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Abstract

Composite materials are defined as innovative structures that are formed by 
combining several different materials and that, thanks to this combination, 
combine properties such as lightness, durability and high performance. These 
materials have a rapidly growing importance in the field of engineering and 
technology and offer a wide range of applications. A review of their historical 
development shows that composites continue to be used in many fields, from 
building materials to modern engineering applications.

From airframes to wind turbines, medical implants to sports equipment, 
composites are used in modern engineering to meet the needs for low cost, 
light weight and high strength. Innovative research is focused on further 
improving the mechanical, thermal and electrical properties of these materials, 
continuously expanding the range of uses for composites.

This study presents an in-depth review of the existing literature by addressing 
the increasing role of composite materials in engineering, their basic 
properties and their impact from the historical process to the present day. 
At the same time, it aims to identify new research topics in this field and to 
provide researchers with a comprehensive perspective.

1. Introduction

Composite materials are defined as substances formed by the 
amalgamation of at least two distinct traditional materials that do not 
dissolve into one another. This combination aims to integrate features like 
lightweight, strength, and corrosion resistance that are absent when the 
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materials are utilized separately. The essential characteristics of composite 
materials are as follows:

• They are constituted by the amalgamation of various materials, devoid 
of components such as solute and solvent.

• There is no atomic exchange among the components, and they do 
not chemically influence one another. It typically comprises a primary 
substance known as a matrix and a more resilient component referred to 
as a reinforcing element. When the mixture is at the nanoscale scale, these 
composites are referred to as nanocomposites. Composite materials have 
been utilized historically since antiquity. Adobe, utilized as a construction 
material, is among the most renowned and ancient examples. In adobe 
manufacture, organic fibers like straw and vine branches are incorporated 
into the clay soil, which possesses a brittle structure, therefore substantially 
enhancing the material’s mechanical strength. These natural reinforcements 
mitigate the likelihood of cracking and crumbling in adobe, yielding a more 
resilient building material [1]. 

Studies indicate that the fibers typically employed to strengthen 
composites have a remarkably ancient provenance. The manufacture of 
glass fibers originates from Ancient Egypt. In the 1600s BC, evidence from 
the XVIII Dynasty suggests the presence of diverse artifacts crafted from 
fine glass fibers in varied hues, indicating that glass fiber manufacture was 
extensively practiced during this era. [2].

The early 19th century saw the acquisition of numerous patents for the 
production of artificial stone slabs using hydraulic bindings and fibrous 
materials. These patents serve as markers of pioneering revolutionary 
methodologies in the research and manufacturing processes of composite 
materials [3].

The initial documentation of glass fiber utilization in industry originates 
from 1877. Industrial applications have extensively utilized fiber-reinforced 
synthetic resins since the 1950s. The most recognized category among these 
materials is glass fiber-reinforced polyester composites [4].

The recent innovative studies have garnered significant attention in 
the engineering field due to the enhancement of the mechanical, thermal, 
and electrical properties of composite materials. The applications of these 
materials are extensive, encompassing aircraft fuselages, wind turbines, 
sports equipment, and medical implants, all aimed at fulfilling the demands 
for low cost, lightweight, and high strength [5].
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The exceptional characteristics of composite materials, their diverse 
applications, and their growing significance in engineering have intensified 
researchers’ interest in this domain. In this scenario, compiler studies have 
become essential to thoroughly assess the possibilities of composite materials. 
This study seeks to fill a gap in the literature by carefully compiling existing 
information and pinpointing new research domains.

2. Advantages and Disadvantages of Composite Materials

The extended durability, lightweight composition, exceptional chemical 
and mechanical resistances, and several other advantageous properties of 
composite materials render them highly favored. The fabrication of composite 
materials seeks to integrate one or more of the following characteristics.

• Resistance,

• Lightness,

•Corrosion resistance,

• Electrical conductivity,

• Design flexibility,

• Fatigue resistance,

•Wear resistance,

•Thermal and acoustic performance,

•Applicability to surfaces,

•Economical,

•Aesthetics.

A significant advantage of composite materials is their superior strength-
to-weight ratio. This attribute, referred to as specific strength, denotes 
the load a material can support per unit weight. Composites are favored 
in industries where weight is critical, such as aerospace, automotive, and 
sporting goods, owing to their elevated specific strength ratios. Carbon 
fiber-reinforced composites can offer comparable or superior strength to 
steel while being lighter [6].

