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Abstract: Now days, green composite materials are now gaining popularity for the various industrial 

applications. It is a combination of naturally occurring reinforcement like jute, sisal, flax, hemp, and kenaf; and 

matrix materials like biopolymers or bio resins which have been derived from starch, and vegetable oils. It is 

becoming more desirable due to its properties like biodegradability, renewability and environment friendly.  The 

present paper presents the various natural fibers and their combinations with biopolymers. The paper also 

reflects the key issue related to hydrophilic nature of natural fibers and their remedies for a good fiber and bio 

polymer adhesion. Furthermore the strategy used and major attributes of the green composite are also discussed.  
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1 Introduction 

Composite material has wide spectrum in industrial and engineering fields using suitable 

material like metal [1-2], polymers and ceramics so as to obtain optimum strength, these 

materials are being used according to the growing need of the society. Transition of Industries 

towards production of green composite is taking place due to the increasing demand of 

consumer, to reduce the use of synthetic material, higher sustainability, biodegradability, 

friendly to environment and recyclability, inexpensive, low density etc. [3, 4]. Natural fibers 

are biologically occurring materials which have two main sources (a) agriculture production 

and (b) production residue of crops when they are processed for the primary uses [5]. 

Typically known natural fibers are wood, silk, ramie, jute, hemp, kenaf, sisal, coir, flax, 

bamboo and fruit fibers. Natural fibers are majorly used with thermoplastics and thermoset 

plastics. Thermoplastics and thermoset plastics both are non-bio degradable but 

thermoplastics are recycled in an easy manner as compared to thermoset. The use of natural 

fiber with the above said plastics does not result in fully biodegradable composite but 

incorporation of natural fibers with the bio degradable matrix like PLAs, polyglycolic acid 

(PGA), poly-b hydroxyalkanoates (PHA), and poly caprolactone (PCL), makes it a fully 

biodegradable composites. Natural fibers have other advantages like mechanical properties 

such as tensile strength and elastic modulus of natural fiber composite better than the plain 

polymer [6]. Non toxicity, low energy consumption and absence of disposed options are other 

beneficial advantages of natural fibers. Besides these favourable properties of natural fibers, 

their applications are still very few and the same trend is following for the natural fiber bio 

degradable composites. This may be due to the fact that natural fibers on the whole are 

somehow found inferior to the synthetic fiber when talking about the mechanical properties 

[7, 8] but work is still going on to increase the mechanical properties of natural fibers. 

Moreover the compatibility of natural fiber with the polymer is also a big issue due to the 

hydrophilic nature of the natural fiber. Mechanical properties of natural fiber and their 

compatibility with polymer can be increased with the help of physical and chemical methods. 



34 2018 SjF STU Bratislava Volume 68, No. 1, (2018) 

 

In physical methods like corona discharge, sputtering, calandering, low temperature plasma, 

stretching, thermal treatment etc. [9] the structural properties of natural fibers are altered 

which results in increasing the mechanical bonding between fiber and polymer. Chemical 

methods include some popularly known treatments such as graft copolymerization, silane 

treatments, alkali swelling, cyanate treatment, impregnation of fibers, etc. which results in 

enhancement of the adhesion between the fiber and polymer. For the expansion of natural 

fiber in various industries, the present paper unearths the physical, chemical and mechanical 

properties of natural fiber, their combination with various bio polymers. Further various 

methods used to increase the adhesion properties of the fibers and the technique used for the 

manufacturing of composites are also discussed in the present paper. The application of 

natural fiber in various industrial fields has been shown in figure 1. The diagram shows that 

more than 65% of natural fiber composite has application in packaging industries and 

remaining 35% has application in medical, textiles, electronic and agriculture with the 

percentage of 4, 8, 4, 6 respectively [10].The paper published in the field of natural fiber can 

be seen in figure 2. It can be seen that the number of paper published are increasing with the 

year. As the pattern of published paper is ever increasing there is need of review of the 

research work carried out by the researchers. 

