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Corrosion Resistance and Protection Mechanism of Hot-dip Zn—-Al-Mg Alloy Coated Steel Sheet
under Accelerated Corrosion Environment

Atsushi KOMATSU, Hidefusa 1ZUTaNi, Takao TSUJIMURA, Atsushi ANDOH and Toshiharu KITTAKA

Synopsis : Corrosion behavior of hot-dip Zn—6%Al-0~3%Mg alloy coated steel sheets in cyclic corrosion test (CCT) has been investigated.

The corrosion resistance was improved with increasing Mg content in the coating layer, and the highest corrosion resistance was observed

at 3% Mg. In Zn—-6%Al1-3%Mg alloy coated steel sheet, the formations of zinc carbonate hydroxide and zinc oxide were suppressed for
longer duration compared with Zn—0.2%Al and Zn—4.5%AI1-0.1%Mg alloy coated steel sheets. As a result, zinc chloride hydroxide existed
stable on the surface of the coating layer. From the polarization behaviors in 5% NaCl aqueous solution after CCT, it was found that the cor-
rosion current density of Zn—6%Al-3%Mg alloy coated steel sheet was much smaller than those of Zn-0.2%Al and Zn—4.5%A1-0.1%Mg
alloy coated steel sheets. As zinc carbonate hydroxide and zinc oxide had poor adhesion to the coating layer and had porous structures, these

corrosion products were considered to have little protective action for the coating layer. Therefore, it was concluded that Mg suppressed the

formation of such nonprotective corrosion products, resulting in the remarkable improvement of corrosion resistance.

Key words: hot-dip Zn—-Al-Mg alloy coated steel sheet; corrosion product; zinc carbonate hydroxide; zinc oxide; zinc chloride hydroxide; cyclic corro-

sion test; corrosion resistance; porous structure; protective action.
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Fig. 2. Cycles to red rust occurrence on Zn-6%Al-Mg
alloy coated steel sheets in CCT. (coating weight;
905 g/m?)
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Fig. 3. Changes in XRD intensities of corrosion products
formed in CCT.
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Fig. 4. Cross-sectional structure and distributions of elements in corrosion products formed on Zn-6%Al-3%Mg alloy coated

steel sheet after CCT for 100 cycles.
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Fig. 5. Cross-sectional structure and distributions of elements in corrosion products formed on Zn—6%A1-3%Mg alloy coated

steel sheet after CCT for 200 cycles.
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Fig. 6. Change in amount of Al and Mg in corrosion prod-
ucts and remaining coating layer of Zn—6%Al-
3%Mg alloy coated steel sheet after CCT. (coating
weight; 90+ 5 g/m?)
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Fig. 7. Polarization curves of specimens after CCT for 10 and 20 cycles.

-1100 -1400 -1700 -2000

BREZo-Al-Mg R A E 0 - RO EERRRET IS BT SR &R

L7=25T, Al Mg# 8 - ZEHIZEL 4.5%A1-0.1%Mg,
6%A1-3%Mg Tl , CCTHZME T2 TORALHSn D4 RIS
AflEhsEELLND,

—%, IBEEARERIC B BRI E SO LR ZES
IZDOWTIEHARHLZEARS OV, EFELHIZ, SSTIZHEWTTIE
b 5H, WRMEKEET SO KEEIZBLLITORR S %
BREERMLL,

~ 05 —0.2%Al
§ 04 —A— 45%A1-0.1%Mg
¥ 03 —O— 6%AI-3%Mg
o
~ 02

0.1 /

0 O—
0 5 10 15 20
CCT cycle

Fig. 8. Changes in corrosion current density of specimens
after CCT.

10° E S
1 (b) 7
2
z 10° N 1
< . :
~ 10 E -3
Py 2 3
5 10° —
° 3 3
€ . ]
e 10 4.5%A1~0.1%Mg 3
5 - ;
o i _ 1
L L . _
10°F 6%AI-3%Mg
107 F ]
-500 -800 -1100 —1400 -1700 -2000

Potential(mV vs S.C.E)

(a) 10 cycles, (b) 20 cycles

Fig. 9. Surface morphology of specimens after SST for 4 h.

41

a; Zn—0.2%Al, b; Zn—4.5%Al1-0.1%Mg, c; Zn-6%Al-3%Mg

539 I



I 540

$% &8 Tetsu-to-Hagané Vol. 86 (2000) No. 8

Fig.101Z SST 168 h #2126 1T % 6%Al-3%Mg D& mERED
—fl %, Fig 11123 X#REHFTFER AR T, Fig.102 5Kk
DIFFEMEIRAL S RO —BARNEE LB RERMIZEL
LTWEKTAEA S, XBETHREFETELS L,
IBRMIE LSO —E A, IERMREEE NI L T
WHRLDLHETE S, SSTERIEICE TS LBz Zh
FTIZHE X T E WA, Odnevall® 513, HEIKX D
B BT THER L IR RS LIcEtmEaE X, &
LIZRBANT D &, AR CIE AN R e i 81 MR IR
LERSBICZEIL T2 2 L2 R L, Th o DBRERYAF
RItRIC S B ATBEME AR L 72, 72, RIBHEE AKX E
CBL T, MasEEOEBPIMZRBEL, clm2col %
BT 5L THESPICRIDT A2BEAIREL T3,

SSTTIZCI" Y v FThH 5702, WEMEEIEDE
BEATT B0, TO%R, BIFRET X L —EBOERME
{LRESE A UGS U CHREM KR H SR KT 5 Z L +7%
AbNb., CCTTIE, SSTLRELUMIEM TR TS LadK
JEHEC BulREMED D B,

CCT TidFig. 3bITR L 72K 512, 6%AI-3%Mg TIdIgH
HIRERH IO ER A, fthD D - XHRE VEET S, Zh
&, ERMREESP I Mg A E T B Z & T, IEEMIE
{LE g S IE MR SN DEL SR S 7z D L H#
RT3,

A

Fig. 10. Surface morphology of Zn—6%Al-3%Mg alloy
coated steel sheet after SST for 168 h.
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Fig. 11. X-ray diffraction patterns of Zn—6%Al1-3%Mg coated steel sheet after SST for 168 h. (Cu target, 40kV—-150mA)
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