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ABSTRACT 

  In this paper, the improvement of mechanical and thermal characteristics in nanocomposites with addition of 
CNTs is studied. As a result of CNTs structure and characteristics, the tensile strength, elasticity, toughness as 
well as thermal conductivity of CNT-reinforced nanocomposites are enhanced. This section presents key issues 
related to the CNTs such as dispersion, agglomeration, and cost together with the state-of-art of manufacturing 
procedure. Real-world applications for aerospace and electronics sectors plus energy storage are described and 
prospects for future research are outlined. Based on this study, nanocomposites of CNT are believed to have 
unprecedented opportunities for delivering value add for advanced material needs in today’s high-stakes 
industries. 

Keywords— Carbon Nanotubes (CNTs), Nanocomposites, Mechanical Properties, Thermal Properties, Polymer 
Reinforcement, Composite Materials, Dispersion Techniques, Manufacturing Methods, Aerospace Applications, 
Electronics, Energy Storage, Hybrid Nanomaterials, Material Science, Mechanical Engineering) 

 
1. Introduction 
1.1 Background 

The development of nanotechnology enhances substantial improvement of material science particularly 
nanocomposite material which is processed by introducing nanofiller into a matrix. These materials have evolved 
many industries since their mechanical, thermal and electrical properties are higher than those of normal 
composites. Out of all the different types of nanofillers, the CNTs have emerged as some of the most useful 
because they offer a good level of mechanical strength, electrical and thermal characteristics [1], [2]. 
Carbon nanotubes, discovered in 1991, have attracted much attention because of their one-dimensional structure 
ferried as rolled graphene sheets. These CNTs exist in two main forms: specific types including the single walled 
(SWCNTs) and the multi walled (MWCNTs). Both are mechanically, electrically and thermally enhanced making 
them suitable for reinforcing composite materials. CNTs considerably improve the matrix materials’ 
characteristics because of their high aspect ratio and strength to weight ratios when they are used in polymers, 
metal, or ceramic applications. 
Nevertheless, CNT reinforced nanocomposites have promising prospects but the following challenges have 
emerged. Several factors present serious challenges; these include the dispersion of CNTs in the matrix, the nature 
of the interaction between the CNTs and the matrix, and the sheer cost of producing composites at commercial 
scale [4]. This research seeks to understand these challenges as well as establish the effectiveness of using CNTs 
in improving thermal and mechanical properties of the nanocomposites. 
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1.2 Research Objectives 

The primary goal of this research is to look at the improvement of the mechanical and thermal characteristics of 
nanocomposites incorporating multi-walled carbon nanotubes. This work will expand upon previous works by 
comparing the effect of CNTs on these properties in various nanocomposite matrix systems. The specific 
objectives are as follows: 

1. To investigate the impact of CNTs on the mechanical properties of polymer nanocomposites, 
particularly focusing on tensile strength, toughness, and elasticity. 

2. To evaluate the enhancement in thermal conductivity and thermal stability brought about by CNTs 
in nanocomposites. 

3. To compare the performance of CNT-reinforced nanocomposites with other nanofillers such as 
graphene nanoplatelets (GNPs) in terms of mechanical and thermal properties. 

4. To identify the key challenges in the fabrication and uniform dispersion of CNTs in matrix materials. 
5. To explore industrial applications of CNT-reinforced nanocomposites in sectors like aerospace, 

automotive, and electronics. 

1.3 Overview of Nanocomposite Materials 

Nanocomposites are composed of a base material or a matrix like polymer, metal, or ceramic and nano size 
reinforcement like CNTs, graphene or Nano clays. Such materials are prepared to possess characteristics that 
favor both matrix and filler for better performance characteristics. 
The most actively researched polymer nanocomposites are characterized by higher flexibility, strength, and low 
density, making them suitable for employment in automotive and aerospace industries. Metal nanocomposites are 
esteemed for their capacity and conductivity, whereas ceramic nanocomposites are favored at high temperatures 
because of high thermal stability [13]. 
Therefore, carbon nanotubes have become one of the most promising nanofillers owing to their efficiency in 
increasing both the mechanical and thermal performance. CNTs when incorporated into a polymer matrix improve 
tensile strength, elastic modulus, fracture toughness, and other mechanical properties of the resultant polymer 
composite [14]. CNTs may also enhance the thermal conductivity of the nanocomposite which make it suitable 
for high end applications including thermal management [14], [11]. 

1.4 Importance of Mechanical and Thermal Properties 

In uses like aerospace, automobile and electronic industries the mechanical and thermal characteristics plays a 
critical role. These industries require material which are able to handle mechanical loads and thermal variation 
which if the material is not strong enough it is likely to compromise the performance of the whole system. 