 

Fig. 1 Application of Natural fibers in various Industries 

 

 

Fig. 2 Publication of research paper in natural fibers composite in last 10 years  

2 Natural fiber  

Fiber is the reinforcement used to bear the load transferred through the matrix. They 

provide strength and stiffness to the polymer [11, 12]. Fibers are obtained either naturally and 

man-made. Naturally occurring fibers can be classified in three main categories i.e. animal 

fiber, mineral fiber and plant fiber as can be seen in figure 3. Animal fibers are those which 
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are obtained from animals for example hairy mammal, sheep wool, got hair, silk etc. [13]. 

Silk fiber is also an animal fiber which has highest tensile strength among all the natural fiber 

[14]. Mineral fibers are naturally occurring or slightly modified fiber produced from mineral. 

Asbestos and ceramic are commonly known mineral fibers. Mineral fibers are capable of 

working in high temperature conditions [15]. These can also be used as refractory material.  

Plant fibers are the most abundant fiber among all the natural fiber. Hemp, Himalayan nettle, 

sisal, jute, kenaf, flax, abaca, ramie etc. are the commonly known plant fiber. Plant fibers are 

also called cellulosic fiber and have quite promising tensile strength [16].  Reinforcement of 

natural fiber is compatible with both thermosetting and thermoplastics. Epoxy, polyester, 

polyurethane, phenolic, etc. are some common plastics which are in use today in the 

manufacturing of natural fiber composites requiring higher performance applications 

particularly stiffness and strength. But these composites are accompanied with the inherit 

demerit of composting which is now one of the biggest issue for the present generation. 

Natural fiber bio polymer composites, on the other hand do not have the problem of 

composting and there is a compromise between the strength of the composite and the 

composting problem. Several ways have been identified to increase the strength of the natural 

fiber bio polymer composite to develop a composite which can replace the current synthetic 

polymer composite. Areca fiber is a perennial crop. It is an inexpensive, highly abundantly 

crop and easily available. It is mainly composed of hemicellulose and high rate of moisture 

sorption [17]. Thus areca needs to be treated before using it for making composite to reduce 

the moisture absorption [18]. Kenaf fiber is a cellulosic fiber. It has both economic and 

ecological advantage as it can be grown in varied environment and the growth of the plant is 

very much promising [19]. It is extensively used fiber due the lower rate of moisture sorption 

which makes it a compatible fiber for most of the polymer matrix [20]. Banana fiber 

composed of mainly carbohydrates and protein makes it a high strength fiber but it has 

content of water uptake. Thus initial treatment is also needed for the banana fiber [21]. 

Similar properties are inherited by the sisal, hemp, jute, oil palm, pineapple, coir, flax, ramie, 

Himalayan nettle etc. [22-26, 27, 28].  For the development of green composite fiber selection 

is critical and needs to possess good mechanical properties such as stiffness and tensile 

strength. Some other properties like failure elongation, thermal stability, fibers and matrix 

adhesion, dynamic and over lasting behaviour, low manufacturing cost and rate of moisture 

absorption are also important for the selection of fiber. Considering the natural fibers, some 

properties are found better than the synthetic fibers such as inexpensive, elevated mechanical 

characteristics, better heat insulation, insulated to acoustics and bio-degradability. As an 

example Sisal is a natural fiber can be used with flax fiber and biopolymer resin resulted in 

good permeability of composite [29]. As we compared the properties of natural fibers (Table 

1) like tensile strength and specific modulus with synthetic E glass fiber, it can be conclude 

that hemp and flax fiber has the potential to compete with synthetic fiber. Chemical properties 

of the typically known plant fibers which are now extensively being used as reinforcement 

can be seen in Table 2. Observation shows that mainly cellulose, hemicellulose, lignin, and 

pectin [30, 31] are found in varying proportion in plant fibers. Moreover, some item which are 

non-structural such as waxes, inorganic salts and nitrogenous substances are also included in 

the Table 2. These chemical properties are affected by the following reasons. These are: 

climatic conditions, degradation, age and time taken by the fiber while growing, floral 

classification and the stalk height [32]. Chemical properties of natural fiber have their own 

significance while selecting fiber for the fabrication of composite. The chemical properties 

