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This study aimed to enhance the corrosion resistance of Al-10Si-based plated steel by incorporating Mg
and Zn—elements known for their low corrosion potentials—into the plating layer. We analyzed the effects
of varying the content of these elements on both the microstructure and corrosion behavior. Using a Cen-
tral Composite Design method, we developed nine plating compositions that combined Zn (0, 7.5, 15 wt%)
and Mg (0, 2.5, 5 wt%). We evaluated the electrochemical properties of the plating layers through poten-
tiodynamic polarization tests in a 3.5 wt% NaCl aqueous solution and examined the microstructures before
and after corrosion using optical microscopy and SEM-EDS. The results of the potentiodynamic polar-
ization tests revealed corrosion potentials ranging from -0.93 V to -0.56 V. Corrosion rates increased with
Mg content, ranging from 2.36 x 10 A/cm? to 2.9 x 10 A/cm?. Statistical analysis indicated that Zn con-
tent primarily influenced corrosion potential, while Mg content affected the corrosion rate. Cross-sectional
observations post-corrosion testing confirmed micro-galvanic corrosion behavior, characterized by the
selective dissolution of eutectic Al-Si phases surrounding Si-rich phases within the plating layer.
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Table 1. Composition of Samples (Wt%)
Sample Al Si Zn Mg coating bath temperature

A bal 10 0 0

B bal 10 0 25 660 °C

C bal 10 0 5

D bal 10 7.5 0

E bal 10 7.5 25 640 °C

F bal 10 7.5 5

G bal 10 15 0

H bal 10 15 25 620°C

I bal 10 15 5
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Table 2. Chemical composition of the substrate layer of coated steel sheet

Element C Mn

Si P S

wt% 0.20-0.25 1.10-1.50

<0.5 <0.025 <0.005

off AHg-sk3itt.

2.3 0|MI=Z] 2H&
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Fig. 1. Cross-sectional images of coated steels with different compositions before corrosion testing, observed by optical
microscopy: (a) Al-Si, (b) Al-Si-2.5Mg, (c) Al-Si-5Mg, (d) Al-Si-7.5Zn, (e) Al-Si-2.5Mg-7.5Zn, (f) Al-Si-5Mg-7.5Zn, (g) Al-Si-

15Zn, (h) Al-Si-2.5Mg-15Zn, and (i) Al-Si-5Mg-15Zn
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Electron Image 19

Fig. 2. Elemental distributions for the cross-
sections of coated steels with different compositions,
analyzed by EDS: (a) Al-Sj, (b) Al-Si-2.5Mg, (¢) Al-
Si-5Mg, (d) Al-Si-7.5Zn, (e) Al-Si-2.5Mg-7.5Zn, (f)
Al-Si-5Mg-7.5Zn, (g) Al-Si-15Zn, (h) Al-Si-2.5Mg-
15Zn, and (i) Al-Si-SMg-15Zn
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Electron Image 27

Electron Image 28
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Fig. 2. (Continued) Elemental distributions for the cross-sections of coated steels with different compositions, analyzed by
EDS: (a) Al-Sj, (b) Al-Si-2.5Mg, (¢) Al-Si-5Mg, (d) Al-Si-7.5Zn, (e) Al-Si-2.5Mg-7.5Zn, (f) Al-Si-5Mg-7.5Zn, (g) Al-Si-15Zn, (h)

Al-Si-2.5Mg-15Zn, and (i) Al-Si-5SMg-15Zn
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Chemical composition (wWt%)

Point Al Si Fe Cr phase

20 81.07 18.7 0.36 0.07 Al-Si

eutectic
21 97.89 157 0.54 a-Al
22 79.60 8.75 10.09 1.14 FeAl
23 0.03 0.30 99.18 0.30 Fe
24 55.43 10.63 33.22 0.39 Fe,Al;Si
25 62.27 12.88 21.86 2.18 AlSiFeCr

Chemical composition (wt%)

Point Al Si Fe Cr Mg phase
31 89.90 7.94 142 0.10 0.63 a-Al
32 93.90 3.30 1.22 0.05 1.53 a-Al
33 59.79 9.50 20.60 9.20 Cr
34 60.74 11.72 22.24 4.91 0.19  AlSiFeCr
35 56.41 8.90 34.19 0.29 0.07 AlSiFe
36 7279 8.06 15.06 033 3.68 AlSiFeMg

Chemical composition (wt%)

Point Al Si Fe Cr Mg phase
37 4649 2544  6.16 019 1635 Mg,Si
38 92.18 6.35 0.41 0.27 0.49 a-Al
39 97.32 144 0.58 0.01 0.44 a-Al
40 6456 890 2279 3.57 0.02  AlsiFeCr
41 4769 456 4740 030 0.07  AlSiFe
42 64.06 850 2599 1.20 0.01  AlSiFe

Fig. 3. Elemental analysis for the cross-sections of coated steels with different compositions, based on EDS point analysis: (a)
Al-Si, (b) Al-Si-2.5Mg, (c¢) Al-Si-5Mg, (d) Al-Si-7.5Zn, (e) Al-Si-2.5Mg-7.5Zn, (f) Al-Si-5Mg-7.5Zn, (g) Al-Si-15Zn, (h) Al-Si-

2.5Mg-15Zn, and (i) Al-Si-5Mg-15Zn
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Electron Image 24

(d) Chemical composition (wt%)
: . 2 | Point Al Si Fe Cr Zn phase
NP PN R ISP N
T i i e AN 43 076 9850 070 004 - Si-rich
} 7 *
. « 44 44 2077 7574 065 005 266  AlSi
43
A 45 76.26 5.02 5.96 0.09 1232 AlSiFe
Zn
46 76.26  10.29 7.54 0.50 5.15 AlSiFe
Zn

