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1. Introduction 

 
In the last four decades, the use of composite structures 

in the aerospace and aviation industries have become more 
widespread (Hejri et al. 2020). The properties of composite 
materials are comparable to those of metallic coatings and 
metals (Nejadi and Mohammadimehr 2020). Composites 
are so efficient that they are used in aircraft and spacecraft 
components (Tayeb et al. 2020). From hot air balloons and 
unmanned aerial vehicles to passenger and warplanes and 
space shuttles, all benefit from the composites (Shahsavari 
et al. 2019). Therefore, the use of composite structures in 
the aerospace industry from 2005 to 2020 has grown more 
than 400% (Ahmed et al. 2014). Composites are among the 
most widely used products in structural components and 
aircraft parts because of their high strength, little specific 
gravity, abrasion resistance. Researchers have long sought 
to reduce the weight of aircraft to prevent crashes, and they 
have always sought to reduce the ratio of thrust to weight to 
reduce the risk of crashing (Mehar and Panda 2019). 
Composite structures are utilized in numerous industries 
such as aerospace industries. The use of new technology in 
the production of innovative ideas and products has 
accelerated with the achievement of the basic structure on a 
nanoscale (Farazin et al. 2019, 2020). Today, metals and 
other materials are used to help humans to improve their 
quality of life. Today, due to the significant advances in the 
use of composite materials, the current time can be called 
the composite era. Types of composite materials have been 
examined for many years for significant industries such as 
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aerospace applications (Arani et al. 2019, Ghorbanpour 
Arani and Soleymani 2019, Soleymani and Arani 2019, 
AkhavanAlavi et al. 2019). Many polymers are reinforced 
with various nanomaterials to develop and enhance their 
attributes in addition to enhance their applications (Anvari 
et al. 2020, Mohammadimehr et al. 2015, 2016, 2017, 
2018a). Examining nanotechnology, many nanomaterials 
are used as nanofillers to make nanocomposite. Polymers 
are used as a matrix in composites, and they are separated 
into three types using the size of the fillers as reinforcement 
in the composite structures (Arefi et al. 2018). Type 1: 
when a two-dimensional material that is the same as the 
sheet structure is used as a nanofiller such as graphene 
platelets (GPLs) (Arshid et al. 2020, Rajabi and 
Mohammadimehr 2019). In two-dimensional fillers, one of 
its dimensions is at the nanoscale and the other is at the 
microscale (Ghorbanpour Arani et al. 2018). Type 2: in 
these structures, two dimensions are at the nanoscale and 
another dimension is at the microscale, thus these structures 
become a one-dimensional material (Mohammadimehr et 
al. 2018b). These are cylinders such as carbon nanotubes 
(CNTs) and nanofibers (Ghorbanpour Arani et al. 2016, 
Navi et al. 2019). They are very useful for improving 
polymer resistance (Ghasemi et al. 2019). Type 3: in these 
structures, three dimensions are at the nanoscale, thus, they 
are the zero-dimensional material. Also, they are like 
quantum dot particles (QD), quantum clusters (QC), and so 
on. Also, anchor polymer has excellent thermal and physical 
properties because of its high level of composition per unit 
volume. Babaeeian and Mohammadimehr (2020) 
investigated the time elapsed effect on residual stress 
measurement in a composite plate by DIC method. 
Moreover, the relationship between anchor polymer 
(matrix) and fillers is defined as follows (Fu et al. 2019) 
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𝑅 = 3000𝑣𝑟  (1)
 

where v and r are the volume fraction and the radius of 
nanoparticles, respectively. In this comprehensive review 
study, mechanical behavior, physical and mechanical 
properties of polymeric composites, various types of 
reinforcements, a different method to fabricate polymeric 
composites, historical structural composite materials for 
aviation and aerospace industries, and different methods for 
their characterization are presented. 

 
 

2. Significant polymer utilized in aviation and 
aerospace industries 
 
Thermoset and thermoplastic polymers are the two main 

types of polymers for aerospace and aviation applications. 
Thermoset polymers can withstand high temperatures, and 
also they are difficult to convert into liquid or powder. 
Thermostat polymers have high strength, and due to the 
complex interconnection, they have sufficient stability at 
high temperatures. Thermoplastic polymers are soft, 
flexible, and also lose their properties at higher 
temperatures. Thermoplastic polymers have fewer 
applications than thermoset polymers due to their high 
viscosity (Khandan et al. 2020). Frequently used thermoset 
polymers are including phenolic, vinyl esters, polyesters, 
epoxy, and polyurethane resins. Recently various types of 
reinforcements (fibers) have been utilized in macro, micro, 
and nanocomposites. In this comprehensive review, various 
fibers are introduced including glass, carbon, basalt, aramid, 
and natural fibers that are practical in the aviation and 
aerospace industries (Khater 2016, Masalov et al. 2014). 