make the basis of predicting the final properties of fiber polymer fabricated composite.  The 

chemical constituents of natural fiber greatly affect the properties like physical, mechanical, 

thermal and tribological of composite materials when used as reinforcement. Cellulose 

influences the strength of the fiber, lignin which acts as cementing materials influences its 
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structure and morphology, waxy substances influences the wettability and adhesion 

characteristics. Hence, it is desirable to sort out these obstacles by treating the fiber with 

certain chemical methods to improve the surface properties of fiber, wettability, compatibility 

of fiber. The chemical treatment enhances the properties of fiber by reducing the moisture 

content which generally found in the range from 8-12.6% before treatment. The strongly 

polarized cellulosic fibers inherently are less compatible with hydrophobic polymers. Hence 

by the introduction of third materials (coupling agents), compatibility between fiber and 

polymer can be enhanced as it eliminates weak boundary layers, deformable layers, 

wettability, chemical bonding etc. 

Types of Fibers

Natural fiber Synthetic fiber

Animal (Protein)Vegetable (Cellulose or 

Ligno cellulose)

Mineral 

Seed

Fruit

Bast

Leaf

Wood

Stalk

Cane and Grass fiber

Carbon Glass

Cotton, Kapok, Milkweed 

Hemp, Flax, Himalayan Nettle, Jute, 

Ramie, Kenaf

Pine apple, Abaca, Sisal

Wheat, Maize, 

Barley, Rye, Oat, 

Rice  Bamboo, Bagasse,  Esparto, 

Sabei, Phragmites, Communis

Coir

Wool/Hair

Silk Lamb’s wool, 

Goat hair, 

Angora wool. 

Cashmere, Yalk
Tussah silk. 

Mulberry 

silk

Asbestose, 

Fibrousbrucite, 

Wollastonite

 
Fig. 3 Classification of natural fibers 

 

 

Table 1. Mechanical Properties of Natural Fiber and synthetic fiber [49 - 64] 
Fiber Tensile strength 

(MPa) 

Elongation at 

failure (%) 

Young’s Modulus 

(GPa) 

Density 

(gm/ cm3) 

Hemp 690 1.6 70 1.47 

Flax 345-1500 2.7 - 3.2 27.6 1.5 

Sisal 468-700 3-7 9.4-22 1.45 

Ramie 400-938 1.2-3.8 61.4-128 1.55 

Kenaf 295-1191 1.6 53 1.2 

Jute 393-800 1.16-1.5 13-26.5 1.3-1.49 

Spider silk 1300- 2000 28 -30 30 1.3 

Coir 131-220 15-40 4-6 1.15-1.46 

Cotton 287-800 7-8 5.5-12.6 1.5-1.6 

Henequen 430-570 3.7-5.9 10.1-16.3 1.2 

Bamboo 140-230 2.5-3.7 11-17 0.6-1.1 

Wool 50-315 13.5-35 2.3-5 1.3 

Feather 100-203 6.9 3-10 0.9 

Carbon 3400 1.4-1.8 425 1.78 
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Kevlar 3000 2.5-3.7 60 1.44 

E glass 3400 2.5 73 2.55 

 

Table 2. Chemical Properties of Natural Fiber [65 - 73] 
Name of plant 

fiber 

Hemicellulose 

(%) 

Moisture 

(%) 

Cellulose 

(%) 

Lignin 

(%) 

Ash 

(%) 

Pectin 

(%) 

Wax 

(%) 

