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Abstract: Corrosion is an important issue in many industrial fields. Among others, coatings are
by far the most important technology for corrosion protection of metallic surfaces. The special
issue “Advanced Coatings for Corrosion Protection” has been launched as a means to present recent
developments on any type of advanced coatings for corrosion protection. Fifteen contributions
have been collected on metallic, inorganic, polymeric and nanoparticle enhanced coatings providing
corrosion protection as well as partly other functionalities.
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Corrosion is an important issue in many industrial fields. It leads to high economic losses of
3–4% of the GDP of an industrialized country year by year. Adequate corrosion protection is therefore
essential in many applications. Among others, coatings are by far the most important technology for
corrosion protection of metallic surfaces.

In the very traditional field of coatings for corrosion protection in the last years a deeper
understanding of mechanisms of the protective action and corrosion mechanisms of and below
protective coatings has been gained. This was necessary due to upcoming environmental and health
issues for some well-established compounds used in former coating systems, e.g., lead or chromates,
which have been banned from industrial application. This lead as well to a large amount of research in
the field of advanced coating systems for corrosion protection.

This situation is the case for all the different types of protective coatings that are typically
used. Novel metallic coatings, e.g., novel zinc alloys are under development, as well as novel
pretreatment systems or passivating chemicals avoiding the use of chromates. The upcoming
chemical nanotechnology fosters the development of hybrid or inorganic sol-gel coatings, as well as of
nanoparticles and nanocapsules to be used as fillers in coating systems. This has also led, in recent
years, to the development of novel self-healing and smart coatings. Furthermore, nowadays, bio-based
substances are becoming increasingly used for organic coatings. Last but not least, new anodizing
processes have also been developed in the frame of an increased use of light metals for light
weight construction.

The special issue “Advanced Coatings for Corrosion Protection” has been proposed as a means to
present recent developments on any of these types of advanced coatings for corrosion protection. Thus,
15 contributions have been collected on metallic, inorganic, polymeric and nanoparticle enhanced
coatings providing corrosion protection as well as partly other functionalities.

Among all of them, inorganic coatings stand out for the number of contributions being submitted to
this special issue; however, these are of many different types and for different applications. The thinnest
but often quite effective type of an inorganic coating may be a passivating oxide layer. The most
commonly used passivating agent to develop such an oxide layer is nitric acid. Lara-Banda et al.
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investigated an environmentally friendly alternative for the passivation of 15-5 and 17-5PH stainless
steels based on citric acid [1]. It could be shown that, for both types of steel, the passive layer formed
in citric acid as passivating solution had very similar characteristics to that formed with nitric acid.

Much thicker oxide layers can be obtained by anodizing techniques especially on light metals.
Besides the conventional anodizing treatment at rather low voltages plasma-electrolytic oxidation
(PEO) or micro arc oxidation (MAO), leading to ceramic oxide layers, has become an increasingly
important alternative, being the topic of three contributions in this special issue [2–4]. Yao et al.
prepared different MAO coatings on the magnesium alloy AZ91D [2]. It was found that especially
a brown coating doped with Cu is able to significantly reduce the corrosion of magnesium parts
in marine environments. Magnesium alloys to be used as biodegradable implant materials are the
background of the paper by Anawati et al. [3]. Therefore, they investigated not only the corrosion
resistance of PEO coatings, but also their ability to form bone mineral apatite. It was concluded that
the alloying element Ca should be limited to 1 wt% as the excess tended to degrade the corrosion
resistance and apatite-forming ability of the PEO coating. Kyziol et al. investigated the influence
of MAO coatings on the stress corrosion cracking susceptibility of an AlMg6 alloy [4]. The pores in
the MAO coating were insignificant and of limited depth. Therefore, the coating could increase the
corrosion resistance.

Furthermore, inorganic coatings may be obtained from metal carbides [5], nitrides [6] or borides [7].
Jiang et al. used carburizing by a spark plasma sintering technique to enhance the erosion-corrosion
resistance of tungsten in flowing coolant water [5]. W-Cr-C clad tungsten showed a different corrosion
behavior than bare tungsten. Ti2AlN coatings were obtained by physical vapor deposition on ferritic
steels and submitted to oxidation at a temperature of 700 ◦C by Gröner et al. [6]. The oxide scale
of α-alumina was able to reduce the permeability for hydrogen significantly. Hu et al. obtained
boride cermet coatings on carbon steel by a laser cladding process to improve the corrosion and wear
resistance [7].