● Mechanical Properties: Stress is defined by the mechanical characteristics of the material necessary 
for the support of loads with or without causing deformation or failure. Load-carrying capacity, 
flexibility, resistance to crack propagation, and fatigue endurances are the main indices that determine 
the mechanical behavior of a material. It is also established that the addition of CNTs in 
nanocomposites provides substantial improvement in the mechanical characteristics of materials to 
resist damage under stress,[1] [12]. 

● Thermal Properties: Cohesion is the ability of an application to sustain the needed temperature for its 
operation; elements that have a high conductivity or thermal expansion coefficient, are good for 
applications where heat supply is useful like electronics and aerospace. CNT-reinforced 
nanocomposites have better thermal conductivity comparing to other materials, thus being capable to 
transfer heat better. This property is a big deal in devices where there is generation of heat and hence 
the devices require cooling [13]. 

Enhancement of mechanical and thermal properties makes CNT based nanocomposites useful in more sectors that 
common materials are unable to provide. 
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1.5 Research Questions 

To address the objectives outlined, this research will investigate the following key questions: 

1. How do multi-walled carbon nanotubes (MWCNTs) enhance the mechanical properties of polymer-
based nanocomposites, including tensile strength, toughness, and elasticity? 

2. In what ways do CNTs improve the thermal conductivity and thermal stability of nanocomposites, 
and how do these improvements compare to those achieved with traditional fillers? 

3. How do CNT-reinforced nanocomposites compare to other nanofillers, such as graphene 
nanoplatelets, in terms of mechanical and thermal performance? 

4. What challenges are associated with the fabrication and dispersion of CNTs in different matrices, and 
how can these challenges be mitigated to ensure optimal performance? 

5. What are the key industrial applications of CNT-reinforced nanocomposites, and how do they 
outperform conventional materials in fields like aerospace, automotive, and electronics? 

1.6 Role of Carbon Nanotubes in Enhancing Mechanical and Thermal Properties 

Multiwalled CNTs showed excellent possibilities of enhancing the mechanical and thermal characteristics of 
nanocomposites. Their high aspect ratio and also the hollow tubular structure enhance stress transfer and bear 
better thermal conduction in the matrix material. This, in turn, leads to a considerable improvement in the tensile 
strength, fracture toughness, and elasticity of the developed composite material [14]. 

● Mechanical Properties: When CNTs are incorporated in polymer matrices there is a great 
enhancement of tensile strength and the elastic modulus. Random dispersion of CNTs forms a strong 
internal framework of the nanocomposite which minimizes its deformation thus making the 
nanocomposite more rigid and useful for high stress applications such as car parts and aircrafts [5], 
[12]. 

● Thermal Properties: CNTs has also demonstrated high thermal conductivity, this makes their 
incorporation into nanocomposites to also improve their thermal management properties. This makes 
CNT-reinforced materials suitable for version application for thermal management of electronic 
devices and high thermal application [13], [14]. The other property that is obtained is the enhanced 
thermo-stability, this is vital for applications in instance aerospace and defense where these composites 
should retain their structural characteristics at raised temperatures [7]. 

Therefore, carbon nanotubes are central in improving mechanical and thermal characterizations of 
nanocomposites to qualify them for high performance industries. 

1.1. 2. Carbon Nanotubes (CNTs) 
Carbon Nanotubes CNTs are cylindrical carbon molecules composed of a nanoscale tube formed by wrapping 
graphene sheets. Due to the discovery of Iijima in 1991 these have been accepted due to their high mechanical, 
electrical as well as thermal characteristics. These properties have seen CNTs become popular for use in many 
applications most notably in nanocomposites where their usefulness been found to improve mechanical and 
thermal properties. CNTs can be classified into two primary types: SWCNTs: single-walled carbon nanotubes; 
MWCNTs: multi-walled carbon nanotubes [1], [2]. 

2.1 Types of CNTs 

2.1.1 Single-Walled Carbon Nanotubes (SWCNTs) 

SWCNTs are actually carbon atoms positioned in a cylindrical form with thickness of single layer graphene and 
diameter between 0.7-2.0 nm. The electrical properties of SWCNTs are different from those of regular carbon 
nanotubes in that they are very conductive. They also possess high tensile strength and flexibility due to their one-
dimensional character. However, the synthesis of SWCNTs is relatively more complicated and the distribution of 
these nanotubes within the composite matrix is slew [3]. 
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2.1.2 Multi-Walled Carbon Nanotubes (MWCNTs) 

MWCNTs are made of one or more concentric circuits of graphene shells coiled together in a cylindrical manner. 
The diameter of CNTs is between 5-100nm and are more stable structurally than SWCNT due to the layered 
formation. MW CNTs are almost electrically conductive as SWCNTs and are easier to produce, they are widely 
used in nanocomposites because of high tensile strength and fracture toughness [4], [5]. 