Banana 10.2–15.9 2–3 48–60 14.4–21.6 2.1 2.1–4.1 3–5 

Betelnut 29–33.1 NA 35–64.8 13–26 1.1–2.1 9.2–15.4 0.5–0.7 

Bagasse 20–36.3 NA 28.3–55 21.2–24 1–4 NA 0.9 

Bamboo 12.5–73.3 11.7 48.2–73.8 10.2–21.4 2.3 0.37 NA 

Flax 16.7 10 64.1 2 13.1 1.8 1.5 

Henequen 4–8 NA 77.6 13.1 NA NA NA 

Jute 12 10 64.4 0.2 0.5–2.1 11.8 0.5 

Oil Palm 17.1–33.5 NA 42.7–65 13.2–25.3 1.3–6.0 NA 0.6 

Pineapple 80.7 NA 57.5–74.3 4.4–10.1 0.9–4.7 1.1 3.3 

Ramie 13.1 10 68.6 0.6 NA 1.9 0.3 

Rice husk 12–20 – 38–45 – 20 – – 

Sea grass 38 – 57 5 – 10 – 

Sisal 12.0 10 65.8 9.9 4.2 0.8 0.3 

Kenaf 18–24 NA 37–49 15–21 2.4–5.1 8.9 0.5 

Hemp 12–22.4 6.5 55–80.2 2.6–13 0.5–0.8 0.9–3.0 0.2 

Curaua 9.9 NA 73.6 7.5 NA NA NA 

Cotton 5.7 10 82.7 28.2 NA 5.7 0.6 

Coir 11.9–15.4 0.2–0.5 19.9–36.7 32.7–53.3 NA 4.7–7.0 NA 

 

 
Fig. 4   Chemical composition of fiber [69] 

3 Bio Polymer Matrix 

Biodegradable polymers are called bio polymer. Biopolymer can be formed either by 

renewable or by synthetic source. The commonly known bio polymers are described in figure 

5. Starch, sugar, cellulose and synthetic materials are the four main types of biopolymer. They 

can also be classified as a) Proteins b) Bio-polyesters by direct fermentation c) 

Polysaccharides and d) Biopolymers which are found in nature itself. Bio polymers are not 
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found straight from the earth, besides there are ways to transform the natural polymer into bio 

polymer. These are: (a) Modification of naturally occurring polymers for eg. Cellulose 

derivatives and thermoplastic starch. (b) By using technique fermentation and polymerization 

to produce bio base monomer for eg. polylactic acid (PLA) and bio-based nylon 6. (c) Using 

genetically modified crop to produce bio base polymer for eg. poly hydroxyl alkanoates. 

Various techniques are also available to produce bio polymer such as drying, extrusion, film 

blowing, wet milling, thermoforming, injection molding, foaming, hydrolysis & fermentation. 

These bio polymers are finding their place in market such as for packaging of agriculture 

material and for tyres filler for cars. Starch is now being used as biopolymer which has a 

potential to replace polyolefins. PLA which is also a derived bio polymer is already in use and 

have the potential to replace Poly (methyl methacrylate) (PMMA) [33]. Research is also 

going on to consider cashew nut shell liquid resin (CNSL) as a biopolymer resin. These 

biopolymers have significant applications in transport, medicine and textile industries also. 

 

Bio base polymer

Polymers directly 

extracted from 

biomass

Polymers classicaly

synthesize from bio 

derived monomers
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organisms
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Fig. 5 Classifications of Bio Polymers 

4 Fiber-Matrix Interface 

Fiber matrix interface plays very important role in deciding the mechanical properties of 

the final composite which is called interfacial shear strength [IFSS]. The stress produced in 

the composite is transfer through the interface thus a strong bonding is required to hold the 

bond between fiber and matrix. It is sometime possible to attain the strong bonding between 

fiber and matrix but the propagation of crack can decrease the IFSS. The equation somehow 

altered in case of plant fiber due to the hydrophilic nature of plant fiber and hydrophobic 

nature of polymer. This leads to poor interfacial bonding between fiber and matrix. This 

hydrophilic nature of plant fiber has been probable reason for the poor bonding which can be 

improved by the physical and chemical treatment of the fiber [34-38]. Various properties of 

the composite like transverse mechanical properties, toughness, and interlaminar shear 

strength (ILSS) can be controlled by IFSS however tensile strength of the composite can be 

improved by physicochemical, mechanical (interlocking) and chemical interaction. For the 

development of strong composite good interfacial adhesion is required which maintain the 
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structural integrity however energy absorption capability can be improved by weak interfacial 

bonding. For natural fibers, the IFSS of the fiber/resin can be measured by microbead test. 

