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ABSTRACT   
Natural fibers have been used to reinforcing materials for over 2,000 years. The necessity for renewable fiber reinforced 

composites has not been as prevalent as it currently is. Natural fibers are emerging as cost effective and apparently ecologically 

superior substitutes to glass fibers in composites. In this review a comparative life cycle valuation of Natural fiber reinforced 

polymer matrix composite materials has been accounted. The methodology and findings of mechanical and fracture surface 

characterization of various natural fiber composites has been summarized. 

1. INTRODUCTION  

Agricultural or bio-material plays an important role in 

human life. The advantage of using such bio-resources 

is that, they are multifunctional, their flexibility in 

characteristics, biodegradability and wide distribution 

all over the world [1]. Fossil-based resources are finite, 

and are more strategically located than are major 

petroleum and natural gas reserves. Approximately 

98% of all chemicals are derived from petroleum and 

natural gas [2]. Researchers have proposed that the 

portion of plant bio-resources for chemical and 

material needs will increase to 50% by 2050. Global 

consumption of oil will increase by 57% over the next 

15 years. Researches in biotechnology are projected to 

make bio-polymers cost-effective with their petroleum 

based counterparts by 2010 to 2015 [3]. The 

prominence of composites has experienced a steady 

growth and is expected to continue its reputation. The 

fiber-reinforced polymer market was estimated at 

almost 1.04 million metric in 2002, and is expected to 

increase by 15% in volume [4]. 

2. OVERVIEW OF NATURAL FIBER 

COMPOSITES: 

Composites are one of the most advanced and 

adaptable engineering materials. The present work 

reports the use of bio-fibers as reinforcement in 

developing polymer composites and blends. Natural 

fiber offer many technical and ecological benefits for 

its use in reinforcing composites. Many types of natural 

fibers have been investigated for use in plastics 

including jute, straw, Flax, hemp, wood, sugarcane, 

bamboo, grass , kenaf, sisal, coir, rice husks, wheat, 

barley, oats, kapok, mulberry, banana  fiber, raphia, 

pineapple leaf  fiber and papyrus etc. and the matrix 

material used for reinforcing the fibers are classified as 

thermosets, thermoplastics and elastomers. 

Hota V. S. GangaRao et. al. and R. J. Crawford in their 

books provides the basics of plastics engineering. 

According to the books, A  fiber  reinforced  polymer  

(FRP)  is  a  composite  material  consisting  of  a  

polymer matrix  imbedded  with  high-strength  fibers,  

such  as  glass,  aramid  or  carbon or natural fiber. 

Generally, polymer can be classified into two classes, 

thermoplastics and thermosettings. The book provides 

a generalized concept of plastic manufacturing, its 

molding methods, classification, general 

characteristics, properties of polymers which helps in 

selection of appropriate material, its availability and 

improvement that can be done [5-6]. 

3. PARAMETERS AFFECTING FIBER 

PROPERTIES: 

• Fiber properties and configurations 

• Resin/ Matrix properties 

• Additive and modifier properties 

• Fiber volume content  

• Curing conditions of resins and 

• Process parameters (pressure, temperature, 

cure time, and surface finish requirements, 

etc.) 

Natural fibers present many advantages compared to 

synthetic fibers which make them attractive as 

reinforcements in composite materials. They come 

from abundant and renewable resources, which ensures 

a continuous fiber supply and a significant material 

cost saving to the plastics industry. Unlike brittle 

fibers, such as glass and carbon fibers, cellulose fibers 

are flexible and will not fracture when processed over 

sharp curvatures. 

Chemical modification of cellulose fibers is usually 

applied to correct for deficiencies like hydrophilic 

nature of the fibers. Modification may result in 

improved performance of the composites produced. 

This can be done through several approaches, including 

plasma activation and graft polymerization with vinyl 

monomers, which are very well described in the 

literature. These, however, will increase the fiber cost.  

