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 The development of composite materials is a long-standing process that, 

in light of the needs of society and their wide-ranging applications, is 

continually growing. From this point of view, the reinforcement of 

polymeric materials in micro-scale and nanoscale dimensions is 

considered one of the main objectives in the development of these 

materials. Nanofillers increase the specific surface area of contact 

between components and improve the surface-to-volume ratio. These 

changes lead to the improvement and strengthening of the overall 

performance of the resulting materials and the promotion of their notable 

properties. Owing to their suitable mechanical properties, these materials 

are used in many applications such as the automotive, construction, 

packaging, and aerospace industries. However, these properties are 

influenced by numerous factors such as processing conditions, 

interfacial adhesion between the filler and the matrix, and the extent and 

manner of their dispersion. In this study, a brief review of numerous 

investigations in the field of the mechanical properties of polyvinyl 

chloride (PVC)-based composite and nanocomposite materials has been 

carried out. 
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1. Introduction 

Composite and nanocomposite materials are as old as the world itself. Several thousand years ago, 

craftsmen in ancient Egypt increased the mechanical properties of bricks by adding straw to clay 

[1]. Composites are a class of materials consisting of two or more distinct constituents with physical 

and/or chemical properties that are completely different from one another. The resulting composite 

can possess mechanical properties improved relative to the matrix, with a new performance. In terms 

of the type of matrix employed, composites can be divided into three categories: polymer matrix 

composites (PMC), metal matrix composites (MMC), and ceramic matrix composites (CMC). Most 

artificial composites use thermosetting resins and polymers, such as unsaturated polyester resin [2], 

phenolic resin [3], epoxy resin [4], and elastomer [5], as well as thermoplastic polymers such as 

polyethylene [6], polypropylene [7], polyvinyl chloride [8], and polydiene [9]. 
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Thermoplastics such as polyethylene (PE), polypropylene (PP), and polyvinyl chloride (PVC) are 

often used in the construction of composites and nanocomposites [10]. From 2003 to 2010, demand 

increased by 130% for PP composites, 40% for PE composites, and by approximately 200% for 

PVC-based materials. Although polyethylene is a widely used polymer, there has been a remarkable 

increase in PVC-based composites and nanocomposites [11]. In this study, a brief review of 

numerous investigations in the field of the mechanical properties of polyvinyl chloride (PVC)-based 

composite and nanocomposite materials has been carried out.  

2. Mechanical Properties of Composites 

Reinforcements in composites can, from a morphological standpoint, be classified according to their 

physical size into macroscopic, microscopic, and nanometer-scale forms. Conventional composites 

use macroscopic fiber fabrics or short microscopic fibers as reinforcements. The mechanical 

properties of composites depend on various parameters, such as the type of additives, the interfacial 

adhesion between the filler and the matrix, and the size and dispersion of the filler. 

Composites with a PVC matrix are widely used across industries because they offer acceptable 

mechanical properties, chemical resistance and fire resistance, low water absorption, long service 

life, and resistance to ultraviolet radiation [12]. In 1993, Andersen Corporation carried out the 

construction of PVC/WF composites for doors and windows using extrusion and injection molding 

[13]. Laurent et al., in order to obtain PVC with satisfactory and highly efficient productivity, 

investigated the effects of plasticizers on the properties of PVC composites. According to the results 

obtained, at lower plasticizer contents, the Young's modulus increases indefinitely due to an anti-

plasticization phenomenon, while at higher plasticizer contents, the Young's modulus decreases with 

increasing plasticizer content [14]. Also, in another investigation, it has been reported that the 

addition of fibers, owing to their higher modulus, increases the modulus of the composites [15]. 

Regarding the size of reinforcing particles in composites, numerous studies have been examined. 

According to the report by Saini et al., the improvement in the properties of PVC composites in the 

presence of filler with small particle sizes was significant [16]. Based on the approach presented in 

another study, the particle size of CaCO3 is generally comparable to that of PVC particles, and for 

this reason it is capable of creating friction between the particles and PVC, increasing shear strength, 

and reinforcing gelation [17]. 

