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Abstract: Environmental  friendly  products  are  becoming popular  and  acceptable  in  industries  due  to  the  global  

limitation  to  the  amount  of  volatile  organic  compounds  (VOCs)  released  into  the  atmosphere.  Low  VOC  compounds  

and  technologies  are  also  becoming  a  choice  in  the  coatings  and  paint  industry.  Coatings  can be  made  from  water  or  

solvent.  In  coatings  from  water,  we  use  water  as  the  solvent,  therefore  coating called  water based  coating  and  in  the  

case  of  solvent-borne    coatings,  we  used  organic  or  inorganic compounds   as  solvents,  therefore  this  coating  called  as  

solvent  borne  coating.  Among  all  different  types of  solvents  water  is  the  greatest  choice  among  these  low  VOC  

technologies  for  usage  as  a  solvent  to  manufacture   chemical  compounds  and  Paints  and  coatings.  because  water  is  

often  recognized  as  a  low-cost,  safe,  non-toxic,  easily  available  and  ecologically  friendly  solvent.  Also  nanomaterials  is  

new  field in  research  and  development  of   material  science . Materials  can  be  one  dimensional  such  as  small particles,  

materials  can  be  two  dimensional  such  as  fibres.  Therefore  in  two-dimensional  materials  such  as  fibres ( micro and 

nanofibers) use  in  many  different  applications  such  as  medical,  composites,  aerospace, Building  constructions  etc.  

Nanofiber  has  the  advantage  of  high  surface  area  to  volume  ratio  hence  to  decrease  the  coating  defects.  micro  and  

nanofibers  should  be  incorporated  inside  the  coating  matrix.  This  way  one  can  improve  the  properties  of  water-based  

coatings.  Hence  low  VOC  solvent  water  with  high  surface  area  fibre  is  becoming  a  trend  in  composite  coating  and  

nanotechnology  in  fibres.  This  review  provides  information  on  Composite  coatings,  distinct  fibres  used in coatings and  

their  applications, also  effects  of  different aspect  ratio of  fibres  on properties  of coatings. 

Keywords:  Microfibers, Nano fibers, Polymeric fibers, Water-based Coatings, Composite Coating 

 

I. INTRODUCTION 

 Polymers are the high molecular weight macromolecules that are formed from the low molecular weight small molecules by 
covalent bonds [1]. there are two types of polymers based on sources such as natural polymers and synthetic polymers. Natural 
polymers are those produced from plants such as wood, rubber, cotton, wool, leather, and silk, whereas synthetic polymers are 
manmade, can be produced in the laboratory such as polyethylene, polyamide, polyester, etc and this polymer is used for the 
production of useful plastics, rubbers, Coatings and fiber [2]. 
Coatings are the material that is formed from chemical substances such as Binders, volatile components, Pigments, and additives. 
Binders help to bind together with other substances in coating, Volatile components such as water or solvent helps to the formation 
of a film, Pigments are used for the aesthetic purpose by providing color to the coating and additives used to modify some properties 
of the coatings[3].Coatings can be made from water or solvent, in coatings from water, we use water as the solvent, and in the case 
of solvent-borne coatings, we used organic or inorganic compounds as solvents[4]. Because organic solvents are discharged into the 
atmosphere when solvent-borne paints are applied, the general public has an unfavourable perception of solvent-borne paints 
because of their toxicity and harmful to human beings. So in today's world more research is going on in water-based coating[5]. 
Nanotechnology is derived from the prefix "nano," which is derived from the Greek word for "dwarf," and nano, in technical terms, 
means 10-9 one-billionth of anything [6]. When the diameter of a fiber is changed from micrometer to nanometer dimensions, 
several properties change, including the ratio of surface area to volume, elasticity in surface functionalities, and highest mechanical 
properties (e.g., stiffness and tensile strength) compared to other substances. Nanofibers have the greatest ratio of surface-area-to-
volume than microfibers [7]. 
 

II. COMPOSITE COATING 

 composite coatings are materials made up of two or more components that have been blended in such a way that they remain 
unique and identifiable [8]. Fig 1 indicates the ingredients of the composite coating. In key industries such as automotive, military, 
marine, and aerospace, polymer composites represent the most promising alternative to normally utilized materials, low weight 
fiber- composites (reinforcement can be done in a variety of ways) are particularly notable. Long threads, matting, and woven 2D or 
3D textiles are examples). These materials have certain characteristics such as high specific strength [9].  
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Fig. 1 :  Ingredients of the composite coating      

              
 Polymer nanocomposites provide improvement in various properties than virgin materials & hence used abundantly. Properties 
such as mechanical, thermal (stability and conductivity), ablation, electrical, optical, tribological, permeability, chemical resistance, 
and other areas [10]. the scientist did experiments to find the performance of composite coating on carbon Steel so that results show 
that coatings have a longer service life and better mechanical and surface qualities. Also, corrosion resistance, hardness, tribological, 
and thermal characteristics of steel are all improved by composite coating [11]. To examine the effects of chitosan and 
chitosan/MMT coatings on fresh-keeping, tangerine fruits were coated with chitosan and chitosan/MMT coatings. They add 1 
percent of (w/w) MMT in composite coatings, the effects of maintaining nutritional content, reducing water loss, respiration rate, 
and cumulative degradation rate of fruits were more efficient and extended [12]. 
 

A. Classification of nanocomposite coatings 

 
Fig. 2 : Matrices and fillers of composite coatings 

 

Classification of composite coatings is based on several factors, including the Nano sized fillers used and the resin in which the 
filler nanostructures are disseminated [8]. Fig 2 indicates Matrices and fillers of composite coatings [13]. 
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1) Matrix / Resin 

Resins are polymeric materials that are used in coatings to make useful films after being coated. A high MW resin is required for 
effective film formation. Resins used in coatings are mostly two types thermoplastic resin and thermosetting resin. Thermoplastic 
resins are those resins that have low molecular weight and they need chemical reactions or curing agents to increase their molecular 
weight and to the formation of the film after application of coatings, and thermosetting resins are those resins that have very high 
molecular weight and that form uniform films without using a curing agent and no need of chemical reaction [14]. Fig. 3 indicates 
Resins/matrix used in composite Coatings. 

 
Fig. 3 :  Resins/matrix used in composite coatings 

 
2) Nanostructured Fillers  

There are 3 types of nanostructured fillers used in nanocomposite coatings based on dimensions viz. 0-D, 1-D, 2-D,in which one-
dimensional nanoparticles are the material that has one dimension, nanowires are the example of one-dimensional nanostructured 
fillers, and nanosheets are examples of two-dimensional nanostructured fillers [15]. Fig 4 indicates Types of Nanostructured fillers 

 
Fig. 4 : Types of Nanostructured fillers 
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Fillers used in coatings are given below-  
Carbon Based- Graphite, Graphene, GO, CNT, Fullerene, Carbon Fibers 
Ceramic Nanoparticles – SiO2, Sic, Si3N4, Al2O3, BN, ZrO2, TiO2 
Soft Metals – Gold, Silver, Zinc, Lead, Tin 
 