The influence of various processing aids/coupling 

agents in improving fiber dispersion as well as 

compatibility between the fiber and the matrix has been 

investigated. Stearic acid and Mineral oil were used as 

additives and Maleated Ethylene as a coupling agent. 

The results showed that the addition of stearic acid 

during the compounding greatly improved the fiber 

dispersion in the polymer matrix compared to 

untreated. Coupling agents such as isocyanates and 

silanes modify the fiber-matrix interface by forming a 

bridge of chemical bonds between the two components. 
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Apart from the hydrophilic nature of natural fiber, the 

properties of the natural fiber reinforced composites 

can also be influenced by fiber content, amount of filler 

and its orientation.[10] In general,  high fiber content is 

required to achieve high performance of the 

composites. Therefore, the effect of fiber content on 

the properties of natural fiber reinforced composites is 

particularly significance. It is often observed that the 

increase in fiber loading leads to an increase in tensile 

properties [10-11].   

Generally, the tensile properties of composites are 

distinctly improved by adding fibers to a polymer 

matrix since fibers have much higher stiffness and 

strength values than those of the matrices. 

In  general,  higher  fiber  content  is  desired  for  the  

purpose  of  achieving  high performance  of  short  

fiber  reinforced  polymer  composites [11].  It  is  

often observed  that  the  presence  of  fiber  or  other  

reinforcement  in  the  polymeric  matrix raises  the  

composite  strength  and  modulus  [12].   

4. INFLUENCE OF PROCESS PARAMETERS 

ON MECHANICAL CHARACTERISTICS 

A. S. SINGHA et al. studied the mechanical properties 

of green composites concerning Hibiscus Sabdariffa 

fiber as a reinforcing material in urea–formaldehyde 

(UF) resin based polymer matrix. Urea–formaldehyde 

resin was subjected to evaluation of its optimal 

mechanical properties [7]. Then reinforcing of the resin 

with Hibiscus Sabdariffa fiber was accomplished in 

three different forms: particle size, short fiber and long 

fiber by employing optimized resin. Present work 

reveals that mechanical properties such as tensile 

strength, compressive strength and wear resistance etc. 

of the urea–formaldehyde resin increases to 

considerable extent when reinforced with the fiber.  

4.1. INFLUENCE OF FIBER LENGTH, FIBER 

VOLUME AND ORIENTATION 

Static mechanical properties of fiber reinforced 

composites depend on the nature of the polymer 

matrix, distribution and orientation of the reinforcing 

fibers, the nature of the fiber–matrix interfaces and of 

the interphase region. It was estimated that the samples 

of (i) particle reinforced composite could bear a load of 

332⋅8 N with an elongation of 2⋅2 mm, (ii) short fiber 

reinforced composite could bear a load of 307⋅6 N with 

an elongation of 2⋅23 mm and (iii) long fiber reinforced 

composite could bear a load of 286⋅1 N with an 

elongation of 2⋅28 mm.  It has also been establish that 

with particle reinforcement, compressive strength 

increases to a much more extent than short and long 

fiber reinforcement.  It was estimated that the samples 

of (i) particle reinforced composite could bear a load of 

2586⋅5 N with a compression of 3⋅ 51 mm, (ii) short 

fiber reinforced composite could bear a load of 2466⋅5 

N with a compression of 3⋅55 mm and (iii) long fiber 

reinforced composite could bear a load of 2376⋅5 N 

with a compression of 3⋅ 58 mm. It was observed that 

particle reinforcement is more effective in decreasing 

wear rate than short and long fiber reinforcements.  

Kuruvilla Joseph et al. illustrates Sisal fibers as good 

potential as reinforcements in polymers composites. 

Due to the low density and high specific properties of 

sisal fibers, composites based on these fibers may have 

very good implications in the automotive and 

transportation industry. Moreover, reduced equipment 

abrasion and subsequent reduction of re-tooling costs 

will make these composites more attractive [8].   