Aouat et al. [18] showed in their research that CaCO3 can act as a fusion promoter. According to 

their report, one of the possible reasons for the observed trend could be that coarser particles with a 

larger surface area have greater contact with PVC particles, which generates more shear heat and 

increases the fusion rate. CaCO3 is usually surface-treated with stearic acid, producing a layer of 

calcium stearate on the filler surface. This leads to improved processing and dispersion, and the 

mechanical properties increase. In another work, they investigated the effect of fiber diameter and 

loading on the mechanical properties of polyvinyl chloride composites reinforced with date palm 

trees, and reported that this can be related to fiber geometry, since it may affect the transfer of the 

applied load stress to the composites, which occurs through shear at both the interfaces along the 

fiber and at the fiber ends. Fiber size affects the flexural strength of PVC composites. According to 

the results obtained, unsieved composites possess greater flexural strength, which increased for fiber 

lengths from 125 to 500 micrometers and then decreased. Fibers smaller than 125 micrometers 
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present in unsieved composites may be able to fill the voids around larger fiber sizes and make the 

composites more compact. 

Hamour et al. investigated the effect of alfa fiber particle size on the mechanical properties of 

composites containing PVC. The presence of small particle sizes showed a beneficial effect on the 

mechanical properties due to the qualitatively improved adhesion between the polymer and the fiber 

[19]. The composite's characteristics depend on the quality of the fiber-matrix interface, which 

embodies the concept of adhesion. The bonds formed at the interface between the fibers and 

polymers determine the physico-mechanical properties of composite materials. The improved 

quality of matrix adhesion to the fibers is usually achieved through physical activations, 

compatibilizers, which in some cases have reacted on the fiber or have been precipitated in the 

polymer [20]. 

Aouat et al. incorporated wheat husk as a reinforcing filler into the PVC matrix, and to improve 

interfacial adhesion, the fiber surface was chemically treated with acrylic acid (AA). According to 

the results obtained, the combination of fibers with increasing fiber loading increased the modulus 

justifiably; however, there was weak physical bonding between the filler and the matrix, which 

hindered uniform stress distribution and led to a reduction in tensile strength. However, the chemical 

treatment creates better surface adhesion between the fibers and the matrix and causes an 

improvement in the mechanical properties of the composites [21]. The reinforcement decreases 

when the adhesion between the fiber and the matrix is low. The treatment of fibers and some 

additives used in the composite, with tensile correction at the interface, guarantees the improvement 

of these materials' properties. As reported by Tawiah et al. [22], an improvement in tensile strength 

was observed between PVC composites and olive husk flour reinforced with benzoyl peroxide and 

PVC-g-MA in comparison with unreinforced composite, which may be due to better dispersion of 

the filler and better adhesion between PVC and olive husk flour. 

Hammiche et al. [23] also investigated the effects of PVC-g-MA as a compatibilizer on the 

mechanical properties of PVC/alfa. When the composite is modified with coupling agents, a broader 

and more progressive improvement in tensile strength occurs. The coupling agent improves the 

mechanical strength of the materials using a chemical mechanism. This mechanism is based on the 

formation of ester bonds between the -OH groups of the alfa fibers and the functionalization of 

maleic anhydride in PVC-g-MA, and as a result, it creates chemical anchoring of the polymer matrix 

on the fiber surface. The results obtained by Hammiche et al. [24] in another investigation show that 

the tensile strength of composites decreases with increasing fiber content due to weak surface 

adhesion and low compatibility between alfa fibers and PVC, which leads to an increase in the voids 

between the fibers and the matrix, weakening the fiber-matrix interfacial adhesion. However, the 

tensile resistance of the composites after the addition of 3 wt% PVC-g-MA was significantly greater 

than that of unreinforced composites due to the increase in interfacial adhesion. Also, the adhesion 

between the fiber and the matrix strengthens the materials and increases the energy required to break 

them. 

Boukerrou et al. argue that after studying the mechanical behavior of PVC-OHF composites, better 

behavior is exhibited by the reinforced composite materials. This improvement results from higher 

fiber-matrix interfacial adhesion. Fiber-reinforced crack allows for an increase in the strength of the 

materials, and the treatment makes it possible to achieve even higher mechanical properties in 

Young's modulus. In recent years, several publications have been released that document the 
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significant influence of the preparation process on the properties of PVC composites. Processing 

conditions, when carried out through a different preparation process, lead to different properties in 

the final product, and the appropriate process is identified according to the intended application [25]. 

