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Corrosion Resistance and Hydrogen Embrittlement Performance of Al Film
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Abstract: The Al film was prepared by magnetron sputtering on 30CrMnSiNi2A specimens and bolts in order to improve the
corrosion resistance of the bolts. The surface and cross section morphology of the Al film were observed by SEM. The cyanide
zinc plating samples with the same thickness of Al films were chosen as comparison in this paper. The anti-corrosion
performance of the samples with different treatment types were measured by electrochemical working station and neutral salt
spray test. The hydrogen embrittlement performance of the substrate and the Al film was measured by hydrogen embrittlement
test. The results show that the thickness of films on the blots is 7.26-10.47 um, and the non-uniform of film thickness on bolts
is £17.2%. The corrosion resistance performance of the bolts coated by Al film is much better than that of the cyanide zinc
plating. The bolts treated by chemical conversion and compound of blasting and chemical conversion show excelnt anti-
corrosion performance, and the self etching current is reduced about one or two orders of magnitude. The Al films deposited
by magnetron sputtering and the post treatment processing have no effect on hydrogen embrittlement of 30CrMnSiNi2A steel.
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Fig. 1 Schematic diagram of the hydrogen embrittlement sample!"®
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Fig. 2 Surface morphologies of the Al films with different treatment deposited on 30CrMnSiNi2A bolts
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Fig. 3 XRD patterns of the Al films with different treatment on 30CrMnSiNi2A substrate
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Fig. 5 Cross section morphologies of the Al films in different positions of 30CrMnSiNi2A bolt
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Fig. 6 Potentiodynamic polarization curves of the 30CrMnSiNi2A with different treatment in 3.5% NaCl solution
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Table 1 Results of potentiodynamic corrosion tests of the
30CrMnSiNi2A samples in 3.5% NaCl solution

Samples Eoon/ V Lo/ (Arcm™®)
30CrMnSiNi2A substrate —0.604 7.515%10°°
30CrMnSiNi2A+Al film -0.609 2.235x10°°
30CrMnSiNi2A+Zn film —1.002 2.526x107°
30CrMnSiNi2A+Al film+ .
Conversion -0.616 2.424%10
30CrMnSiNi2A+Al film+ .
Blasting+Conversion —0.645 L191x10
30CrMnSiNi2A+Zn film+ y
Passivating —0.948 9.173x10
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Fig. 7 Macro photos of the 30CrMnSiNi2A bolts prepared by different surface treatment before and after salt spray test
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Table 2 Results of different types of samples treated by hydrogen embrittlement test

Sample types No. Gap diameter / mm Persistence time / h Sample state
30CrMnSiNi2A substrate 1 4.497 262 Without fracture
30CrMnSiNi2A substrate 2 4.510 262 Without fracture
30CrMnSiNi2A substrate 3 4.508 262 Without fracture
30CrMnSiNi2A substrate 4 4.500 284 Without fracture
30CrMnSiNi2A substrate 5 4.509 284 Without fracture
30CrMnSiNi2A substrate 6 4.500 284 Without fracture

30CrMnSiNi2A+Al film+ Blasting+Conversion 7 4.502 232 Without fracture
30CrMnSiNi2A+Al film+Blasting+Conversion 8 4.499 232 Without fracture
30CrMnSiNi2A+Al film+Blasting+Conversion 9 4.501 232 Without fracture
30CrMnSiNi2A+Al film+Blasting+Conversion 10 4.513 284 Without fracture
30CrMnSiNi2A+Al film+Blasting+Conversion 11 4.520 284 Without fracture
30CrMnSiNi2A+Al film+Blasting+Conversion 12 4.521 284 Without fracture
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