5 Modification of Natural fibers 

New natural fiber based composites are being developed through the fundamental 

knowledge of fiber surface. The surface is influenced by polymer morphology, extractive 

chemicals and processing conditions. There are two types of method to improve the fiber 

surface, physical and chemical methods. The most familiar treatment of fiber can be seen in 

figure 6. Treatment of fiber by physical method includes stretching, calendaring, thermo- 

treatment and production of hybrid yarns. This treatment on the fiber leads to structural and 

surface changes and thereby enhances the mechanical properties of the fiber. Hydro thermal 

treatment on Moso bamboo particles reinforced polyvinyl chloride (BP/PVC) at different 

temperatures (120°C, 140°C, 160°C, 180°C, 200°C, 220°C, 240°C, 260°C and 280°C) was taken 

which improved the surface property with the removal of hemicelluloses and pectin. 

Mechanical properties like tensile strength, tensile modulus and flexural strength of the 

composites was found to be 15.79 MPa, 6702.26 MPa and 39.57 MPa respectively which was 

maximum among all elevated temperature due to uniform dispersion of bamboo particles in 

the polyvinyl chloride matrix whereas elongation at break and flexural deformation was 

maximum at 200°C and 140°C  respectively . At 160°C, compatibility, low moisture absorption 

and high thermal stability was recorded due to decomposition of hemicelluloses at higher 

temperature [39]. Further, the surface modification of coconut waste particle (10-50 wt%) by 

PECVD method was done for the preparation of advanced bio based composite materials 

which involved coating of a thin film of hydrophobic poly (hexafluorobutyl acrylate) 

(PHFBA) around individual CW particle surfaces. It was observed that Plasma-enhanced 

chemical vapor deposition (PECVD)-treated CW particles had much more positive effects on 

the thermal, mechanical, wettability and flammability properties of composites as analysed by 

TGA, FTIR, SE, and XRD.PHFBA coated CW can be considered highly hydrophobic. It was 

clearly seen that chemical treatment or coating with polymer increased the roughness of the 

CW surface and more rough and rugged surface was noticed for PHFBA coated CW. Tensile 

strength was increased in the order of untreated CW < NaOH treated CW < PHFBA coated 

CW. In case of thermal behaviour, PECVD treatment was more effective [40]. Natural fibers 

have greater affinity towards water and thus possibility of moisture content in the natural fiber 

green composite is higher. Various attempts have been made to make natural fibers 

hydrophobic by treating them by hydrophobic aliphatic and cyclic chemical structures. 

Surface properties of the fibers can be improved by, de-lignifications, bleaching, de-waxing 

(de-fatting), acetylation, and chemical grafting, cyno ethylation for properties enhancement. 

 
 

Fig. 6 Classification of treatment applied in Natural fiber 
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Impact resistance to fungal attack and hydrophobicity of natural fiber like jute can be 

achieved by acetylation. This acetylation of jute gives more stability dimensionally. Physical 

and mechanical characteristics of naturally occurring fiber can also be altered by graft 

copolymerization in which a suitable polymer is used to enhance the bond between the fiber 

and the matrix. Increased in ultimate tensile strength is found when the fibers like banana coir, 

sisal fibers and pine apple leaf fibers are treated with chemicals like sodium alginate and 

sodium hydroxide [30]. Improved mechanical Properties and reduction in water absorption of 

jute propylene composite material can also be done by treating with cardanol-formaldehyde. 

Reduction in moisture absorption is also achieved in case of jute fiber when it is treated with 

ethylene diamine and hydrazine [24]. Apart from surface treatment, compatibilizer or 

coupling agent are used to effectively transfer the stress at the interface. These coupling 

agents are typically known as zirconate, titanate coupling agents or silane [32]. Corona 

method and plasma treatment are such methods which can be used to change the fiber 

structurally without using chemical agents [28]. Another process like steam stabilization is 

used to stabilize the fibers in normal condition when they are heat treated [31]. Various 

processes involved in the treatment of natural fibers are given in Table 3. Talking about the 

tensile strength of the composite a cross examination of PP, PLA and HDPE has been 

discussed for NAOH and silane treatment (figure 7). In figure 7 natural fibers like bamboo, 

ramie and henequen are used with the PP, PLA and HDPE polymers to fabricate the 

composite. Figure 7 shows that NaOH treated composite of PLA gives the higher tensile 

strength when comparing with treatment of silane of composites  for both bamboo and ramie 

fiber. For PP based composites silane treatment gives higher tensile strength and same results 

for HDPE can be seen in the figure 7. 

