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The development of novel alloys with enhanced wear and erosion resistance has
attracted a lot of interest. The creation of materials and nanocomposites with greater
resistance to surface degradation is inevitable. According to some estimates, the loss of
material due to corrosion, erosive wear, and wear results in a global economic impact
of billions of dollars. Many technologies have not reached their full potential because
there are not enough materials to tolerate surface deterioration in crucial applications. The
production of wear- and erosion-resistant materials for various application requirements
has traditionally been accomplished by incorporating modest quantities of alloying ele-
ments into the base material and customizing the heat treatment, especially for alloys. A
balance between mechanical characteristics and corrosion resistance is achieved through
tempering treatments.

The study of wear, erosion, and surface interaction is known as tribology. Wear is a
phenomenon involving material damage, loss, and deformation. It has a significant impact
on the lifespan of a material from the nano- to the micro-scale [1]. Wear in a range of
modern technologies is a constant concern, which encourages research into materials with
high wear resistance. Material wear processes include oxidation, adhesion, abrasion, and
fretting. Such wear mechanisms can occur alone or in combination [2]. Wear processes
can be divided into low, mild, and severe wear states [3]. The layer-by-layer or gradual
degradation of a metallic material’s surface induced by electrical discharges or mechanical
action is known as erosion. Metals erode due to wear, frictional rubbing, and cavitation. In
order to minimize the loss or damage in a material subjected to wear, newly developed
wear-resistant materials should be introduced.

Surface engineering is one of the most efficient methods to reduce wear and erosion
because a material’s wear and erosion conditions are focused on the surface structure.
The coating preparation, surface texturing, surface hardening, and architectural layout
are the four main factors that dominate surfaces with extreme wear and erosion resis-
tance. The resistance of wear can also be accomplished through matrix strengthening and
surface engineering.

In this Special Issue, matrix strengthening refers to techniques for enhancing the resis-
tance of ceramics, metals, and polymers against wear. Microstructure design, composition
management, and the use of reinforcements can provide resistance against wear conditions.
This can be enhanced by customizing the deformation mechanisms [4] or adding hard in
situ/ex situ nanoparticles [5]. The enhancement of the matrix’s strength and hardness
depends on the reinforced particles, their distribution throughout the matrix, and surface
non-wettability. Thus, it was extremely important to provide this Special Issue on the most
recent innovations to avoid or lessen the wear and erosion of alloys.

The surface durability is typically improved in the desired way by wear-resistant
coatings. Several techniques have been used to produce wear-resistant coatings, including
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the application of iron treatment prior to coating deposition, strengthened coating by
multiple elements doping [6], and the design of wear-resistant nanocomposite coatings [7].
The content and microstructure of coatings have a significant impact on their hardness [8].
Spinodal breakdown and precipitate formation, which take place in a number of nitrides of
transition metals, can further boost coating hardness [9]. Self-lubricating coatings, including
MoS2 diamond-like carbon, used in high-speed cutting applications, are wear-resistant
protective films [10].

A wear-resistant coating is achieved by adding Mo-based materials as well as ad-
ditional doping for matching lubricants’ rubbing surfaces to adjust stiffness and surface
energy [11]. Effective surfaces can be created by surface texturing, including carefully
manipulating topography [12]. Surface texturing is a vital step to improve the alloy tribol-
ogy and it can be achieved by improving the load-carrying capacity and enhancing the
hydrodynamic pressure on the textured surface. Also, using extra lubricants on the contact
surface via the inlet suction can increase the surface texturing [13]. Reduced real contact
area, reservoir effect-assisted lubricant storage, and debris trapping effect-assisted wear
particle capture are the other three factors [14]. Notably, a possible technique for improving
the tribology of the surface even at harsh contact circumstances is texturing both the surface
and the coating. This exhibits significant wear resistance. In order to increase the endurance
of hydrophobic surfaces, surface hardening has been successfully implemented.

The hierarchical and heterogeneous structure of wear-resistant materials is caused
by many wear mechanisms functioning concurrently over a range of scales and hierarchy
levels. Multi-scale texturing, including elliptical and circular form arrays, can enhance the
tribological behavior of steel [15]. Surface engineering can design hierarchical structures
with hydrophobicity and adhesion strength bio-inspired by natural self-cleaning surfaces of
plants and animals [16]. Lotus leaves produce the well-known hierarchical surface with two
tiers of roughness that is the result of micro- and nano-scale roughness [17]. To accomplish
amazing adjustability in adhesion and tribology, several unique bioinspired hierarchical
surfaces were introduced recently. They have a significant influence on metal materials’
bonding strength, plasticity, fracture performance, and lattice distortion, which affect their
wear resistance.

