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The scope of the Special Issue entitled “Mechanical, Corrosion Resistance, and Antibac-
terial Properties of Metallic Materials” includes research regarding the latest developments
in materials’ mechanical properties and characterization, pure/applied corrosion phenom-
ena, and advanced understanding of bacterial adhesion and the induced antibacterial
properties of metallic materials.

In the field of metallic materials, improvements in the technological properties of ma-
terials, their functionality, and the life span of products are increasingly required. Metallic
materials are used in most engineering applications that require high corrosion resistance
combined with favorable mechanical properties [1,2]. The protection of metallic surfaces
from corrosion represents one of the most important steps in satisfying the needs of de-
manding industrial applications. The general aim is to prolong the life span of metallic
parts used in various industrial components and to reduce the total costs and environ-
mental problems connected to material failure [3]. The durability of engineering materials
in terms of friction/wear and corrosion is governed by the materials’ surface rather than
bulk properties [4]. Surface modification is therefore necessary to improve the materi-
als´ performance while maintaining the required bulk characteristics, which can further
expand their application possibilities. In the past few decades, various techniques, such
as the application of polymer coatings [5], electron-beam lithography [6], plasma treat-
ment [7,8], self-assembly techniques [9] and laser surface processing [10], were introduced
to improve the surface properties of metallic materials. A variety of polymers have been
known to be useful in metallic surface protection, including epoxy resins, polyesters and
polyurethanes [11–13]. To further improve the corrosion properties of polymer coatings and
their mechanical properties, recently, different inorganic nanoparticles have been success-
fully incorporated into polymer matrices [14,15]. This offers an environmentally friendly
method to enhance the integrity and durability of coatings, as finely dispersed particles
in coatings can fill cavities and cause crack deflection or crack bridging. Therefore, they
provide an effective physical barrier between the substrate and the environment and serve
as a reservoir for corrosion inhibitors that help metallic surfaces to more effectively resist
attacks from aggressive species.

Furthermore, in biomedical applications, when a material is exposed to physiological
conditions, multiple aspects of its surface properties, including wettability, surface energy
and topography, need to be evaluated. The biocompatibility of a material is related to cell
behavior upon contact with the surface. The surface characteristics of materials, such as
surface topography, chemistry or surface energy, have essential roles in the adhesion process.
The quality of this first phase of cell–material interaction influences and enables the good
proliferation and differentiation of the cells on the surface [16]. Material biocompatibility is
significantly influenced by the surface topography, as cell attachment and proliferation can
be controlled through micro/nanoscale roughness by mimicking the natural environment at
the molecular level [17]. Improved cell attachment and resistance to bacterial adhesion are
two critical characteristics that should be considered in an effective biomaterial design. The
appropriate surface modification of the substrate, as mentioned in the previous paragraph,
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is also crucial for a desirable biological response. Different topographic patterns influence
the size, shape and spatial distribution of the attached cells [18]. In addition, wettability
also has an important role in cell adhesion [19]. It has been shown that surfaces with
moderate wettability have a higher rate of cell attachment than superhydrophilic and
superhydrophobic surfaces [20,21]. It has also been shown that interactions between
topographic patterns and bacterial adhesion cannot be generalized, as the size and the
shape of bacteria are crucial for their spatial distribution. An increased surface roughness
has been shown to be associated with improved cell integration. Additionally, most studies
have indicated a positive correlation between a large surface area with a rough topography
and the amount of adhering bacteria [21,22].

In conclusion, this Special Issue represents an important contribution to the broader
field, which will result in an increased number of article reads and citations. It presents
research that uses novel approaches to investigate the basic material properties and mi-
crostructures that affect the mechanical properties, corrosion resistance and antibacterial
properties of metallic materials. The manuscripts included reflect recent developments
in the science and technology of metallic materials through the latest scientific research
achievements in new processes and their dissemination and applications. The Special Issue
focuses on the advanced understanding of the structural and mechanical properties of
metallic materials as well as the discovery, development and/or characterization of the
structure of improved metallic materials with novel functional or mechanical properties
of potential engineering interest. This Special Issue presents the latest developments in
the fields of corrosion mechanisms and corrosion control, passivity, anodic oxidation and
biochemical corrosion, as well as improvements in the antibacterial properties of metallic
materials caused by changing the chemical composition of metallic materials or by the
application of specific coatings.