47 5454 1060 3288 1.05 0.88  AlSiFe

48 58.45 837 24.44 5.55 3.07  AlSiFe
CrZn
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Electron Image 25

Chemical composition (wt%)

Point Al Si Fe Cr Zn Mg  phase

49 5956 2136 444 0.01 5.59 709  Al-Si
50 66.00 9.03 3.36 0.22 9.88 498  o-Al

51 5439 2060 9.5 0.34 308 1123 Mg,Si
52 5740 1058 2761 0.79 0.17 1.14 FeAl

53 = 029 9948 0.17 - 0.06 Fe

54 5173 1046 3633 0.29 0.73 - AlFe

Electron Image 27

Chemical composition (wt%)

Point Al Si Fe Cr Zn Mg phase

55 2040 5928 083 019 278 16.08 Mg,Si
56 90.75 124 1.06 013 637 046 o-Al
57 8946 139 065 002 788 006 o-Al
58 4496 4936 135 028 354 040 Al-Si
59 8662 099 059 . 11.09 053  a-Al

60 234 070 96.59 0.35 ~ 0.02 Fe

Electron Image 28

Chemical composition (wt%)

Point Al Si Fe Cr Zn  phase

61 4318 4941 067  0.09 6.66  Al-Si
62 7701 075 0.70 - 2150  a-Al
63 7448 1215 150 009 11.74 AlSiZn
64 5429 11.64 3216 0.57 1.04  AlfFe
65 51.91 2378 1544 259 595 AlSiFe

66 7314 250 288 011 2129 «a-Al
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Fig. 3. (Continued) Elemental analysis for the cross-sections of coated steels with different compositions, based on EDS point
analysis: (a) Al-Si, (b) Al-Si-2.5Mg, (c) Al-Si-5Mg, (d) Al-Si-7.5Zn, (e) Al-Si-2.5Mg-7.5Zn, (f) Al-Si-5Mg-7.5Zn, (g) Al-Si-15Zn,
(h) Al-Si-2.5Mg-15Zn, and (i) Al-Si-5Mg-15Zn
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Electron Image 29

Chemical composition (wt%)

Point Al Si Fe Cr Zn Mg phase
67 80.74 1.30 0.65 0.08 16.60 0.51 a-Al
68 81.79 281 0.67 005 1418 049 o-Al
69 8496 1.63 0.74 005 1218 044 a-Al
70 87.24 148 0.76 - 10.04 0.32 a-Al
71 5459 1091 3168 055 198 0.03 AlSiFe
72 55.97 10.64 2486 3.76 3.70 0.96 AlSiFe

Cr
73 5711 2854 080 010 1206 123 AlSiZn
Chemical composition (wt%)

Point Al Si Fe Cr Zn Mg  phase
74 552 5088 154 024 120 4042 Mg,Si
75 23.06 7254 0.38 0.01 3.67 0.22  Si-rich
76 85.64 1.36 0.64 11.75 0.56 a-Al
77 5024 1814 1779 351 9.80 0.08  AlSiFe

Zn

78 63.76 542 3.12 2229 451 AlZn

79 0.41 47.40 1.23 0.11 042 5044 Mg,Si

80 246 4547 1.73 0.27 014  49.05 Mg,Si

50um

Fig. 3. (Continued) Elemental analysis for the cross-sections of coated steels with different compositions, based on EDS point
analysis: (a) Al-Si, (b) Al-Si-2.5Mg, (c) Al-Si-SMg, (d) Al-Si-7.5Zn, (e) Al-Si-2.5Mg-7.5Zn, (f) Al-Si-5Mg-7.5Zn, (g) Al-Si-15Zn,

(h) Al-Si-2.5Mg-15Zn, and (i) Al-Si-5Mg-15Zn
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Fig. 4. (a) Potentiodynamic polarization test, (b) corrosion potential, and (c) corrosion rate for coated steels with different

compositions in 3.5 wt% NaCl solution
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Fig. 6. (a) Main effects plot and (b) interaction plot for corrosion potential
Table 3. Analysis of Variance for Corrosion Potential
Source DF Adj SS Adj MS F-Value P-Value
Model 10 0.372004 0.037200 195.64 0.000
Blocks 2 0.001225 0.000612 3.22 0.079
Linear 4 0.319498 0.079875 420.06 0.000
Zn 2 0.304649 0.152325 801.07 0.000
Mg 2 0.006965 0.003482 18.31 0.000
2-way Interactions 4 0.007604 0.001901 10.00 0.001
Zn x Mg
Error 11 0.002092 0.000190 - -
Total 21 0.374095 - - -
Table 4. Analysis of Variance for Corrosion Rate
Source DF Adj SS Adj MS F-Value P-Value
Model 10 0.000017 0.000002 36.94 0.000
Blocks 2 0.000003 0.000001 29.82 0.000
Linear 4 0.000015 0.000004 77.13 0.000
Zn 2 0.000001 0.000000 5.49 0.025
Mg 2 0.000012 0.000006 127.56 0.000
2-way Interactions 4 0.000002 0.000001 11.43 0.001
Zn x Mg
Error 10 0.000000 0.000000 - -
Total 20 0.000018 - - -
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Fig. 7. (a) Main effects plot and (b) interaction plot for corrosion rate
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Fig. 8. Contour plots of (a) corrosion potential and (b) corrosion rate
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