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Abstract The effect of copper and iron ions contained in automobile antifreeze on aluminum corrosion
was investigated by manufacturing six types of automobile antifreeze containing synthesized corrosion
inhibitors. The result of the electrochemical analysis shows that when an aluminum specimen immersed
for three weeks was used as the working electrode, the corrosion potential had increased remarkably
from around -1.0 V, which is the original corrosion potential, to around -0.45 V. This is considered to
be due to the growth of an oxide film on the aluminum surface during the immersion period. In the
case of simultaneous corrosion of three specimens compared to the case of aluminum alone corrosion,
the corrosion potential rises (-0.85V ~ -0.4 V — -0.37V ~ -0.51V), and the corrosion rate increases ao®
Afem® ~ 10° A/em? — 107 A/em? ~ 10° A/em?), which is consistent with the prediction from the
principle of galvanic corrosion. In the surface analysis of the aluminum specimen, the sample with a
large intensity of copper oxide-related peaks on XPS had a relatively large height deviation or roughness
in AFM analysis. Therefore, it is concluded that the copper ions in the solution have a certain influence
on the corrosion of the aluminum specimen. Among the six samples, antifreeze No.6 using 0.6 wt%
1-Aminomethyl(N', N'-di(2-hydroxyethyl)benzotrazol as a corrosion inhibitor showed the smallest
deviation in height and roughness due to corrosion of aluminum specimens.
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Table 1. Recipe of Antifreeze Formulation

Contents | No. 1 | No. 2 | No. 3 | No. 4 | No. 5 | No. 6

Ethylene

Glycol 300g | 300g | 300g | 300g | 300g | 300g

Bawicadd | 25g 25g 12.5g | 12.5g - -

Bervotriazol - - 12.5g | 12.5g 25g 25g

Water 10g 10g 10g 10g 10g 10g

Molybdate | 0.5g 0.5g 0.5g 0.5g - -

Sodiium

Nitrite B B B B 03¢ 0.3¢
8903 | 8903

Corrosion | 8901 8903 3g + 3g + 8904 | 8904

Inhibitor 3g 3g 8902 | 8904 1g 2g

(wt%) 0.9) 0.9 0.7g 0.7g 0.3) 0.6)
1.0 | (1O

Total (g) | 338.5 | 338.5 | 339.2 | 339.2 | 336.3 | 337.3

* Corrosion Inhibitor Notation

1)8901 : 2,4,6-Tris(5'-carboxy pentylamino)1,3,5-triazine
2)8902:1-Aminomethyl(N',N'-di(2-hydroxyethyltolutrazole
3)8903 : 2,4,6-Tris(5'-carboxyundelamino)1,3,5-triazine
4)8904:1-Aminomethyl(N',N'-di(2-hydroxyethyl)benzotrazole
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Fig. 1. (a) Polarization curve, (b) corrosion potential,
and (c) corrosion rate of aluminum using in
the antifreeze original solution and the
original specimen as working electrode
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(a) Polarization curve, (b) corrosion potential,
and (c) corrosion rate of the aluminum using
in the antifreeze original solution and
aluminium specimen immersed for 3 weeks as
working electrode
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Fig. 3. (a) Polarization curve, (b) corrosion potential,
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Fig. 5. XPS spectra at the surface of aluminum
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