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ABSTRACT 

Nanostructure fibers composite are fibers that nanoscale fillers such as nanoparticles are 

used in their preparation. In fact, due to the unique intrinsic properties of nanomaterials 

including large surface area, porosity, stability, permeability, etc., special opportunities for 

the production of fibers composites with specific performance is provided. It is thus possible 

with the use of nanomaterials with unique properties of nanoscale dimensions, high volume 

surface area, etc., produce conventional fibers with better properties and more practicality. 
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1. INTRODUCTION   

Fibers composite are a combination of two or more substances in order to achieve better 

fibers properties. To improve the properties of fibers various methods such as chemical 

modification, blending with other polymers or nanoparticles can be used. Usually by 

modifying the physical structure of the fibers by improving methods of spinning and 

stretching conditions, or with reinforcing fibers using a variety of filler materials with 

remarkable properties, fibers can be produced with the desired features. Fortunately, with 

the advent of nanotechnology in the twentieth century, it is possible to produce a variety of 

fibers composite with improved properties (1). Generally there are two approaches in the 

field of application of nanotechnology in the production of fibers composite which are shown 

in Figure. 

2. FIBERS COMPOSITE BASED ON NANO PARTICLES 

The material in various fields, including biotechnology, sensors, smart materials, filtration, 

etc. is used [2]. Used nano materials production of fibers composite can have organic origin 

(such as nano cellulose and carbon nano tubes), inorganic (silica, silver nano particles, 

titanium dioxide) or a combination of both [3]. However, the use of an organic or inorganic 

nanostructures or even a combination of both in the production of fibers, results in 

development ofmultipurpose properties in themand increases their application. 

2-1 Different types of nano particle fibers composite  

The most important nanostructures used in production of fibers nano composite includes:  

2-1-1 fiber composite based on nano cellulose 

Cellulose is one of the most abundant natural resources and renewable biofuels, which is 

widely available in various forms such as trees, plants, bacteria and crustaceans. This 

polymer is not onlycolourless, odourless and non-toxic but also has properties such as 

modulus and high specific strength, biocompatibility, relative thermal stability, hydrophilic, 

high absorption capacity and more. Nanocrystals and Nano-fibrils cellulose and 

nanostructures cellulose that are used to enhance a variety of synthetic fibers. In general 

nano-cellulose due to large surface area, high strength and high modulus, light weight, 

biodegradability, non-toxicity andrenewability as an amplifier is considered to be suitable in 

production of fibers composite (4) 

2-1-2 Fibers composite based on carbon nanotubes (CNT) 
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Fibers’ mechanical performance is considered as the most important key factor in the 

application of these materials. Amongvarious types of nanomaterials, carbon nanotubes for 

its mechanical, electrical and thermal conductivity properties is used as a reinforcement 

material for the production of fibers composite. Also a high volume ratio of CNT, makes 

them an ideal option for reinforcing fibers. This material has an elastic modulus between 

GPa 270 to 950 and fortifications around GPa 11to 63. Thusby using carbon nanotubes can 

reinforce the tensile strength and modulus polymer of fibers. The use of CNT in polymer 

fibers have effects on the physical properties of the fibers which leads to improved tensile 

properties, reduced thermal deformation, improved chemical resistance, increased electrical 

and thermal conductivity, and so forth. The fibers are produced by using melt spinning, 

solution spinning and electrospinning [1]. Regarding the use of carbon nanotubes in the 

production of fibers composite, many studies have been done. For instance, Safai& et al in 

2012 investigate the mechanical behaviour of fibers composite, polypropylene/carbon nano 

tubes. In this study, fibers composite produced by melt spinning and the results showed an 

improvement in the mechanical properties of produced fibers. Kearn&et al also reinforced 

polypropylene fibers with single-walled carbon nanotubes in a solvent mixing and melt-

spinning method and reported 40% increase in tensile strength and 55% increase in modulus. 

In another study, Jose &et al studied structure and properties of polypropylene fibers 

containing 1.5 percent multi-walled carbon nanotubes and reported changes in the structure 

and crystallinity of the polymer. (5) 

2-1-3 Fibers composite based on metal nanoparticles and metal oxide 

As described, the use of nanomaterials in the production of fibers can result in fibers 

composite with different functions. Recently the use of metal nanoparticles because of their 

special properties such as optical, magnetic, electronic, catalytic and antimicrobial is 

considered in preparation of nanofibers composite [6]. For example, metals such as silver 

and metal oxides such as titanium dioxide nanoparticles (TiO2), zinc oxide (ZnO) Calcium 

oxide (CaO) and magnesium oxide (MgO) used in order to achieve simultaneous 

antimicrobial properties, self-cleaning, and UV-resistant fibers in fibers’ preparation [7]. 

Silver nanoparticles due to catalytic properties, electrical conductivity and excellent 

antimicrobial properties are widely used in the preparation of fibers composite. For example, 

in a recent study the production of nanofibers composite made of polyvinyl Pyrvlydn, 
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polyvinyl acetate and poly acrylonitrile-based on nano-silver is studied. Also in a study Hu 

& et al in 2012, reported the fiberscomposite, rubber / silver produced by electrospinning 

method result in production of fibers with %99.9 antibacterial properties [6]. In a study 

conducted in 2011 by the Telli& et al., nanoparticles of zinc oxide is used as a filler in 

production of nanoscale antimicrobial polyester fibers composite / nano zinc oxide.Sothe 

fibers composites are having the polyester fibers properties and added antimicrobial 

properties of zinc oxide[7]. The use of nanoparticles of titanium dioxide (TiO2) due to the 

photocatalytic properties has been highly regarded in numerous studies. For example, Kim 

&et al produced polydimethylsiloxane nanofiber composite / titanium oxide nanoparticles 

and observed that the resulting fibers composite have high tensile strength and modulus and 

also due to the presence of TiO2 have special photocatalytic properties. Also, the presence 

of nanoparticles of TiO2 in electrospun solution of poly acrylonitrile nanofibers in Lem& et 

al research has led to creation of anti-UV and photocatalytic properties of the fibers 

composite (2) . 