3) Carbon Based Fillers 
Carbon is Polymorphic and its forms are diamond graphite and Fullerene. Graphite, Graphene, GO, CNT, Fullerene, Carbon Fibers 
are some examples of carbon-based fillers. 
Graphite is a great electrical and thermal conductor inside the layers but a poor conductor of electric and thermal properties 
perpendicular to the layers due to in-plane metallic bonding (because of the weak van der Waals forces between the layers). Because 
of its anisotropy, graphite may carry out chemical reactions by allowing the reactant (known as the intercalating) to reside between 
the graphene layers, resulting in the production of compounds (called intercalation compounds)[16]. 
Graphene has distinct properties compared to other materials such as high current density, ballistic transport, chemical inertness, 
high thermal conductivity, optical transmittance, and super hydrophobicity at the nanometre dimensions [17]. graphene exhibits 
exceptional strength and toughness With Young's modulus of 1 TPa and tensile strength of up to 100 GPa [13]. 
Fullerene is a graphene-based substance made up of huge carbon cage molecules that are thought to be a zero-dimensional (0D) 
benzene analog. Because of its spherical form, strong intramolecular nature, and poor intermolecular bonding, its lubricating action 
is of significant interest [13]. 
Carbon nanotubes (CNT) has one-dimensional carbon material with a ratio of diameter to height is more than 1000, that has 
superior physical and chemical characteristics compared to other carbon materials such as fullerene, graphite, and diamond, and also 
has exceptional electrical, thermal, and mechanical properties of carbon nanotubes using an excellent filler for lightweight 
composites of the polymer [18]. 
 Carbon fibres a novel type of high-strength material, are commercially used as composite materials as reinforcements such as 
carbon-carbon composites, carbon fiber reinforced plastics, carbon fiber reinforced cement, carbon fiber reinforced polymers and. In 
all reinforcing fibres, fibers of carbon have the highest specific strength and specific modulus [19]. 
Ceramic Nanoparticles Because of their heat resistance and chemical inertness, ceramic nanoparticles are typically made up of 
carbides, nitrides, and oxides are mostly used in coatings. silica, Calcium phosphates, alumina, zirconium dioxide, and titanium 
dioxide are some of the materials used. good body response, High mechanical strength, pH and temperature resistance, high load 
capacity, high stability, absorption into hydrophilic and hydrophobic systems and several delivery routes such as oral, inhalation, 
etc. are all advantages [20]. 
Soft Metals Metallic nanoparticles such as gold, silver, palladium, and platinum have been widely employed due to their 
mechanical, chemical, and optical characteristics Among them, gold nanoparticles (GNPs) have antifungal and antibacterial 
properties, hence they're used in a variety of biomaterials and wide range of therapeutic uses in biosensors, medicines, and protein, 
gene, and medication delivery systems. They also increase the mechanical characteristics of materials, resulting in better results. 
They come in a variety of sizes and concentrations to demonstrate their therapeutic effects [21]. 
 

B. Methods for Synthesis Composite Coatings  

A surface coating can increase the surface qualities while lowering the failure rate. Chemical vapor deposition, physical vapor 
deposition methods, laser cladding, laser melt injection electroplating composite, and electroless plating have all been used to 
protect component surfaces [22]. 
 

III. FIBRES 

Fibre, derived from the Latin word fiber, is a natural or manufactured material that is much longer than its breadth. Fibers are often 
utilized in the manufacturing of other materials. Fibers are substance-like hair that comes in isolated elongated pieces or filaments 
like continuous. 
They are capable of being spun into filaments, thread, or rope. They have the potential to be employed as a component of composite 
materials. They can also be matted into sheets and used as goods like paper or felt. Nanofibers can be synthesis from electrospinning 
methods such as solution electrospinning and melt electrospinning [23]. 
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A. Classification of Fibers 

 
Fig. 5 : Classification of fibers. 

 
Fibers come from sources such as from nature and from the laboratory, such as natural fiber, synthetic fibers, and semi-synthetic 
fiber which is a combination of synthetic and natural fibers. Fig 5 indicates the classification of fibers. 
 
B. Natural Fibres 

Natural fiber comes from various sources such as plants, animals. Natural fibers can be categorized based on where they came from. 
Fig. 6 indicates types of natural fibers 

 
Fig. 6 : Types of natural fibers 

 
Natural fiber composites provide several distinct properties. Because fibers have specific weight is low, it has a specific strength and 
stiffness is higher compared to glass fiber. It is a renewable resource. It can be produced with little investment and at a low cost, 
making it an appealing product for low-wage countries. Advantages of natural fibers are Tool wear is reduced, working conditions 
are healthier and there is no irritation skin [24]. 
 Natural fibers are less abrasive preventing equipment damage. Natural fibers are less dense compared to mineral fibers resulting in 
lighter reinforcement with greater particular characteristics. This is of importance to the automotive and aerospace sectors which are 
always looking for methods to decrease vehicle weight. Furthermore, unlike mineral reinforcements such as glass fibers, natural 
fibers are safe to manipulate and are not hazardous to humans [25].  
 

1) Plant / Vegetable fibre 

 
Fig. 7 : Plant and vegetable fibers 

Natural Fibre 

Plant/Vegetable 
Fibre Animal Fibre Mineral Fibre 
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Vegetable fibers were tested with asbestos and synthetic fiber replacements. Fig. 7 indicates Plant and vegetable fibers, When 
materials are easily available natural vegetable fibers such as sisal, bamboo, fique, flax, jute, hemp, and ramie are utilized. Their use 
is motivated by the desire to save money on raw resources and contribute to the sector's long-term viability. Advantages of 
vegetable lignocellulose microfibers include Low real (1300-1500 kg/m3) and an apparent density (400-1500 kg/m3), high specific 
stiffness and strength, biodegradability, renewable character, low processing energy in the case of chopped natural fibers, and 
availability [26]. Fig. 7 indicates Plant and vegetable fibers 
 

Table  1 -Types  of  Plant/vegetable  fibers 
Sr.  
No. 

Type  of  
Fiber 

Plant  
origin   

Diameter  (µm) Length   
(mm) 

Aspect  ratio  
(l/d) 

References 
 

1 Sisal   Leaf   18.3-23.7   1.8-3.1 115 [99],[100]   

2 Ramie Stem 28.1-35.0   60-250   4639 [99],[101],  [102],  [103],[104] 

3 Pineapple Leaf 20-80 - - [99],[105],[106],  [107] 

4 Kenaf   Stem 7.7-21.9 2.0-2.7 119 [99],  [108],[109],[110] 

5 Jute Stem 15.9-20.7   1.9-3.2   157 [99],[111],[112],[113],[114],  [115],[116] 

6 Hemp Stem 17.0-22.8   8.3-14. 1  549 [99],  [117],[118],[119] 

7 Flax Stem 17.8-21.6   27.4-36.1 1258 [99],  [119] 

8 Cotton Seed 11.5-17   20-64   2752 [99],[120],[116], 

9 Coir Fruit 16.2-19.5 
   

0.9-1.2   
 

64 [99], 
 

10 Banana Leaf - 2-3.8 - [99],[121],[122] 

11 Abaca 
 

Leaf 17.0-21.4 
  

4.6-5.2   257 [99],[123],[124],[125] 

12 Bamboo Stem 10-40   2.7 - [99],[126],[127],[128],[129] 

 
2) Animal fibers 

After plant fibers, fibers that come from animals are the second most important source of natural fiber for composite reinforcing. 
Examples of Animal fibers such as silk, wool, hair, and feathers. Wool fibers come from sheep, alpaca, angora, bison, cashmere, 
muskox, and other animals. There are numerous sources for each type of animal fiber such as silk, hair, and feathers [27]. fig. 8 
indicates animal fibers  

 
Fig. 8 : Animal fibers 

a) Cashmere: is a goat-derived animal fiber. This fiber is delicate and slender making it ideal for high-end apparel. Cashmere 
fiber, on the other hand, is 10 times more expensive than wool fiber due to its lower yield. As a result, in the business, 
producers typically combine cashmere with fine wool fiber in varying proportions to spin considering the economical 
front[28][29]. 

b) Silk: is one of mankind's earliest fibers. Silk is an animal fiber generated by some insects for the construction of cocoons and 
webs. Silk is structured by repeated hydrophilic and hydrophobic peptide sequences and it is a high molecular weight organic 
polymer [30]. Silks are spun into fibers by some lepidopteran larvae, including silkworms, spiders, scorpions, termites, and flies 
[31]. 
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c) Wool: has unusual physical and chemical qualities that make it very flexible due to its distinct wool compositions and 
macromolecule spatial structure, particularly in terms of molecular conformation [32]. Wool fibers may be used to make 
technological items like woolen fabric, felt, blankets, and cushion material. Furthermore, numerous beautiful fabrics made of 
wool, such as tapestries and wool carpets, provide individuals with a priceless and lovely feeling. 

