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Abstract
We have developed the newly Sn-bearing steel, COrrosion Resistance Steel for PAinting Cycle
Extension (CORSPACE™). CORSPACE reduces Life-Cycle Cost (LCC) of steel structures exposed
to high chloride content environments, due to its superior atmospheric corrosion resistance at defect
of paint film. In this report, the anti-corrosion performance at the defect of paint film of CORSPACE,

and its mechanical and welding properties are mainly described for the use of steel structures.
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Cathode reaction: H,0 + 1/2 O, + 2e — 20H-
Fe3*+e — Fe?

@ Anode reaction: Fe — Fe2* + 2e

@ Oxydation: Fe?* + 1/4 O, + H* —»Fe3* + 1/2 H,0

v

(© Hydrolysis of Fe¥: Fe?* + H,0 —Fe(OH)2* + H*
Fe® + 2H,0 —Fe(OH)," + 2H*
2Fe3* + 2H,0 —Fey(OH),4* + 2H*

1 B{EMREBICE T IRTBE A DX LOBER ¥
Schematic model of atmospheric corrosion of steel in
presence of ClI~ %
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r>| Humid stage

50 °C and 100% relative humidity, 6 h duration

|Sa|t application stage |

15 min immersion at ambient conditions
Salt solution : 0.5% NaCl, 0.1% CaCl,, 0.075%
NaHCO,, pH 8

— | Dry stage

60 °C and 50% relative humidity, 17.75 h duration

X2 SAE J2334 HE&H17)L9
Test cycle condition of SAE J 23349
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Effect of Sn on changes in delamination area (left) and
corrosion depth (right) as function of test cycles for epoxy
resin coated steel 39
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1(I)0 10I00 Current density, I / pA cm_2

1 10
Current density, I / pA cm’?

5 BMAGERFDFe DAEBEENCKITT SnA 7+ > DFIE2
Effect of Sn?* on polarization behavior of Fe in acidic
solution?

4 BRMEIKGAER D Sn RHNE S iRERAR 2
Polarization curve of Sn-bearing steel in acidic solution?

FT1 EREELE L /-BI58M (CORSPACE) M1tZm 7 d
Chemical compositions of developed steel (CORSPACE) produced at commercial plant (mass %)
Mark Thickness C Si Mn P S Sn
(mm)
Developed steel o\ 100y 7358 9,20, 50 0.16 0.35 142 0.010 0.002 Add*
(CORSACE) P
Standard steel ~ SM490YB-Z35S =100 =020 =055 < 1.60 =0.035 = 0.006 -

* Target mass% > 0.1 %

+:2 FEHENSE L /-FAFE (CORSPACE) M5k HERIER 3
Tensile test results of developed steel (CORSPACE) produced at commercial plant @

Thickness Yeild point Tensile strength Elongation
Mark (mm) or proof stress (N/mm?) %)
(N/mm?) ’
9 450 580 No.1A test 20
specimen
Developed steel No.1A test
(CORSPACE) SM490YB-Z35S 20 428 564 specimen 27
50 393 546 No.4 test 37
specimen
5<=16 365 < No.1A test 15=
specimen
Standard steel SM490YB-735S 16 < = 40 355 < 490-610 No.1A test 19=
specimen
40<=75 35 < No4 test 2 =
specimen
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Charpy impact test and tensile test results of developed steel (CORSPACE) produced by commercial plant ®

Mark Thickness Charpy absorbed Thickness Reduction along
ar]
(mm) energy (0°C) J (mm) the thickness direction (%)
Developed steel 20 165 20 53, 64,53 A 57
eveloped stee SMA90YB-Z358 , 64, verage
(CORSPACE) 50 210 50 63, 64,70 Average 66
Standard steel SM490YB-Z35S 12< 27 = Average 15= 25 = Individual 35 = Average
750
L/\y Top side
T F4 BIETRO
R Shape of groove ®
§ e
= RN GMAW SAW
(]
a b c a b c
T\) Bottom side Thickness 20 10 3 7 6 7 7
75° (mm) 50 25 3 2 23 7 20
6 R%EmIKe
Shape of groove ©
x5 BEEH (THZX, FHEL)
Welding methods, materials and conditions (flat position welding without preheating) ©
Welding methods GMAW SAW

Welding materials

NSSW FCM-IF (1.2mm) CO, x 100%
Standard: JIS Z 3313 YFW-C50DM

NSSW NF-100 (20 x D) x T-DS (4.8 mm)
Standard: JIS Z 3183 S502-H

Top side: 650A 38V 400 mm/min 3.7 kJ/mm

20
Thickness 280A 36V 300 mm/min 2.0kJ/mm Bottom side: 750 A 38 V 400 mm/min 4.9kJ/mm
50 Top and bottom side: 700A 38V 350 mm/min 4.6 kJ/mm
K6 BEBILARER®
Results of welding certification tests ®
Tensile testing of Charpy impact test
lded joint JISZ 3122 (0°C
Thickness Welding welded o . 070
Mark Face bend test Side bend test Charpy absorbed energy (J)
(mm)  methods . : :
Tensile strength Middle of welding HAZ
(N/mm?) material 1 mm
616, 626 58,76, 65 127, 146, 107
GMAW N.C N.C
20 Average 621 Average 66 Average 127
614, 620 46, 48, 45 93,75, 56
SAW N.C N.C
Developed steel SMA90YB-Z35S Average 617 Average 46 Average 75
(CORSPACE) 601, 605 99, 113, 116 133, 174, 102
GMAW N.C N.C
50 Average 603 Average 109 Average 136
610, 604 119, 132, 119 144, 153, 164
SAW N.C N.C
Average 607 Average 123 Average 154
Standard SM490YB-Z35S - - 490 = Do not crack 27 = Avrage
N.C means “No Crack”
;O O O o& o %4005 (2014) — 82—
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Painting process  Brand of paint Thickness THIEDNEI N TS 520, M KEIZBIT AIRE
First layer Prime coat Inorga;rlicmz;ilc rich 15 um ARG & W] U@ A T SAE 12334 AREE R 2 2
Second layer Under coat Epoxy resin 60 um TR o IO DFERD 5, SAL DALY %
Third layer Under coat Epoxy resin 60 um FEURAR D) R L O L W EBREICB VT, KA gL
| Epoxy resin for ) KO T/ — FHSAE pH CHRAEH £ > i
Forth layer  Intermediate coat ﬂuorm:ecs:?;tamed 30 um Gl o Fe & & bIcii L7285 o Sn
Fifh I } Fluorine contained s AF W7 ) =N A ey —& LU CEHL, @
T opeos resin . DYHEROH% LT, ZP ROP A THE L - HF ik
40 cycle 80 cycle 120 cycle

r ’ 1

| |

7 HERBOBEXMEBDIIER D

Appearance of sample after removing the delaminated paint after SAE J 2334 test?
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8 BIRTHZEETIBERMEBORBHEBERRES Y
k BRXMGEONEEE, & BRELS
Changes in delamination area and corrosion depth as function of test cycles for zinc primer painted steel ®
Left: Delamination area, Right: Corrosion depth

OH 8k & & #4005 (2014)
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Change in delamination area as function of exposed time for painted steel
Left: Exposed test at Higashi Kobe bridge 2, Right: SAE J 2334 test
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Result of life cycle cost analysis of CORSPACE
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CORSPACE M#EffER (RiBEmIER)
Example of the application of CORSPACE (Higashiharima-
namboku Road)
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