Author Contributions: Conceptualization, M.C. and A.K.; writing—original draft preparation, M.C.
and A.K.; writing—review and editing, M.C. and A.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Slovenian Research Agency (research core funding
No. P2-0132.

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

References
1. Ibrahim, M.A.M.; Abd El Rehim, S.S.; Hamza, M.M. Corrosion behavior of some austenitic stainless steels in chloride environ-

ments. Mater. Chem. Phys. 2009, 115, 80–85.
2. Hryniewicz, T.; Rokicki, R.; Rokosz, K. Corrosion characteristics of medical-grade AISI Type 316L stainless steel surface after

electropolishing in a magnetic field. Corrosion 2008, 64, 660–665. [CrossRef]
3. Potgieter, J.H.; Olubambi, P.A.; Cornish, L.; Machio, C.N.; Sherif, E.S.M. Influence of nickel additions on the corrosion behaviour

of low nitrogen 22% Cr series duplex stainless steels. Corros. Sci. 2008, 50, 2572–2579. [CrossRef]
4. Lin, N.; Li, D.; Zou, J.; Xie, R.; Wang, Z.; Tang, B. Surface Texture-Based Surface Treatments on Ti6Al4V Titanium Alloys for

Tribological and Biological Applications: A Mini Review. Materials 2018, 11, 487. [CrossRef] [PubMed]
5. Dowling, D.P.; Miller, I.S.; Ardhaoui, M.; Gallagher, W.M. Effect of Surface Wettability and Topography on the Adhesion of

Osteosarcoma Cells on Plasma-Modified Polystyrene. J. Biomater. Appl. 2011, 26, 327–347. [CrossRef]
6. Biggs, M.J.P.; Richards, R.G.; Gadegaard, N.; Wilkinson, C.D.W.; Dalby, M.J. The effects of nanoscale pits on primary human

osteoblast adhesion formation and cellular spreading. J. Mater. Sci. Med. 2007, 18, 399–404. [CrossRef] [PubMed]
7. Junkar, I.; Kulkarni, M.; Drasler, B.; Rugelj, N.; Recek, N.; Drobne, D.; Kovac, J.; Humpolicek, P.; Iglic, A.; Mozetic, M. Enhanced

biocompatibility of TiO2 surfaces by highly reactive plasma. J. Phys. D Appl. Phys. 2016, 49, 24. [CrossRef]
8. Jenko, M.; Godec, M.; Kocijan, A.; Rudolf, R.; Dolinar, D.; Ovsenik, M.; Gorensek, M.; Zaplotnik, R.; Mozetic, M. A new route to

biocompatible Nitinol based on a rapid treatment with H gaseous plasma. Appl. Surf. Sci. 2019, 473, 976–984. [CrossRef]
9. Lim, J.Y.; Hansen, J.C.; Siedlecki, C.A.; Hengstebeck, R.W.; Cheng, J.; Winograd, N.; Donahue, H.J. Osteoblast adhesion

on poly(L-lactic acid)/polystyrene demixed thin film blends: Effect of nanotopography, surface chemistry, and wettability.
Biomacromolecules 2005, 6, 3319–3327. [CrossRef]

10. Vorobyev, A.Y.; Guo, C. Direct femtosecond laser surface nano/microstructuring and its applications. Laser Photonics Rev. 2013, 7,
385–407. [CrossRef]

http://doi.org/10.5006/1.3279927
http://doi.org/10.1016/j.corsci.2008.05.023
http://doi.org/10.3390/ma11040487
http://www.ncbi.nlm.nih.gov/pubmed/29587358
http://doi.org/10.1177/0885328210372148
http://doi.org/10.1007/s10856-006-0705-6
http://www.ncbi.nlm.nih.gov/pubmed/17323174
http://doi.org/10.1088/0022-3727/49/24/244002
http://doi.org/10.1016/j.apsusc.2018.12.140
http://doi.org/10.1021/bm0503423
http://doi.org/10.1002/lpor.201200017