C. Synthetic Fibres 
Fig 9 indicates Classification of Synthetic Fibers 

 
Fig 9 : Classification of Synthetic Fibers 

Synthetic 
Fibers 

Organic Base  

Synthetic  

polymers 

Polycondensation 
Fibers 

Polyester Polamide 

Aramide 

Polymerization  

Fibers 

Polyurathane 

Polyaddition 
fibers 

PAN- Carbon fiber 

Polyvinyl chloride, 
Polystyrene 

Polyvinyl Acetate, 
Polyvinylidene 

Chloride 

Polyoleifins, 

Polyethylene, 

Polypropylene 

Polyflueroethylene 

Inorganic Base 

Glass, Ceramic, 
Boron, Metal 
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1) Polyester Fibre 

 
Fig. 10 :  the structure of PET 

 

Fig. 10 indicates the structure of PET [33]. Polyester fibers account for approximately 63.5 percent of global PET output.[34].The 
commercial methods of dimethyl terephthalate (DMT) and terephthalic acid (TPA) are used to make PET [35]. Poly (ethylene 
terephthalate) is a thermoplastic, semi-crystalline, and linear polymer that belongs to the polyester family. A chemical molecule is 
distinguished by its repeated ester groups.PET is typically made by a poly-condensation (step-growth) process at temperatures 
between 240 and 260 °C and pressures between 300 and 500 kPa, ethylene glycol (EG) combines with terephthalic acid, producing 
water[34].  
Polyester fibers like nylon are produced by melting linear-condensation polymers and then drawing them. A stretch ratio of 5 is 
used in the drawing procedure, the same as in nylon. Polyester fiber is drawn at a temperature above its glass transition temperature 
of 80 °C [33]. Polyester fibers have good resilience, low moisture absorption, and dimensional stability, good weather and light 
resistance, great wear resistance, strong abrasion resistance, and good cotton blending ability. They are moderately flame resistant, 
microbe and insect resistant, physiologically inert, and thermoplastic [35]. PET fibers are rapidly being utilized in the textile sector 
for a variety of applications, like filtration[36],[37][38]. composites[39][40]. tissue engineering[41][42]. and electronic textiles.[43]. 
 
2) Polyamide Fibres 

 
Fig.11 : structure of nylon 

 

Fig.11 indicates the structure of nylon [33] Carothers at DuPont was the first to synthesis polyamide in the 1930s [44]. Nylon is a 
general term for a group of polymers known as polyamides [45]. It was one of the earliest synthetic polymers that were utilized in 
fiber applications.  
Aromatic polyamides and aliphatic polyamides are two types of PAs. Aromatic PAs have aromatic rings in the main chain, whereas 
aliphatic PAs have solely aliphatic chains. Aliphatic PAs are typically made via condensation polymerization or ring-opening 
polymerization [46]. 
Polyamides are produced from odd diamines and even dicarboxylic acids that are aliphatic [47].Melt spinning and drawing 
procedures are used to make both nylon 6 and nylon 66 fibers [48]. The intermolecular interactions associated with hydrogen 
bonding between the polyamide links help Nylons produce excellent fibers [49]. Alkalis and most common organic solvents are not 
a problem for polyamide fibers [50]. Both fiber types have strong tenacity and impact strength equivalent wear and abrasion 
resistance, good resilience, and excellent fatigue behavior [51]. polyamide (PA6) is used in different industrial, apparel, and medical 
applications including wound sutures, artificial tendons, and medical packaging because of its excellent wear resistance, strength, 
toughness, good elastic recovery, , high resistance to rupture appearance retention, ease of coloration, and, low initial modulus [52]. 
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3) Aramid Fibre 

 
Fig.12 : structure of the Aramid Fibre 

 

Fig. 12 indicates the structure of the Aramid [53]. Aramid fibers are also known as PPTA (polyphenylene terephthalamide) fibers 
[54]. Aramid fibers are high-performance fibers [55].These types of fibers are aromatic with excellent heat resistance, fatigue 
resistance, chemical, corrosion resistance, and exceptional mechanical strengths. Kevlar fiber is manufactured of para-aramid and 
has extraordinary mechanical qualities; its modulus is over 120 GPa and tensile strength is at 3.6 GPa [56].it can keep good strength, 
modulus, and high-temperature resistance because it has a high specific surface area and high aspect ratio [57]. It has been widely 
used in composite reinforcement[58][59][60]. electrical insulating materials[61][62]. adsorption and filtration media[63]. battery 
separators[64]. flexible electrodes[65]. and biological tissue[66]. 
 

4) Polyolefins fibers 

 
Fig. 13 : Structure of Polyethylene 

 

Fig. 13 indicates the Structure of Polyethylene [33]. Polyethylene's simple chemical structure and controlled semi-crystalline shape 
make it a cost-effective and flexible material for a variety of applications such as composite armours, Vehicle chassis, prosthetic 
implants, and more fabrics[67]. Ultra-high molecular weight fibers have 95% crystalline because it is a highly ordered structure with 
almost all full chains are aligned[68]. Today, ultrahigh-molecular weight polyethylene (UHMWPE) fibers are commercially used 
with tensile modulus of 130 GPa and average tensile strengths of 3.7 GPa [69]. Gel-spun polyethylene fibres are high-modulus, 
ultra-strong fibers made from simple and flexible polyethylene molecules. High-strength, lightweight polyethylene fibres are what 
they're termed [70]. fibres from Polyethylene increase the impact strength, flexural strength, modulus of elasticity of composite 
materials[71]. ultra-high molecular weight polyethylene (UHMWPE) fibers have been widely utilized in ballistic armour and ropes 
Because of their low density, high strength, and excellent fatigue resistance [72]. ultra-high molecular weight polyethylene Fibres 
have a low density and excellent physical and mechanical qualities [73]. for the first time, "gel-electrospinning" is used to create 
microstructures of polyethylene with diameters smaller than one micron [74]. the modulus and tensile strength of ultrahigh-
molecular-weight polyethylene (UHMWPE) fibres generated by a gel-spinning technique are impressive. The fibres are also very 
strong and chemically resistant[75]. high-density polyethylene, Low density, and medium density are the three primary classes of 
polyethylene, based on the molecular density and crystalline of the polyethylene structure [76]. PE is robust, abrasion-resistant, 
impact-resistant, and has a low water absorption rate, all at a reasonable cost [77]. fibre from Polypropylene (PP) is one of the 
lightest manmade fibres available, and it makes a bulk quantity of non-woven polyolefin fibres, which has tremendous economic 
importance due to their distinct characteristics. mechanical strength, hydrophobicity, and outstanding chemical resistance are some 
important qualities of PP fibres [78]. 
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IV. APPLICATIONS OF NANOFIBERS 

Fibres are used in various applications such as gas filtration [79]. controlled drug delivery[80]. in lithium-ion battery[81]. 
wastewater treatment[82]. Fuel Cell Electrolytes[83]. Dye Pollutant Degradation[84]. super capacitors [15]. triboelectric Nano 
generator[85]. micro gas sensor[86]. protective masks[87]. analytical chemistry[88]. Chemical Separation[89].  

 

V. MICRO AND NANOFIBER COMPOSITE COATINGS 

Composite coating technology was created to meet industrial needs for coatings with specifications that go beyond the capabilities 
of traditional coating technologies [90]. Composites are materials made up of two or more components that have been blended in 
such a way that they remain unique and identifiable [8]. Hardness, wear resistance, impact strength, corrosion resistance, tensile 
strength, and flexural strength are some of the mechanical qualities increased as we make composite coatings[91][92][93][94]. 
composite coatings are used in many applications such as tissue engineering[95]. Antibacterial purpose[96]. moulds, automobile 
parts, and general wear components.[97]. self-lubricating [98]. 
 

Table  2  Micro  and  Nano fibre  composite  coatings 
Sr.  
No.   

