RN 166

N
i

&

$% & 4B Tetsuto-Hagané Vol 89 (2003) No. 1

SR Zn-6%AI-3%Mg &£ & > % $BiRD
AEBERERY

wEA

- HE AES

P =
— =

Rlx - LRE Al

Corrosion Products of Hot-dip Zn—6%A1-3%Mg Coated Steel Sheet Subjected to Atmospheric Exposure
Takeshi SHIMIZU, Fukio YOSHIZAKI, Yasushi MiYOsH! and Atsushi ANDOH

Synopsis : Atmospheric corrosion of hot-dip Zn-6%Al-3%Mg alloy coated steel sheet after 5 years of exposure in a severe marine and a rural sites have
been investigated compared with Zn—0.2%Al and Zn—4.5%A1-0.1%Mg alloy coated steel sheets.
The corrosion resistance of Zn-6%A1-3%Mg alloy coated steel sheet is more superior than that of Zn—4.5%Al1-0.1%Mg alloy coated steel

sheet in both exposure sites. An extensive study using XRD and TEM revealed that the corrosion products consisting of amorphous, fine-
crystal Zny(OH),Cl,-H,0 and ZngAl,(OH),,CO;-4H,0 are formed on Zn—-6%Al1-3%Mg alloy coated steel sheet after 1 year of exposure in a
severe marine site. Even after 5 years of exposure the formation of zinc oxide, which have little protective action for coatings, is suppressed

on Zn—-6%Al1-3%Mg alloy coated steel sheet.

It is concluded that the surface of Zn—-6%Al1-3%Mg alloy coated steel sheet is covered with the protective corrosion products in the early

stage of exposure, resulting in the remarkably improvement of atmospheric corrosion resistance.

Key words: Zn—Al-Mg; atmospheric corrosion resistance; corrosion product; TEM; amorphous.
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Table 1. Exposure sites and their environmental conditions.

The yearly mean

E ity Envi t Locati
i e cehen Temperature (°C) Relative humidity (%) Rainfall (mm)
Kiryu city surrounded by
(Gunma prefecture) Rural the green zones 14.2 65 1163
Ginowan city . 30m from
(Okinawa prefecture) Severe marine the sea coast 22.7 75 2037
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Fig. 1. Cross-sectional microstructures of specimens after 5 years of exposure.
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Fig. 2. X-ray images of corrosion products formed on Zn—4.5%Al1-0.1%Mg alloy coated steel sheet after 5 years of exposure in a
rural site. (a) S.E.L, (b) Zn, (c) Al, (d) Mg, (e) S, (f) Cl, (g) O, (h) Fe.

Fig. 3. X-ray images of corrosion products formed on Zn-6%Al-3%Mg alloy coated steel sheet after 5 years of exposure in a
rural site. (a) S.E.L, (b) Zn, (c) Al, (d) Mg, (e) S, () Cl, (g) O, (h) Fe.
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Table 2. Results of XRD of corrosion products formed on
specimens in a rural site.

exposure time (X .10 ° day)

037 1.83 3.65
Zn-02%Al  InCO{OH)HO  ZnCOAOH)H:0 Z0COOH)e H:O
10 700
Zn-4.5%Al ‘ ZnCONOH)eH:0
0.1%Mg ND. ZnCOAOH)e 0 ZneAL(OH)COs-4H:0
Zn-6%Al
3 %Mg N.D. ZnsAlz(OH)wCOJ‘ 4H.0
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Fig. 4. X-ray diffraction patterns of specimens after 5
years of exposure in a rural site.
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Fig. 5. X-ray images of corrosion products formed on Zn—4.5%AI1-0.1%Mg alloy coated steel sheet after 5 years of exposure in a

severe marine site. (a) S.E.IL, (b) Zn, (¢) Al, (d) Mg, (¢) S, (f) Cl, (g) O, (h) Fe.

