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An Investigation of Degradation Mechanisms of Prepainted Galvanized
Steels by Galvanic Corrosion Techniques
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ABSTRACT

The most commonly observed corrosion problems of coil coated steels are due to corrosion-

induced delamination or undermining processes, especially initiating from edges or damaged re-
gions. The purpose of this research was {o study the mechanisms of corrosion and delamination
of prepainted Zn or Al-Zn coated steels, with and without post-formed damage.

Key words: Galvanic, Corrosion, Mechanisms, Coil coated steel.
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Table 2.1 The properties of prepainted steel specimens

EERR R EREME SHuRE EIRAEERR
WHRERE(EMR)
SMP-GA 252 um 201 pm chromate
SMP-G12 25%2 um 201 um non-chromate
R (LIRBESAA (RE )
SMP-GIt 332 um 201 pm chromate
A ZHm#R(1CD) _
PVDF-GA 25£2 ym 201 pm chromate
PVDE-GI 2512 ym 20%1 pm chromate
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Fig. 2.1 Diagram illustrating sepecimen consiruc-
tion. '
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Table 2.2 The components of artificial acid rain so-

lution

. 17 |#B (mg per liter)
Nitrie acid (70%, 1.42 8. G) 15.75
Suplhuric Acid (98%, 1.84 8. G) 31.85
Sodium Nitrate 21.25
Sodium Sulphate 31.95
Ammonjum sulphate 46.20
Sodium Chloride 84.83
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#31 TEEABERNRFIRERERYOHENBSHES R B mES eI HEMYE
Disbonding rate of undamaged and scratched SMP-painted steel couples in 3.5% NaCl solution as a
function of immersion time.

Table 3.1

5 5 R & R E RS R KB R
168/ ¥ 336/MEF 504
SMP-GA couples
undamaged SMP-GA 0.0% 0.0% 0.0%
Scratched SMP-GA
blistering ratio 0.0% 0.0% 0.0%
delaminated width 0.2 mm 0.2 mm 0.5 mm
SMP-GI couples
undamaged SMP-GI2 0.0% 1.0% 5.6%
Scratched SMP-GI2
blistering ratio 0.0% 1.2% 3.0%
delaminated width 0.5 mm 3.0 mm 5.5 mm

#3.2 TERAEEANRFREEERY OHEA BAEEZ A CRLE YR 53 M RIHE
Table 3.2 Galvanic cruuent density of undamaged anmd scratched SMP-painted steel couples in 3.5% NaCl so-
lution as a function of immersion time.

L FERS AR B ( nAfem? )
AR R R M 0 /¥ 24/ 168/} 336/NE¥ 504/NF¥
SMP-GA couples —0.002 —0.018 —1.2 —1.6 —34
SMP-GI2 couples —0.14 —0.46 —1.6 —4.9 —12.4

Note: Negative value represents cathodic current occuring on the defect-free panel of galvanic couple.
Positive value indicates anodic current flow through the defect-free panel.

#33 EAEREEARTRREERE AR BEE S B0 S mk s ahr i mEme
Table 3.3 Disbonding rate of undamaged and scratched SMP-painted steel couples in acid rain solution as a
function of immersion time.

4 E B & B EREREESREE KT
168/NK¢ 336/1VRF 504
SMP-GA couples
undamaged SMP-GA 0.8% 3.4% 4.0%
Scratched SMP-GA
blistering ratio 5b(0.2 mm) 1.2% 1.4%
delaminated width 0.5 mm 2.0 mm 2.5 mm
SMP-GI couples ‘
undamaged SMP-GI2 0.0% 0.0% 6b(0.5 mm)
Scratched SMP-GI2
blistering ratio 0.0% 5b(0.2 mm) 7b(0.5 mm)
delaminated width 0.2 mm 0.5 mm 2.0 mm
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Table 3.4 Galvanic cruuent density of undamaged and scratched SMP-painted steel couples in acid rain solution

as a function of immersion time.