Table 1. Comparison of SWCNTs and MWCNTs 

Property SWCNTs MWCNTs 

Diameter 0.7 – 2 nm 5 – 100 nm 

Number of Layers Single graphene layer Multiple concentric graphene layers 

Electrical Conductivity Very high Moderate 

Tensile Strength Extremely high (up to 200 GPa) High (150–180 GPa) 

Synthesis Complexity Complex Easier than SWCNTs 

Cost High Relatively lower 

2.2 Structural Properties of CNTs 
It originated from the fact that CNTs have a peculiar architecture that is built on graphene, which in turn is a single 
layer of carbon atoms orderly arranged in hexagonal grid. Such structure makes CNTs excellent in terms of having 
large aspect ratio, large surface areas and strong covalent bond of carbon atoms [6]. Some of the key structural 
properties include: 

● High Aspect Ratio: CNTs have exceedingly large aspect ratio, typically more than 1000, which is a 
requirement for load transfer in nanocomposites. 

● Hollow Structure: The performance of the change in density when the structure reaches a hollow 
cylindrical geometry is advantageous in offering low density that enhances the strength. 

● Van der Waals Forces: CNTs have a tendency to cluster because of the Van der Waals forces between 
the neighboring tubes, which causes a problem of dispersion in matrix composites. Proper dispersion 
methods enable CNTs to optimise expected application in functional adjuvants A unique approach to 
dispersion is paramount if the full potential of CNTs is to be realised [7]. 

Table 2. Structural Properties of CNTs 

Property SWCNTs MWCNTs 

Aspect Ratio >1,000 >1,000 

Surface Area Higher than MWCNTs Lower than SWCNTs 
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Van der Waals Interaction Strong Stronger due to multiple layers 

Structural Integrity High, but prone to defects Very high due to layered structure 

 

 2.3 Key Mechanical and 
Thermal Characteristics of CNTs 
Mechanical Characteristics: CNTs possess some of the highest tensile strengths of any material known. The 
mechanical properties of CNTs make them highly desirable for enhancing the performance of composite 
materials. 

● Tensile Strength: The tensile strength of CNTs can reach up to 200 GPa, which is more than 100 times 
that of steel, while being significantly lighter [8]. 

● Elastic Modulus: CNTs also exhibit an elastic modulus in the range of 1 TPa, contributing to the 
stiffness of the materials in which they are embedded. This property is particularly advantageous for 
aerospace and automotive applications, where high strength-to-weight ratios are critical [9]. 

Thermal Characteristics: CNTs are also exceptional thermal conductors due to their unique structure and 
covalent bonding. 

● Thermal Conductivity: CNTs have a thermal conductivity of around 3,000 to 6,000 W/m·K, which is 
far superior to traditional materials such as copper, whose conductivity is around 400 W/m·K [10]. 
This makes CNTs highly suitable for heat dissipation in electronic devices. 

● Thermal Stability: CNTs maintain their stability at temperatures above 2,000°C in vacuum conditions. 
This high thermal stability makes CNTs ideal for high-temperature applications [11]. 

Table 3. Comparison of Mechanical and Thermal Properties 

Property CNTs Steel Copper 

Tensile Strength (GPa) 150–200 0.4–1.5 N/A 

Elastic Modulus (TPa) 1 0.2 N/A 

Thermal Conductivity (W/m·K) 3,000–6,000 15–50 ~400 

Thermal Stability (°C) >2,000 (in vacuum) 500–700 ~1,083 

Due to their very high tensile strength, elastic modulus, thermal conductivity and thermal stability, carbon 
nanotubes are now playing crucial role in fabrication of high-performance nanocomposites. The structure of both 
SWCNTs and MWCNTs is the main advantage when compared to conventional carbon nanotubes, and it is 
especially useful for improving the mechanical and thermal characteristics of composite materials. While 
dispersion and cost are still issues, CNTs are still a fundamental material for the growth of nanocomposite 
technology for applications where strength and thermal properties are important. 

1.1. 3. Nanocomposites 

3.1 Definition and Composition 
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Nanocomposites are composite material systems wherein one or more nanoscale particles or nanofiller is 
embedded in the base matrix to improve the characteristics of the resultant composite material. These nanofillers 
can have different morphology, and dimension range is in the nanometer scale (1-100 nm) and it is used to enhance 
mechanical, thermal, electrical, and barrier properties. Among them, carbon nanotubes (CNTs) have become the 
most widely studied nanofiller in recent years because of its marvelous mechanical properties, electrical 
conductivity, and thermal stability. 
The main idea of nanocomposites is in the ability to take advantage of specific properties of nanoparticles such as 
CNTs which because of the presence of high area/volume ratio and due to the fact that they are in nanoscale, it is 
possible to create material with improved characteristics. Due to the ability to DE bundle and disperse CNTs into 
polymers, metals and ceramics, the resulting nanocomposites exhibit enhanced mechanical performance (tensile 
strength, modulus) and thermal conduction [1], [2]. 
A typical nanocomposite is composed of two primary components: 

1. Matrix: The continuous phase, which can be a polymer, metal, or ceramic, serving as the bulk 
material. 

2. Nanofiller: The dispersed phase, which consists of nanoparticles like CNTs, is introduced to improve 
the performance of the composite. 