 
2.1 Glass f bers 
 
Glass fibers have been widely used in different 

industries including the aviation industry for many years 
due to their high weight-to-strength ratio, high rigidity, 
design flexibility, and other benefits. The structure and size 
of glass fibers vary greatly (Mazloom and 
Mirzamohammadi 2019). The smallest of them are not 
visible to the naked eye. Glass fibers become the most 
common fibers that are employed in composites (Mirjavadi 
et al. 2020). Glass fibers are delicate and flexible fibers that 
are made of glass. Glass fibers with a fixed diameter of 
about 5 to 25 microns and unlimited length are produced 
(Bakir et al. 2017). They are popular as thermal insulation 
and usually have many disadvantages on their surface due 
to wear between the fibers. Moisture has detrimental effects 
on the strength of glass fibers. They are used in many 
industries, including aerospace, due to their excellent 
elasticity, low density, shock resistance, low cost, and 
electrical insulation (Yang et al. 2019). Binder can be used 
to hold the fibers together. Binder selection is based on the 
application of materials. The durability of a composite piece 
is affected by the binder type (Rahman et al. 2017). 

 
2.2 Basalt f bers 
 
With the increasing use of synthetic fibers, more 

industries are becoming interested in basalt fibers. Basalt is 
a natural and neutral volcanic rock with a wide range of 
access around the world. The first attempts to produce 
basalt fibers from its melt were made in 1923 in the United 
States. During World War II, and in the 1950s, research in 
some countries improved the knowledge and technology of 
basalt fiber production, but no commercial product was 
produced. Basalt is a type of hard and black volcanic rock 
formed by the solidification of magma from the subsoil of 
the Earth’s crust at the surface or on the seabed. Basalt has 
45 to 52 percent silica oxide, 12 to 16 percent aluminum 
oxide, 6 to 18 percent iron oxide, 10 to 20 percent alkaline 
earth metals, and 2 to 8 percent other alkali metals. The 
existing technology for the production of basalt fibers is 
very similar to the technology that is used in the production 
of E-Glass fibers. The main difference in technology is that 
they are made from a complex mixture of materials, while 
basalt fibers are made from basalt melt without any 
additives. Basaltic materials do not cause any 
environmental problems and are not dangerous. Basalt 
fibers have a unique combination with high technical 
properties, including resistance to corrosion and heat. These 
features, in addition to the low price of basalt fibers, making 
it possible for basalt fibers to compete with glass fibers such 
as S-type glass fibers. The mechanical properties of basalt 
play an essential role in this reinforcement in the aviation 
and aerospace industries (Altabey 2017, Saleem et al. 2020, 
Wang et al. 2020). 

 
2.3 Aram d f bers 
 
Aramid is a general term for circular polyamides. In 

general, aramids have higher chemical resistance, better 
thermal stability, glass transfer temperature, and higher 
melting point than aliphatic polyamides. Aramid polymers 
are known for their high melting point, excellent thermal 
stability, flame resistance, and insolubility in many organic 
and inorganic solvents. The sum of aromatic polymers has a 
density between 1.43 and 1.46 g/cm3, while other types 
have lower densities of about 1.2 to 1.4 g/cm3. Aramid 
fibers are now known in the industry as the Kevlar brand. 
The tensile strength of Kevlar fibers is approximately 55% 
of the tensile strength of glass fibers, and its shear strength 
is 180% of glass fibers. The tensile strength of Kevlar fibers 
is also 10% less than that of carbon fiber. UV light destroys 
aramid fibers. The extent of this degradation depends on the 
thickness of the Kevlar fiber, as the Kevlar fibers play a 
protective role, and the destruction of the top layers 
prevents the destruction of the underlying layers. This 
problem is less important in composite structures. Because 
the composite matrix or resin plays a role in protecting the 
fibers to some extent (Gu et al. 2020, Jia et al. 2020). 