An additional significant attribute of composite materials is their elevated 
stiffness-to-density ratio, often known as specific stiffness. Specific stiffness 
denotes the stiffness of a material relative to its weight and is an essential 
quantity, particularly concerning vibration control, structural integrity, 
and energy efficiency. Sectors such as aircraft, space, and automotive 
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extensively utilize composites exhibiting high specific stiffness, as they 
require lightweight and rigid constructions. For instance, glass and carbon 
fiber-reinforced polymers exhibit comparable rigidity to conventional metal 
materials while significantly reducing weight, hence enhancing fuel efficiency 
and performance [7].

Composite materials provide significant advantages in corrosion 
resistance, showcasing resilience against damage resulting from chemical 
interactions. This attribute renders them a favored material even under 
severe environmental conditions. Polymer matrix composites can preserve 
their physical integrity even in corrosive environments, including 
saltwater, moisture, acids, and alkaline solutions. Consequently, sectors 
such as seafaring, the chemical industry, and infrastructure extensively 
utilize them [8].

Superior dielectric resistance qualities distinguish composite materials, 
making them suitable for applications requiring electrical insulation. High 
dielectric strength signifies that a material has substantial resistance to 
electrical current, showing its appropriateness for application as an electrical 
insulation material. Glass fiber reinforced polymer composites are extensively 
utilized in sectors such as electric vehicles, power transmission lines, and 
electronic equipment, as these materials reduce electrical conductivity while 
ensuring mechanical endurance [9].

Composites’ exceptional design flexibility makes them stand out and 
provides engineers with novel options. Design flexibility is the capacity to 
tailor the material’s characteristics to individual tastes by combining various 
matrix and reinforcement options. Composites can meet precise demands 
for load-bearing capacity, weight, strength, and thermal resistance due to 
their adaptability. The aerospace and automotive industries, for instance, 
can tailor carbon fiber reinforced polymer composites to achieve low 
weight and high strength goals, while the chemical resistance and electrical 
insulation of glass fiber reinforced composites can be tailored to specific 
needs. Engineering designs often choose composites for their adaptability, 
which helps to optimize performance while keeping costs down [10].

Composite materials exhibit a notable characteristic: high fatigue 
resistance. Fatigue resistance denotes the capability of a material to preserve 
its structural integrity over an extended duration when subjected to repeated 
loading conditions. Composites have the potential to impede the propagation 
of fatigue cracks, attributed to the load-bearing properties of the fibers and 
the energy distribution characteristics of the matrix. Carbon and glass fiber-
reinforced polymer composites demonstrate significantly enhanced fatigue 
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performance when compared to metallic materials. This characteristic serves 
as a primary factor for the extensive application of composites in sectors 
such as aviation, automotive, and wind turbine industries, where repetitive 
loading conditions are commonly present.  [11].

When external factors consistently expose their surfaces to composite 
materials, they demonstrate significant wear resistance, effectively resisting 
abrasion and degradation. In applications that demand high friction 
resistance, it is common to prefer carbon fiber-reinforced composites and 
ceramic matrix composites. Carbon fiber-reinforced composites provide 
exceptional stiffness and friction resistance while maintaining a lightweight 
profile. Ceramic matrix composites demonstrate remarkable durability 
against high temperatures and frictional forces. Consequently, composites 
find extensive application in scenarios where friction is persistent, such as 
brake discs, bearings, and industrial machinery [12].

Composite materials play a significant role in the field of engineering, 
particularly because of their thermal and acoustic properties. Composites 
exhibit effective thermal insulation properties attributed to their low thermal 
conductivity when analyzed from a thermal perspective. This property 
provides diverse applications, including construction and aerospace, focused 
on enhancing energy efficiency and optimizing thermal regulation. The 
multilayered and porous structure of the composites exhibits acoustic 
properties that facilitate the absorption or reflection of sound waves, thereby 
contributing to a reduction in noise levels. Polymer matrix composites 
exhibit notable thermal and acoustic insulation properties, rendering them 
advantageous for a variety of applications, including automotive cabins, 
train carriages, and aircraft fuselages  [13, 14].

Composite materials possess extensive uses in engineering, owing to their 
versatility in surface adaptability. Surfaces with flat, inclined, or intricate 
geometries can advantageously utilize these materials, which readily mold 
with various matrix configurations and reinforcement types. Polymer-based 
kinds are particularly notable in surface coating, protective layer creation, 
and structural reinforcement because of their low viscosity and malleability. 
The versatility of this application offers essential features such as corrosion 
protection, waterproofing, and abrasion resistance, thereby enhancing 
durability in both industrial and structural domains. [15].