2-1-4- Fiber composite based on clay nano particles(Nanoclay) 

Nanoclay materials are unique and used as an additive to improve the properties of polymeric 

materials and preparation of fibers composite. The use of clay in small amounts reduces 

weight, increases strength and cause a significant reduction in the passage of gases in 

polymers. Due to the plate shape structure, nonoclays strengthened the typical polymer 

materials and improves their mechanical properties such as strength, modulus and 

dimensional stability. The polymers mixed with clay, compared to conventional polymer 

materials show better fire proof properties and show less deformation inexposing to 

extremely high temperatures or chemicals [8]. For example, in a study conducted in 2012 by 

the Telli& et al on fibers composite of polyester / polyethylene / spineclay result showed 

more amount of clay in solution, cause more heat resistance fibers and better flame-retardant 

properties [9]. In another study conducted in 2007 by Richard Horks& et al, nano clay is 

used as an amplifier in the production of fibers composite, polypropylene / nanoclay. Fibers 

produced by the presence of nano clay had a high modulus and also delay in flammability 

(10) 

2-2- Production of nano particle-based fibers composite  
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The most important challenge of nanoparticles in manufacturing processes for melt spinning 

fiber is the low accumulation and distribution of nanoparticles in the context of main polymer 

fibers and conventional extruders in melt-spinning process are not directly able to create this 

type of mixing. So the process of mixing nanoparticles with the polymer matrix to provide 

nanocomposite must be done in a single step. Dispersion in the molten state, dispersion in 

melting andin-situ polymerization are manufacturing methods for melt spinning 

nanocomposite particle (11) 

• Dispersion in molten state (Melt dispersion)  

This method known as the most common and easiest method for producing nano composite 

master batch. This method does not use solvents and its industrial capabilities is high (11) 

• Dispersion in solution state (Solution dispersion)  

This method requires the use of solvents and the production process will be more 

complicated than the previous method. 

• In situ polymerization (In-situ Polymerization)   

This method is more complex and requires more investment. Its production cost is high as 

well. 

After preparing the nano composite master batch using one of abovementioned three 

methods, the blending produced master batch in the melt spinning process is done to produce 

multi-structure fibers. 

The following video shows the design of a two / three-part melt spinning fiber composite. 

Thus, by mixing polymers and nanoparticles can produced high-performance fibers such as 

conductive fibers based on carbon nano tubes or fibers based on aromatic nanoparticles. 

3. NANO FIBRES COMPOSITE  

The easiest method in production of composite nanofibers are electrospinning and 

electrospray method which are shown in Figure 5 (2) 

There are various processes for producing nano fibres composite using an electrostatic 

method which include:  

• The use of two or more soluble raw material for electrospinning in order to achieve multi 

structural nanofibers such nanofiber composite core / shell or two-component nanofibers • 

electrospinning polymer solution containing dispersed inorganic nanoparticles such as 
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carbon nanotubes • Surface modification of electrospinned nano fibres to convert to nano 

fibres composite (2)  

One of the most important research in the field of nanofibers composite by electrospinning, 

nanofiber production of composite poly caprolactone / hydroxyapatite / gelatine is a fibers 

composite used in the restoration of bones in biomedical engineering. In this study, high 

porosity and high surface area ratio regarding to manufacturing nanofibers volume resulted 

in improved cell adhesion and on the other hand produced fibers composite are highly 

flexible. The combination of hydroxyapatite and poly caprolactoneand gelatine composite 

nano fibers produced from it, leading to the creation of biocompatibility, biodegradability, 

moisture resistance, mechanical properties, restoration of bones and ... at the same time in a 

product(12) . The following video shows composite nanofiber production of core / shell by 

electrospinning method. The product is made of poly caprolactone as a shell of poly 

vinylidene fluoride / iron oxide which forms the core. Thus, by using electrospinning, 

nanofibers composites with improved mechanical and physical properties, electrical 

properties and thermal resistance is achieved  

4. APPLICATION OF FIBER COMPOSITE  

Fibers composite having multiple properties resulting from the combination of fibers and 

nano materials are more suitable compared to conventional fibers in terms of mechanical 

properties, electrical, thermal and strength. These fibers can be applied in various industries 

such as textile, automotive, construction, aerospace, electronics, food packaging and medical 

industry. The use of fibers composite are briefly(2) 

5. DISCUSSION & CONCLUSION 

In this paper, the application of nanotechnology in production of fibers composite was 

investigated. Today, with the advent of nanotechnology producing nanostructure-based 

fibers composite with unique features and application in a variety of fields is possible. The 

use of appropriate technology in production of nanofibers composite and nanoparticles as a 

filler in the production of fibers composite are two main approaches in application of 

nanotechnology in the production of fibers composite that are discussed in this article. 
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