It  was  found  that  the  tensile  strength  of  

composites  with fibers  in  the  perpendicular  

direction  was  20–40 %  lower  than  those  of  

composites with fibers in parallel direction.  Since the 

fibers lay perpendicular to the direction of load,  they  

cannot  act  as  load  bearing  elements  in  the  

composite  matrix  structure  but become  potential  

defects  which  could  cause  failure.    As  expected,  

better  tensile properties  are  found  in  the  specimens  

cut  from  the  composite  sheets  parallel  to  the 

direction of fiber.   In general, the Young’s modulus of 

the composite materials increase with an increase in  

fiber  content,  reaching  a  maximum  value  at  50%  

hemp  fiber  loading  and  then decreasing  slightly    at  

70%  hemp  fiber  content.  The Young’s modulus was 

almost two and a half times higher at 50% hemp fiber 

loading than at 0 % fiber content, i.e. pure Poly 

Propylene(PP).  

Li et al. [12] reported that flax fiber  content  from  10-

30%  by  mass  was  mixed  with  high  density  

polyethylene (HDPE)  by  extrusion  and  injection  

molding  to  produce  bio-composites.  The results 

showed that increasing fiber content resulted in 

increasing tensile properties initially, it peaked at 20 % 

by volume; it then dropped.  However, the elongation 

at break of the composites showed the reverse. The  

tensile  strengths  of 40-mesh  hardwood  fibers  

reinforced  HDPE  composites increased  gradually,  

and  up  to  a  maximum  at  25%  of  fiber  loading  by  

volume,  and then  dropped  back.   On  the  other  

hand,  the  tensile strengths  of  20-mesh  hardwood  

fibers  reinforced  HDPE  composites  reduced  with 

increasing fiber loading [13] 

4.2. RULE OF MIXTURES: 

The content of fiber and modulus in composites is 

governed by the Rule of mixture (ROM) [13]:  

E = EFVF + EMVM 

where EF, VF, EM and VM are the moduli and volume 

fractions of the fiber and matrix respectively, when the 

load is applied along the direction of fiber. 

4.3. INVERSE/ TRANSVERSE RULE OF 

MIXTURES (IROM) [13]:  

E =   
EF EM

VMEF�VFEM

 

where EF, VF, EM and VM are the moduli and volume 

fractions of the fiber and matrix respectively and the 

load is applied perpendicular to the direction of fiber. 

5. EFFECT OF THERMAL CONDITIONS AND 

FALIURE RATE 

Bilba et al. [15] examined Four fibers from  banana-

trees  (leaf,  trunk)  and  coconut-tree  (husk,  fabric)  

before  their incorporation  in  cementitious  matrices,  
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in  order  to  prepare  insulating  material for 

construction. Thermal degradation of these fibers was 

studied between 200 and 700°C under nitrogen gas 

flow. Temperature of pyrolysis was the experimental 

parameter investigated. The  solid  residues  obtained  

were analyzed  by  classical  elemental  analysis,  

Fourier  Transform  Infra  Red  (FTIR) spectroscopy  

and  were  observed  by  Scanning  Electron  

Microscopy  (SEM). This study has shown the relation 

between botanical, chemical composition with both 

localization of fiber in the tree and type of tree; the 

rapid and preferential decomposition of banana fibers 

with increasing temperature of pyrolysis.   

Passipoularidis  and  Philippidis  [16]  studied  the  

influence  of  damage accumulation  metric/ faliure 

rate,  constant  life  diagram  formulation  and  cycle  

counting method  on  life  prediction  schemes  for  

composite  materials  under  variable amplitude  (VA)  

loading.  Results  indicate  that  a  net  improvement  is  

achieved when  linear  strength  degradation  is  

implemented  as  damage  metric  in  life prediction  

schemes,  over  the  state-of-the-art  PM  summation. 

Wang et al.  [17]  investigated  the  effective  thermal  

conductivity enhancement  of  carbon  fiber  

composites  using  a  three-dimensional  numerical 

method. The energy transport governing equations 

were solved through the three-dimensional structures 

using a high-efficiency lattice Boltzmann scheme. 