3.2 Types of Matrices Used in Nanocomposites 

The matrix inside the nanocomposites is solely responsible for determining most of the macroscopic 
characteristics of the given material. Different matrix materials are used dependent upon the end-use applications 
and each provides unique properties. Polymers, metals and ceramics form the common three matrices that are 
used in nanocomposites with CNTs. Depending upon the specific application the nanocomposite is to be 
employed, and the properties which are desirable, the matrix is chosen. 

3.2.1 Polymer Matrices 

Polymer based nanocomposites are one of the most investigated and employed materials because of their 
versatility, low cost, and compliant processing ability. Polymeric matrices include polypropylene (PP), 
polyethylene (PE), epoxy resins and polyvinyl chloride (PVC). 

● Advantages: Polymers are relatively light in weight possess good heat and sound insulating properties 
and can be easily molded into intricate shapes. Canon treatment results in enhancement of tensile 
strength, elastic modules and thermal stability when CNTs are incorporated into the polymer matrices. 

● Challenges: The major issue with polymer nanocomposites is to achieve a proper dispersion of CNTs 
in the polymer matrix, as CNTs are prone to clustering because of the presence of excessive forces of 
van der Waals forces [3]. 

For example, Singh et al. [4], studied the incorporation of multi-walled carbon nanotubes (MWCNTs) on the 
mechanical and thermal characteristic of polypropylene and observed increase in tensile strength and thermal 
stability. 

3.2.2 Metal Matrices 

Metal matrix nanocomposites (MMNCs) improve hardness of matrix, wear resistance and thermal conductivity 
with addition of CNTs. Common matrix metallic phase used in MMNCs include aluminum, magnesium and 
copper. 

● Advantages: CNT-reinforced metal nanocomposites are particularly suitable for mechanical 
applications such as aerospace or automotive industries. Because of the simplicity of CNT structure 
and the high aspect ratio, CNTs can transfer a large amount of load in metal matrix and can enhance 
the load of the composite. 

● Challenges: One of the problems of the dispersion of CNTs within metal matrices is that the density 
and conditions of processing vary. Further, the inability to attain a good interfacial bonding between 
the CNTs and the metal matrix continues to be a topic of research to this present day [5]. 
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While the effects of CNT on hardness, wear resistance, and thermal expansion coefficient were studied by Nyanor 
et al. [5] moreover, they found that as the content of CNT increases, the micro mechanical properties of the 
material improved. 
 

3.2.3 Ceramic Matrices 

Ceramics are characterized by high temperature capabilities, hardness, and resistance to chemical deterioration 
but they are also characterized by being very fragile. This problem can be addressed by means of incorporating 
CNTs into the composite as the material can increase the fracture toughness and overall mechanical properties of 
the ceramic matrix. 

● Advantages: CNT reinforced ceramic nanocomposites has been employed in uses where thermal 
stability coupled with chemical resistance is important such as cutting tools, heat exchangers and high 
temperature structural uses. 

● Challenges: As is the case of polymers and metals, the major issue with ceramic nanocomposites is the 
homogeneity of CNT incorporation and the formation of a strong interface bond between CNT and 
ceramic matrix [7]. 

Sanusi et al. [6] considered the role of hybrid nanofillers (CNTs and clays) within thermoplastic based ceramics 
and pointed at enhancements of mechanical and thermos properties. 

Table 4: Comparison of Matrices Used in Nanocomposites 

Matrix Tensile 
Strength 

Thermal 
Stability 

Flexibility Applications 

Polymers Moderate Moderate High Packaging, electronics, automotive parts 

Metals High High Moderate Aerospace, automotive, structural 
components 

Ceramics Low Very high Low High-temperature tools, structural 
ceramics 

3.3 Manufacturing Techniques for Nanocomposites with CNTs 

The incorporation of CNTs in to nanocomposites employs a variety of synthesis procedures depending on the 
matrix material and the intended use of the final product. The dispersion of CNTs within the matrix is critical to 
achieving the desired high performance of nanocomposites. The following are some commonly employed 
manufacturing techniques for nanocomposites: 

3.3.1 Solution Mixing 

Solution mixing is one of the most used technologies of creating polymer nanocomposites. It involve dissolution 
of CNTs in suitable solvent to which the polymer matrix is then added to the solution. The solvent is then dried 
and this process results in complete uniform distribution of CNTs throughout the polymer matrix [9]. 

● Advantages: Solution mixing is easy and inexpensive. It makes for a mechanism for achieving an even 
distribution of CNTs, especially within a polymer system. 

● Challenges: The problem remains in selecting solvents which will dissolve both the polymer and 
CNTs, and prevent the formation of CNT agglomerates during solvent removal. 
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Figure 1: Nanocomposite Manufacturing Process [12] 

3.3.2 Melt Mixing 

Melt mixing is the process of dispersing CNTs in a polymer matrix at the molten state of the polymer. This is 
done normally in an extruder or internal mixer, where the CNTs are mechanically mixed into the polymer during 
the melting process [10]. 