Composite materials present a range of benefits, yet they also come 
with certain drawbacks. Composites are favored in numerous industrial 
applications because of their outstanding properties; however, they, like 
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all materials, possess certain limitations. The following points outline these 
disadvantages.

• High manufacturing knowledge requirement,

• Directional mechanical properties,

• Delamination issues,

• Difficulty in repair and recycling.

Composite material manufacture calls for in-depth engineering and 
advanced manufacturing expertise. Careful consideration of the matrix and 
reinforcement component combinations is required throughout the design 
and processing of these materials. The manufacturing techniques utilized 
have a direct impact on the performance of the materials and include intricate 
operations. Techniques like resin infusion, autoclave curing, and filament 
winding, to name a few, call for expert-level understanding. Consequently, 
comprehensive knowledge of complex designs and manufacturing 
procedures is essential for the effective manufacture of composites, in 
addition to specialized equipment. Because of this, producing composites is 
more complicated and expensive than generating other, more conventional 
materials [16].

Composite materials exhibit distinct directional mechanical properties. 
The material demonstrates elevated strength and rigidity along the specified 
direction while exhibiting reduced performance in alternative directions, 
attributable to the orientation of fibers or reinforcement elements in that 
particular alignment. This scenario results in possible vulnerabilities when 
subjected to multiaxial loading conditions. During the design phase of 
composites, it is crucial to ensure the proper orientation of the fibers and to 
accurately calculate load distribution. In carbon fiber-reinforced polymers, 
the orientation of the fibers contributes to improved strength performance 
while simultaneously presenting a potential risk of reduced strength in 
alternative directions [17].

Delamination, a notable weakness of composite materials, is characterized 
by the separation that occurs between the layers of the material, potentially 
compromising the structural integrity of composites. Impacts, cyclic loading, 
or manufacturing defects typically cause this condition, which significantly 
reduces the material’s strength. Delamination formation adversely impacts 
the mechanical performance and load-bearing capacity of composites, 
leading to safety risks in high-performance applications, including aviation, 
automotive, and wind turbines. To prevent delamination, it is essential to 
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optimize material design and manufacturing techniques meticulously to 
achieve more effective bonding between the fibers and the matrix [18].

A significant drawback of composite materials lies in the challenges 
associated with their repair and recycling. The structural complexity and 
multilayered nature of these materials result in more intricate and expensive 
repair processes when damage occurs, in contrast to traditional materials. 
Particularly in instances of delamination or cracks, the repair processes 
necessitate specialized equipment and a high level of technical expertise. 
Along the same lines, recycling composites is very hard because separating 
the matrix and reinforcement parts and making them usable again usually 
requires very complicated and energy-intensive methods. Consequently, it 
is essential to implement sophisticated mechanical and chemical methods in 
the recycling of composites [19].

3. Application Areas of Composite Materials

The progress in composite material technology has resulted in a growing 
application of these materials in various industrial and technological fields. 
Scientific inquiry into composites is intensifying in the aviation sector, as 
they gain popularity across various fields. The adaptable design capabilities of 
composites provide a notable benefit for the distinct needs and anticipations 
of various sectors. The significance of these materials extends beyond their 
function as raw materials in diverse fields; they also serve as essential auxiliary 
equipment in production processes. The following sectors frequently utilize 
composites: 

• Technology related to outer space, 

• Military and aerospace sectors, 

• Sector focused on construction and building, 

• Automotive industry, 

• Industry focused on chemicals, 

• Production of medical instruments, 

• The maritime industry,

 • Robotics technology, 

• Electrical electronics, 

• Musical instruments, 

• Sector focused on food and agriculture, 
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• Production of athletic gear. 

Composite materials are essential in the aviation industry because of 
their advantageous characteristics, including low weight, high strength, and 
resistance to corrosion. Numerous components, such as the aircraft fuselage, 
wings, various tail sections, and interior structural elements, extensively 
utilize composite materials (Figure 1). Carbon fiber-reinforced polymers 
are the predominant composite materials utilized in commercial and 
military aircraft, mostly owing to their exceptional strength-to-weight ratio. 
These materials enhance airplane fuel efficiency and decrease operational 
expenses while ensuring sustained performance. The increasing utilization 
of composites in aviation has facilitated enhanced efficiency and reliability 
objectives in engineering design [20].

