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1. Introduction

Ceramic and glass material coatings have become essential components in numerous
industrial sectors, including aerospace, energy production, transportation, construction,
electronics, and advanced manufacturing. Their unique combination of thermal stability,
chemical resistance, mechanical durability, optical functionality, and environmental com-
patibility has enabled their widespread use in applications ranging from thermal barrier
systems and protective coatings to energy-efficient building materials and multifunctional
engineered surfaces [1-4].

Recent decades have witnessed significant progress in ceramic and glass coating
technologies, driven by advances in materials science, surface engineering, computational
modeling, and characterization techniques. Simultaneously, global concerns regarding
resource depletion, carbon emissions, and sustainable manufacturing have encouraged
the development of coatings based on recycled materials, waste valorization strategies,
and circular economy principles [5-7]. These developments have expanded the traditional
role of ceramic and glass coatings beyond protection and durability, transforming them
into active functional systems capable of contributing to energy efficiency, environmental
sustainability, and enhanced operational performance.

Despite these advances, several scientific and technological challenges remain unre-
solved. The long-term durability of coatings under extreme environments, the incorpo-
ration of secondary raw materials without compromising performance, the development
of multifunctional coating systems, and the integration of predictive computational ap-
proaches continue to represent major research priorities. Addressing these challenges
requires interdisciplinary collaboration among materials scientists, chemists, mineralogists,
physicists, and engineers.

This Special Issue, Ceramic and Glass Material Coatings, was conceived to contribute
to these ongoing efforts by bringing together research addressing raw materials, process-
ing technologies, functional performance, thermal stability, sustainability, and analytical
methodologies. The nine papers published in this collection provide valuable insights into
several of the most relevant challenges currently facing the field.

2. Current Challenges and Knowledge Gaps in Ceramic and Glass
Material Coatings

2.1. Sustainability and Circular Economy

The transition toward sustainable manufacturing represents one of the most significant
challenges facing ceramic and glass industries. Although recycled materials and industrial
by-products offer considerable environmental benefits, their incorporation into ceramic
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systems often introduces variability in composition, impurities, and processing behavior
that can affect final performance [5,8].

Further research is needed to better understand the relationships between secondary
raw material characteristics, processing parameters, microstructural evolution, and long-
term durability. In addition, comprehensive life-cycle assessments and resource-efficiency
analyses remain necessary to quantify the true environmental benefits of emerging recy-
cling strategies.

2.2. High-Temperature Performance and Environmental Degradation

Thermal barrier coatings (TBCs) remain among the most technologically important
ceramic coating systems due to their critical role in gas turbines, aero-engines, and ad-
vanced energy systems [2,9]. However, increasing operating temperatures continue to
expose limitations associated with phase instability, thermomechanical stresses, oxidation
processes, and degradation induced by calcium-magnesium—aluminum-silicate (CMAS)
deposits [10].

While significant advances have been achieved in understanding degradation mech-
anisms, important knowledge gaps persist regarding long-term performance prediction,
environmental interactions, and the development of next-generation ceramic compositions
capable of maintaining stability under increasingly severe operating conditions.

2.3. Multifunctional and Smart Coatings

Modern industrial applications increasingly demand coatings that provide multiple
functionalities simultaneously. In addition to mechanical protection, coatings are expected
to deliver thermal management, optical control, self-cleaning behavior, photocatalytic
activity, wear resistance, corrosion protection, and energy-saving capabilities [11].

Achieving such multifunctionality often requires precise control of composition
and microstructure across multiple length scales. The design of coatings capable of
maintaining several functional properties under real service conditions remains a ma-
jor scientific challenge.

2.4. Characterization and Digital Materials Design

Advanced characterization methods have become indispensable for understanding
complex ceramic systems. Simultaneously, computational materials science, artificial
intelligence, and machine learning are emerging as powerful tools for accelerating materials
discovery and optimization [12,13].

Nevertheless, reliable experimental datasets and standardized characterization
methodologies remain essential prerequisites for the successful implementation of data-
driven approaches. The integration of experimental characterization with predictive mod-
eling represents one of the most promising directions for future ceramic materials research.

3. Contributions of This Special Issue

The papers published in this Special Issue contribute to several of the challenges
identified above and collectively illustrate the diversity of current research in ceramic and
glass material coatings.

Within the context of sustainability and resource efficiency, studies addressing coal
gangue valorization and recycled glass utilization demonstrate the growing interest in
circular economy approaches for ceramic production [14,15]. These contributions show how
waste-derived materials can be transformed into valuable resources through appropriate
processing strategies while maintaining satisfactory performance characteristics.