Fibre  used Type  of  
coating 

Results Reference 

1.   Tetra  aniline  
based  conducting  
Nanofiber  (TANF) 
 

waterborne  
epoxy  
coatings   

1. Block  the  pinholes  and  cracks  present  
in  the  coating 

2.   remarkably  improve  the  performance  
of corrosion  protection  by  the  formation  
of  a  passive  layer  of  metal  oxide 

[130] 

2. CNFs  with  high  
lignin  content  
(LCNFs)  and  BEs   

water-based  
acrylic  
coatings 

1. hardness  level  increases  (2–3  times 
higher  than  virgin  coating) 

2.   higher  abrasive  resistance   

[131] 

3. Polyamide  (PA-6)  
Nano  fibre   

coatings  on  
the  
aluminium  
surface   

1. decrease the  corrosion  currents  and  
corrosion  rate  and  also  increase  the  
corrosion  resistance  of  a  coating   

2. increasing of  high  voltage  for  
preparation  to  electro spun   nanofibers  
lead  to  an  increase  in  the  corrosion  
resistance  of  the  metal  surface 

 
 

[132] 

4 Super-hydrophobic  
polyvinylidene  
fluoride  
(PVDF)/fluorinated  
ethylene  propylene  
(FEP)/carbon  
nanofibers  (CNFs) 

 1. improve  the  hydrophobicity  of  the  
formed coating  by  increasing  the  
addition  of  FEP   

2. behaves  good  wear-resistance  can  be  
increased  because  of  water  repellent  
coating 

3. The  adhesive  ability  of  the  formed 
coating  by  using  fibres is  superior 
compared  to  commercial  coatings 

4. excellent  corrosion  protection  ability 
5. The  super hydrophobic  coating  has  

wear-resistance  5  times  higher  than  the  
virgin PVDF  coating  and  commercial  
fluorocarbon  coating 

[133] 

5   Carbon  fibres PTFE/CF  1. Good  friction  and  wear  properties. [134] 
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 composite  
coatings 

2. shows  good  hydrophobicity 
3. prevents the  extensive  destruction  of  

composite  coating 
4. Maintain  wear  mechanisms  of  

PTFE/20%  composite  coatings. 
6 Nylon 6/6, Poly 

(hexamethylene  
adipamide) 
 

 1. 60 % of  microfibers  can  be  controlled  
to  be  aligned  within  60◦  to  90◦  of  the  
azimuthal  angle  regardless  of  microfiber  
length. 

2. An increase in  the microfiber  length  
decreased  the  surface  density  of  the  
fibers. 

 

[135] 

7   Poly(vinyl)  alcohol  
(PVA)/Nano silica  
(SiO2  )  based  
electro spun  
nanofibers 

 1. Improves the  scratch-resistance  tensile  
properties  and  of  the  surfaces.   

 

[136] 

8   Poly(lactic-co-
glycolic  acid)  
(PLGA)  nanofibers 

poly(e-
caprolactone
)  (PCL)  
film 

1. delivery  of  combinatorial  antimicrobial  
agents  from  various  metallic  
implantable  devices 

2. Effectively  decrease  bio  film-associated  
infections  in  patients. 

[137] 

9   Suffocated  
polyaniline  
(SPANI) 

epoxy  
coatings  on  
the  steel  
substrate 

1. Excellent protective performance with 
high impedance modulus. 

2. enhanced  the  anticorrosive  property  of  
composite  coatings  via  forming  a  metal  
oxide  film  composed  of  Fe2O3  and  
Fe3O4 

[138] 

10   Electro spun  PET  
nanofibers 

LDPE  film 1. the Nanofiber dispersed films show 
extraordinary  good  resistance  to  gas  
permeability   

2. improvement  in  mechanical,  dart  
impact,  and  sealing  properties 

[139] 

 
VI. CONCLUSION 

This paper give us the brief review about micro and Nano fibres used in coating such as natural fibres and synthetic fibres, also the  
review of composite coatings such as matrices used in coating and different fillers used in coating. Also we get information about 
which properties change as we add different polymeric micro and Nano fibres in coatings. As we convert the size of fibres from 
micro to Nano many properties are changed. 
 

REFERENCES 
[1] Reinert, K.H.; Carbone, J.P. Synthetic Polymers. Encycl. Ecol. Five-Volume Set 2008, 3461–3472, doi:10.1016/B978-008045405-4.00432-8. 
[2] Callister, W.; Rethwisch, D. Materials Science: An Introduction; 2013; ISBN 9780471736967. 
[3] Frank N. Jones, Mark. E. Nichols,  Coatings, Organic Coatings; ISBN 9780471698067. 
[4] Karger-Kocsis, J. Paints, Coatings and Solvents; 1994; Vol. 51; ISBN 3527288783. 
[5] Bodo Müller, U.P. Coatings Formulation: An International Textbook, 2nd Revsed Edition; 2011; ISBN 978-3-86630-891-6. 
[6] Sujithra, S.; Manikkandan, T.R. Application of Nanotechnology in Packaging of Foods : A Review. Int. J. ChemTech Res. 2019, 12, 07–14, 

doi:10.20902/ijctr.2019.120402. 
[7] Patanaik, A.; Anandjiwala, R.D.; Rengasamy, R.S.; Ghosh, A.; Pal, H. Nanotechnology in Fibrous Materials-a New Perspective. Text. Prog. 2007, 39, 67–120, 

doi:10.1080/00405160701407176. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 

                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue VI June 2022- Available at www.ijraset.com 

     

 
5171 © IJRASET: All Rights are Reserved |  SJ Impact Factor 7.538 |  ISRA Journal Impact Factor 7.894 |  

[8] Science, I. Types of Composites; 2011; Vol. 18; ISBN 9780123750495. 
[9] Dmitruk, A.; Mayer, P.; Pach, J. Pull-off Strength of Thermoplastic Fiber-Reinforced Composite Coatings. J. Adhes. Sci. Technol. 2018, 32, 997–1006, 

doi:10.1080/01694243.2017.1393917. 
[10] Koo, J. An Overview of Nanomaterials; 2016; ISBN 9781139342766. 
[11] Akande, I.G.; Fayomi, O.S.I.; Oluwole, O.O. Performance of Composite Coating on Carbon Steel-A Necessity. Energy Procedia 2019, 157, 375–383, 

doi:10.1016/j.egypro.2018.11.202. 
[12] Xu, D.; Qin, H.; Ren, D. Prolonged Preservation of Tangerine Fruits Using Chitosan/Montmorillonite Composite Coating. Postharvest Biol. Technol. 2018, 

143, 50–57, doi:10.1016/j.postharvbio.2018.04.013. 
[13] Ren, Y.; Zhang, L.; Xie, G.; Li, Z.; Chen, H.; Gong, H.; Xu, W.; Guo, D.; Luo, J. A Review on Tribology of Polymer Composite Coatings. Friction 2021, 9, 

429–470, doi:10.1007/s40544-020-0446-4. 
[14] Mannari, V.; Patel, C.J. Understanding Coatings Raw Materials; 2019; ISBN 9783866306035. 
[15] Liang, J.; Zhao, H.; Yue, L.; Fan, G.; Li, T.; Lu, S.; Chen, G.; Gao, S.; Asiri, A.M.; Sun, X. Recent Advances in Electrospun Nanofibers for Supercapacitors. J. 

Mater. Chem. A 2020, 8, 16747–16789, doi:10.1039/d0ta05100d. 
[16] Chung, D.D.L. Review: Graphite. J. Mater. Sci. 2002, 37, 1475–1489, doi:10.1023/A:1014915307738. 
[17] Choi, W.; Lahiri, I.; Seelaboyina, R.; Kang, Y.S. Synthesis of Graphene and Its Applications: A Review. Crit. Rev. Solid State Mater. Sci. 2010, 35, 52–71, 

doi:10.1080/10408430903505036 
[18] Kausar, A.; Rafique, I.; Muhammad, B. Review of Applications of Polymer/Carbon Nanotubes and Epoxy/CNT Composites. Polym. - Plast. Technol. Eng. 

2016, 55, 1167–1191, doi:10.1080/03602559.2016.1163588 
[19] Chand, S. Carbon Fibers for Composites. J. Mater. Sci. 2000, 35, 1303–1313, doi:10.1023/A:1004780301489 
[20] Singh, D.; Singh, S.; Sahu, J.; Srivastava, S.; Singh, M.R. Ceramic Nanoparticles: Recompense, Cellular Uptake and Toxicity Concerns. Artif. Cells, 

Nanomedicine Biotechnol. 2016, 44, 401–409, doi:10.3109/21691401.2014.955106. 
[21] Bapat, R.A.; Chaubal, T. V.; Dharmadhikari, S.; Abdulla, A.M.; Bapat, P.; Alexander, A.; Dubey, S.K.; Kesharwani, P. Recent Advances of Gold 

Nanoparticles as Biomaterial in Dentistry. Int. J. Pharm. 2020, 586, 119596, doi:10.1016/j.ijpharm.2020.119596. 
[22] Baumli, A.L.I.A.P. METHODS OF COMPOSITE COATING : A REVIEW 1 . Composite Coating by Laser Cladding. 2015, 40, 26–32. 
[23] Adhikari, S.; Eswar, N.K.R.; Mishra, A.K.; Sarkar, D.; Madras, G. Functionally Active Nanomaterials for Environmental Remediation. Nanotechnol. Environ. 