● Advantages: Melt mixing is evidently suitable for most of the thermoplastic polymers and can be 
extended to industrial processes. They do not involve the use of solvents; hence, they are 
environmentally friendly solvents. 

● Challenges: One of the main issues which still poses a challenge in melt mixing is the attainment of 
good dispersion of CNTs within the polymer matrix as CNTs tend to agglomerate within the high 
viscus molten polymers. 

3.3.3 In-Situ Polymerization 

There is in-situ polymerization in which CNTs are shared in a monomer solution then the monomers are 
polymerized in the presence of CNTs. As a result, good interaction between the CNTs and the polymer chains can 
be achieved with a concomitant enhancement of the mechanical properties [11]. 

● Advantages: In-situ polymerization ensures that interactions between CNTs and the polymer matrix 
are much closer and improve the load-bearing capacity and enhance properties. 

● Challenges: The main problem is managing the copolymer formation in order that no defects occur in 
the polymer matrix. 

3.3.4 Powder Metallurgy 

The formation of metal matrix nanocomposites is the process of powder metallurgical procedure. Composite 
materials, namely metal powders and CNTs, are prepared through compaction followed by sintering which is 
defined as heating the material below its melting point to make a solid mass. This method enables the attainment 
of a uniform distribution of CNTs in metal matrices [12]. 

● Advantages: Powder metallurgy is well applicable for the creation of intricate forms, and CNTs can be 
well distributed within metal preforms. 

● Challenges: The main difficulty is to ensure a firm connection between CNTs and the metal matrix 
during the sintering process. 

3.3.5 Spark Plasma Sintering (SPS) 
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The spark plasma sintering (SPS) is a modern technology used in preparing both metallic and ceramic matrix nano 
composites. SPS comprises passing an electrical current through the material that is subjected to pressure leading 
to quick heating and tight packing. This technique is very efficient for decreasing processing time and enhancing 
mechanical properties of CNT incorporated nanocomposites [13]. 

● Advantages: SPS provides fastness and result in nanocomposites with improved mechanical and 
thermal performances. The synthetic fiber is especially beneficial for high-temperature applications. 

● Challenges: SPS is expensive and is not suitable for large number production due to the need for 
specific equipment’s. 

Table 5: Manufacturing Techniques for Nanocomposites 

Technique Matrix Type Advantages Challenges 

Solution Mixing Polymers Simple, cost-effective, good CNT 
dispersion 

Solvent compatibility, CNT 
aggregation 

Melt Mixing Polymers Scalable, no solvents required High viscosity, dispersion 
issues 

In-Situ 
Polymerization 

Polymers Strong CNT-polymer interaction, 
enhanced properties 

Defect control in 
polymerization 

Powder Metallurgy Metals Complex shapes, uniform CNT 
dispersion 

Weak CNT-metal bonding 
during sintering 

Spark Plasma 
Sintering 

Metals and 
Ceramics 

Fast processing, enhanced 
properties 

High cost, specialized 
equipment required 

 
 
Thus, the manufacturing techniques of the matrix material depend on the type of application that the product is 

to be used in. For polymers, solution mixing, melt mixing and in-situ polymerization are used; however, for 
metal and ceramics with matrices, more sophisticated methods that are used include powder metallurgy and 

spark plasma sintering that enhance the dispersion of CNTs creating high performance. 

1.1. 4. Mechanical Properties of CNT-Reinforced Nanocomposites 
Carbon nanotube (CNT) reinforced nanocomposites have recently attracted extensive interest because they can 
provide huge enhancement in mechanical properties of composite materials. CNTs are known for high strength, 
flexibility and toughness and can outperform other material when properly dispersed with matrix and when 
bonded to it. The mechanical properties of CNT-reinforced nanocomposites are governed primarily by the 
dispersion state, degree of orientation and the nature of interfacial interactions between the CNTs and the matrix. 
In this section, the reader will learn some of these enhancements in tensile strength, elasticity, and toughness, as 
well other primary influences that affect the mechanical performance. 

4.1 Enhancement in Tensile Strength, Elasticity, and Toughness 

CNTs possess very high tensile strength as was observed to be 150 GPa for the single-walled carbon nanotubes 
(SWCNTs) and elastic modulus up to 1 TPa. The enhancement of these mechanical figures is achieved when 
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CNTs are enforced into such nanocomposites. CNTs when uniformly dispersed exhibit characteristics of load 
bearing fillers being excellent in increasing the tensile strength, modulus of elasticity and fracture toughness of 
the composite materials. 