 

 

  Table 3. Natural fiber treatment [32, 64, 74 - 80] 

Process Natural fiber 

used 

Outcomes 

Sodium chlorite 

treatment 

Jute fibers Significant improvement in tensile strength 

young’s modulus and extension at break 

Treatment with Metha 

acrylate 

Jute fibers Improvement in flexural and tensile 

strength 

Silane treatment Flax fibers Improvement in hydrophobic and 

mechanical properties  

Acetylation Flax fibers Increase in tensile strength and flexural 

strength 

Mercerization Jute fibers and 

Flax fibers 

Reduction in moisture regain due to better 

interface and improvement in mechanical 

properties 

Treatment with 

isocyanate 

Flax fibers  Improvement in Surface modification 

Enzyme Flax fibers Decrease in lignin content from 35% to 

24% 

Per oxide treatment Ramie fibers Decrease in moisture regain 

Benzoylation Sisal fibers Surface modification and improvement in 

hydrophobicity 
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Fig. 7 Tensile strength of natural fiber bio polymer composite and natural fiber polymer 

composite with treated and untreated fiber [64, 76, 81 - 83] 

6 Green Composites 

Green composite is combination of natural fiber and bio polymer. They have various 

advantages over polymer composite like biodegradability, environment friendly ease of 

manufacturing and also possess sufficient mechanical properties due to which finding their 

place in various sectors such as interior parts of automobiles, casings of electronic products 
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(MAPP) treatment  
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lysine-based 

diisocyanate (LDI) 
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bond with water molecule and also 

dissolve hemicelluslose 
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etc. Here various combinations of natural fiber and bio polymer and their manufacturing 

processes are being discussed. Combination of ramie fiber reinforced PLA composite results 

in considerably increased in notched impact strength [41]. Considerable increase can be found 

in tensile and bending strength when a kenaf fiber is reinforced with PLA matrix and if the 

fiber content is increased to 50% then sufficient increase in young modulus is also achievable 

[42]. Increased in tensile strength upto 30% can also be achieved in case of kenaf fiber 

reinforced PLA composite prepared by melt mixing and injection moulding for 30% fiber 

content [43]. Bamboo fiber when mixed with PLA results in increased in bending strength 

[44]. For hemp fiber PLA composite compression moulding technique can be used which 

gives remarkably increase in young modulus [45]. Poly (hydroxyl butyrateco-valerates) 

(PHBV) is another biodegradable polymer obtained from microorganism and has a 

mechanical properties comparable with conventional thermoplastics such as polyethylene and 

polypropylene [46]. PHBV when combined with pineapple fiber gives significant increase in 

tensile and flexural strength [47]. Soy protein is another bio polymer substance can be used as 

a resin. It has good adhesive property which in turn very useful for the improved mechanical 

properties for natural fiber composites. Due to its property of ductility soy protein can 

withstand bending, torsional and tensile deformations without showing any severe damage. 

Soy protein can be categorized in three types these are soy protein isolate (SPI), soy protein 

concentrate (SPC) and soy flour. When SPC and SPI are compared with polystyrene it is 

found that they have comparable tensile stress values when properly cured.  Natural fiber like 

Flax yarn and fabric when combined with SPC for green composite gives improved value of 

young modulus and tensile failure stress [48]. Further combination can be seen in Table 4. 

Thus these combinations of natural fibers and bio polymer composite have good potential to 

replace non bio degradable composites due to their good mechanical properties. 

