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1. Introduction

With its outstanding directionality, high energy density, and flexible controllability,
laser technology has become a key and multifunctional core tool in advanced manufactur-
ing systems [1-3]. As a highly localized and precisely controllable heat source, lasers have
driven the development of a wide range of material processing technologies, including sur-
face modification [4], coating fabrication [5], and micro- and nanoscale manufacturing [6],
thereby giving rise to the broad and evolving field of Laser-assisted coating techniques
and surface modifications (LACT & SM). From the perspective of surface performance
enhancement, technologies such as laser shock peening [7] and laser surface hardening [8]
have demonstrated great potential in improving wear resistance, corrosion resistance, and
service reliability. In coating fabrication, laser cladding enables the formation of coating
systems with strong metallurgical bonding and controllable microstructures on substrate
surfaces [9], while laser remelting [10] can further improve coating density and uniformity.
In addition, laser alloying [11] emphasizes elemental incorporation and localized com-
positional reconstruction, allowing for the tailored design of surface microstructures and
properties. Together, these laser-enabled coating and modification technologies provide
critical support for enhancing oxidation resistance, wear resistance, and overall service
performance. At the micro- and nanoscale, laser surface texturing [12] has shown broad
application prospects in regulating surface wettability, improving tribological behavior,
and optimizing photothermal radiation characteristics. Meanwhile, as an efficient coherent
light source, lasers are also widely applied in precision metrology [13], material characteri-
zation [14], and intelligent inspection [15]. Owing to these unique advantages, LACT & SM
play an indispensable role in the manufacturing of high-end equipment, precision engi-
neering components, and advanced functional materials, thereby continuously advancing
modern manufacturing capabilities [3,16].

This Special Issue has systematically compiled the latest advances in LACT & SM,
covering a broad range of processing techniques, fundamental mechanisms, and material
systems, and highlights the emerging trend of multi-technology integration and interdisci-
plinary development aimed at enhancing surface performance [17].

2. Statistics of the Special Issue

This issue consists of 13 full-text articles written by 48 authors. The geographical
distribution of the authors is shown in Figure 1. The authors come from six countries
across three continents: Europe, Asia, and North America. On average, each paper has
approximately four authors.

Coatings 2026, 16, 430

https://doi.org/10.3390/ coatings16040430


https://crossmark.crossref.org/dialog?doi=10.3390/coatings16040430&domain=pdf&date_stamp=2026-04-03
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/coatings
https://www.mdpi.com
https://orcid.org/0000-0001-7454-0542
https://doi.org/10.3390/coatings16040430

Coatings 2026, 16, 430

2 of 5

I China

I Slovakia

I Czech Republic
[ Poland

[ Korea

[ Mexico

4.2% 2.1%

10.4%

10.4%

60.4%
12.5%

Figure 1. The distribution of authors by country.