4.1.1 Tensile Strength 

Tensile strength is mainly controlled by the interface adhesion between the matrix and the reinforcing CNTs in a 
nanocomposite. Literature reviews of polymer-based nanocomposites revealed that the tensile strength of the 
nanocomposites may be improved by 50% with only 1 wt% of CNTs incorporated [1]. This improvement is due 
to the capability of the CNTs of distributing and effectively taking up stress on the matrix. 

Table 6. Tensile Strength Enhancement in CNT-Reinforced Nanocomposites 

Matrix Material CNT Type CNT Loading 
(%) 

Tensile Strength 
(MPa) 

Improvement (%) 

Polypropylene (PP) Multi-walled 
CNTs 

1.0 46.8 45 

Epoxy Single-walled 
CNTs 

0.5 105 65 

Polystyrene (PS) Multi-walled 
CNTs 

2.0 65 35 

Aluminum Multi-walled 
CNTs 

1.0 520 30 

4.1.2 Elasticity 
When comparing the elastic properties of CNTs to the nanocomposite, there is an enhancement in the modulus 
offered by the former. CNTs themselves possess a Young’s modulus of 1 TPa, which is among the highest 
recorded for any material. When CNTs are incorporated with polymers, metals or ceramics, the elastic modulus 
of the base material is increased and also enhancing the ability of the base material to resist deformation when in 
contact with load. For instance, when 1 wt% of CNTs is added in epoxy matrix, the elastic modules increases by 
20-40%, [6]. 

Table 7. Elastic Modulus Enhancement in CNT-Reinforced Nanocomposites 

Matrix Material CNT Type CNT Loading 
(%) 

Elastic Modulus 
(GPa) 

Improvement (%) 

Epoxy Multi-walled 
CNTs 

1.0 3.5 35 

Nylon 6 Single-walled 
CNTs 

0.5 2.1 25 
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Polymethyl methacrylate Multi-walled 
CNTs 

1.5 3.8 40 

Aluminum Single-walled 
CNTs 

0.8 71 15 

 

4.1.3 Toughness 
Another important characteristic of improved by CNTs is the so called ‘‘toughness’’ which characterizes the 
material’s capacity for energy absorption and plastically deformation without fracture. Because of the high 
fracture toughness, the CNTs effectively arrest the crack propagation in nanocomposites, thereby improving the 
toughness to brittle fracture. For instance, it has been demonstrated that addition of as little as 1 wt% of CNTs in 
the polymeric matrix can increase the toughness of the material by 40% [11]. 

Table 8. Toughness Enhancement in CNT-Reinforced Nanocomposites 

Matrix Material CNT Type CNT Loading (%) Toughness (MJ/m³) Improvement (%) 

Polyethylene (PE) Multi-walled 
CNTs 

1.0 12.8 40 

Epoxy Single-walled 
CNTs 

0.5 9.5 50 

Polyurethane (PU) Multi-walled 
CNTs 

1.0 10.2 45 

 4.2 Influence of CNT Dispersion, Alignment, and Interfacial Bonding 

The properties of CNT-reinforced nanocomposites are thus strongly influenced by the dispersion, orientation and 
interfacial adhesion between CNT/polymer matrix. For this reason, those factors can directly influence the way 
in which CNTs improve the mechanical characteristics of a composite. 

4.2.1 CNT Dispersion 

It is therefore important to ensure that CNTs are well distributed within the matrix if the maximum mechanical 
advantages are to be realized. CNTs inherently contain propensity to make aggregates because of the van der walls 
forces that are very strong and due to this cause the overall surface area for the load transfer to be reduced and the 
mechanical characteristics to be affected in a negative way. The failure to disperse effectively also creates stress 
concentrations and early failure when in use. Ultrasonication, ball milling and solution mixing methods to obtain 
a better dispersion of CNTs within the matrix have also been used [10]. 
 

4.2.2 CNT Alignment 

Apart from the type and density of matrix, the orientation of CNTs within the matrix has a very important role in 
setting up of mechanical characteristics. CNTs when oriented along the direction of the applied load increase 
tensile strength and modulus of the nanocomposite because of improved stress transfer mechanism. Some methods 
used to align CNTs include; magnetic field assisted alignment, and shear flow induced alignment to give direction 
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to the CNTs within the matrix [11]. 

4.2.3 Interfacial Bonding 

It is therefore significant for the CNTs to have good interface adhesion with the matrix to enable load transfer. 
This kind of interface controls the eligibility of mechanical reinforcement that CNT offers. Due to weak bonding 
interface failure occurs and load cannot be supported by the composite. Surface modification of CNTs by, for 
instance, carboxyl or hydroxyl groups has been reported to lead to increased interface adhesion as well as 
improved load transfer between the CNTs and the matrix [12]. 