Figure 1. Composite structure content on the Boeing 787 [21]

Composite materials substantially contribute to the car industry’s objectives 
of weight reduction, fuel efficiency, and performance improvement. The 
high strength-to-weight ratio, corrosion resistance, and design flexibility of 
composites render them advantageous for diverse automotive applications, 
including vehicle structural components, body panels, bumpers, and chassis 
parts. Carbon fiber reinforced polymers are commonly utilized in the 
body panels and chassis components of luxury and sports vehicles, thereby 
diminishing the overall weight of the vehicle and improving acceleration, 
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handling, and energy economy. Glass fiber reinforced polymers are 
extensively utilized in many automotive components due to their corrosion 
resistance and cost-effectiveness [22].

The chemical industry relies heavily on composite materials because 
of their exceptional durability and resilience to harsh chemicals, abrasive 
materials, and high temperatures. Composites based on vinylester and glass 
fiber are extensively utilized in a variety of equipment, including storage 
tanks, pipelines, heat exchangers, reactor linings, and reactors. These 
materials not only save maintenance costs and downtime, but they also offer 
corrosion resistance. Composites’ lightweight structure and high strength 
enable easier transportation and assembly of equipment. Composites have 
several uses in the chemical industry because of the many benefits they 
provide, including reduced costs and increased durability [23]. 

Composite materials find extensive applications in the construction and 
building sector, including exterior and interior facade cladding, decorative 
applications, roofing sheets and roof detail profiles, load-bearing profiles, 
rainwater drainage systems, various insulation works, concrete molds, 
prefabricated buildings, and bridges (Figure 2). People commonly use glass 
fiber-reinforced polymers to enhance the earthquake resistance of structures 
and boost the load-bearing capacity of bridges. The materials provide a 
sustainable solution by enhancing the durability of structures, owing to 
their resistance to environmental conditions and their capacity to lower 
maintenance expenses [24].

Figure 2. Architecture of family house, made of prefabricated elements [25]

The maritime sector extensively uses composite materials, particularly in 
various structural components. Ship hulls and boat coverings frequently utilize 
composite materials, particularly glass fiber reinforced polymers (GFRP) 
and carbon fiber reinforced polymers (CFRP), due to their lightweight 
and durable properties. Propellers and shafts use composites to meet high 
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strength and low weight criteria, which enhances fuel efficiency and speed 
performance. Ballast tanks, underwater pipelines, and diving equipment 
use composites due to their chemical and corrosion resistance properties. 
Specialized applications commonly use them, such as deck materials, masts, 
underwater structural components, and windsurfing boards [26].

4. Components and Classification of Composite Materials

The composite structure is composed of two distinct materials referred 
to as “matrix” and “reinforcement.” The matrix constitutes the primary 
component of the composite, whereas the reinforcement element acts as a 
more robust material that enhances the strength of the matrix. 

The matrix serves as one of the two primary components of the composite 
material, establishing the fundamental structure and offering several key 
contributions to the material’s performance: 

• Facilitating the transmission of forces to the fibers and ensuring their 
even distribution, 

• Safeguarding the fibers against environmental influences and mechanical 
impacts, 

• Enhancing the toughness of the composite, 

• Mitigating crack initiation and inhibiting the advancement of pre-
existing cracks within the composite.

Composite materials can be categorized based on the type of matrix 
material, resulting in distinct groups that exhibit varying performance 
characteristics and application domains. The classification can be organized 
in the following manner:

• Polymer Matrix Composites 

• Metal Matrix Composites 

• Ceramic Matrix Composites

Composite materials can be categorized based on the configuration and 
arrangement of reinforcement elements, leading to distinct classifications that 
influence the mechanical properties and performance characteristics of the 
material. The classification can be established according to the orientation, 
size, and distribution of the reinforcing elements as outlined below:

• Particle-Reinforced Composites 

• Fiber-Reinforced Composites 
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• Layered (Laminar) Composites 

• Combined (Hybrid) Composites

4.1. Polymer Matrix Composites

Polymerization is the process in which small molecules known as 
monomers, influenced by temperature, pressure, and various chemicals, 
join to create long chains termed polymers. The polymerization process 
transforms ethylene into polyethylene, propylene into polypropylene, 
and styrene into polystyrene, so producing polymers. Polymers (plastics) 
are extensively utilized across several sectors owing to their economical 
manufacture, malleability, and capacity for customization to specific 
features. Approximately 90% of composites are derived from polymer-based 
matrices, leading to their designation as reinforced plastics [27].