Polymeric coatings are widely used in corrosion protection and several contributions deal with
this type of coatings as well [8–12]. Aging of the coating in terms of chain scission and phase separation
may change the protective properties with time, as shown by Che et al. for polyurea coatings in marine
atmosphere [8]. A wide variety of polymeric and hybrid systems can be chosen for protective coatings.
Miela et al. showed how materials analysis and molecular dynamics simulation may help to identify
the best performing coating system for erosion and corrosion protection of hydraulic water valves [9].
Polymeric coatings may also be used to add further functionalities to a barrier-type protective coating.
As such, superhydrophobic properties were generated by Ou et al. on a zinc coating [10] and by
Zhang et al. on the aluminum alloy AA5083 [11], providing water-repelling and long-term corrosion
resistant surfaces. A very classical application of organic coatings is the insulation of buried pipelines.
The paper by Hong et al. addresses this application, focusing on the additional cathodic protection
design for a pre-insulated pipeline in a district heating system using computational simulation [12].

Finally, metallic coatings are widely used as noble barrier layers or as sacrificial layers providing
cathodic protection to the substrate. One of the latter has been described by Tong et al. [13].
They produced a ZnAl diffusion layer on carbon steel by a mechanical energy aided diffusion method
and characterized its corrosion behavior. On the other hand, barrier-type coatings may be reinforced
by incorporation of nanoparticles into the coating matrix. Xu et al. demonstrated that the mechanical
properties and the corrosion resistance of an aluminum foam can be improved by the electrodeposition
of a NiMo coating that has been reinforced by SiC/TiN nanoparticles [14]. Furthermore, Fu et al. studied
the effect of doping a NiFeCoP coating with cerium dioxide nanoparticles [15]. With an increased
concentration of nano-CeO2 in the composite coating, its corrosion resistance increased as well.

Conflicts of Interest: The authors declare no conflict of interest.



Materials 2020, 13, 3401 3 of 3

References

1. Lara-Banda, M.; Gaona-Tiburcio, C.; Zambrano-Robledo, P.; Delgado-E, M.; Cabral-Miramontes, J.;
Nieves-Mendoza, D.; Maldonado-Bandala, E.; Estupiñan-López, F.; Chacón-Nava, J.G.; Almeraya-Calderón, F.
Alternative to Nitric Acid Passivation of 15-5 and 17-4PH Stainless Steel Using Electrochemical Techniques.
Materials 2020, 13, 2836. [CrossRef] [PubMed]

2. Yao, Y.; Yang, W.; Liu, D.; Gao, W.; Chen, J. Preparation and Corrosion Behavior in Marine Environment of
MAO Coatings on Magnesium Alloy. Materials 2020, 13, 345. [CrossRef] [PubMed]

3. Anawati, A.; Asoh, H.; Ono, S. Corrosion Resistance and Apatite-Forming Ability of Composite Coatings
formed on Mg-Al-Zn-Ca Alloys. Materials 2019, 12, 2262. [CrossRef] [PubMed]

4. Kyziol, L.; Komarov, A. Influence of Micro-Arc Oxidation Coatings on Stress Corrosion of AlMg6 Alloy.
Materials 2020, 13, 356. [CrossRef] [PubMed]

5. Jiang, Y.; Yang, J.; Xie, Z.; Fang, Q. Enhanced Erosion–Corrosion Resistance of Tungsten by Carburizing
Using Spark Plasma Sintering Technique. Materials 2020, 13, 2719. [CrossRef] [PubMed]

6. Gröner, L.; Mengis, L.; Galetz, M.; Kirste, L.; Daum, P.; Wirth, M.; Meyer, F.; Fromm, A.; Blug, B.; Burmeister, F.
Investigations of the Deuterium Permeability of As-Deposited and Oxidized Ti2AlN Coatings. Materials
2020, 13, 2085. [CrossRef] [PubMed]

7. Hu, Z.; Li, W.; Zhao, Y. The Effect of Laser Power on the Properties of M3B2-Type Boride-Based Cermet
Coatings Prepared by Laser Cladding Synthesis. Materials 2020, 13, 1867. [CrossRef] [PubMed]