Table 9. Influence of Dispersion, Alignment, and Interfacial Bonding on Mechanical Properties 

Factor Effect on Mechanical Properties Improvement Technique 

CNT Dispersion Improves load distribution, prevents stress 
concentrations 

Ultrasonication, ball milling 

CNT Alignment Enhances tensile strength and modulus when 
aligned with load direction 

Magnetic field, shear flow 

Interfacial Bonding Enhances load transfer, improves toughness and 
tensile strength 

Chemical functionalization, plasma 
treatment 

4.3 Applications Where Mechanical Enhancements Are Critical 
CNT-reinforced nanocomposites have many applications where mechanical improvements are vital especially in 
industries whereby the material used requires high strength, toughness and durability. These materials are most 
favored by aerospace, automotive, and construction industries, given the requirements of material that are light, 
strong, and capable of withstanding high stress and potential impact. 

● Aerospace: CNT reinforced composites have been used in aerospace industry for lightweight structural 
applications to decrease the weight of an aircraft, increase strength and toughness. These materials are 
most efficient in use in fuselage panels, wings, and landing gears [13]. 

● Automotive: In the auto mobile industry applications CNT-reinforced composites are used in the body 
panels, frames and interior parts where enhanced strength and light weight increases fuel economy and 
safety respectively [13]. 

● Construction: CNT nanocomposites are used in high performance cement and concrete systems for 
enhancing the crack resistance as well as the load bearing capacity – an important factor for the present 
world construction [9]. 

1.1. 5. Thermal Properties of CNT-Reinforced Nanocomposites 
Improvements in Thermal Conductivity and Stability: 
CNTs are observed to improve the thermal conductivity and thermal stability of nanocomposites because of the 
inherent thermal conductivity of CNTs (up to 3000 W/m·K). In application and incorporate polymers, metals or 
ceramics, CNTs enhance the heat transfer characteristics and thus enhance thermal management. Data indicate 
that with a little increase in the amount of CNTs (e.g., 1 wt%) the thermal conductivity increase by 30-40% thus 
enhancing stability of materials at high temperatures [1]. 
Role of CNTs in Heat Transfer Mechanisms: 
CNTs also function as materials with excellent thermal conduction owing to their one-dimensional character. It 
enhances phonon transport through the matrix and decreases the thermal resistance. Due to their high aspect ratio 
and surface area, CNTs are able to weave together into networks that improve the general heat conduction [2]. 
Examples of Thermal Applications: 
CNT reinforced nanocomposites are employed as electronic devices like heat sinks and thermal interface 
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materials, aerospace applications like thermal protection systems and in energy storage devices for enhancing heat 
dissipation [3]. 

1.1. 6. Challenges and Limitations 
Issues with CNT Dispersion, Agglomeration, and Cost: 
Equally as important is the problem of dispersion of CNTs, as there are strong Van-der-Waals forces that lead to 
CNTs clustering. This minimizes the ability of CNTs to enhance mechanical and thermal characteristics of 
composite materials. Also, expensive CNTs are some barriers to their use in numerous applications [4]. 
Difficulty in Achieving Uniform CNT Distribution: 
However, it is not easy to distribute the CNT evenly throughout the matrix as this increases stress concentrations 
and reduces heat transfer rates. There are many attempts to enhance this; for example, ultrasonication and 
functionalization are currently being studied [5]. 
Addressing Mechanical and Thermal Degradation Over Time: 
It is therefore possible, over the time that the nanocomposites may undergo cause degradation mechanisms such 
as mechanical and thermal at the hands of environmental factors or poor interface adhesion and hence resulting 
to poor performance [6]. 

1.1. 7. Recent Research and Advances 
Summary of Key Studies on CNT-Based Nanocomposites: 
Current research targets optimum dispensing methods, and modifying the carbon nanotubes to boost the 
mechanical and thermal performance. With the composite use of CNT and graphene and combination with other 
nanofillers, new advanced hybrid nanocomposites have been synthesized and the properties of the composites 
were enhanced [7]. 
New Methods to Enhance Property Improvements: 
Current methods such as CVD, Electrospinning and Surface treatments are being developed to ensure equal 
dispersion of CNT and better metallurgical bond between the layers [8]. 
Future Research Directions: 
New avenues for further research include effective reduction of production cost and identification of newer 
applications of CNTs in domains such as flex electronics, Hi thermal management and energy conversion [14]. 

1.1. 8. Conclusion 
Carbon nanotube (CNT) reinforced nanocomposites have displayed great promise for improving mechanical and 
thermal performance of divergent matrix materials such as polymers, metals, and ceramics. As shown throughout 
this study, CNTs provide enhanced tensile strength, elasticity, toughness, and thermal conductivity as a result of 
their high aspect ratio, optimal surface area, and CNT intrinsic mechanical and thermal properties. The use of 
CNTs in nanocomposites is most advantageous for applications in aerospace, electronics, and energy-related 
industry where application of advanced, high performing composites is desirable. 
Still, some barriers that have discouraged use of CNTs include; Achieving uniform dispersion of CNTs Australian 
trial welding Challenges of CNT agglomeration and high cost of production. Lastly, questions about the material’s 
mechanical and thermal stability over the long term, and about the stability of these interface connections, remain 
open. 
New approaches to manufacturing such as enhanced dispersion methods for CNTs, functionalization of CNTs and 
new hybrid nanocomposites using other nanomaterials hold the key to these challenges. Subsequent studies should 
therefore aim at identifying cheaper and more efficient techniques for producing CNT-reinforced nanocomposites, 
discovering new types of matrices and expanding the use of CNT-reinforced nanocomposites in other new areas 
such as flexible electronics and renewable energy. 
In conclusion, some challenges remain in terms of utilizing nanotechnology but CNT reinforced nanocomposites 
could revolutionize the field of material science with enhanced mechanical and thermal properties suited for an 
enormous number of existing industries. Given the constant progress in the area, much hope lies in such materials 
for present and future engineering and technology. 