 
2.4 Nanof llers ut l zed n av at on and areospace 

appl cat ons 
 
2.4.1 Carbon nanotubes (CNTs) 
CNTs are one of the most useful components in 

materials science. These components can be manufactured 
in a variety of ways, and one of the new applications that 
have been discovered for them is the use of these nanotubes 
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as stitching connections, which can be useful in the 
aerospace industry (Farazin and Mohammadimehr 2020). 
CNTs are also a breakthrough in nanotechnology. These 
materials are very light, CNTs have many capabilities, 
including high energy storage and resistance to various 
radiation. CNTs are very small particles like invisible 
filaments (Unnikrishnan et al. 2011). Millions of pieces of 
these invisible strings combine to form useful, and visible 
material. These nanoparticles are many useful mechanical 
and electrical properties that are widely used in the 
aerospace industry. For example, it is possible to build a 
light and strong spacecraft that is resistant to space radiation 
with such materials (Aydogdu 2014). Spacecraft are usually 
destroyed when they enter the atmosphere due to exposure 
to very high temperatures and cannot be reused. Thermal 
resistance to high temperatures when returning to the 
atmosphere is a demand that CNTs can withstand due to 
their high thermal conductivity (Civalek et al. 2020). 

Today’s advanced aircraft of the world’s largest 
companies, such as Boeing and Airbus, are made of modern 
composite materials. These materials, which are reinforced 
plastics with carbon fibers, drastically reduce the weight of 
the aircraft and reduce fuel consumption. The weight of 
aircraft made of composite materials is 20 percent less than 
those made of aluminum alloys. CNTs are about the 
thickness of a carbon molecule and, despite their 
microscopic structure, they are highly resistant (Kim et al. 
2009). To make the new material, the scientists inserted 
nanocarbon fibers into a polymeric field with adhesive 
properties and then pressed the mixture between layers of 
carbon fiber composite. The CNTs act as vertical stitches in 
this material, bonding the composite layers together. The 
composite made showed 30% more resistance than 
conventional composites in experiments (Bellucci et al. 
2007). Composites made of carbon nanotubes can be used 
to make aircraft parts, especially those that require bolts and 
nuts (Hajmohammad et al. 2018). Of course, research is still 
in its infancy, but the results could lead to lighter aircraft 
with lower fuel consumption (Hussain et al. 2019, 2020). 

 
 

2.4.2 Graphene platlets (GPLs) 
GPL is a two-dimensional structure with a hexagonal 

network of carbon atoms arranged side by side with a 
covalent bond. GPL has different types of one, two, and 
several layers, each of which has its properties as well as 
unique applications; also, graphene is one of the other forms 
of carbon. The unusual attributes of GPL include a large 
surface area (2630 m2/g), an extraordinary Young’s modulus 
(1 TPa), exceptional conductivity (Bouadi et al. 2018, 
Ebrahimi et al. 2019). 

 
2.5 Exper mental method 
 
Polymers for making nanocomposites can be made 

chemically or mechanically (Ahuja and Kumar 2009). For 
the fabrication of polymer nanocomposites, uniform 
distribution of nanofillers (reinforcements) in polymeric 
materials (matrices) is necessary. The size of the 
reinforcements is at micro and nano scales, which must 
disperse nanoparticles into the polymer (matrix) to 
strengthen the composites. In this regard, some researchers 
have made great efforts to use the chemical reaction of 
complex polymerization or surface modification of fillers to 
make uniform distribution of nanofillers (reinforcements) in 
polymeric materials (matrices) (Koutu et al. 2019). 
Composites are usually made by the following methods: 

 
2.5.1 Sol-Gel method 
The sol-gel method is a wet chemical method and 

widely used in materials engineering to synthesize a variety 
of nanostructures. By using the sol-gel method, high quality 
and high purity nanoparticles can be prepared. This 
approach is shown in Fig. 1. The sol-gel method is a 
common and industrial method for synthesizing 
nanoparticles with different chemical compositions. The 
basis of the sol-gel method is the production of a 
homogeneous sol of precursors and its conversion into a 
gel. Then the solvent in the gel is removed from the gel 
structure and the remaining gel is dried. The properties of 

 
 

 
Fig. 1 Schematic of the sol-gel fabrication process
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the dried gel depend significantly on its drying method. 
Dried gels are used in a variety of ways in industries 
including aircraft surface coating. It is worth noting that by 
grinding the gel with special mills, it is possible to achieve 
nanoscale particles. In the sol-gel approach, the conversion 
of sol to gel is usually done by varying pH. The main 
advantages of the sol-gel approach are the high purity of the 
product, the narrow distribution of particle size, and the 
achievement of uniform nanostructures at low temperatures. 
This method is commonly used to synthesize metal 
nanoparticles (Wang and Bierwagen 2009, Wen and Wilkes 
1996). 

