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This study aimed to evaluate corrosion resistance of steel coated with GI and Zn-Al-Mg alloy using cyclic
corrosion test (CCT) with electrochemical polarization and impedance measurements. Results showed that
the Zn-Al-Mg alloy coated steel had a much higher corrosion rate than GI coated steel in early stages of
corrosion. With prolonged immersion, however, the corrosion rate of the Zn-Al-Mg alloy coated steel
greatly decreased, mainly owing to a significant decrease in the cathodic reduction reaction and an increase
in polarization resistance at the surface. This was closely associated with the formation of protective cor-
rosion products including Zn,(OH),Cl,-H,0O and Zn,Al,(OH),,CO;. Moreover, when the steel substrate was
locally exposed due to mechanical damage, the kinetics of anodic dissolution from the coating layer and
the formation of protective corrosion products on the surface of the Zn-Al-Mg alloy coated steel became
much faster compared to the case of GI coated steel. This could provide a longer-lasting corrosion inhi-
bition function for Zn-Al-Mg alloy coated steel used in plant farms.
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Fig. 1. Schematic diagram showing (a) the constant loading
device used for making artificial damage on the coating
layer, and (b) the galvanic corrosion cell between the steel
substrate and Zn coating

(@)

-1.00
——GI
02k Zn-Al-Mg
~
=
g -1.04
E -1.06
-
5 1o0sf
R
=
-1.10 -
112 s s s s
1E-8 1E-7 1E-6 1E-5 1E4 1E-3
Current density (A/cm?)
©
-1.00
1.02| — Zn-Al-Mg
e
’% 1041 o
) e
-
; -1.06 | T
£ 4 -
-
= -1.08|
D
s
& o0 .
112 L L N L
1E-8 1E-7 1E-6 1E-5 1E4 1E-3
Current density (A/cm?)

3.4dn

31 SRS RAHS L M |SE A 23 S 24

Fig. 2 100 ¥ 200 cycle &
R e A i ra o= o IR s S A
YERATE 100 cycle =0l X x4 ] 44
el #EFE GI =u AlE gy 394 de
200 cycleo] Y%= E-alal

b1 o ot

or o

ol e

> D, Mo o

inkY

ol

o
rlo

- 13

o BRI

;Hl-:g]

-1

100 cycle

200 cycle

Zn-Al-Mg

Fig. 2.

(b)

Potential (Vgg)

-1.00

-1.02

-1.04

-1.06 |

~
(=%
~

Corrosion rate (mpy)

—
~

—
<

=
T

12
1E-8

——GI
—— Zn-Al-Mg

1E-7 1E-6 1E-5 1E-4

Current density (A/cm?)

1E-3

Egor
| I Zo-Al-Mg

1d

3d

Time

7d

Surface views of the coated steel samples after CCT

Fig. 3. LPR curves of the coated steel samples, measured after (a) 1 day, (b) 3 days, and (c) 7 days in a 3.5 wt% NaCl solution,
and (d) the corrosion rate (mpy) determined by curve-fitting to LPR data
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Fig. 5. EIS Nyquist plots of the coated steel samples, measured after (a) 1 day, (b) 3 days, and (c) 7 days in a 3.5 wt% NaCl
solution, and (d) the changes in polarization resistance (R,) with immersion times
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Corrosion product

Fig. 6. FE-SEM images showing the (a) surface and (b) cross-section morphologies of the Zn-Al-Mg alloyed coated steel

sample, observed after CCT for 200 cycles
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