Basbougà et al. also studied the influence of processing methods on the mechanical properties of 

PVC/wood flour composites, whereby higher tensile and flexural strength was obtained with the 

injection molding process compared to the compression molding process [26]. Based on the 

approach presented in PVC reinforced with wood and rice husk fiber, press molding is a two-stage 

process following the extrusion process. The comparison of the mechanical properties of the 

composites showed that the compression process is more effective than the twin-screw extrusion 

process, since the higher mechanical properties of PVC composites were obtained using the 

compression molding technique due to lower shear stress, less rice husk fiber breakage, and higher 

bulk density [27]. 

From the investigations that have been carried out, it can be concluded that PVC responds uniquely 

to practical additions, which makes it possible to produce both rigid and flexible products, which 

can be beneficial in engineered design applications. When fibers merely act as fillers, they contribute 

less to the improvement of mechanical resistance. 

3. Manufacturing Process of Composites and Nanocomposites 

In the composite manufacturing process, three common techniques are used: calendering, 

Brabender, and plastic injection, each having its own characteristics and specific applications. In 

the calendering method, the composite raw materials are placed between two or more moving heated 

rollers and, under pressure and heat, are transformed into thin sheets or composite plates with 

uniform thickness. This method is suitable for high-volume production and is mostly used in the 

packaging, automotive, and coatings industries. Brabender mixers have two screws (mixers). In this 

device, the raw materials are mixed under pressure, heat, and shear, which is used for producing 

composites on a laboratory scale. This method is very suitable for studying the rheological behavior 

and uniform mixing of the materials and is employed for mechanical test specimens and 

microstructural examination tests. In this method, precise control over the mixing conditions can be 

exercised. In the plastic injection method, the molten materials are injected into the mold and shaped 

under high pressure, and it is suitable for the production of composite parts with complex geometry 

and mass production, which is mostly applied in the automotive, medical equipment, and home 

appliance industries. Each of the aforementioned techniques, depending on the type of raw materials 

and the required properties in the final product, is selected to help produce composites with specific 

characteristics and optimal performance. A comparison between the manufacturing processes in 

PVC composites affects the mechanical properties of these composites [28]. According to the report 

by Koubaa et al. [29], the tensile modulus and flexural modulus of composites produced by the 

injection molding method were higher than those prepared by the extrusion method. They showed 

that the differences in mechanical behavior, depending on the processing method, can only partially 

explain the behavior of the fibers in the composite structure. The extrusion process is usually 

accompanied by fiber breakage, particularly in the case of loaded fibers. It is possible that mixing 

and injection molding processes result in less fiber breakage than the extrusion process. The 

aforementioned investigations have been conducted on this parameter. 
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Hammiche et al. [30] developed PVC-alfa composites using three techniques: rolling, Brabender, 

and injection molding. The comparative study showed that the mechanical properties of PVC and 

its composites differ. In the case of PVC, the tensile strength and Young's modulus in the two-roll 

rolling state were higher than in Brabender and injection molding, which is why rolling is considered 

the best technique for preparing PVC. It is also interesting that the best performances regarding the 

composites were related to those prepared by the injection molding method. In fact, the composites 

obtained through injection molding exhibited the highest tensile strength and Young's modulus. As 

is known, the Young's modulus increases due to the dependence of its strength on the proper 

distribution of fibers in the matrix, and fiber aggregation leads to insufficient homogeneity of the 

composite and acts as crack initiation points under load. The appearance and intensity of fiber 

aggregation depend on the forces that have attracted the fibers to one another and tend to separate 

them. The hydrogen bonds responsible for the interaction and engagement of the fibers are 

sufficiently strong. 

4. Mechanical Properties of PVC Nanocomposites 

Nanocomposites have captured the global market because of their excellent mechanical properties, 

light weight, good modulus and improved dimensional stability, as well as better scratch and impact 

resistance. These features have enabled this type of nanocomposite to become a suitable substitute 

in high-consumption automotive components. Recent estimates indicate that nanomaterials 

accounted for 73% of the nanotechnology market in 2015. This share reached 82% in 2019 [31]. 