 
2.5.2 D rect m x ng polymer and nanof llers as 

re nforcements 
As shown in Fig. 2, direct mixing of nanofillers 

(reinforcements) and polymers (matrices) is a top-down 
approach to fabricating nanocomposites. It is shown from 
Fig. 2 that direct mixing of nanofillers (reinforcements) and 
polymers (matrices) is a top-down approach to fabricating 
nanocomposites. This method is based on the placement of 
dissolved or mixed nanoparticles during the mixing process 
in which is proper for fabricating polymeric nano-
composites is two general methods for combining 
nanofillers and polymers, and these two methods are always 
fixed for all industries (Wu et al. 2020). In the absence of 
any solvents, the mixing of one-way polymer with nano-
fillers over the glass transition temperature (Tg) of the 
polymer, commonly named the melt compounding method. 
The other method involves mixing nanofillers in a solution 
using solvents, commonly referred to as solvent mixing 
methods/solutions (Mckechnie et al. 2020). 

 
2.6 Development of structural compos te mater als 
 
2.6.1 Large commerc al transport a rcraft 
Different types of composites have different mechanical 

properties, which is why each part of the aircraft is 
produced with a specific type of composite. In the 1960s, 
the aircraft’s aluminum wings were somewhat resistant to 
fatigue, but this was not the case with carbon fiber. 

 
 

However, the manufacturers of these fibers have constantly 
improved their mechanical properties, and today the 
resistance of these fibers to fatigue and shock has greatly 
increased. Boron fibers are also very resistant to fatigue, 
which is why the fibers were used on the wings of tactical 
warplanes. The first composite in aircraft was designed and 
built as part of NASA’s program. NASA’s main goal was to 
gain real-world flight experience with composite structures. 
Three airlines are used Narmco T300 / 5208 graphite/epoxy 
material system. In the early years of composite materials, 
small structures were designed with barbecues and used by 
aircraft manufacturers. In later years, larger, heavier 
surfaces, stronger and more durable structures, and aircraft 
design companies are used. There are some samples of 
these composite structures used by aircraft manufacturers 
and used in the Boeing B-727 

 
 

Fig. 3 Typical industrial applications done by the NASA’s 
program

 
Fig. 2 Two methods for fabrication composites with polymer as matrix and nanofillers as reinforcements

330



 
The effect of nanoparticles on enhancement of the specific mechanical properties of the composite structures: A review research 

 

Fig. 4 Schematic of composite structures that used in 
Boeing B-777 

 
 

elevator (Fig. 3(a)), the Douglas DC-10 vertical stabilizer 
(Fig. 3(b)), the Boeing B-737 horizontal stabilizer (Fig. 
3(c)), and the Lockheed L-1011 aileron (Fig. 3(d)) (Harris 
et al. 2002). Another significant airplane is Boeing 787-
Dreamliner in terms of composite usage and fuel-efficiency. 
The industry-leading technology of the 787 Dreamliner is 
creating remarkable opportunities for airlines around the 
world and dramatically improving the air travel experience. 
The airplane’s unparalleled fuel efficiency and range 
flexibility enables carriers to profitably open new routes as 
well as optimize fleet and network performance. And for 
their passengers, an experience like none other in the air, 
with more comfort and less fatigue (Pandian et al. 2020). 

All three main flight components had significant 
problems before redesigning and successfully testing. As of 
January 1987, 350 composite parts had entered the 
commercial airline’s flight service and were used by aircraft 
manufacturers. As of 1993, 350 composite structures are 
located in service that had accumulated over 5.3 million 
flight hours. The performance of composite parts, 
maintenance characteristics, and residual resistance after the 
flight was reported to NASA and compared with data 
obtained before the flight. The data obtained from the 
composite materials show the excellent performance of the 
composite materials for 15 years. But after a while, the 
airlines reported damages such as accidents when hitting 

 
 

the ground, damage from collisions with foreign objects, 
and lightning strikes. However, there are no reports of 
composite damage due to fatigue or exposure to the 
environment during flight. Also, there is a high-quality 
correlation between the laboratory results and the structural 
performance of the actual aircraft parts. The Boeing B-777 
makes the wide application of composite material for 
principal structure in the empennage. These significant 
composite parts are illustrated schematically in Fig. 4 
(Harris et al. 2002). As the schematic shows, several parts 
of the mentioned aircraft are made of different composite 
materials. Graphite-epoxy composite are utilized for most 
secondary structure and control surfaces. A composite 
structure made of rigid epoxy material (Toray T800H / 
3900-2) is utilized for larger and more pressurized parts. In 
a test program, Boeing replaced 11,000 metal parts of a 
helicopter with 1,500 composite components. With this 
measure, the maintenance period of the mentioned parts is 
increased, and it was not long before the same replacement 
took place in commercial and recreational planes. In the 
aerospace industry, carbon fiber is used more than any other 
fiber (Ott et al. 2019). 

