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ABSTRACT

In the last decade, the necessity to improve corrosion protection has dramatically affected the industry.
Layered double hydroxides emerge as a possibility to overcome this problem due to their ability as a carrier
of corrosion protection species. In this work, cerium cations, which possess corrosion protection ability, were
incorporated in the LDH structure via partial substitution of aluminium cations. The changes occurring to LDH
when exposed for an extended period to UV-radiation and its degradation with release of Ce® from the
hydroxide layers has been studied and is presented in this work.
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1. INTRODUCTION

Layered double hydroxides (LDH) represent a numerous family of natural 2-D materials. Due to the unique
combinations of functionalities, LDH find application in different areas ranging from optoelectronics, catalysis,
to corrosion protection. LDH, of general formula [M"xM"(OH),]*(A¥),y-zH20, are composed of alternating
positively charged mixed metal M"-M" hydroxide layers, and interlayers occupied by anions (AY") and water
molecules [1]. The functionalities of LDH can be extended by employing specific cations.

The mechanism of protection by LDH is still not clear. The basic principle consists in the release of anions from
the LDH interlayers, followed by the adsorption of organic molecules on the surface of the metallic substrate
with a consequent decrease in the corrosion rate [2]. Although the use of anions is the most common method,
corrosion protection can also be achieved using cations. Ce3* is well known for its corrosion protection
capabilities [3, 4]. Traditionally, it is trapped inside bentonite nano-capsules and is often used with LDH to
achieve a synergetic effect and higher corrosion protection efficiency. The efficient inhibition of Ce3* occurs
because the reaction between the cerium cations and hydroxide ions leads to the formation of insoluble
hydroxide on the cathodic areas.

In this work, the changes occurring to LDH when exposed for an extended period to UV-radiation (30 days)
and its degradation with release of Ce® from the hydroxide layers has been studied. This strategy allows
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promoting extended corrosion protection of the metal surface after the end of the anion-exchange process.
The study was performed using MgsAl;«Cex LDH intercalated with NOs’, where x was 7.5 mol%. The UV
radiation promotes partial degradation of the hydroxide layer and release of Ce®* leading to a two-step
corrosion protection system (Fig. 1). UV-visible spectroscopy was used to quantify the amount of Ce®*
released.
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Fig. 1 — Continued corrosion protection of aluminium alloy through LDH UV-degradation [5].
2. DESCRIPTION

The continuous corrosion protection of aluminium alloy 2024 with LDH degradation was assessed using
electrochemical impedance spectroscopy (EIS) over a one-week period. Optical microscopy and energy-
dispersive X-ray spectroscopy (EDX) were used for surface characterization (Fig. 2).

Impedance spectra were recorded to evaluate the inhibitor efficiency of Ce3* released from the LDH layers,
after a previous exposure of the LDH to UV irradiation. Measurements were carried out in AA 2024 using
different aqueous solutions.
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3. CONCLUSIONS

The amount of Ce3* released after the UV-radiation correspond to 38.4 % of the total amount of Ce3* present
in the LDH hydroxide layer structures. Corrosion protection was extended by a 2-step protection system,
namely, the Ce3* release through the partial degradation of the LDH nanocontainer and the retaining of
corrosion agent Cl trapped in the LDH galleries from anion exchange.

REFERENCES

[1] D.E. Evans, R.C.T. Slade, Structural aspects of layered double hydroxides. In Structure and Bonding,
Springer-Verlag, Berlin, Germany, 119 (2005) 1-87, https://doi.org/10.1007/430 005.

[2]S. Palani, T. Hack, J. Deconinck, H. Lohner, Validation of predictive model for galvanic corrosion under thin
electrolyte layers: An application to aluminium 2024-CFRP material combination, Corros. Sci. 78 (2014) 89—
100, https://doi.org/10.1016/j.corsci.2013.09.003.

[3]1D.R. Arnott, N.E. Ryan, B.R.W. Hinton, Auger and XPS studies of cerium corrosion inhibition on 7075
aluminium alloy, Appl. Surf. Sci. 22/23 (1985) 236-251, https://doi.org/10.1016/0378-5963(85)90056-X.

[4]Z. You, L. Jianhua, L. Yingdong, Y. Mei, Y. Xiaolin, L. Songmei, Enhancement of active anticorrosion via Ce-
doped Zn-Al layered double hydroxides embedded in sol-gel coatings on aluminum alloy, J. Wuhan Univ.
Technol.-Mat. Sci. Edit. 32 (2017) 1199-1204, https://doi.org/10.1007/s11595-017-1731-6.

[5] D.E.L. Vieira, A.N. Salak, M.G.S. Ferreira, J.M.V. Vieira, C.M.A. Brett, Ce-substituted Mg-Al layered double
hydroxides to prolong the corrosion protection lifetime of aluminium alloys, Appl. Surf. Sci., 573 (2022)
151527, https://doi.org/10.1016/j.apsusc.2021.151527.

52


https://doi.org/10.1007/430_005
https://doi.org/10.1016/j.corsci.2013.09.003
https://doi.org/10.1016/0378-5963(85)90056-X
https://doi.org/10.1007/s11595-017-1731-6
https://doi.org/10.1016/j.apsusc.2021.151527