In nanocomposites, the reinforcement has at least one dimension in the nanometer scale, usually 

less than 100 nm. Nanocomposites are also widely used; the addition of nanoreinforcements can 

achieve significant improvements in nanocomposite properties, mainly mechanical properties [32–

35], because these reinforcements have a high specific surface area and increase the interfacial 

contact area between components, improving the surface-to-volume ratio. These changes lead to 

improvement and strengthening of the overall performance of the materials and enhance their 

capabilities. 

Compared with conventional microfillers, the addition of a very small amount of nanoclay can result 

in excellent property development without a significant increase in density or a loss of light-

transmission properties in the PVC base polymer [36]. In another study, nanosilica was used to 

increase the mechanical properties of PVC [37]. The addition of graphene content to PVC increases 

the strength of nanocomposites because of good dispersion. Carbon improves the adhesion between 

the polymer and fibers, and then the matrix phase is reinforced, resulting in increased compressive 

strength and elastic modulus [38]. In one report [39], graphite was used as a flame retardant, and 

graphene oxide (GO) improved the mechanical properties of PVC nanocomposite films [40]. 

In addition to these, hybrid composites are also used and can result in high mechanical properties. 

In fact, the combination of PVC/glass-fiber/graphene composites increases the mechanical strength 

of the composites produced, because carbon nanotubes can improve interfacial adhesion. According 

to Kiersnowski et al. [41], the processing conditions of polymer nanocomposites with a low filler 

percentage are similar to those of pure resins, and the usual processing problems of microcomposites 

are not observed in these cases. Given the nanometer dimensions of clay particles, which are close 

to molecular dimensions, a large interphase surface is obtained at low filler percentages. This feature 

means that even a small amount of filler can have a considerable effect on the initial polymer matrix. 
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Although PVC is one of the principal thermoplastic polymers, PVC-clay nanocomposites are still 

at a preliminary stage [42]. Sultana et al. [43] produced PVC-matrix nanocomposites with different 

combinations of pyrol and barium hexaferrite using the solution-casting method, to a thickness of 

0.5 mm. With the addition of 2.5 wt% barium hexaferrite, the highest elongation and strength were 

obtained because of complete dispersion and strong interaction of the fillers with the PVC matrix. 

However, when the barium hexaferrite content was increased to 5 wt%, a decrease in properties was 

observed owing to partial agglomeration of fillers in the matrix. 

The effect of the amount of titanium dioxide nanoparticles on the mechanical properties of PVC 

composites was investigated by Ngat et al. [44]. To achieve optimal dispersion and increase 

compatibility between the nanoparticles and PVC, the titanium dioxide surface was modified using 

vinyl silane and amino silane. Vinyl silane showed a better improvement in mechanical properties 

than amino silane, particularly at high nanoparticle weight percentages. The reason for this is the 

improvement in the PVC–titanium dioxide interphase due to the similarity in polarity and surface 

tension values of vinyl silane with the PVC matrix and nanoparticles. According to Leszczynska et 

al. [45], when nanoparticles are properly modified and dispersed in a polymer matrix, effective 

interactions between the organic and mineral phases of the composite are created, which can lead 

to synergistic effects. 

Organic nanofillers are also widely used in nanocomposite materials. Nanocellulose, because of its 

high stiffness and strength, can enhance the mechanical properties of nanocomposites. The principal 

reason for using nanocellulose as reinforcement in a polymer matrix is to exploit the high stiffness 

of crystalline cellulose. According to the method presented in reference [46], PVC was reinforced 

with different weight percentages of nanocellulose (2, 4, 6, 8, and 10%), and the nanocomposites 

were prepared using solution casting. The tensile strength of the nanocomposites decreased as the 

nanocellulose content increased, and the highest value was obtained for nanocomposites reinforced 

with 2 wt% nanocellulose. 

The use of nanocellulose as reinforcement in a PVC matrix was also investigated by Hammiche et 

al. [47, 48]. Nanocellulose was prepared from alfa fibers using an alkaline process at room 

temperature together with a bleaching process, followed by hydrolysis with sulfuric acid. The 

properties of nanocellulose-based nanocomposites were compared using two different methods: 

dispersing nanocellulose in clay and dispersing it in polyethylene glycol (PEG). The results showed 

that the dispersion method and the organization of reinforcements play a key role in nanocomposite 

properties. The Cloisite 30B/CNW system showed greater organization and a greater improvement 

in properties. Dispersion in clay improved the Young's modulus, whereas the presence of PEG, due 

to its plasticizing effect, led to a reduction in this property. 