Polymers are materials extensively utilized across various industries 
attributed to their distinct physical and chemical properties (Table 1). We 
can structure polymers in various configurations based on their classification 
as thermoplastic or thermoset types, offering a diverse array of benefits. We 
categorize the properties of polymers as follows:

• Various chain structures can be formed;

• Properties can be modified via the polymerization process;

• Production can occur at varying density levels;

• Customization with additives is possible;

• They are sourced from petroleum derivatives. 

Thermoset plastics, referred to as thermosetting plastics, exhibit a highly 
rigid structure due to their three-dimensional cross-linking through covalent 
bonds. The materials in question undergo hardening via cross-linking and 
exhibit no dissolution or melting upon exposure to heat. Specific chemical 
reactions produce thermoset plastics in their liquid state through the lateral 
bonding of monomer molecules. The irreversible polymerization reaction 
during production prevents heating from softening and reshaping thermoset 
plastics. Unlike thermoplastics, thermosets are not reusable, but they can 
undergo recycling. During production and storage, it is essential to keep 
them in freezers to avoid hardening. The shelf life varies between 6 and 18 
months. Upon removal from the freezer and exposure to room temperature 
for a duration of 1–4 weeks, the items undergo hardening, resulting in a loss 
of formability. Thermoset resins exhibit resistance to chemical effects and do 
not dissolve. Common materials within this category encompass polyester, 
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epoxy, high-temperature resins, phenolic, silicone, polyimide, polyurethane, 
and cyanate esters [28].

Table 1. Polymer Matrix Properties [29]

Polymer Density 
(g/cm³)

Mechanical 
Strength 
(MPa)

Heat 
Resistance 
(°C)

Applications

Epoxy 1.2-1.3 60-80 150-250 Aerospace, automotive, 
electronics

Polyurethane 1.1-1.2 40-60 120-150 Insulation, furniture, 
sports equipment

Polyethylene 
(PE)

0.91-0.96 10-30 80-110 Pipe systems, packaging

Polypropylene 
(PP)

0.90-0.91 20-40 100-130 Automotive parts, 
household items

Polyamide 
(Nylon)

1.1-1.2 50-100 200-250 Textiles, engineering parts

Polyketone 1.3-1.4 70-100 200-260 High-performance 
engineering applications

Polyvinyl 
Chloride (PVC)

1.3-1.4 30-50 80-120 Pipes, coatings, electrical 
insulations

Polyarylate 1.2-1.4 80-120 250-300 Aerospace and defense 
industries

Thermoplastic materials, commonly referred to as “thermoplastic resins,” 
find extensive application in the automotive and aerospace sectors. Their 
distinctive characteristic is the capacity to become pliable upon heating 
and revert to a solid state upon cooling. Thermoplastics exhibit a thermal 
expansion coefficient that is roughly five times greater than that of metals. 
Their specific heat values can attain levels up to four times those of ceramics. 
Additionally, the thermal conductivity of thermoplastics is three times lower 
than that of metals. These materials are typically manufactured through 
injection and extrusion molding techniques, utilized in the fabrication of 
pressable glass fiber reinforced thermoplastics. Their shelf life is extended, 
and they are equipped with recycling capabilities. The materials exhibit high 
elongation rates of 1500% and demonstrate superior impact toughness. 
They also perform effectively regarding impact resistance and electrical 
insulation properties. These items can be maintained at ambient temperature 
without the necessity for refrigeration and can be reconfigured through 
reheating following processing. Thermoplastics present certain drawbacks 
as well. The materials exhibit low strength, particularly in terms of tensile 
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strength, as well as low hardness and rigidity, which are identified as their 
weaknesses. Their application as a matrix in the production of composite 
materials presents challenges and incurs high costs, with certain types 
necessitating solvents to attain the specified shape. Thermoplastics include 
a variety of materials such as acetals (POM), polyethylene (PE), polymethyl 
methacrylate (PMMA), polyamides (PA), acrylonitrile butadiene styrene 
(ABS), polypropylene (PP), polytetrafluoroethylene (PTFE), polyvinyl 
chloride (PVC), polyether sulfone (PES), polyether imide (PEI), polyamide 
imide (PAI), polyphenylene sulfide (PPS), polyether ether ketone (PEEK), 
and polystyrene (PS) [30].