Sci. 2018, 1–2, 293–314, doi:10.1002/9783527808854.ch9. 
[24] Ion, F.; Igat, I.; Of, I.O.N. A Review on Natural Fibers 
[25] Espinach, F.X. Advances in Natural Fibers and Polymers. 2021 
[26] Correia, V.C.; Santos, S.F.; Tonoli, G.H.D.; Savastano, H. Characterization of Vegetable Fibers and Their Application in Cementitious Composites; Elsevier 

Ltd, 2019; ISBN 9780081027042 
[27] Ramamoorthy, S.K.; Skrifvars, M.; Persson, A. A Review of Natural Fibers Used in Biocomposites: Plant, Animal and Regenerated Cellulose Fibers. Polym. 

Rev. 2015, 55, 107–162, doi:10.1080/15583724.2014.971124. 
[28] Shi, X.; Yu, W. A New Classification Method for Animal Fibers. ICALIP 2008 - 2008 Int. Conf. Audio, Lang. Image Process. Proc. 2008, 206–210, 

doi:10.1109/ICALIP.2008.4589997. 
[29] McGregor, B.A. Physical, Chemical, and Tensile Properties of Cashmere, Mohair, Alpaca, and Other Rare Animal Fibers; Elsevier Ltd, 2018; ISBN 

9780081012727. 
[30] Babu, K.M. Animal Fibers : Silk 3 . 1 Introduction to Silk and Silk Industry. Handb. ofFibrous Mater. 2020, 75–94. 
[31] Meinel, L.; Betz, O.; Fajardo, R.; Hofmann, S.; Nazarian, A.; Cory, E.; Hilbe, M.; McCool, J.; Langer, R.; Vunjak-Novakovic, G.;  Silk Based Biomaterials to 

Heal Critical Sized Femur Defects. Bone 2006, 39, 922–931, doi:10.1016/j.bone.2006.04.019. 
[32] Babu, K.M. Animal Fibers. Handb. Fibrous Mater. 2020, 75–94, doi:10.1002/9783527342587.ch3. 
[33] Carrothers, W.; Ii, W.W. Synthetic Polymeric Fi Bers; 2017; ISBN 9781139342520. 
[34] Kopf, S. Polymer Rejuvenation of PET Textile Waste. 2020. 
[35] Republic, C. The Chemistry, Manufacture and Tensile Behaviour of Polyester Fibers 9., doi:10.1533/9781845696801.2.223 
[36] Zander, N.E.; Gillan, M.; Sweetser, D. Recycled PET Nanofibers for Water Filtration Applications. Materials (Basel). 2016, 9, 1–10, doi:10.3390/ma9040247. 
[37] Šišková, A.O.; Mosnáčková, K.; Hrůza, J.; Frajová, J.; Opálek, A.; Bučková, M.; Kozics, K.; Peer, P.; Andicsová, A.E. Electrospun Poly(Ethylene 

Terephthalate)/Silk Fibroin Composite for Filtration Application. Polymers (Basel). 2021, 13, doi:10.3390/polym13152499. 
[38] Thilagavathi, G.; Periyasamy, S. Fibers for Filtration. Handb. Fibrous Mater. 2020, 807–830, doi:10.1002/9783527342587.ch29. 
[39] Ochi, T.; Okubo, S.; Fukui, K. Development of Recycled PET Fiber and Its Application as Concrete-Reinforcing Fiber. Cem. Concr. Compos. 2007, 29, 448–

455, doi:10.1016/j.cemconcomp.2007.02.002. 
[40] Yu, J.; Yao, J.; Lin, X.; Li, H.; Lam, J.Y.K.; Leung, C.K.Y.; Sham, I.M.L.; Shih, K. Tensile Performance of Sustainable Strain-Hardening Cementitious 

Composites with Hybrid PVA and Recycled PET Fibers. Cem. Concr. Res. 2018, 107, 110–123, doi:10.1016/j.cemconres.2018.02.013. 
[41] Pei, B.; Wang, W.; Fan, Y.; Wang, X.; Watari, F.; Li, X. Fiber-Reinforced Scaffolds in Soft Tissue Engineering. Regen. Biomater. 2017, 4, 257–268, 

doi:10.1093/rb/rbx021. 
[42] Republic, C. Synthetic Polymer Scaffolds for Soft Tissue Engineering Department of Biological Models , Institute of Macromolecular Chemistry of the Czech 

Academy. 2018, 67 
[43] Heo, J.S.; Eom, J.; Kim, Y.H.; Park, S.K. Recent Progress of Textile-Based Wearable Electronics: A Comprehensive Review of Materials, Devices, and 

Applications. Small 2018, 14, 1–16, doi:10.1002/smll.201703034. 
[44] Yan, Y.; Gooneie, A.; Ye, H.; Deng, L.; Qiu, Z.; Reifler, F.A.; Hufenus, R. Morphology and Crystallization of Biobased Polyamide 56 Blended with 

Polyethylene Terephthalate. Macromol. Mater. Eng. 2018, 303, 1–10, doi:10.1002/mame.201800214. 
[45] Deopura, B.L. Polyamide Fibers. Polyesters Polyam. 2008, 41–61, doi:10.1533/9781845694609.1.41 
[46] Vasanthan, N. Polyamide Fiber Formation: Structure, Properties and Characterization; Woodhead Publishing Limited, 2009; Vol. 1; ISBN 9781845696504. 
[47] Morales-Gámez, L.; Soto, D.; Franco, L.; Puiggalí, J. Brill Transition and Melt Crystallization of Nylon 56: An Odd-Even Polyamide with Two Hydrogen-



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 

                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue VI June 2022- Available at www.ijraset.com 

     

 
5172 © IJRASET: All Rights are Reserved |  SJ Impact Factor 7.538 |  ISRA Journal Impact Factor 7.894 |  

Bonding Directions. Polymer (Guildf). 2010, 51, 5788–5798, doi:10.1016/j.polymer.2010.09.074. 
[48] Mukhopadhyay, S.K. Manufacturing, Properties and Tensile Failure of Nylon Fibres. Handb. Tensile Prop. Text. Tech. Fibres 2009, 197–222, 

doi:10.1533/9781845696801.2.197 
[49] Judovits, L. 13. Thermal Analysis of Aliphatic Nylon Fibers; LTD, 2020; ISBN 9780081005729. 
[50] Mather, R.R. The Chemistry of Textile Fibres 2nd Edition; ISBN 9781782620235. 
[51] Hufenus, R.; Yan, Y.; Dauner, M.; Kikutani, T. Melt-Spun Fibers for Textile Applications. 2020. 
[52] Dural Erem, A.; Ozcan, G.; Skrifvars, M. Antibacterial Activity of PA6/ZnO Nanocomposite Fibers. Text. Res. J. 2011, 81, 1638–1646, 

doi:10.1177/0040517511407380. 
[53] Ertekin, M. Aramid Fibers; Elsevier Ltd., 2017; ISBN 9780081009932. 
[54] Tan, V.B.C.; Zeng, X.S.; Shim, V.P.W. Characterization and Constitutive Modeling of Aramid Fibers at High Strain Rates. Int. J. Impact Eng. 2008, 35, 1303–

1313, doi:10.1016/j.ijimpeng.2007.07.010. 
[55] Chen, J.; Zhu, Y.; Ni, Q.; Fu, Y.; Fu, X. Surface Modification and Characterization of Aramid Fibers with Hybrid Coating. Appl. Surf. Sci. 2014, 321, 103–

108, doi:10.1016/j.apsusc.2014.09.196. 
[56] Review, A.B. Application of Aramid Nanofibers in Nanocomposites : A Brief Review. 2021, 1–12. 
[57] Zhang, B.; Wang, W.; Tian, M.; Ning, N.; Zhang, L. Preparation of Aramid Nanofiber and Its Application in Polymer Reinforcement : A Review. Eur. Polym. 