 
2.6.2 Appl cat ons of sandw ch compos te 

structures n the aerospace ndustr es 
Sandwich composites consist of a core that is weak, 

bulky, and strong face sheets on either side of the core. The 
core is made of foam or honeycomb, and the face sheets on 
either side of the core are made of glass fiber or natural 
fiber composites (Gladkovsky et al. 2019). These sandwich 
panels have a much higher resistance than any of their 
components, these panels are also lightweight and low cost. 
Advantages of sandwich panels: Due to the use of 
lightweight materials in the core, the weight of the panel is 
greatly reduced. Despite its lightweight, it is extremely 
resistant to all types of compressive and impact loads. 
These composite structures absorb the force exerted on 
them, making them more durable (Balázsi et al. 2020). 
These panels do not corrode due to humidity and 
environmental conditions, and as a result, their maintenance 
costs are reduced and their lifespan is longer. Also, these 
sandwich panels have high strength. For this reason, the 
tendency to use these structures in the fuselage and wing of 

 
 

 
Fig. 5 Advanced composite structures utilized in aviation industry 
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Fig. 6 Variety and changes of tensile strength and 
tensile modulus with clay content in nylon-6 
nanocomposite 

 
 

the aircraft has increased significantly. In many honeycomb 
composites, such as those used in aircraft wings and 
fuselage, a plastic shaped honeycomb may be reinforced 
between two composite shells or carbon fibers (Li and 
Wang 2017). The wing, tail, propeller, and rotating parts of 
the aircraft are mainly of advanced composites as shown in 
Fig. 5 (Masselter and Speck 2011). Aircraft are less likely to 
have a complete failure of composites than metals such as 
aluminum under stress. A small crack inside a piece of 
metal can spread quickly and have devastating results, but 
in fiber composites such as a dam, they resist cracking and 
spread the stress to the environment. Reinforced composites 
are resistant to heat and corrosion (Letti et al. 2017). 

 
 

3. Results and discussion 
 
There are many studies about fibers that are used in the 

aviation and aerospace industries. (Fu et al. 2014) stated 
that some fibers can be used as reinforcements in aerospace 
and aviation structures because of their high strength and 
good mechanical and physical properties. In Table 1 
(Alubel et al. 2019), the properties of some fibers used in 
the aerospace and aviation industries are shown. Para amide 
fiber has a better heat resistance and tensile strength than 

 
 

Fig. 7 Variety of tensile strength of composite with 
nanofillar content in nylon-6 exfoliated

 
 

amide groups due to its intense adhesion between amide 
and aromatic groups (Bilisik 2017). 

Fu et al. (1999) described in their study that with 
enhancing of the aspect ratio of reinforcements, the strength 
and modulus of composite enhance commonly. Fig. 6 
presents increasing the particle content leads to enhance the 
tensile strength and Young’s modulus of nylon with clay 
and moreover, similar results are obtained for poly-
urethane/clay nanocomposites. 

Sheng et al. (2004) reported that adding only a few 
percent of clay increases the resistance of nanocomposites 
composed of nylon-6 as shown in Fig. 7. 

They also reported that Intercalated nanocomposites 
were less resistant. By reducing the size of CaCO3 particles, 
the composite strength enhances. (Alexandre et al. 2001) 
stated that the tensile strength of composites increases with 
increasing of reinforcement at certain values in polystyrene, 
then with increasing the amount of nanofiller, as shown in 
Fig. 8, the strength of this value decreases. 

