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The effects of zinc coating and heat treatment on the corrosion resistance of aluminum alloys including
A1100 and the modified A3003, used as heat exchanger tube were investigated in this study. The
grain size of the heat-treated specimen is larger than that of the specimen without heat treatment,
but the grain size did not significantly affect the corrosion behavior. The concentration of zinc was
noted at 11.3 ~ 31.4 at.% for the as-received Zn-coated samples and reduced to 1.2 ~ 2.4 at.% after
the heat treatment, as measured by the scanning electron microscopy (SEM) with an energy dispersive
spectrometer (EDS) on the surface. The concentration of oxygen is 22 ~ 46 at.% for the zinc coated
specimens while noted at 7.4 ~ 12.8 at.% for the specimens after the removal of the coating. The
corrosion behavior depended largely on the concentrations of zinc, aluminum, and oxygen on the specimen
surface, but not on the Mo content. The corrosion potential was high and the corrosion rate was low
for a specimen with a low zinc content, a high aluminum content, and a high oxygen content.
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EFFECTS OF ZN COATING AND HEAT TREATMENT ON THE CORROSION OF ALUMINUM HEAT EXCHANGER TUBES
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Table 1 Chemical compositions of the alloys used in the study,
measured by XRF (wt%)

Element Alloy 1 Alloy 2 Alloy 3
Al 99.32 98.60 98.45
Mn ND 0.27 1.09
Si < LOD 0.42 < LOD
Fe 0.24 0.49 0.18
Ti ND 0.01 0.01
(ND: Not Detected, LOD: Limit of Detection)
Table 2 Designation of samples
Sample preparation | Alloy 1 Alloy 2 Alloy 3
Zn coated 1C 2C 3C
Coating removed IN 2N 3N
+ hoat weamen | ICH | 20| o
et veument | N | NH s
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Fig. 1 Optical micrographs of (a) 1IN, (b) 1NH, (¢) 2N, (d) 2NH, (e) 3N, and (f) 3NH.
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EFFECTS OF ZN COATING AND HEAT TREATMENT ON THE CORROSION OF ALUMINUM HEAT EXCHANGER TUBES

3MN 15.0kV 9.7mm x1.00k SE(M)

3MNH 15.0kV 9.0mm x1.00k SE(M)

M

Fig. 2 SEM images of (a) 1C, (b) 1N, (¢) 1CH, (d) 1NH, (e) 2C, (f) 2N, (g) 2CH, (h) 2NH, (i) 3C, (j) 3N, (k) 3CH, and

(1) 3NH.

o Beta Aart AAIE 6.99 at.% (2N) ol A BA=
24.87 at.% (1N) 7HA] AZE Stk dA & AX ol of
A TS AAE AA (2NH, 2NH, 3NH) oA & 5.62 ~
36.41 at. %2 A7t AEE ST ol AL I® Ao &

CORROSION SCIENCE AND TECHNOLOGY Vol.18, No.1, 2019

o)

=
o’
74 271 EFvlEe] AskE FA8NE 2110] 39

27



SOO YEON CHO, JAE JUNG KIM, AND HEE JIN JANG

Table 3 Chemical composition (at.%) of the sample surfaces analyzed by EDS

1C IN ICH INH 2C 2N 2CH 2NH 3C 3N 3CH 3NH
o 27.69 24.87 21.82 36.41 22.63 6.99 22.49 5.62 42.42 22.46 46.37 12.76
Al 40.87 75.13 75.79 63.59 66.00 92.87 75.61 94.05 40.73 77.17 52.14 86.89

Zn 31.44 ND 2.39 ND 11.28

ND 1.84 ND

16.49 ND 1.20 ND

Mn ND ND ND ND 0.09

0.14 0.06 0.33 0.36 0.37 0.29 0.35

Total 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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Fig. 3 Potentiodynamic polarization curves of pure aluminum and
pure zinc: (a) in 0.01 M H,SO4 solution and (b) in 3.5 wt%
NaCl solution.
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Fig. 4 Potentiodynamic polarization curves of (a) Alloyl, (b)
Alloy2, (¢) and Alloy3 in 0.01 M H,SO4 solution.
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Fig. 5 Potentiodynamic polarization curves of (a) Alloyl, (b)
Alloy2, (¢) and Alloy3 in 3.5 wt% NaCl solution.
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