Controlling the matrix’s microstructural architecture directly influences the material’s
wear resistance. This is based on a material’s twins, dislocation, grain boundary structure,
and grain size. This can also produce heterogeneous and hierarchical surface structures.
Strengthening of wear-resistant materials can be achieved by dispersion hardening, as
well as precipitates and second phase reinforcements. The diameters, morphology, and
reinforcing content of these materials can greatly increase the wear resistance.

Fullerenes, CNTs, graphene, carbon nanotubes, and fullerenes are examples of carbon
nanomaterials that have a significant potential for use as wear-resistance-inducing addi-
tives in bulk surfaces and materials [18,19]. Also, the addition of two-dimensional (2D)
nanomaterials, including MXenes, graphene-related materials, transition metal dichalco-
genides and hexagonal boron nitride, offers remarkable enhancing possibilities because
of their significant surface area, ultrathin thickness, ultrahigh strength, and superior ther-
mal and chemical stability [20]. The metallic material’s wear resistance is enhanced by
ultra-fine-grained microstructures and reinforcements by grain boundary hardening and
precipitation. The wear resistance is positively affected by the materials’ plasticity, strength,
hardness, and stiffness. The size, morphology, and reinforcing content of these materials all
have a significant impact on their wear resistance.

This Special Issue highlighted the corrosion, erosion, and wears parameters of com-
plicated concentrated alloys. The impact of alloying components, microstructure, and
processing techniques can affect the surface deterioration. A solid surface will gradually
lose material due to mechanical contact between the surface and an impinging liquid that
contains solid particles during erosion, a kind of material degradation. This issue also
offers a thorough analysis of recent developments in wear-resistant material designs, char-
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acteristics, and applications, covering a range of cutting-edge manufacturing techniques
for these materials and associated wear mechanisms.

As two main approaches to increasing material wear resistance, surface engineering
and matrix strengthening were introduced. Both surface engineering by coatings and
surface hardening and texturing, and matrix strengthening by composite formation, re-
inforcements, and microstructure formation are effective ways to improve the wear and
erosion resistance of a material. A durable and wear-resistant surface layer can be achieved
with careful adjustment of the composition and structure. On the contrary, structural design
and composition management in the bulk materials can provide excellent wear resistance,
compromising the material’s mechanical capabilities.

The advancements in wear and erosion reduction can be achieved by unique surface
and matrix design methodologies, and inherent material qualities for various applica-
tions. Different types of surface coatings, including amorphous/nanocrystalline, gradient
multilayer, nanocomposite, and 2D-based coatings, can provide outstanding wear resis-
tance, anticorrosion, and hydrophobicity. Wear on surfaces having hierarchical structures
is significantly lower than unmodified surfaces [21]. Several methods were introduced
for improving the anti-wear and anticorrosion features of a material without losing the
electrical and mechanical characteristics. These methods mainly required changing the
material’s phase compositions and microstructures.

By extensively elaborating on the phase compositions and nanostructures, it would be
possible to further increase the material wear and erosion resistance. This focuses on the
formation of nano-twins, heterogeneity, cryogenic deformation, and uniformly distributed
2D nanostructures in matrices with good interfacial compatibility. Designing large-scale
wear-resistant nanostructures or phase compositions critically depends on the stability
and reproducibility of the designed nanostructured composites. The architectures and
sizes of 2D materials attract considerable attention for extending superlubricity to trustwor-
thy practical applications. Superlubricous contact would be possible to maintain during
extended timeframe conditions by effectively using 2D material-wrapped nanoparticles.
They concentrate on the creation of large-scale, low-defect materials, heterostructures, and
alterations for functionalized materials’ surfaces. Extreme wear damage occurs to materials
exposed to high temperatures. In this case, simulations would be beneficial in revealing
the relationships between wear performance and alternations in the microstructure at
elevated temperatures. It is believed that the various accomplishments and the impending
challenges will have substantial impacts on the development of extremely wear-resistant
structures for various applications.
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