J. 2020, 139, 109996, doi:10.1016/j.eurpolymj.2020.109996. 
[58] S, P.; KM, S.; K, N.; S, S. Fiber Reinforced Composites - A Review. J. Mater. Sci. Eng. 2017, 06, doi:10.4172/2169-0022.1000341. 
[59] Patterson, B.A.; Malakooti, M.H.; Lin, J.; Okorom, A.; Sodano, H.A. Aramid Nanofibers for Multiscale Fiber Reinforcement of Polymer Composites. Compos. 

Sci. Technol. 2018, 161, 92–99, doi:10.1016/j.compscitech.2018.04.005. 
[60] Nasser, J.; Lin, J.; Steinke, K.; Sodano, H.A. Enhanced Interfacial Strength of Aramid Fiber Reinforced Composites through Adsorbed Aramid Nanofiber 

Coatings. Compos. Sci. Technol. 2019, 174, 125–133, doi:10.1016/j.compscitech.2019.02.025. 
[61] Zeng, F.; Chen, X.; Xiao, G.; Li, H.; Xia, S.; Wang, J. A Bioinspired Ultratough Multifunctional Mica-Based Nanopaper with 3D Aramid Nanofiber 

Framework as an Electrical Insulating Material. ACS Nano 2020, 14, 611–619, doi:10.1021/acsnano.9b07192. 
[62] Zhao, Y.; Dang, W.; Lu, Z.; Wang, L.; Si, L.; Zhang, M. A Novel Mica-Based Composite with Hybrid Aramid Fibers for Electrical Insulating Applications: 

Largely Improved Mechanical Properties and Moisture Resistance. Polym. Int. 2018, 67, 204–211, doi:10.1002/pi.5498. 
[63] Wang, F.; Wu, Y.; Huang, Y. Novel Application of Graphene Oxide to Improve Hydrophilicity and Mechanical Strength of Aramid Nanofiber Hybrid 

Membrane. Compos. Part A Appl. Sci. Manuf. 2018, 110, 126–132, doi:10.1016/j.compositesa.2018.04.023. 
[64] Zhang, J.; Kong, Q.; Liu, Z.; Pang, S.; Yue, L.; Yao, J.; Wang, X.; Cui, G. A Highly Safe and Inflame Retarding Aramid Lithium Ion Battery Separator by a 

Papermaking Process. Solid State Ionics 2013, 245–246, 49–55, doi:10.1016/j.ssi.2013.05.016. 
[65] Kwon, S.R.; Elinski, M.B.; Batteas, J.D.; Lutkenhaus, J.L. Robust and Flexible Aramid Nanofiber/Graphene Layer-by-Layer Electrodes. ACS Appl. Mater. 

Interfaces 2017, 9, 17125–17135, doi:10.1021/acsami.7b03449. 
[66] Kowsari, E.; Haddadi-Asl, V.; Ajdari, F.B.; Hemmat, J. Aramid Fibers Composites to Innovative Sustainable Materials for Biomedical Applications; Elsevier 

Inc., 2019; ISBN 9780128168721. 
[67] O’Connor, T.C.; Robbins, M.O. Molecular Models for Creep in Oriented Polyethylene Fibers. J. Chem. Phys. 2020, 153, doi:10.1063/5.0021286. 
[68] O’Connor, T.C.; Robbins, M.O. Chain Ends and the Ultimate Strength of Polyethylene Fibers. ACS Macro Lett. 2016, 5, 263–267, 

doi:10.1021/acsmacrolett.5b00838. 
[69] Deitzel, J.M.; McDaniel, P.; Gillespie, J.W. High Performance Polyethylene Fibers; Elsevier Ltd, 2017; ISBN 9780081005514. 
[70] Vlasblom, M. The Manufacture, Properties, and Applications of High-Strength, High-Modulus Polyethylene Fibers; Elsevier Ltd, 2018; ISBN 9780081012727. 
[71] Vitale, M.C.; Caprioglio, C.; Martignone, A.; Marchesi, U.; Botticelli, A.R. Combined Technique with Polyethylene Fibers and Composite Resins in 

Restoration of Traumatized Anterior Teeth. Dent. Traumatol. 2004, 20, 172–177, doi:10.1111/j.1600-4469.2004.00201.x. 
[72] Li, C.S.; Zhan, M.S.; Huang, X.C.; Zhou, H. Degradation Behavior of Ultra-High Molecular Weight Polyethylene Fibers under Artificial Accelerated 

Weathering. Polym. Test. 2012, 31, 938–943, doi:10.1016/j.polymertesting.2012.06.009. 
[73] Li, W.; Feng, M.; Liu, X.; Huang, M.; Ma, R. Ultra-High Molecular Weight Polyethylene Fibers/Epoxy Composites: Effect of Fiber Treatment on Properties. 

Fibers Polym. 2019, 20, 421–427, doi:10.1007/s12221-019-8704-7. 
[74] Park, J.H.; Rutledge, G.C. Ultrafine High Performance Polyethylene Fibers. J. Mater. Sci. 2018, 53, 3049–3063, doi:10.1007/s10853-017-1724-z. 
[75] Water, P. Polluted Water. 2017, doi:10.3390/ma10121352. 
[76] Amjadi, M.; Fatemi, A. Tensile Behavior of High-Density Polyethylene Including the Effects of Processing Technique, Thickness, Temperature, and Strain 

Rate. Polymers (Basel). 2020, 12, doi:10.3390/POLYM12091857. 
[77] Zhou, S.; Xie, L.; Jia, Y.; Wang, C. Review Review of Cementitious Composites Containing Polyethylene Fibers as Repairing Materials. Polymers (Basel). 

2020, 12, 1–22, doi:10.3390/polym12112624. 
[78] Cho, D.; Zhou, H.; Cho, Y.; Audus, D.; Lak, Y. Structural Properties and Superhydrophobicity of Electrospun Polypropylene Fi Bers from Solution and Melt. 

2010, 51, 6005–6012, doi:10.1016/j.polymer.2010.10.028. 
[79] Lou, L.H.; Qin, X.H.; Zhang, H. Preparation and Study of Low-Resistance Polyacrylonitrile Nano Membranes for Gas Filtration. Text. Res. J. 2017, 87, 208–

215, doi:10.1177/0040517515627171. 
[80] Lou, L.; Subbiah, S.; Smith, E.; Kendall, R.J.; Ramkumar, S.S. Functional PVA/VB2/TiO2 Nanofiber Webs for Controlled Drug Delivery. ACS Appl. Bio 

Mater. 2019, 2, 5916–5929, doi:10.1021/acsabm.9b00726. 
[81] Yildiz, O.; Dirican, M.; Fang, X.; Fu, K.; Jia, H.; Stano, K.; Zhang, X.; Bradford, P.D. Hybrid Carbon Nanotube Fabrics with Sacrificial Nanofibers for 

Flexible High Performance Lithium-Ion Battery Anodes. J. Electrochem. Soc. 2019, 166, A473–A479, doi:10.1149/2.0821902jes. 
[82] Lou, L.; Kendall, R.J.; Smith, E.; Ramkumar, S.S. Functional PVDF/RGO/TiO2 Nanofiber Webs for the Removal of Oil from Water. Polymer (Guildf). 2020, 

186, 122028, doi:10.1016/j.polymer.2019.122028. 
[83] Tamura, T.; Kawakami, H. Aligned Electrospun Nanofiber Composite Membranes for Fuel Cell Electrolytes. Nano Lett. 2010, 10, 1324–1328, 

doi:10.1021/nl1007079. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 

                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue VI June 2022- Available at www.ijraset.com 

     

 
5173 © IJRASET: All Rights are Reserved |  SJ Impact Factor 7.538 |  ISRA Journal Impact Factor 7.894 |  

[84] Lou, L.; Wang, J.; Lee, Y.J.; Ramkumar, S.S. Visible Light Photocatalytic Functional TiO2/PVDF Nanofibers for Dye Pollutant Degradation. Part. Part. Syst. 
Charact. 2019, 36, 1–12, doi:10.1002/ppsc.201900091. 

