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Effects of Aluminum and Iron Ions on the Copper Corrosion in
Antifreeze Solution Containing Hetrocyclic-type Corrosion
Inhibitors
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Abstract The effects of concurrently immersed aluminum and iron on the corrosion of copper in six
types of antifreeze solution containing heterocyclic corrosion inhibitors were studied. As a result of
copper ion concentration analysis using ICP-OEs, the amount of copper dissolution was lower than the
detection limit, or decreased to between 2% and 13%, compared to immersion alone. This suggests the
possibility that aluminum ions in a solution, or changes on the surface of aluminum and iron
co-immersed in a solution, may prevent corrosion of copper or may promote precipitation of copper
oxide. As a result of the electrochemical test, for simultaneous immersion of three metals, the corrosion
potential was lowered and the corrosion rate was increased in the solutions mainly using a
triazine-based corrosion inhibitor, whereas the solutions using only a triazole-based corrosion inhibitor
showed no difference in corrosion potential and a decrease in the corrosion rate. Overall, the corrosion
potential was -0.25 to -0.15 V, increasing by about 0.05 V, and the corrosion rate was 9x10™ to 9x107®
A/cm®. This means that co-immersed metals affect the corrosion of copper, but the effect depends on

the molecular weight of the corrosion inhibitor and the composition and pH of the solution.
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tolutri azoleM.W. ; 250, ©J3} 8902), 1-Aminomethyl
(N',N'-di (2-hydroxy ethyl)benzotriazoleM.W. ;
236, ©[5} 8904)ZA] Table 10l 71A4E i<} Zo] 0.3
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Table 1. Recipe of Antifreeze Formulation

Contents No. 1| No. 2 |No. 3 | No. 4 | No. 5 | No. 6
Ethyl
;l;/;‘lle 300g | 300g | 300g | 300 | 3008 | 300g
Benzoic acid 25g 25g | 12.5g | 12.5g - -
Benzotriazol - - 12.5g | 12.5g | 25g 25g
Water 10g 10g 10g 10g 10g 10g
Sodium molybdae | 0.5g | 0.5g | 0.5g | 0.5g - -
Sodiium nitrite - - - - 0.3g 0.3g
8903 | 8903
Corrosion 8901 | 8903 | 3g + | 3g + | 8904 | 8904
Inhibitor 3g 3g 8902 | 8904 1g 2g
(wt%) ©9 | (09 | 0.7g | 0.7 | (0.3) | (0.6)
1. | @D
Total (g) 338.5 | 338.5 | 339.2 | 339.2 | 336.3 | 337.3
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Table 2. Concentration (ppm) of copper, aluminum,

and iron elements in the antifreeze
solution after metal specimen immersion,
measured by ICP-OES.

Cu Al Fe

Week | Solution No s3] C C C

1 - - 37 -

2 - - 7 -

3 - - 2 -

! 4 - - 45 -

5 16.9 - -

6 13.8 - - -

1 - - 64 -

2 37.2 15 -

2 3 8.6 - 15 -

4 0.1 - 72 -

5 37.6 - - -

6 40.3 1 - -

1 3.4 - 69 -

2 7.3 - 21 -

3 16.3 - 18 -

. 4 5.2 - 82 -

5 87.5 11 6 -

6 57.9 7 11 -

* Notation : S-Single immersion, C-Concurrency immersion
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Fig. 1. XPS patterns of copper specimen after 3
weeks in case of concurrency specimen
immersion (a) solution nol, (b) solution no2,
(c) solution no3, (d) solution no4, (e) solution
no5, and (f) solution no6.
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Fig. 2. Polarization curve of copper using in the
antifreeze original solution and the original
specimen as working electrode (Adapted
from H. ]J. Jang et al. Metals, Vol. 12, No.
1192, 2022 [13])
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