3. Brief Overview of the Contributions to This Special Issue

Lv et al. [18] proposed a two-dimensional elliptical ultrasonic vibration incremental
forming process for laser shock peening pretreatment. This process significantly improves
the surface microhardness of 7075 aluminum alloy plates through a dual mechanism
that promotes internal softening during material deformation and surface strengthening,
thereby improving the surface mechanical properties of the sheet. At the same time, it
creates a strengthening coating with excellent mechanical properties and a residual com-
pressive stress field on the surface, showing potential value in manufacturing aircraft
panels with complex shapes and excellent surface properties. Zdhon et al. [19] studied the
changes in tribological properties of Austempered ductile iron (ADI) under laser surface
strengthening at different isothermal holding temperatures. The results showed that the
laser process achieved a homogeneous martensitic layer on the surface, and its hardness
and wear resistance were significantly improved compared with the non-laser-hardened
surface. This phenomenon supports the theory of a possible martensitic-phase transforma-
tion of high-carbon austenite contained in the structure of ADI castings. Huang et al. [20]
found that the high-temperature oxidation performance of Tigy alloy after laser cladding of
a Ti-Hf-Mo-Ta-Nb-B composite coating was significantly improved, and they systematically
explored the microstructure and oxidation behavior of the material, as well as the potential
mechanism of the coating’s high-temperature oxidation resistance. Following the work
in reference [20], to improve the wear resistance of Tigy alloy, Huang et al. [21] obtained
a composite coating containing a high-entropy (Tip2Zr¢2Mog2Tag2Nbg2)B, boride phase
by laser cladding. When the surface of Tigy alloy was coated with a high-entropy phase
of 34.17 wt.%, the hardness of the composite coating was about 2.9 times that of the Tigg
alloy substrate, and the mass wear rate was about 1/11 of that of the Tigy alloy substrate.
Zhang et al. [22] reported a new surface microcrystallization technique for post-treatment of
cermet coatings using high-temperature-assisted ultrasonic deep rolling (HT+UDR). They
systematically studied the microstructure and tribological properties of Ni-WC coatings
and achieved improvements in coating surface quality, hardness, and wear resistance, pro-
viding a reference for the field of high-temperature ultrasonic rolling of cermet coatings. To
address the lack of research on laser modification technology for improving high-entropy
alloy coatings by laser remelting, Lv et al. [23] used laser remelting to treat FeCoNiCrAl
high-entropy alloy coatings prepared by laser cladding technology and discussed the effects
of laser remelting on the phase composition, microstructure, wear resistance, and corro-
sion resistance of the coating. In the corrosion resistance study, they also used Scanning
Vibration Electrode Technology, which was rarely used in previous studies, to accurately
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show the effect of laser remelting on the corrosion resistance of the coating. Gérka et al. [24]
compared the erosive wear resistance of ductile cast irons (DCls) after laser surface melt-
ing (LSM) and laser surface alloying (LSA) treatments. They analyzed the effects of the
process environment (argon and nitrogen), structural composition (TiC/TiCN fraction,
cementite fraction), and hardness on the erosive wear resistance, as well as the erosion
mechanisms. The results showed that laser melting and alloying processes with titanium
powder had a positive effect on the hardness and erosive wear resistance of DCI surfaces.
In response to the requirements for surface quality in High-Pressure Die Casting (HPDC),
Sttéova et al. [25] investigated the lifetime of PVD-coated inserts and uncoated inserts, as
well as inserts coated with three different nitride-based PVD coatings (TiN, TiAIN, and
CrAlSiN) under actual mass production conditions. Compared with untreated mold inserts,
mold inserts with deposited coatings had higher hardness and longer lifetime, with TiN
coating achieving the longest lifetime.

In the paper by Park et al. [26], a laser-induced selective surface wetting technique
(SSWT) was used to prepare patterned eutectic gallium-indium (EGaln) flexible liquid metal
electrodes. By establishing a perfluorinated self-assembled monolayer to impart super-
hydrophobicity, followed by selective ultraviolet (UV) pulsed laser ablation to generate
hydrophilic regions at predefined surface sites, liquid metal patterns with a linewidth
of approximately 50 pm, superior flexibility, and simple fabrication were achieved. It
is expected to be applied in the promising field of wearable and stretchable electronics
with high flexibility when combined with a passivation layer to protect the liquid metal
electrodes. Feng et al. [27] prepared SiCp aluminum matrix composites with different
spherical WC contents by laser cladding. They analyzed the influence of various factors on
the coating quality through single-factor experiments, and systematically studied the effects
of different laser power, powder feeding rate, and scanning rate on melt width and dilution
rate, micromorphology, phase composition, elemental distribution, microhardness, and
wear performance. They determined the spherical WC content with the best comprehensive
coating performance. Guo et al. [28] studied the application of femtosecond laser direct
writing in the preparation of tungsten surface gratings and the modulation of their thermal
radiation spectrum. They reported the effects of femtosecond lasers with different laser
fluence on grating depth, direct-writing width, and nanostructured regions. The thermal
radiation enhancement phenomenon caused by adjusting parameters such as structural
period and temperature is expected to be applied to infrared remote sensing, infrared
detection, and infrared guidance in the aerospace field. In laser manufacturing technologies
such as additive manufacturing, advanced non-destructive technologies play an important
role in detecting surface defects. In the study of Rodriguez et al. [29], a microsurface defect
identification method based on microlaser line projection and affine moment invariants
was proposed. Compared with traditional optical microscope imaging systems, which
typically have a relative identification error exceeding 3%, this method exhibits higher
accuracy, achieving a relative identification error of 0.721%.

4. Conclusions

Laser surface engineering is a vast subject, encompassing diverse processes, methods,
materials, and applications. The field boasts a wealth of literature, including numerous
reviews and specialized studies. In our Special Issue, we have collected recent works,
in accordance with the authors’ choices, covering novel schemes for coating preparation
and surface modification of advanced manufacturing materials. All of them are aimed at
significantly enhancing the surface properties of devices using advanced laser technologies
and bridging the gap between surface structure design and practical applications. While
no research papers on the latest machine learning and Al-driven optimization methods
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for laser processing have yet emerged, our Special Issue clearly demonstrates the steadily
growing interest among researchers in laser-assisted surface technologies for coatings
and surface modification. We hope readers will find the published papers interesting
and helpful.

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