MAERMEREE (nAjcm? )
B R R &R B 0 ¥ 24/ Ef 1687 ¥ 336/} S04/ EF
SMP-GA couples —-09 8.6 208 - 238
SMP-G112 couples —1.0 —0.11 39 119 151
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Fig. 3.1 Rest potential (vs SCE) of SMP-GI2
couple with a scratch in acid rain so-
lution for 504 hours of testing.
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Fig. 3.2 Schematic views of anodic defaminat-
ion mechanisms for prepainted GI and
GA steels with a scratch.
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Fig. 3.3 Schematic presentation of cathodic de-
lamination mechanims for prepainted‘
galvanized steels with a scratch.
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Table 3.5 Galvanic cruuent density of undamaged and edge-cutted SMP-galvalume steel couples in two types of

solution as a function of immersion time.

MAERMBHEE ( nA/cm? )
B EE R R 0 /N pL YN 168/NEF 336/8§ 504/NB¥
In Acid Rain Soln. 11.7 124 532 952 965
In 3.5% NaCl Soln. 0.3 26 68 82 83
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Tabie 3.6 Galvanic cruuent density of undamaged and edge-cutted SMP-galvanized steel copules in two types of

solution as a function of immersion time.

T LEEe B AL ( nA/cm? )
#E R E R 0 /NE¥ 24/ 168/M / 336/ 0 504/ ¥
In Acid Rain Soln. 1.4 51 361 597 890
In 3.5% NaCli Soln. —0.01 —0.2 —19 129 198
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Fig. 3.4 A secondary electron image and EDAX analysis of blistering area of SMP-GI2 with a cut edge in
neutral salt solution . (L) anodic blistering region and (R) its EDAX data.
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Fig. 3.5 Secondary electron images and EDAX analysis of delaminated area of SMP-GI2 with a cut edge in
neutral salt solution. (L) phosphate coating film undr paint delaminated area and (R) its EDAX

data.
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Fig. 3.6 Schematic views of anodic delamination

mechanism for prepainted Gl and GA steels with

a cut- edge in acid rain solution.
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Fig. 3.7 Schematic reprsentation of mixed delamination mechanism for prepainted GI2 with a cut-edge de-

fect in neutral salt solution.
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Table 3.7 Comparison of edge and scratch efects on galvanic cruuent density of prepaint ed steels versus immer-

sion time in acid rain solution.

2 % R OB B MAERMEBIFZE (nAfcm?)
0 /NE¥ 24/ 168/ 336/hR¥ 504/ ¥

SMP-GA couples

A. (with a scribe) —0.9 86 208 -- 238
B. (with a cut edge) 11.7 124 532 952 965
SMP-GI2 couples

A. (with a scribe) -1.0 —0.11 39 119 151
B. (with a cut edge) 14 51 361 597 890
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Table 3.8 The correlation between galvanic current density and degradation areas of scratched couple panels
with different film resistancr after 504 hours immersion in 3.5% NaCl solution.

B B2 R B =

n LE®RWREE

2R ERSET M| RYERAE

SMP-GI2 couples
SMP-GI1 couples
PVDF-GI couples

—12.4(najcm?)
<-—0.1(na/cm?)
< —0.1(na/cm?)

5.6%
0.0%
0.0%

5.5mm
0.2mm .
0.2mm

— 0 —
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Fig. 3.8 Immersion testing for prepainted GA, GI2 AND GII panels (from left to right) with a cut-edge
and scratch defects (a) in acid rain solution and (b) in 3.5% NaCl solution for 21 days.
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i 3.9 BREUREAKRE BN R MRABRE ﬁﬂﬂlﬁﬁ—ﬁﬂﬂﬁﬁ?‘@ﬂﬁzﬁﬁﬁﬁ%‘ﬂ:ﬁ ° (a-b)
SMP-GA EEREBABED ; (c-d) SMP-GI EEFEBAERES -
Fig. 3.9 Immersion testing for defect-free prepainted GI and GA panels (a-b) SMP-GA panels and (c-d)
SMP-GI panels in acid rain and sa[l soluuons for 48 days.

i 3.10 Eﬁ!!bﬂiﬁmmﬂazlfﬂé E@J?Eﬁt?}ﬁ ﬁ?ﬁﬂt&ﬁ‘#ﬁﬂﬁzﬁmmﬁmbmu}smp-
GA : (b)SMP-GI2 : (c)SMP-GI1 °

Fig. 3.10 Acid spray testing for prepainted steels with a cut-edge and scratch defects for 21 days. (a) SMP-
GA (b) SMP-GI2 (c) SMP-GII.
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