (b) BLUERS LM ORRELILE
Gompertz H# THJG L 72k R 2R 9 BERP 2 WY
O BZE, WIS AR 6.6~368% 2% T 5
FTOMMEZZSNTEYY, RED66%, T4b
by =132 mm*I3ET 5 F TICKRMAE ST HEEH (156)
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