Jisheng et al. (2001) demonstrated the mechanical and 
physical properties of polymeric nanocomposites 
(intercalated or exfoliated). Strength increases by adding 
clay nanoparticles to intercalated/exfoliated nano-
composites. Table 2 shows this effect, in which the tensile 
strength of polyurethane (PU) polyester elastomeric clay 
nanocomposite connected increases. With an increase in the 

Table 1 Attributes of some fibers used in the aerospace and aviation industries as reinforcements 
Types of fibers Classifications of reinforcements 

Para-Aramid Twaron, Teijin has a tensile strength approximately equal to of 3100 MPa 
Kevlar 29, DuPont has a tensile strength approximately equal to 2965 MPa 

Ceramic fibers Alumina (Nextel, 3 M) has tensile strength approximately equal to 1720 MPa 
Silicon Carbide has tensile strength approximately equal to 4000 MPa 

Carbon fiber 
Standard tensile strength is approximately equal to 3651 MPa 
Celion has tensile strength approximately equal to 4000 MPa 
Aksaca has tensile strength approximately equal to 4200 MPa 

Glass fibers S-Glass has tensile strength approximately equal to 4400 MPa 
E-Glass has tensile strength approximately equal to 3500 MPa 

Atomistic polyester M5 has tensile strength approximately equal to 3960 MPa 
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Fig. 8 Variety of tensile strength of composite with 
nanofiller content in polystyrene 

 
 

amount of clay (from 0 to 8 wt%), the tensile strength also 
increases, and reaches a maximum of 8 wt%. 

The main reason for this significant difference in the 
thermal expansion between the silica nanoparticles and the 
epoxy resin at ambient temperature. (Salvetat et al. 1999) 
stated in their article that nanoscale reinforcements such as 
CNTs have very high physical and mechanical properties. 
Table 3 displays direct relation among stress and strain at 77 
K for composites reinforced with carbon nanotubes, and 
thus these specimens display brittle behaviors. (Ou et al. 

 
 

Table 3 The relation among stress and strain on CNTs 
content at 77 K 

Type of CNT CNTs (wt. %) Stress (MPa) Strain (%) 

SWCNT 

0.22 
21 0.51 
42 1.01 
62 1.53 

0.51 
25 0.54 
44 1.01 
73 1.55 

1.1 
31 0.52 
72 1.01 
91 1.52 

MWCNT 
0 84.8 - 

0.25 120.38 - 
0.51 134.29 - 

 

 
 

Fig. 9 Tensile strength of silica/epoxy at different 
temperatures

 
 

Fig. 10 General schematic of the division of aircrafts 
structure

 
 

Table 4 Modified and unmodified SiO2 particles used in the 
aviation and aerospace industries with tensile 
strength of nanocomposites based on nylon-6 filled

Types of 
silica (SiO2) 

SiO2 
content

Stress 
(MPa) 

Modulus 
(GPa) 

Elongation 
at break (%) 

Modified 

0 76.05 2.06 109 
5 84.01 2.37 251. 

10 78.02 2.51 152 
15 76.5 2.61 111 

Unmodified 
0 76.01 2.02 107 
5 75.05 2.24 106 

10 73.5 2.44 91 

Table 2 Variety of tensile strength with clay content in PU nanocomposites 
Specimen number Clay contain (wt %) Tensile strength (MPa) Elongation at break (%) 

1 0 0.66 75.50 
2 2.8 1.01 100.01 
3 5.1 1.23 176 
4 8.3 1.44 333 
5 10.2 1.32 226 
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1998) stated in their paper that the maximum stress value 
for modified silica is 5wt% then stress decreases after 
5wt%. Table 4 shows that when the content of unmodified 
silica increases with weight percentage, the stress decreases 
or stabilizes. 

Finally, in the current century, as shown in Fig. 10, 
about half of the aircraft structure is made of advanced 
composites (Di Sante 2015), and the role of advanced 
composites in the aerospace and aviation industries is 
expected to increase significantly in the coming years. 
Therefore, the knowledge of making advanced, light, and 
strong composites can be an important help for these 
industries. 

 
 

4. Conclusions 
 
In this comprehensive study mechanical behavior, 

physical and mechanical properties of polymeric 
composites, various types of reinforcements, different 
methods to fabricate polymeric composites, historical 
structural composite materials for aviation, and aerospace 
industries and different methods for their characterization 
were reported. The most important results are as follows: 

 
(1) CNTs are capable of withstanding very high 

temperatures, and also CNTs have many 
mechanical and electrical properties that are widely 
used in the aerospace industry. 

(2) Improving the mechanical and physical properties 
of composites depends on the type of 
reinforcements, their size, and their weight 
percentage. 

(3) Properties of composites also depend on the 
method used in the manufacture of them. 

(4) The intercalation process for the fabrication of 
composites is the top-down procedure. 

(5) The sol-gel method is very common for fabricating 
polymer composites. This method is used for 1D 
fillers such as CNTs. 

(6) The use of composite structures in the aerospace 
and aviation industries from 2005 to 2020 has 
grown more than 400%. 
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