[85] Huang, T.; Wang, C.; Yu, H.; Wang, H.; Zhang, Q.; Zhu, M. Human Walking-Driven Wearable All-Fiber Triboelectric Nanogenerator Containing Electrospun 
Polyvinylidene Fluoride Piezoelectric Nanofibers. Nano Energy 2014, 14, 226–235, doi:10.1016/j.nanoen.2015.01.038. 

[86] Zhang, Y.; He, X.; Li, J.; Miao, Z.; Huang, F. Fabrication and Ethanol-Sensing Properties of Micro Gas Sensor Based on Electrospun SnO2 Nanofibers. 
Sensors Actuators, B Chem. 2008, 132, 67–73, doi:10.1016/j.snb.2008.01.006. 

[87] Liu, R.; Ji, D.; Zhou, G.; Liu, Z.; Xu, Q.; Ramakrishna, S. Electrospun Nanofibers for Personal Protection in Mines. Chem. Eng. J. 2021, 404, 126558, 
doi:10.1016/j.cej.2020.126558. 

[88] Zhang, B.T.; Liu, H.; Liu, Y.; Teng, Y. Application Trends of Nanofibers in Analytical Chemistry. TrAC - Trends Anal. Chem. 2020, 131, 115992, 
doi:10.1016/j.trac.2020.115992. 

[89] Najafi, M.; Frey, M.W. Electrospun Nanofibers for Chemical Separation. Nanomaterials 2020, 10, doi:10.3390/nano10050982. 
[90] Makhlouf, A.S.H. Current and Advanced Coating Technologies for Industrial Applications; Woodhead Publishing Limited, 2011; 
[91] Oyekunle, D.T.; Agboola, O.; Ayeni, A.O. A Review on Some Effects of the Electrolytic Deposited Zinc Oxide Multilayered Composite Coatings on Mild 

Steel A Review on Some Effects of the Electrolytic Deposited Zinc Oxide Multilayered Composite Coatings on Mild Steel. 2019, doi:10.1088/1742-
6596/1378/4/042052. 

[92] Lei, J.; Shi, C.; Zhou, S.; Gu, Z.; Zhang, L.C. Enhanced Corrosion and Wear Resistance Properties of Carbon Fiber Reinforced Ni-Based Composite Coating 
by Laser Cladding. Surf. Coatings Technol. 2018, 334, 274–285, doi:10.1016/j.surfcoat.2017.11.051. 

[93] Singh, B.P.; Jena, B.K.; Bhattacharjee, S.; Besra, L. Surface & Coatings Technology Development of Oxidation and Corrosion Resistance Hydrophobic 

Graphene Oxide-Polymer Composite Coating on Copper ☆. Surf. Coat. Technol. 2013, 232, 475–481, doi:10.1016/j.surfcoat.2013.06.004. 

[94] Mandelli, A.; Bestetti, M.; Forno, A. Da; Lecis, N.; Trasatti, S.P.; Trueba, M. Surface & Coatings Technology A Composite Coating for Corrosion Protection 
of AM60B Magnesium Alloy. Surf. Coat. Technol. 2011, 205, 4459–4465, doi:10.1016/j.surfcoat.2011.03.066. 

[95] Gunputh, U.; Le, H. Composite Coatings for Implants and Tissue Engineering Scaffolds. 2017, doi:10.1016/B978-0-08-100752-5.00006-8. 
[96] Kanematsu, H.; Yoshitake, M. Nanocomposite Coating for Antibacterial Purposes; Elsevier Ltd., 2015; ISBN 9780127999470. 
[97] Huang, Y.S.; Zeng, X.T.; Annergren, I.; Liu, F.M. Development of Electroless NiP – PTFE – SiC Composite Coating. 2003, 167, 207–211, doi:10.1016/S0257-

8972(02)00899-X. 
[98] Wang, Z.; Wu, L.; Qi, Y.; Cai, W.; Jiang, Z. Surface & Coatings Technology Self-Lubricating Al 2 O 3 / PTFE Composite Coating Formation on Surface of 

Aluminium Alloy. Surf. Coat. Technol. 2010, 204, 3315–3318, doi:10.1016/j.surfcoat.2010.03.049 
[99] Mwaikambo, L. Review of the History, Properties and Application of Plant Fibres. African J. Sci. Technol. 2006, 7, 121. 
[100] Mwaikambo, L.Y.; Ansell, M.P. Mechanical Properties of Alkali Treated Plant Fibres and Their Potential as Reinforcement Materials. I. Hemp Fibres. J. 

Mater. Sci. 2006, 41, 2483–2496, doi:10.1007/s10853-006-5098-x. 
[101] Biagiotti, J.; Puglia, D.; Kenny, J.M. A Review on Natural Fibre-Based Composites-Part I. J. Nat. Fibers 2004, 1, 37–68. 
[102] Yuan, J.M.; Feng, Y.R.; He, L.P. Effect of Thermal Treatment on Properties of Ramie Fibers. Polym. Degrad. Stab. 2016, 133, 303–311, 

doi:10.1016/j.polymdegradstab.2016.09.012. 
[103] Nam, S.; Netravali, A.N. Green Composites. I. Physical Properties of Ramie Fibers for Environment-Friendly Green Composites. Fibers Polym. 2006, 7, 372–

379, doi:10.1007/BF02875769. 
[104] Kalita, B.B.; Gogoi, N.; Kalita, S. Properties of Ramie and Its Blends. Int. J. Eng. Res. Gen. Sci. 2013, 1, 1–6. 
[105] Uma Devi, L.; Bhagawan, S.S.; Thomas, S. Mechanical Properties of Pineapple Leaf Fiber-Reinforced Polyester Composites. J. Appl. Polym. Sci. 1997, 64, 

1739–1748, doi:10.1002/(sici)1097-4628(19970531)64:9<1739::aid-app10>3.3.co;2-o. 
[106] Jose, S.; Salim, R.; Ammayappan, L. An Overview on Production, Properties, and Value Addition of Pineapple Leaf Fibers (PALF). J. Nat. Fibers 2016, 13, 

362–373, doi:10.1080/15440478.2015.1029194. 
[107] Mangal, R.; Saxena, N.S.; Sreekala, M.S.; Thomas, S.; Singh, K. Thermal Properties of Pineapple Leaf Fiber Reinforced Composites. Mater. Sci. Eng. A 2003, 

339, 281–285, doi:10.1016/S0921-5093(02)00166-1. 
[108] Akil, H.M.; Omar, M.F.; Mazuki, A.A.M.; Safiee, S.; Ishak, Z.A.M.; Abu Bakar, A. Kenaf Fiber Reinforced Composites: A Review. Mater. Des. 2011, 32, 

4107–4121, doi:10.1016/j.matdes.2011.04.008. 
[109] Cheng, W.Y.; Haque Akanda, J.M.; Nyam, K.L. Kenaf Seed Oil: A Potential New Source of Edible Oil. Trends Food Sci. Technol. 2016, 52, 57–65, 

doi:10.1016/j.tifs.2016.03.014. 
[110] Shahar, F.S.; Sultan, M.T.H.; Shah, A.U.M.; Safri, S.N.A. A Short Review on the Extraction of Kenaf Fibers and the Mechanical Properties of Kenaf Powder 

Composites. IOP Conf. Ser. Mater. Sci. Eng. 2019, 670, doi:10.1088/1757-899X/670/1/012028. 
[111] Mohanty, A.K.; Misra, M. Studies on Jute Composites—a Literature Review. Polym. Plast. Technol. Eng. 1995, 34, 729–792, 

doi:10.1080/03602559508009599. 
[112] Singh, H.; Singh, J.I.P.; Singh, S.; Dhawan, V.; Tiwari, S.K. A Brief Review of Jute Fibre and Its Composites. Mater. Today Proc. 2018, 5, 28427–28437, 

doi:10.1016/j.matpr.2018.10.129. 
[113] Chandekar, H.; Chaudhari, V.; Waigaonkar, S. A Review of Jute Fiber Reinforced Polymer Composites. Mater. Today Proc. 2020, 26, 2079–2082, 

doi:10.1016/j.matpr.2020.02.449. 
[114] Hwang, B.S.; Kim, B.S.; Lee, J.H.; Byun, J.H.; Park, J.M. Physical Parameters and Mechanical Properties Improvement for Jute Fiber/Polypropylene 