6. EFFECT OF CURING CONDITIONS 

Cure characteristics and mechanical properties of the 

short nylon fiber reinforced neoprene rubber with and 

without epoxy bonding agent at various fiber loadings 

were studied. The fiber loading was varied from 0 to 30 

phr and the resin content was in the range 0 to 5 phr. 

Minimum torque and cure time were increased in the 

presence of resin. Mechanical properties like tensile 

strength and abrasion resistance showed an increase 

with resin concentration. It was found that epoxy based 

bonding agents enhanced the properties of short nylon 

fiber reinforced neoprene rubber [45]. 

7. EFFECT OF SURFACE TREATMENT OF 

FIBER 

Rahman et al. [18] studied the surface treatment of the 

coir fiber and its mechanical properties. Fiber surface 

modification by ethylene dimethylacrylate (EMA) and 

cured under UV radiation.  Pretreatment with UV 

radiation and mercerization were done before grafting 

with a view to improve the physico-mechanical 

performance of coir fibers. The effects of mercerization 

on shrinkage and fiber weight losses were monitored at 

different temperature and alkali concentration. They 

observed that, fiber shrinkage is higher at low 

temperature and 20% alkali treated coir fibers yielded 

maximum shrinkage and weight losses. The grafting of 

alkali treated fiber  shows  an  increase  of  polymer  

loading  (about  56%  higher)  and  tensile strength 

(about 27%) than 50% EMA grafted  fiber. Generally, 

the mechanical properties of natural fiber reinforced 

composites were improved by using surface modified 

fibers.  

Silane and peroxide treatment on flax fiber bundle lead 

to a higher tensile strength than that of the untreated 

fiber bundle. Comparatively lower tensile strength is 

observed in benzoylation treated fibers. Flax fiber is 

highly hydrophilic due to the presence of hydroxyl 

groups from cellulose and lignin [43]. Chemical 

treatment can reduce the hydrophilicity of the fiber by 

treating these fibers with suitable chemicals to decrease 

the hydroxyl groups in the fibers.  

Huda et al. worked on kenaf fiber reinforced PLA 

laminated composites prepared by compression 

molding using the film-stacking method [19]. Their 

goal was to evaluate the mechanical and thermal 

properties of these composites as a function of 

modification of the kenaf fiber using alkalization and 

silane-treatments. They found that both silane-treated 

fiber reinforced composite and alkali treated fiber 

reinforced composite offer superior mechanical 

properties, compared to untreated fiber reinforced 

composite. In PLA/kenaf fiber composites a suitable 

reactive coupling agent was obtained by grafting 

maleic anhydride onto PLA [20-21]. The incorporation 

of nanoparticles in certain biodegradable matrices 

could significantly affect the crystallization behavior, 

morphology, mechanical properties as well as 

biodegradation [22]. A series of hydroxyapatite 

(HA)/PLA composites were prepared using this kind of 

filler particles modification. This approach provides 

good dispersion of filler particles in PLA matrix [23].  

The surface modifications of jute fiber mat have been 

found to be very effective in improving the fiber-

matrix adhesion. It was shown that treatments changed 

not only the surface topography but also the 

distribution of diameter and strength for the jute fibers, 

which was analyzed by using a two-parameter Weibull 

distribution model [39]. Consequently, the interfacial 

shear strength, flexural and tensile strength of the 

composites all increased, but the impact strength 

decreased slightly. Treatment of jute fibers with alkali 

treatment and MPP emulsion has been found to be very 

efficient in improving the fiber-matrix adhesion in jute 

fiber mat reinforced PP composites. NaOH treatment 

removed wax and fatty substances and changed surface 

topography of the jute fibers through SEM 

observations and FT-IR spectra. The distribution of 

strength for untreated and treated jute fiber fits well 

with Weibull distribution and difference of fiber 

strength can be explained by Weibull modulus and 

characteristic strength.  