Elastomers are made up of cross-linked long-chain molecules, which 
are similar to thermosets. They can change shape a lot when little forces 
act on them. Certain elastomers can demonstrate elastic deformation levels 
reaching up to 500%. Rubber, the most well-known elastomer, falls into two 
primary categories: Specific plants source natural rubber, while analogous 
polymerization processes manufacture synthetic rubber for use in thermoset 
and thermoplastic polymers [31].

4.2. Metal Matrix Composites

Metal matrix composites (MMCs) are sophisticated materials formed 
by embedding ceramic or metal reinforcement components within a metal 
matrix, providing enhanced mechanical and thermal characteristics. The 
characteristics of MMCs are as follows:

• These materials find extensive applications in high-performance 
industries, including automotive, aerospace, and aviation.

 • They enhance the mechanical properties of composite materials by 
providing superior strength, rigidity, and toughness relative to plastic 
matrices.

• A good composite structure is not achievable with all types of fibers.

• The inability to establish compatible interfaces with all fiber types can lead 
to complexities and increased costs in composite production. This scenario 
represents a major drawback associated with metal matrix composites. Light 
metals, including aluminum, magnesium, nickel, titanium, copper, zinc, and 
their respective alloys, are frequently selected as metal matrix materials.

Aluminum and its alloys are significant among the frequently utilized 
metal matrix materials. Examples of materials in this group include 6061 
and 2024 aluminum alloys, along with 1010 pure aluminum. Composite 
materials are manufactured through the hot-pressing technique, operating 
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within a temperature range of 450-550°C. These materials are capable of 
retaining their properties at temperatures up to 300°C. Aluminum alloys are 
capable of forming composites with carbon fiber. In this combination, it is 
essential to coat the fiber surface with nickel or silver to mitigate corrosion 
risks. Furthermore, these materials are favored in scenarios that necessitate 
electrical conductivity. Aluminum alloys incorporate alloying elements, 
including Mg, Mn, Si, Cu, and Zn, utilized individually or in various 
combinations to attain desired properties. [32].

Magnesium and its alloys are favored in applications necessitating 
lightweight and robust materials, such as spacecraft, high-speed machinery, 
and transportation vehicles, owing to their low density (1.74 g/cm³) and 
elevated specific strength. However, these materials have notable drawbacks 
such as limited corrosion resistance, insufficient stiffness, diminished fatigue 
strength, and inadequate wear resistance at elevated temperatures. Typically, 
alloys with aluminum and zinc utilize magnesium, which comes in both 
hardenable and non-hardenable varieties. Moreover, magnesium provides 
superior machinability in chip production relative to other metals [33].

The low melting point of 419 °C of zinc and its alloys makes them ideal 
casting materials. These characteristics facilitate the efficient fabrication 
of thin-walled (0.5 mm thick), intricately formed, and small-diameter 
apertures. Zinc alloys manufactured through die casting are known as 
Zamak, encompassing numerous varieties including Zamak 3, Zamak 5, 
Zamak 8, Zamak 15, and Zamak 27, which are also designated by codes 
such as Z33520 and Z35540. Coating zinc onto steel or cast-iron cathodes 
as an anode imparts corrosion resistance to these materials (zinc-coated 
steel: galvanized steel). Zinc alloys have a density of 7.13 g/cm³ and have 
significant wear resistance at low-speed and high-load conditions. While they 
demonstrate commendable fatigue resistance at ambient temperatures, they 
display brittle characteristics at lower temperatures. Although their ductility 
enhances with extended usage, their mechanical strength diminishes slightly. 
The automotive industry extensively uses zinc alloys in the manufacturing of 
kitchenware and some precision components [34].

Titanium and its alloys possess one of the lowest coefficients of thermal 
expansion among metals and have superior strength and stiffness relative to 
aluminum. Furthermore, its exceptional corrosion resistance sets it apart. 
Typically, alloys of titanium include aluminum, manganese, silicon, and 
vanadium. Machine components, such as compressor blades and disks, 
extensively utilize titanium alloys due to their heat-resistant properties. We 
can integrate titanium alloys with boron carbide and silicon carbide (SiC) 



Musa Yılmaz / Mert Can Emre | 89

fibers as matrix materials to create high-performance composites. These 
materials demonstrate exceptional performance at operation temperatures 
ranging from 420 to 550 °C. Their exceptional specific strength characteristics 
make them especially favored in crucial applications within the aerospace 
and aviation sectors [35].