Prabu et al. [49] produced hybrid nanocomposites containing a fixed amount of carbon black and 

varying amounts of halloysite nanotubes by melt mixing and using a two-roll mill. The tensile 

strength, elongation at break, and modulus of the hybrid nanocomposites increased by 12.87%, 

13.91%, and 23.22%, respectively, using 4 carbon black per 100 parts of PVC matrix. According to 

the authors, the synergistic effect of hybrid fillers, enhanced interphase interactions, and the 

formation of interwoven structures lead to improved mechanical properties of nanocomposites. 

In a study conducted by Abbas et al. [50], PVC polymer composites were loaded with micro- and 

nano-sized PbO/CuO particles. At the same filler content, composites containing nanoparticles 

exhibited better mechanical properties than composites based on bulk fillers. This was attributed to 
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the uniform dispersion of nanoparticles in the PVC matrix. Therefore, at the same particle content, 

nanofillers are more efficient in reinforcing the polymer matrix and improve mechanical properties 

to a greater extent; in other words, smaller particles provide better reinforcement. 

Yazdani et al. [51] investigated the effect of processing conditions on the mechanical properties of 

PVC composites filled with carbon nanotubes using four different dispersion methods: probe 

ultrasonication, bath ultrasonication, mechanical stirring, and batch mixing. The mechanical 

properties of the composite were considered an indicator of filler-dispersion quality in the 

composite. The findings showed a direct relationship between dispersion quality and the mechanical 

properties of composite samples. Samples well dispersed using probe ultrasonication showed 

greater tensile strength and elongation at break. 

Sterky et al. [52] compared the effects of processing techniques on the mechanical properties of 

montmorillonite-reinforced PVC using a two-roll mill or a microcompounder. It was found that the 

processing technique used affects the extent of dispersion and exfoliation of the clay and 

consequently the resulting mechanical properties. Elongation at break and impact resistance were 

better in the milled samples. However, the modulus and tensile strength were considerably higher 

in the microcomposite samples, despite their larger particle size. This was attributed to the higher 

degree of orientation in these samples. 

5. Conclusion 

The use of nanofillers in a polymer matrix, owing to their high specific surface area, increases the 

interfacial contact area between components, leading to improvement and strengthening of the 

overall product performance and enhanced material capabilities. Extensive studies show that the 

mechanical properties of composites and nanocomposites—including tensile and flexural strength, 

Young's modulus, and elongation at break—are influenced by numerous factors, including: 

 Composite processing and manufacturing conditions: The manufacturing technique should be 

selected according to the raw materials and required properties, favoring conditions that result in 

lower shear stress and less fiber breakage. 

 Type of additive: Compatibility and effective interactions can affect the interfacial behavior of 

the PVC matrix with nanoparticles. 

 Surface-modification mechanisms: Chemical treatment and physical activation, aided by surface 

modifiers and compatibilizers, can form bonds at the interface between fibers and polymers, 

promote interphase interactions, and form interwoven structures. 

 Size of reinforcing particles: A high specific surface area increases interfacial contact between 

components and strengthens polymer-fiber interfacial adhesion. 

 Appropriate amount and content of filler particles in the matrix: Proper mixing of fibers and 

avoidance of nonuniformity help prevent stress concentration and the deterioration of 

mechanical properties. 

 Uniform distribution and dispersion of fibers in the matrix: Various dispersion techniques can 

distribute fibers uniformly in the matrix and prevent fiber agglomeration, which can act as 

crack-initiation sites under loading. 
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Table 1. Abbreviations 

Abbreviation Full term 

PMC Polymer matrix 

composites 

MMC Metal matrix composites 

CMC Ceramic matrix 

composites 

PVC Polyvinyl chloride 

PE Polyethylene 

PP Polypropylene 

GO Graphene oxide 

PEG Polyethylene glycol 

AA Acetic anhydride 
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