Fig. 6. X-ray images of corrosion products formed on Zn—6%Al-3%Mg alloy coated steel sheet after 5 years of exposure in a se-

vere marine site. (a) S.E.L, (b) Zn, (¢) Al, (d) Mg, (e) S, (f) Cl, (g) O, (h) Fe.
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Fig. 7. Changes in XRD intensities of corrosion products formed on specimens in a severe marine site. (a) Zn,CO;(OH),-H,0O

(d=6.90 A), (b) ZngOH),Cl,- H,0 (015), (c) ZnO (100), (d) Zn,AL(OH),(CO,"4H,0 (006).
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Fig. 8. X-ray diffraction patterns of specimens after 5
years of exposure in a severe marine site.
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Fig. 9. TEM micrograph and diffraction pattern of Zn—
6%Al-3%Mg alloy coated steel sheet after 1 year
of exposure in a severe marine site. (a) Bright field
image, (b) diffraction pattern of position 2 showing
amorphous and fine-crystal Zng(OH),Cl,-H,O0,
(c) schematic figure of bright field image. (1~3)
show analysis positions of TEM-EDX.

Table 3. TEM-EDX peak to peak ratio of X/Zn in corro-
sion products corresponding to Fig. 9.

analysis

position Al/Zn Mg/Zn 0/Zn S/Zn Cl/Zn
1 0.22 0.13 1.13 0.03 0.01
2 0.14 0.08 0.62 0.03 0.01
3 0.19 0.04 0.46 0.02 0.01
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corrosion products
L

coating layer

Fig. 10. TEM micrograph and diffraction pattern of Zn—
6%A1-3%Mg alloy coated steel sheet after 5 years
of exposure in a severe marine site. (a) Bright
field image, (b) diffraction pattern of position 1
showing amorphous and fine-crystal Zny(OH),Cl,-
H,O, (c) schematic figure of bright field image.
(1~3) show analysis positions of TEM-EDX.

Table 4. TEM-EDX peak to peak ratio of X/Zn in corro-

sion products corresponding to Fig. 10.

:'o‘:"‘t’;': AVZn  Mg/Zn  O/zn  S/Zn  Cl/Zn
1 010 007 0.45 0.02 001
2 0.16 019 057 003 0.02
3 027 021 084 006 002

Table 512789, Zn—4.5%Al-0.1%Mg & - ZHtRiz, » - %
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EEUBRESMMPERL T 5, BRI ERL
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A VIBEMET LD, 8 EIC K AHARIERAD S 5
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corrosion products

Fig. 11. TEM micrograph and diffraction pattern of Zn—
4.5%Al1-0.1%Mg alloy coated steel sheet after 5
years of exposure in a severe marine site. (a)
Bright field image, (b) diffraction pattern of posi-
tion 1 showing amorphous and fine-crystal ZnO,
(c) schematic figure of bright field image. (1, 2)
show analysis positions of TEM-EDX.

Table 5. TEM-EDX peak to peak ratio of X/Zn in corro-

sion products corresponding to Fig. 11.

analysis 5 7n Meg/Zn  O/zn S/zn  Cl/zn
position
1 012 - 050 003 0.02
2 027 0.01 072 004 002
SIS R SN IR LS I LS B,
Zny(OH),Cly H,0 ¢ 4Zn0+ SH,0+Zn2* +2C1" +++eevevs (4)
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TSHFHMBRERB ATV, AXBRBIET TR ENSE



BERIE D > XK EOBBEIZOWTKRE L, Boh
7RI TOEO TH 5,

(1) Zn—6%Al-3%Mg¥ - Z#IMRiL, WThORHEICE
VT & Zn-4.5%A1-0.1%Mg 8 > ZFIRIZH T - ZBO
BRIBEMTHD, BIFsmeatzay 5.

(2) MHEBREICSFBRE L 72 Zn-6%A1-3%Mg ¥ - Z
WD FEE L, Zn, AL, Mg, S, O 5% 5 1 umFREDEA
DIFBERY TEDLDN TS, BRERM L U TRANR
FRES 7L I =y AR L T 5,

(3) MBREBREICRE L 2 Zn6%Al-3%Mg ¥ - Z #iik
DIFEERMNL, Zn, AL, Mg, S, CL, 02550, IBEMIE
LHsh & B E MR HE S T L I = AP RB 1 EH R,
BRIZFAEL TS,

(4) TEMIZ K BWIHBISROMER, WFERETSHH#
B L 72 Zn—6%A1-3%Mg ¥ - E fitR 123, EEMEESE
DR E EFOIESBEOBREFDPERL TD, Zh
Zxt L, BREBREICSFRARE L Zn4.5%A1-0.1%Mg
B 2R TIE, BLESOMERESULEDOEESE
RABER L T 5,
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