Composites by Maleic Anhydride Coupler. ICCM Int. Conf. Compos. Mater. 2007, 1–7. 
[115] Wang, W.; Cai, Z.; Yu, J.; Xia, Z. Changes in Composition , Structure , and Properties of Jute Fibers after Chemical Treatments. 2009, 10, 776–780, 

doi:10.1007/s12221-009-0776-3. 
[116] Korol, J.; Hejna, A.; Burchart-Korol, D.; Wachowicz, J. Comparative Analysis of Carbon, Ecological, and Water Footprints of Polypropylene-Based 

Composites Filled with Cotton, Jute and Kenaf Fibers. Materials (Basel). 2020, 13, doi:10.3390/MA13163541. 
[117] Shahzad, A. Hemp Fiber and Its Composites - A Review. J. Compos. Mater. 2012, 46, 973–986, doi:10.1177/0021998311413623. 
[118] Manaia, J.P.; Manaia, A.T.; Rodriges, L. Industrial Hemp Fibers: An Overview. Fibers 2019, 7, 1–16, doi:10.3390/?b7120106. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 

                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue VI June 2022- Available at www.ijraset.com 

     

 
5174 © IJRASET: All Rights are Reserved |  SJ Impact Factor 7.538 |  ISRA Journal Impact Factor 7.894 |  

[119] Manian, A.P.; Cordin, M.; Pham, T. Extraction of Cellulose Fibers from Flax and Hemp: A Review. Cellulose 2021, 28, 8275–8294, doi:10.1007/s10570-021-
04051-x. 

[120] Karahan, H.A.; Özdo, E. Improvements of Surface Functionality of Cotton Fibers by Atmospheric Plasma Treatment. 2008, 9, 21–26. 
[121] Monzón, M.D.; Paz, R.; Verdaguer, M.; Suárez, L.; Badalló, P.; Ortega, Z.; Diaz, N. Experimental Analysis and Simulation of Novel Technical Textile 

Reinforced Composite of Banana Fibre. Materials (Basel). 2019, 12, doi:10.3390/ma12071134. 
[122] Kusić, D.; Božič, U.; Monzón, M.; Paz, R.; Bordón, P. Thermal and Mechanical Characterization of Banana Fiber Reinforced Composites for Its Application in 

Injection Molding. Materials (Basel). 2020, 13, doi:10.3390/MA13163581. 
[123] Delicano, J.A. A Review on Abaca Fiber Reinforced Composites. Compos. Interfaces 2018, 25, 1039–1066, doi:10.1080/09276440.2018.1464856. 
[124] Liu, Y.; Ma, Y.; Yu, J.; Zhuang, J.; Wu, S.; Tong, J. Development and Characterization of Alkali Treated Abaca Fiber Reinforced Friction Composites. 

Compos. Interfaces 2019, 26, 67–82, doi:10.1080/09276440.2018.1472456. 
[125] Cai, M.; Takagi, H.; Nakagaito, A.N.; Katoh, M.; Ueki, T.; Waterhouse, G.I.N.; Li, Y. Influence of Alkali Treatment on Internal Microstructure and Tensile 

Properties of Abaca Fibers. Ind. Crops Prod. 2015, 65, 27–35, doi:10.1016/j.indcrop.2014.11.048. 
[126] Liu, D.; Song, J.; Anderson, D.P.; Chang, P.R.; Hua, Y. Bamboo Fiber and Its Reinforced Composites: Structure and Properties. Cellulose 2012, 19, 1449–

1480, doi:10.1007/s10570-012-9741-1. 
[127] Chin, S.C.; Tee, K.F.; Tong, F.S.; Ong, H.R.; Gimbun, J. Thermal and Mechanical Properties of Bamboo Fiber Reinforced Composites. Mater. Today 

Commun. 2020, 23, 100876, doi:10.1016/j.mtcomm.2019.100876. 
[128] Varada Rajulu, A.; Allah Baksh, S.; Ramachandra Reddy, G.; Narasimha Chary, K. Chemical Resistance and Tensile Properties of Short Bamboo Fiber 

Reinforced Epoxy Composites. J. Reinf. Plast. Compos. 1998, 17, 1507–1511, doi:10.1177/073168449801701702. 
[129] Yueping, W.; Ge, W.; Haitao, C.; Genlin, T.; Zheng, L.; Feng, X.Q.; Xiangqi, Z.; Xiaojun, H.; Xushan, G. Structures of Bamboo Fiber for Textiles. Text. Res. 

J. 2010, 80, 334–343, doi:10.1177/0040517509337633. 
[130] Liu, T.; Li, J.; Li, X.; Qiu, S.; Ye, Y.; Yang, F.; Zhao, H. Effect of Self-Assembled Tetraaniline Nanofiber on the Anticorrosion Performance of Waterborne 

Epoxy Coating. Prog. Org. Coatings 2019, 128, 137–147, doi:10.1016/j.porgcoat.2018.11.033. 
[131] Huang, Y.; Feng, Q.; Ye, C.; Nair, S.S.; Yan, N. Incorporation of Ligno-Cellulose Nanofibrils and Bark Extractives in Water-Based Coatings for Improved 

Wood Protection. Prog. Org. Coatings 2020, 138, 105210, doi:10.1016/j.porgcoat.2019.105210. 
[132] Aldabbagh, B.M.; Alshimary, H.J. Polyamide Nanofibers Coating by Electrospinning Technique for Anti Corrosion Behavior. Eng. Technol. J. 2017, 35, 987–

991. 
[133] Wang, H.; Liu, Z.; Wang, E.; Yuan, R.; Gao, D.; Zhang, X.; Zhu, Y. A Robust Superhydrophobic PVDF Composite Coating with Wear/Corrosion-Resistance 

Properties. Appl. Surf. Sci. 2015, 332, 518–524, doi:10.1016/j.apsusc.2015.01.213. 
[134] Wu, H.; Zhu, L. na; Yue, W.; Fu, Z. qiang; Kang, J. jie Wear-Resistant and Hydrophobic Characteristics of PTFE/CF Composite Coatings. Prog. Org. Coatings 

2019, 128, 90–98, doi:10.1016/j.porgcoat.2018.12.013. 
[135] Hasegawa, M.; Sakaue, H. Microfiber Coating for Flow Control: Effects on Microfiber Length in Orientation Control. Sensors Actuators, A Phys. 2020, 312, 

doi:10.1016/j.sna.2020.112125. 
[136] Kumar, A.; Ryparovà, P.; Petrič, M.; Tywoniak, J.; Hajek, P. Coating of Wood by Means of Electrospun Nanofibers Based on PVA/SiO2and Its 

Hydrophobization with Octadecyltrichlorosilane (OTS). Holzforschung 2017, 71, 225–231, doi:10.1515/hf-2016-0108. 
[137] Ashbaugh, A.G.; Jiang, X.; Zheng, J.; Tsai, A.S.; Kim, W.S.; Thompson, J.M.; Miller, R.J.; Shahbazian, J.H.; Wang, Y.; Dillen, C.A.; Polymeric Nanofiber 

Coating with Tunable Combinatorial Antibiotic Delivery Prevents Biofilm-Associated Infection in Vivo. Proc. Natl. Acad. Sci. U. S. A. 2016, 113, E6919–
E6928, doi:10.1073/pnas.1613722113. 

[138] Qiu, S.; Chen, C.; Zheng, W.; Li, W.; Zhao, H.; Wang, L. Long-Term Corrosion Protection of Mild Steel by Epoxy Coating Containing Self-Doped Polyaniline 
Nanofiber. Synth. Met. 2017, 229, 39–46, doi:10.1016/j.synthmet.2017.05.004 

[139] Kulkarni, A.; Mahanwar, P.A. Effect of Dispersion of Nanofibers on the Properties of LDPE FILMS. Int. J. Plast. Technol. 2011, 15, 77–85, 
doi:10.1007/s12588-011-9009-x. 

 
 
 
 

 
 
 
 



 


