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A Study of Atmospheric Corrosion Behaviour of

Carbon Steels and Weathering Steels Exposed for 4~8 Years
Feng-I Wei and W.Y. Chen
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ABSTRACT

Weathering steels can be used by (1) bare base (2) rust stabilization and
(3) painting. In order to understand the difference in atmospheric corrosion
behavionurs of weathering and carbon steels in these three conditions and to
find more suitable rust stabilization treatment and painting system, in this
study, long term exposure test of weathering and carbon steels under these
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three conditions in three different emvironments in Taiwan has been
performed. The results show that atmospheric corrosion resistance of
weathering steel is superior to that of carbon steel, especially in steel
containing high phosphorus or in coastal-industrial site, due to the formation
of protective inner rust layer mainly being amorphous ferric oxyhydroxide on
weathering steel. Urethane modified alkyd undercoat (BAS—60) and new ion
- exchange coat can be used as rust stabilizers for weathering steels, while the
phosphated treatment film also can be used except in the coastal
environment. In painting, the paint system of inoganic zinc rich primer +
epoxy based M.I.O. paint + polyurethane finish has better performance and
the resistance of rusting of weathering steel is better than that of carbon steel
after painting in the same paint system.
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Fig. 1. Effect of phosphorus content on atmaspher-
ic corrosion rate of steel after 3 years’
exposure test in China Steel Corp.
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# 1 Thickness and chemical composition of steels
Elemetn
Wt%% )i C St Mn 5 Cu Cr Ni Vv Al
Grade
A 36 0.13 | 0.25 | 0.8 | 0.018 | 0.015 — — — - —
A 588 0.15 | 0.25 | 0.50 | 0.022 | 0.015 [ 0.28 | 0.44 | 0.18 | 0.035 —
5SS 41 0.13 | 0.19 | 0.81 | 0.015 | 0.008 | 0.063 | 0.021 | 0.049 — 0.024
Acr-Ten A 0.10 { 0.44 | 0.47 | 0.10 [ 0.008 | 0.31 | 0.55 | 0.30 — 0.02
Thickness A 36 and A588: 12mm, SS41 and Acr-Ten A: 4 mm.
% 2 Composition of paints for rust stabilizing treatment
Cationic type paint Anionic type paint BMU-605
(Wt%) (Wt% ) (Wt% )
acrylic resin 55 acrylic resin 90
Z-TiO 5.0 anionic type 10 moisture curing 35
MnQO: 3.0 resin urethane
NiO 1.0 thinner 63
iron oxide 29.5
phosphonic acid 1.0
cationic type 5.0
resin
additive 0.5
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% 2 Composition of paints for rust stabilizing treatment ( 74§ )

BAS-60 Phosphating solution New ionic type paint
(Wt% ) (g%) cationic type paint:
urethane modified chemicoat No.503 75 WA-30 hi-porous
alkyd 30 catalyst 1 and weak alkaline
additive 2.5 water 950 anionic type paint:
pigment 20 WK -10 porous and weak
acid

filler 30
thinner 17.5

% 3 Painting systems and thickness of dry film in the first time test

Specimen Acr-Ten A S541
Painting Time Thickness ' Thickness
system interval Paint of Time {  Paint of
mumber dry film ' dry film
Z-120 HB T0um Z-120HB o0 ¢ m
10 days 10 days
Ar-910 50um Ar-910 50um
A 8 days 8 days
1-300 0pm [-300 upm
3days 3days
[-300 30um 1-300 304xm
Z-500 S0um Z-500 504 m
10 days 10 days
Ar-910 50um Ar-910 40um
B 8 days 8days
U-400 254 m U-400 251 m
3days ddays
U-400 25pum U-400 254 m
C BAS-60 60 £ m BAS-60 S50 um
D BMU-605 25pum BMU-605 15¢m
Cationic type Cationic type 40y m
resin 40um resin
E 11 days 11 days
Anionic type 20um Anionic type 20 m
resin resin
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% 4 Painting systems and thickness of dry
film in the second time test

FRLEBEZH

Specimen
Thickness of
dry film
Painting system

Acr-Ten A SS41

Sandblasting —BMU-605 35~43 g m | 50~60 £ m

Sandblasting —New
cationic and anionic
type resin

40~50 pm | 40~50 um

Pickling ~Phosphating

~ Acrylic 40~50 ¢ m | 40~50 ym
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Fig. 2. Linear plot of the results of exposure test of
A36 and A 588 steels in China Steel Corp.
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Fig. 4. Linear plot of the results of exposure test of
Acr-Ten A and SS41 steels in National
Tsing-Hua University.
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Fig. 5. Linear plot of the results of exposure test of
Acr-Ten A and SS41 steels in China Steel

Corp.
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Fig. 7. Logarithmic plot of the results of exposure
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Fig. 6. Linear plot of the results of exposure test of
Acr-Ten A and 8841 steels in Nationaf Sun
Yat-Sen University.
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Fig. 8. Logarithmic plot of the results of exposure

test of Acr-Ten A and SS41 steels in

Corp. National Tsing-Hua University.
& 5 Regression coefficients of atmospheric corrosion data
A 36 A 588 5541 Acr-Ten A
Test Site

A B R’ A

R A B R* A B R*

Tsing-Hua U. — — —

China Steel Corp. 8.05}0.745 | 0.943 | 15.66 | 0.483
Sun Yat-Sen U. 10.2510.575 | 0.979 | 8.57 | 0.575

0.930 | 7.75|0.724 | 0.982 | 4.79{0.634 | 0.990
0.993| 7.73|0.689 | 0.997 | 8.18 | 0.564 [ 0.991
— | 14.28 | 0.587 | 0.975 | 14.51 | 0.482 | 0.932
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# 6 Time required to reach a thickness loss of 2504 m

Time, Months Ratio of times
Test Site A 588 Acr-Ten A
A 36 A 588 SS41 Acr-Ten A
A36 SS 41
China Steel Corp. 101 310 125 460 3.07 3.68
Sun Yat-Sen U. 259 353 155 430 1.26 2.77
Tsing-Hua U. — — 131 367 — 2.87
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Fig. 9. Micrographs of the front rust surface on SS41 steel exposed for 5 years in China Steel Corp. (a)
General view, (b) Detailed plate-like rust structure.

5 _ o

Fig. 10. Micrograph of the front rust surface on Fig. 11. Micrograph of the front rust surface on
A588 steel exposed for 8 years in China Acr-Ten A steel exposed for 5 years in
Steel Corp. China Steel Corp.
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Hua University.
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National Sun Yat-Sen University
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(China Steel Corporation)

Fig. 16. Apperance of SS41 and Acr-Ten A painted by Z-500+ Ar-910+ Emercote U-400 after exposure for
4 years and 3 months.
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