A significant portion of this Special Issue is devoted to thermal barrier coating systems
and high-temperature ceramic materials [16]. These studies investigate topics including
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novel ceramic compositions, phase stability, thermomechanical behavior, crack propagation,
and resistance to aggressive CMAS environments. Together, they provide valuable insights
into the mechanisms governing coating durability and offer potential pathways toward the
development of more robust high-temperature protective systems.

This Special Issue also highlights advances in functional surface engineering through
contributions focused on reflective thermal insulation coatings and low-friction tribological
coatings [17,18]. These studies demonstrate how microstructural control and process opti-
mization can be employed to tailor surface properties and enhance functional performance
for specific applications.

Finally, advances in analytical methodologies are represented through the develop-
ment of a semi-quantitative ATR-FTIR approach for mineralogical characterization of
ceramic coatings and raw materials [10]. Such methodologies contribute to improving ma-
terials characterization capabilities and support more efficient process control and quality
assurance procedures.

Collectively, these contributions illustrate the increasingly interdisciplinary nature of
ceramic and glass coating research, where experimental studies, computational approaches,
process engineering, and advanced characterization techniques converge to address com-
plex technological challenges.

4. Future Research Directions

The papers included in this Special Issue, together with broader developments in the
field, suggest several promising directions for future research.

4.1. Circular Manufacturing and Sustainable Raw Materials

Future ceramic industries will likely depend increasingly on secondary resources,
industrial by-products, and recycled feedstocks. Research efforts should focus on im-
proving beneficiation technologies, reducing variability in waste-derived materials, and
establishing standardized methodologies for evaluating environmental performance and
resource efficiency.

4.2. Next-Generation Thermal Barrier Coatings

The demand for higher operating temperatures in energy and aerospace systems will
continue to drive the development of advanced ceramic compositions. Particular attention
should be directed toward rare-earth zirconates, high-entropy ceramics, environmental
barrier coatings, and CMAS-resistant materials. Improved understanding of degradation
mechanisms under realistic service conditions will remain essential.

4.3. Multifunctional Coating Systems

Future coatings will increasingly integrate multiple functionalities within a single
material system. Opportunities exist in the development of coatings capable of combining
thermal insulation, optical regulation, photocatalytic activity, wear resistance, corrosion
protection, and energy management. Such multifunctionality will require sophisticated
microstructural engineering and advanced manufacturing strategies.

4.4. Artificial Intelligence and Digital Materials Design

Machine learning and artificial intelligence are expected to play an increasingly impor-
tant role in ceramic materials research. The combination of experimental databases, compu-
tational simulations, and predictive algorithms offers opportunities to accelerate materials
discovery and optimize processing conditions. The development of digital twins for coating
performance prediction may become particularly relevant for industrial applications.
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4.5. Advanced Characterization and In Situ Analysis

The continued development of in situ and operand characterization techniques will
improve understanding of microstructural evolution during processing and service. Com-
bining spectroscopy, microscopy, diffraction methods, and computational analysis will
provide increasingly detailed insights into structure—property relationships and degrada-
tion phenomena.

5. Conclusions

The field of ceramic and glass material coatings continues to evolve rapidly in re-
sponse to growing technological demands and sustainability challenges. Current research
increasingly emphasizes circular economy strategies, multifunctional performance, ad-
vanced characterization, and predictive materials design. The contributions collected
in this Special Issue reflect these trends and provide valuable advances in areas rang-
ing from resource valorization and thermal barrier coatings to functional surfaces and
analytical methodologies.

Although important challenges remain, particularly regarding long-term durability,
sustainable manufacturing, and multifunctional performance, the studies presented in
this Special Issue demonstrate the considerable progress being achieved across the field.
Future advances will likely emerge from the integration of experimental research, compu-
tational modeling, advanced characterization, and data-driven design approaches, further
strengthening the role of ceramic and glass coatings in addressing the technological and
environmental challenges of the coming decades.

As Guest Editors, we sincerely thank all authors for their valuable contributions and
the reviewers for their time, expertise, and constructive comments, which have ensured the
high scientific quality of the published papers. We are also grateful to the editorial staff of
Coatings for their continuous support throughout the preparation and management of this
Special Issue.

We hope that the articles collected in this volume will serve not only as a record of
current achievements but also as a source of inspiration for future investigations. The chal-
lenges facing ceramic and glass material coatings are substantial, but so too are the opportu-
nities for innovation. Continued advances in materials design, characterization, processing,
and sustainability will undoubtedly strengthen the role of ceramic and glass coatings in
addressing the technological and environmental demands of the coming decades.

The contributions presented in this Special Issue clearly demonstrate that ceramic and
glass material coatings remain a vibrant and rapidly evolving area of research. By linking
fundamental understanding with practical applications, these studies provide valuable
foundations for future developments and reinforce the importance of interdisciplinary
collaboration in advancing the science and engineering of ceramic materials.
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