1.1. 9. References  
[1].Yetgin, S.H., 2019. Effect of multi walled carbon nanotube on mechanical, thermal and rheological 
properties of polypropylene. Journal of Materials Research and Technology, 8(5), pp.4725-4735. 



Kashinath S V H , Lavanya K V , G N Yogavardhan Swamy 
 

Library Progress International| Vol.44 No.3 |Jul-Dec 2024                                                 19269 

[2].Kumar, A., Sharma, K. and Dixit, A.R., 2019. A review of the mechanical and thermal properties of 
graphene and its hybrid polymer nanocomposites for structural applications. Journal of materials science, 
54(8), pp.5992-6026. 
[3].Cha, J., Kim, J., Ryu, S. and Hong, S.H., 2019. Comparison to mechanical properties of epoxy 
nanocomposites reinforced by functionalized carbon nanotubes and graphene nanoplatelets. Composites Part 
B: Engineering, 162, pp.283-288. 
[4].Singh, N.P., Gupta, V.K. and Singh, A.P., 2019. Graphene and carbon nanotube reinforced epoxy 
nanocomposites: A review. Polymer, 180, p.121724. 
[5].Panchagnula, K.K. and Kuppan, P., 2019. Improvement in the mechanical properties of neat GFRPs with 
multi-walled CNTs. Journal of Materials Research and Technology, 8(1), pp.366-376. 
[6].Sanusi, O.M., Benelfellah, A. and Hocine, N.A., 2020. Clays and carbon nanotubes as hybrid nanofillers 
in thermoplastic-based nanocomposites–A review. Applied Clay Science, 185, p.105408. 
[7].Liu, Z., Chen, Z. and Yu, F., 2019. Enhanced thermal conductivity of microencapsulated phase change 
materials based on graphene oxide and carbon nanotube hybrid filler. Solar Energy Materials and Solar Cells, 
192, pp.72-80. 
[8].Wang, E., Dong, Y., Islam, M.Z., Yu, L., Liu, F., Chen, S., Qi, X., Zhu, Y., Fu, Y., Xu, Z. and Hu, N., 
2019. Effect of graphene oxide-carbon nanotube hybrid filler on the mechanical property and thermal 
response speed of shape memory epoxy composites. Composites Science and Technology, 169, pp.209-216. 
[9].Oluwalowo, A., Nguyen, N., Zhang, S., Park, J.G. and Liang, R., 2019. Electrical and thermal 
conductivity improvement of carbon nanotube and silver composites. Carbon, 146, pp.224-231. 
[10].Qiu, L., Zou, H., Wang, X., Feng, Y., Zhang, X., Zhao, J., Zhang, X. and Li, Q., 2019. Enhancing the 
interfacial interaction of carbon nanotubes fibers by Au nanoparticles with improved performance of the 
electrical and thermal conductivity. Carbon, 141, pp.497-505. 
[11].Kumar, A., Sharma, K. and Dixit, A.R., 2021. A review on the mechanical properties of polymer 
composites reinforced by carbon nanotubes and graphene. Carbon letters, 31(2), pp.149-165. 
[12].Alam, F., Choosri, M., Gupta, T.K., Varadarajan, K.M., Choi, D. and Kumar, S., 2019. Electrical, 
mechanical and thermal properties of graphene nanoplatelets reinforced UHMWPE nanocomposites. 
Materials Science and Engineering: B, 241, pp.82-91. 
[13].Cheng, J., Zhou, Y., Ma, D., Li, S., Zhang, F., Guan, Y., Qu, W., Jin, Y. and Wang, D., 2020. Preparation 
and characterization of carbon nanotube microcapsule phase change materials for improving thermal comfort 
level of buildings. Construction and Building Materials, 244, p.118388. 
[14].Nyanor, P., El-Kady, O., Yehia, H.M., Hamada, A.S., Nakamura, K. and Hassan, M.A., 2021. Effect of 
carbon nanotube (CNT) content on the hardness, wear resistance and thermal expansion of in-situ reduced 
graphene oxide (rGO)-reinforced aluminum matrix composites. Metals and Materials International, 27, 
pp.1315-1326. 
 

 
 
 
 


