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A Study of almost 10 year Atmospheric Corrosion of Carbon,
Weathering and Galvanized Steels in Various Environments
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ABSTRACT

This study is to investigate the atmospheric corrosion behaviors of carbon steel, weathering
steel, and hot-dip galvanized carbon steel in various environments for almost 10 years. The
experimental methods included actual exposure tests and analyses of corrosion products by
SEM/EDS and XRD. The results revealed that, in industrial, coastal, and rural areas, the weight
loss was ranked in the order: carbon steel >weathering steel >galvanized steel. The corrosion
rates of bare steels obeyed the law C = At® (C and t represent corrosion amount and time,
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respectively, while A and B are constants). The weathering steel not only possessed lower initial reaction rate, but also
exhibited better protective rust than carbon steel. The corrosion product of weathering steel had more tendency of
generating «-FeOOH, while that of carbon steel had more tendency of forming Fe O,. The corrosion product of
galvanized steel in both industrial and coastal areas were complex, while that in rural area was simply ZnO.
Furthermore, both 7 and ¢ phases were corroded in the above former two areas, while only 7 phase was corroded in
rural area. Compared with that in previous study, the weight loss of bare steel in various areas was ranked in the order
coastal >industrial >windy urban >rural.

Keywords : Carbon steel; Weathering steel; Hot-dip galvanized; Atmospheric corrosion.
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*1. Al BE SR I LR 3 (wt%)
Table 1  Chemical compositions (wt%) of the investigated steels.
HilkA C Si Mn P S Cu | Cr Ni Ti Al Balance
SS400 130 .19 | 81 [ .015].008 ]| .06 | .02 | .05 - .024 Fe
AS1 005 | 30 [ 1.231.069 | .011 | .28 - 16 | .02 | .026 Fe
AS2 012 ] 30 [ 1.24].110 | .010 | .29 - 16 | .02 | .018 Fe
2. 3 < Spf sl B U A ~ B ATt HYME -
Table 2. Values of t* and A, B in the weight loss equation from Fig.3.
St SS400 AS1 AS2
A fH(mg/em?® - year®) 45.6 32.0 30.6
B fEEEH(T) 0.53 0.49 0.47
t* {H(year) 15.8 40.7 52.4
¥ SS400 2 ¢ [LAE 1 2.6 33
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Table 3. Values of t* and A, B in the weight loss equation from Fig.9.

pil) $S400 ASI1 AS2
A ffi(mg/cm® « year”) 38.6 32.8 30.4
B fE(EELT) 0.66 0.51 0.40
t* fiE(year) 11.8 335 24160
% SS400 2 t¢ FhAE 1 2.8 &

& N AS2 iz vf fERR > AGEHHE > fHE SS400 (ZELEARE -

*4. P AE 2 TR B BRI IR B 1% < S Bl I DL XRD #E ZAHRK -
Table 4. The constitutes identified from XRD of the corrosion product of each

steel after exposure in each environment.

IR RS ) AR el AR IR R
SS400 9.6 1f Fe;0, + 7 -FeOOH - ¢ -FeOOH
ASI 9.6 4 Fe;0, ~ 7 -FeOOH -~ ¢ -FeOOH
Tl AS2 9.6 v -FeOOH - @ -FeOOH
SS400 + Zn 10 1 Zn0O ~ ZnysCO5(OH)sH,O ~ Fe;Sg ~ Fes04
SS400 9.8 4F Fe;0, > 7 -FeOOH » ¢ -FeOOH
AS1 9.8 4F a -FeOOH
I AS2 9.8 4 &
SS400 + Zn 9.8 4 7Zn0 > Fe,Si0y > FeS » ZnO + 2ZnSO,
SS400 9.8 v -FeOOH -~ @ -FeOOH
S AS1 9.8 4 a -FeOOH
AS2 9.8 4F a -FeOOH
SS400 + Zn 9.8 4F Zn0O
SS400 8.5 1 Fe;0, ~ 7 -FeOOH ~ ¢ -FeOOH
% AS1 8.5 1F v -FeOOH -+ a -FeOOH
AS2 8.5 4F v -FeOOH ~ @ -FeOOH
SS400 + Zn 8.5 1F Zn0O ~ ZnO + 2ZnS0,

& [RRFRIR LA FTEE » BRI ©
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5. 13 < S rE e R A ~ B TR AYfE -

Table 5. Values of t* and A, B in the weight loss equation from Fig.13.

AL SS400 ASI1 AS2
A ffi(mg/em’ - year®) 33.5 33.1 29.3
B {H(EEALT) 0.53 0.43 0.40
t* fiH(year) 28.2 63.1 116.8
¥ SS400 2 t* FE{H 1 2.2 4.1
0 4 8 ©
20 T T am
SS400
w0 - e
3
o 120 - -1 120
E 1
5 @ AS2 9
O
=
0 = -1
SS400+Zn
e ee—-©
0 B0 'l_ - r 0
0 4 8 ©

Test Period (year)

L. P LE L P Bl B R ERIRA T < BR Gl

Figure 1 Test results of weight loss vs test period of each steel in China Steel Corp.
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Figure 2 Ratios of weight loss of SS400 to those of other steels at each test period in Figure 1.

24 =

log [Weight Loss(mg/cm?)]
N
1

AS1(0.98)

P AS2(0.99)

12 T T T 0

0 04 08 12
log [Test Period(year)]

3. fil1 H R S S S R S A IR R IR L] S B B AR e -
Figure 3 Relation of the logarithm of weight loss to that of test period from Figure 1.
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Figure 4 SEM/EDS analysis of the cross-sectional scale on the steel SS400 + Zn after

exposure in China Steel Corp. for 10 years.
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Figure 5 XRD analyses of the corrosion products of the steels after exposure in China Steel Corp.
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Figure 6 SEM/EDS analyses of the corrosion products of the steels after exposure in China Steel Corp.
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Figure 7 Test results of weight loss vs test period of each steel in Sun Yat-Sen University.
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Figure 8 Ratios of weight loss of SS400 to those of other steels at each test period in Figure 7.
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Figure 9 Relation of the logarithm of weight loss to that of test period from Figure 7.
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Figure 10 SEM/EDS analysis of the cross-sectional scale on the steel SS400 + Zn after exposure
in Sun Yat-Seng University for 9.8 years.
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Figure 11  Test results of weight loss vs test period of each steel in Shu-Lin.
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Figure 12 Ratios of weight loss of SS400 to those of other steels at each test period in Figure 11.

-36-



itk S8~ i fi 0 Bl % S S A AN (5] )8 Bk BR B ST 4R o RSB B AT R BT SR

24 T T 25

=
o
>
£
173
13
o
-
£
2
o
2
o
o
= 12
—os
08 I T 0
0 04 08 12

log [Test Period(year)]

13. [l 11 gl B A B R B IR T B B BRI G -
Figure 13 Relation of the logarithm of weight loss to that of test period from Figure 11.
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Figure 14 SEM/EDS analysis of the cross-sectional scale on the steel SS400 + Zn after exposure
in Shu-Lin for 9.8 years.
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Figure 15 Comparisons of each steel in different exposure environments.
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Figure 16 Cross-sectional SEM image and EDS analysis of AS1 after exposure in different
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