8. Che, K.; Lyu, P.; Wan, F.; Ma, M. Investigations on Aging Behavior and Mechanism of Polyurea Coating in
Marine Atmosphere. Materials 2019, 12, 3636. [CrossRef] [PubMed]

9. Mlela, M.K.; Xu, H.; Sun, F.; Wang, H.; Madenge, G.D. Material Analysis and Molecular Dynamics Simulation
for Cavitation Erosion and Corrosion Suppression in Water Hydraulic Valves. Materials 2020, 13, 453.
[CrossRef] [PubMed]

10. Ou, J.; Zhu, W.; Xie, C.; Xue, M. Mechanically Robust and Repairable Superhydrophobic Zinc Coating via a
Fast and Facile Method for Corrosion Resisting. Materials 2019, 12, 1779. [CrossRef] [PubMed]

11. Zhang, B.; Xu, W.; Zhu, Q.; Yuan, S.; Li, Y. Lotus-Inspired Multiscale Superhydrophobic AA5083 Resisting
Surface Contamination and Marine Corrosion Attack. Materials 2019, 12, 1592. [CrossRef] [PubMed]

12. Hong, M.S.; So, Y.S.; Kim, J.G. Optimization of Cathodic Protection Design for Pre-Insulated Pipeline in
District Heating System Using Computational Simulation. Materials 2019, 12, 1761. [CrossRef] [PubMed]

13. Tong, J.; Liang, Y.; Wei, S.; Su, H.; Wang, B.; Ren, Y.; Zhou, Y.; Sheng, Z. Microstructure and Corrosion
Resistance of Zn-Al Diffusion Layer on 45 Steel Aided by Mechanical Energy. Materials 2019, 12, 3032.
[CrossRef] [PubMed]

14. Xu, Y.; Ma, S.; Fan, M.; Zheng, H.; Chen, Y.; Song, X.; Hao, J. Mechanical and Corrosion Resistance Enhancement
of Closed-Cell Aluminum Foams through Nano-Electrodeposited Composite Coatings. Materials 2019, 12,
3197. [CrossRef] [PubMed]

15. Fu, X.; Ma, W.; Duan, S.; Wang, Q.; Lin, J. Electrochemical Corrosion Behavior of Ni-Fe-Co-P Alloy Coating
Containing Nano-CeO2 Particles in NaCl Solution. Materials 2019, 12, 2614. [CrossRef] [PubMed]

© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/ma13122836
http://www.ncbi.nlm.nih.gov/pubmed/32599879
http://dx.doi.org/10.3390/ma13020345
http://www.ncbi.nlm.nih.gov/pubmed/31940880
http://dx.doi.org/10.3390/ma12142262
http://www.ncbi.nlm.nih.gov/pubmed/31337129
http://dx.doi.org/10.3390/ma13020356
http://www.ncbi.nlm.nih.gov/pubmed/31940947
http://dx.doi.org/10.3390/ma13122719
http://www.ncbi.nlm.nih.gov/pubmed/32549259
http://dx.doi.org/10.3390/ma13092085
http://www.ncbi.nlm.nih.gov/pubmed/32369946
http://dx.doi.org/10.3390/ma13081867
http://www.ncbi.nlm.nih.gov/pubmed/32316153
http://dx.doi.org/10.3390/ma12213636
http://www.ncbi.nlm.nih.gov/pubmed/31694185
http://dx.doi.org/10.3390/ma13020453
http://www.ncbi.nlm.nih.gov/pubmed/31963538
http://dx.doi.org/10.3390/ma12111779
http://www.ncbi.nlm.nih.gov/pubmed/31159300
http://dx.doi.org/10.3390/ma12101592
http://www.ncbi.nlm.nih.gov/pubmed/31096649
http://dx.doi.org/10.3390/ma12111761
http://www.ncbi.nlm.nih.gov/pubmed/31151224
http://dx.doi.org/10.3390/ma12183032
http://www.ncbi.nlm.nih.gov/pubmed/31540498
http://dx.doi.org/10.3390/ma12193197
http://www.ncbi.nlm.nih.gov/pubmed/31569520
http://dx.doi.org/10.3390/ma12162614
http://www.ncbi.nlm.nih.gov/pubmed/31426319
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