Materials 2022, 15, 3822 3 of 3

11. MacQueen, R.C.; Granata, R.D. A positron annihilation lifetime spectroscopic study of the corrosion protective properties of
epoxy coatings. Prog. Org. Coat. 1996, 28, 97–112. [CrossRef]

12. Gonzalez-Garcia, Y.; Gonzalez, S.; Souto, R.M. Electrochemical and structural properties of a polyurethane coating on steel
substrates for corrosion protection. Corros. Sci. 2007, 49, 3514–3526. [CrossRef]

13. Malshe, V.C.; Sangaj, N.S. Effect of introduction of structural defects on protective ability of polyesters. Prog. Org. Coat. 2006, 57,
37–43. [CrossRef]

14. Hung, W.-I.; Weng, C.-J.; Lin, Y.-H.; Chung, P.-J.; Tsai, S.-F.; Yen, J.-M.; Tsai, M.-H. Enhanced anticorrosion coatings prepared
from incorporation of well-dispersed silica nanoparticles into fluorinated polyimide matrix. Polym. Compos. 2010, 31, 2025–2034.
[CrossRef]

15. Conradi, M.; Kocijan, A.; Kek-Merl, D.; Zorko, M.; Verpoest, I. Mechanical and anticorrosion properties of nanosilica-filled
epoxy-resin composite coatings. Appl. Surf. Sci. 2014, 292, 432–437. [CrossRef]

16. Anselme, K. Osteoblast adhesion on biomaterials. Biomaterials 2000, 21, 667–681. [CrossRef]
17. Papenburg, B.J.; Rodrigues, E.D.; Wessling, M.; Stamatialis, D. Insights into the role of material surface topography and wettability

on cell-material interactions. Soft Matter 2010, 6, 4377–4388. [CrossRef]
18. Lourenco, B.N.; Marchioli, G.; Song, W.; Reis, R.L.; Van Blitterswijk, C.A.; Karperien, M.; Van Apeldoorn, A.; Mano, J.F. Wettability

Influences Cell Behavior on Superhydrophobic Surfaces with Different Topographies. Biointerphases 2012, 7, 46. [CrossRef]
19. Yang, S.Y.; Kim, E.-S.; Jeon, G.; Choi, K.Y.; Kim, J.R. Enhanced adhesion of osteoblastic cells on polystyrene films by independent

control of surface topography and wettability. Mater. Sci. Eng. C Mater. Biol. Appl. 2013, 33, 1689–1695. [CrossRef]
20. Chen, H.; Yuan, L.; Song, W.; Wu, Z.K.; Li, D. Biocompatible polymer materials: Role of protein-surface interactions. Prog. Polym.

Sci. 2008, 33, 1059–1087. [CrossRef]
21. Yuan, Y.; Hays, M.P.; Hardwidge, P.R.; Kim, J. Surface characteristics influencing bacterial adhesion to polymeric substrates. RSC

Adv. 2017, 7, 14254–14261. [CrossRef]
22. De Falco, G.; Ciardiello, R.; Commodo, M.; Del Gaudio, P.; Minutolo, P.; Porta, A.; D’Anna, A. TiO2 nanoparticle coatings with

advanced antibacterial and hydrophilic properties prepared by flame aerosol synthesis and thermophoretic deposition. Surf. Coat.
Technol. 2018, 349, 830–837. [CrossRef]

http://doi.org/10.1016/0300-9440(95)00557-9
http://doi.org/10.1016/j.corsci.2007.03.018
http://doi.org/10.1016/j.porgcoat.2006.05.011
http://doi.org/10.1002/pc.21000
http://doi.org/10.1016/j.apsusc.2013.11.155
http://doi.org/10.1016/S0142-9612(99)00242-2
http://doi.org/10.1039/b927207k
http://doi.org/10.1007/s13758-012-0046-6
http://doi.org/10.1016/j.msec.2012.12.081
http://doi.org/10.1016/j.progpolymsci.2008.07.006
http://doi.org/10.1039/C7RA01571B
http://doi.org/10.1016/j.surfcoat.2018.06.083

	References