4.3. Ceramic Matrix Composites

Ceramics are classified as high-temperature matrices and can be defined 
as earth materials subjected to elevated firing temperatures. Ceramics are 
defined as inorganic compounds that are produced through the sintering 
process, involving the combination of one or more metals with non-metallic 
elements. The fundamental components of ceramics include silicates, 
aluminates, water, metal oxides, and alkali and alkaline earth compounds. 
The structure of these materials exhibits high stability, attributed to 
the presence of both partially ionic and covalent bonds. Various sectors, 
including industrial furnaces, electronics, and optics, utilize ceramics, which 
possess either a crystalline or amorphous structure. Although these materials 
exhibit high strength, their hard and brittle structures contribute to fragility, 
thereby restricting their applications. Ceramics typically find use in high-
temperature settings due to their elevated thermal resistance [36].

Overview of Ceramic Matrix Properties:

•Structural Composition: Made up of silicates, aluminates, metal 
oxides, alkali, and alkaline earth compounds.

•Diversity: This category encompasses oxides, nitrides, borides, 
carbides, silicates, and sulfides.

• Bond Structure: The presence of both partially ionic and covalent 
bonds contributes to a stable structural configuration.

•Crysal and Amorphous Structures: The material can display 
characteristics of both crystalline and amorphous structures.

•Applications: Frequently utilized in industrial furnaces, as well as in 
the electrical, electronic, and optical sectors.

•Mechanical Properties: The material exhibits high strength; however, 
it is characterized by brittleness owing to its hard and fragile structure.

•Thermal Resistance: This material exhibits resistance to elevated 
temperatures, making it suitable for applications in environments subjected 
to high thermal conditions.
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•Melting Temperature: The melting temperatures of these materials are 
elevated; silica has a melting point of 1750°C, while alumina has a melting 
point of 2050°C.

•Isolation Properties: Delivers electrical and thermal insulation 
capabilities.

4.4. Particle Reinforced Composites

Particle reinforcement elements, which might be microscopic or 
macroscopic in size, typically show isotropic material qualities. Different 
methods allow large and small particles to carry loads in particle-reinforced 
composites. Large particles evenly distribute the load across the components, 
while small particles increase the material’s strength by hindering dislocation 
movements. Ceramic materials like Al₂O₃ and SiC are frequently utilized in 
applications where the diameters of tiny particles are less than or equal to 1 
μm [37].

Benefits and Drawbacks of Particle-Reinforced Composites:

• Economic Production: The production process for particle-reinforced 
composites is more cost-effective when compared to that of fiber-reinforced 
composites.

• Challenges in Achieving Homogeneous Distribution: In particle-
reinforced composites created through casting processes, the ability to 
effectively wet the particles and attain a uniform distribution is hindered by 
the reduction in melt viscosity.

• Limited Mechanical Properties: Fiber-reinforced composites exhibit 
enhanced mechanical properties in comparison to those that are particle-
reinforced.

4.5. Fiber-Reinforced Composites

Fiber-reinforced composites are sophisticated materials extensively 
utilized in contemporary engineering and technology, providing exceptional 
mechanical qualities. These composites are classified into two primary 
categories: discontinuous fibers and continuous fibers. Discontinuous fibers 
may possess diameters not exceeding several micrometers and range in 
length from a few millimeters to several centimeters. Continuous fibers serve 
as essential strength components of the composite construction, exhibiting 
advantageous characteristics including low density, high elastic modulus, 
elevated strength, and stiffness. Continuous fibers are essential, particularly 
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in the advancement of contemporary composites, and are generated by 
continuous manufacturing techniques like the wire wrapping method [38].

Overview of characteristics:

• Exceptional Microstructural Characteristics: Fibers reduce material 
imperfections owing to their reduced diameters and fine internal structural 
grains, resulting in elevated elasticity modulus and strength.

• High Load Carrying Capacity: The increased fiber length-to-diameter 
ratio enhances the load transfer from the matrix to the fiber, resulting in 
improved mechanical strength of the composite.

• Types of Fiber Materials: The primary categories of fibers utilized are 
glass fiber, carbon (graphite) fiber, aramid (Kevlar) fiber, boron fiber, oxide 
fiber, high-density polyethylene fiber, polyamide, polyester, and natural 
organic fibers. The most commonly utilized types of continuous fibers 
include glass, carbon, boron, and aramid fibers.

• Production Costs: The processes involved in the production of 
fiber-reinforced composites, particularly the continuous production and 
processing of continuous fibers, can incur significant expenses.

• Brittleness: Fiber-reinforced composites may demonstrate brittleness 
under specific conditions, even though they possess high strength.