 

 

Table 4. Natural fiber and bio polymer green composite [84 - 98] 
NATURAL FIBER - BIO 

POLYMER COMPOSITE 

PROPERTIES OBTAINED COMMENTS  

Kenaf – PLA composite 

 

Increased in heat resistance and 

enhancement in  crystallization.   

Conventional moulding technique is used 

for the manufacturing of composite.  

Sisal- CNSL composites Mechanical properties are very 

much comparable to sisal-

epoxy and sisal-polyester 

Composites. 

These composites can be used for roofing 

applications. 

Corrugated sisal-CNSL 

composite 

Tensile strengths of 24.5 MPa 

and a Young's modulus of 8.8 

GPa is achieved. 

These composites can be used for 

packaging of items. Cross linking in the 

matrix is achieved  

Ramie-Soy protein isolate 

composite 

Resulted in Tensile strength of 

81 MPa and a Young's modulus 

of 200 MPa.  

Increasing the fibre content in the 

composite led to higher fracture stress and 

Young's moduli, and lower failure strain 

percentages. 

Spurn yarn – PLA composite Impregnation quality and 

dispersion of fiber bundle were 

increased.  

Compression moulding technique is used at 

moulding temperature of 185°C.  

Bamboo fiber-PLA composite 

 

Improved Tensile properties, 

water resistance, and interfacial 

adhesion as compared with the 

neat PLA. 

Compression moulding technique is used 

for the preparation of composite.  

Flax fiber- PLA composite Increased in tensile strength and Film stacking is used for the fabrication of 
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young modulus when compared 

with neat PLA. 

composite. 

 

Flax fiber mats (28.5%) 

Sand witch of Flax mat and 

Balsa mat –PLA composite 

Increase in flexural strength and 

shear strength with increasing 

temprature of 180-200°C. 

Vaccum bag moulding is used for the 

fabrication of composite. 

 

Recycled disposable 

Chop sticks fibers –PLA 

composite 

Increase in glass transition 

temperature as compared to 

pristine one. 

Melt mixing is used.  Markedly increase in 

tensile strength for a fiber content of 40%. 

Hemp fiber-Polylactic acid Increased in adhesion force by 

100% between fiber and matrix. 

Treated by 5% NaOH.  

Ground coconut fiber-PLA 

composite 

Low cost of manufacturing and 

increase in adhesion property. 

Plasto graph is used to prepare the blend.  

Coconut fiber reinforced fly ash 

geopolymer resin 

Increase in the flexural strength, 

flexural modulus and fracture 

toughness with the increase in 

fiber content. 

Fiber weight percentage is restricted to 0.5 

wt% above 0.5  wt% the mechanical 

properties starts decreasing due to 

formation of voids and fiber 

agglomeration.  

Date palm fiber reinforced starch 

base composite 

Strength, stiffness,Thermal 

stability and biodegradation 

improved. 

composites were preheated and then hot 

pressed at 5 MPa and 160◦C for 30 min.  

Areca fiber- corn starch matrix Adhesion increases between 

fiber and matrix and reduction 

in moisture sorption. 

Fiber is treated with alkali solution. 

Jute-PLA composite Enhancement of tensile and 

flexural properties and 

reduction in impact strength. 

Fiber is treated with alkali and 

permanganate solution. 

 

Coconut fiber- wheat guleten 

resin composite 

Improves interfacial adhesion 

between fiber and matrix. 

(3-triethoxysilylpropyl)-t-butylcarbamate is 

used for silane treatment  

Jute fiber- PHB 

(polyhydroxybutyrate) matrix 

compsoite 

Flexural modulus and stiffness 

increases due to the higher level 

of hydrogen bonding as the 

percentage of fiber increases. 

Bio composite is prepared by twin screw 

extrusion process.  

 

7 CONCLUSION 

Presently Green composites can be developed at an affordable cost with comparable 

mechanical properties with non-biodegradable composites and can maintain a balance 

between ecology, economy and technology. This can help to replace the petroleum based 

composites which eventually results in consumer benefit. Options are also available in natural 

fibers to be used with bio polymers for the best sustainable green composite. Consequently 

development in the field of green composite can be seen in the domain of green composite in 

the past years. 
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