• Complex Manufacturing Processes: Achieving a homogeneous 
distribution and appropriate orientation of fibers within the matrix 
necessitates intricate manufacturing processes.

Glass fiber is produced from materials including silica, colemanite, 
aluminum oxide, and soda, and is the predominant type of fiber utilized in 
the manufacturing of fiber-reinforced composites. The process of producing 
glass fiber involves the passage of molten glass through a specially engineered 
furnace equipped with small apertures at the base, utilizing pressure to 
facilitate the operation. Upon formation of the fiber, a coating process is 
implemented to improve its durability. Polymers that exhibit high solubility 
in water are typically favored prior to the production of composites for this 
coating. The bond between the fiber and the resin must be strong, as weak 
adhesion can lead to a reduction in the stiffness and strength of the composite 
material. To mitigate this limitation, glass fiber undergoes treatment with 
chemical coatings that improve adhesion properties [39].

People recognize carbon fiber for its exceptional mechanical properties, 
which include lightness, high strength, elastic modulus, and corrosion 
resistance. It serves as a crucial reinforcement material in high-performance 
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applications such as aircraft, space vehicles, and sports equipment. Advanced 
composite materials favor carbon fiber because it is lighter and more durable 
than glass fiber, offering high-temperature resistance and compatibility with 
all resins. Nonetheless, the expenses associated with production remain 
significant, and various types are perpetually under development [40].

Aramid fibers exemplify the dual role of polymers, serving effectively 
as both matrix materials and fiber reinforcements. Kevlar is a lightweight 
polymer fiber characterized by an aromatic polyamide structure, which 
imparts significant strength and rigidity to composite materials. Aramid 
fiber is widely recognized in commercial applications under the brand names 
Kevlar (DuPont) and Twaron (Akzo Nobel). Kevlar fibers are primarily 
categorized into two types: Kevlar 29 and Kevlar 49. Special properties of 
aramid fibers can be harnessed for various applications, and they typically 
exhibit a yellow hue [41].

4.6. Laminated Composites

Optimal performance of a layered composite is achieved by combining 
the mechanical properties of each layer, which are added in a specified 
order, to create an improved material. Composites like this are ideal for a 
wide range of commercial uses because of their strength, portability, and 
adaptability [42].

Fundamental Characteristics of Laminated Composites: 

• Adaptable Load-Bearing Capability: The layers oriented in multiple 
directions offer resistance to diverse load types, improving the material’s 
strength in various directions. 

• Lightness and High Strength: Laminated composites present a 
remarkable combination of high strength and low weight, achieving an ideal 
equilibrium between mass and resilience. 

• Adaptability and Creative Potential: The integration of diverse 
materials and fibers enables the attainment of various characteristics, 
facilitating designs tailored for particular uses.

• Interlayer Bonding: Robust adhesion among layers guarantees the 
composite’s integrity, contributing to its long-lasting durability. 

• Fatigue and Wear Resistance: Laminated structures demonstrate 
exceptional durability against fatigue and wear, ensuring prolonged 
functionality. 
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• Thermal and Electrical Properties: The performance of laminated 
composites in terms of thermal and electrical insulation is largely influenced 
by the selection of materials. 

• Fracture Resistance: Layered structures exhibit significant resistance 
to targeted impacts and crack propagation, thus improving the material’s 
dependability. 

5. Conclusion

This study thoroughly investigates the fundamental properties, benefits, 
drawbacks, classifications, and types of matrix reinforcement in composite 
materials, highlighting their significance in engineering applications. 
Composite materials are essential in contemporary engineering, effectively 
addressing various requirements that traditional materials often cannot meet 
due to their enhanced mechanical, chemical, and physical properties. The 
properties of these materials, including low weight, high strength, design 
versatility, and durability, facilitate their use across various sectors, such 
as aviation, automotive, construction, medicine, and energy. Nonetheless, 
high production costs, intricate recycling processes, and restricted impact 
resistance in certain applications represent significant obstacles to the broad 
adoption of composites. The research showed that grouping things into 
categories based on matrix and reinforcement types gives us a lot of options 
for making composites work better in real life. The choice of polymer, 
metal, and ceramic as matrix materials, combined with fibers, particles, or 
plates as reinforcement elements, provides tailored solutions to meet specific 
mechanical and physical requirements. Expanding research on composite 
materials will address current challenges and facilitate the development of 
next-generation solutions that are more sustainable, economical, and high-
performing. We expect composite materials to play a more significant role 
in future engineering applications. 
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