8. INFLUENCE OF WOVEN FIBER ON MATRIX 

PROPERTIES 

Woven fabric composites, in particular, are constructed 

by weaving two fiber tows into each other to form a 

layer. These layers are then impregnated with a resin or 

matrix material, stacked in a desired orientation, and 

cured to obtain a composite laminate. The interlacing 

of fiber bundles has several advantages such as 

increasing the strength of the lamina, greater damage 

tolerance, as well as providing a possibility to produce 

near net shape structural components [25]. However, 
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these advantages come at the expense of some loss in 

the in-plane stiffness and strength, which depends upon 

the weave architecture. In this paper, two types of 

natural fibers, woven -banana and pandanus (Kenaf) 

were utilized as reinforcement is studied. These two 

types of natural fibers are taken for study is because of 

their ability to be produced in a continuous form, and 

hence able to produce into a woven mat form. Woven 

composite is known to be complex systems, which 

have additional features such as, interlace spacing or 

gap, interlace point and unit cell (Lai et al., [27]). 

There are very few reports on woven fabric composites 

reported so far. The popularity of woven composites is 

increasing due to simple processing and acceptable 

mechanical properties (Jekabsons and Bystrom, [28]). 

Woven fabric composites provide more balanced 

properties in the fabric plane than unidirectional 

laminas.  

S.M.Sapuan et.al [29] investigated the Mechanical 

properties of woven banana fiber reinforced with epoxy 

composites. From the result of tensile test, it is found 

that the maximum value of stress in x-direction is 

14.14 MN/m2 and in y-direction is 3.398 MN/m2. The 

results of three point bending test pre-dict that the 

maximum load applied is 36.25 N to get the deflection 

of 0.5 mm.  

Boisse P.H et al. [30] discussed the principal 

deformation mode of woven fabrics is the plane shear 

and could be estimated by measurement of angle 

between yarns, during the process. Ala Tabiei et al. 

[31] reviewed modeling of Process Induced Residual 

Stresses in Resin Transfer Molded Composites with 

Woven Fiber Mats. Significant change in the elastic 

properties is observed as a result of the scissoring 

effect and fiber reorientation in woven fabric 

composites.  

L. A. Pothan et al. [32] studied composites of woven 

sisal in polyester matrix using three different weave 

architectures: (plain, twill, and matt) were prepared 

using a resin transfer molding technique with special 

reference to the effect of resin viscosity, applied 

pressure, weave architecture, and fiber surface 

modification. His study provide the information that 

weaving architecture and the fiber content were both 

found to have an effect on the composite mechanical 

properties. W.L. Lai et al. [42] investigated betel palm 

woven hybrid composite characteristics and testing 

features. It is found that the alkaline treatment of fibers 

effectively cleans the fiber surface and increases the 

fiber surface roughness. In general, mechanical 

properties of the woven composites made from alkali 

treated fibers were superior to the untreated fibers. 

9. STUDY OF TRANSITION STATES OF 

COMPOSITES 

J.M. Kenny et al. [37] presents a systematic and 

statistical approach to evaluate and predict the 

properties of random discontinuous natural fiber 

reinforced composites. The proposed model was 

applied to different composites based on polypropylene 

matrix reinforced with natural fibers and short glass 

fibers. The validity of the proposed statistical approach 

was verified experimentally. The relatively small 

differences between the expected values of the moduli 

were attributable to imperfections, in terms of 

fiber/matrix adhesion and voids, in the analyzed 

composites. When polyester thermosets are subjected 

to elevated and high temperatures, they undergo three 

transitions (glass transition, leathery-to-rubbery 

transition, and rubbery-to-decomposed transition), 

corresponding to four different states (glassy, leathery, 

rubbery and decomposed).  At a certain temperature, a 

composite material can therefore be considered as a 

mixture of materials that are in different states. These 

concepts formed a basis for the development of 

thermo-physical and thermo-mechanical property sub-

models for composites at elevated and high 

temperatures and even for the description of post-fire 

status to improve the fire resistance of structures made 

of such materials. 

10. STUDY OF FRACTURE MODES AND CREEP 

M. S. Vinod et. al. [40] has  studied the fractographic  

features  in  the  carbon  fiber  reinforced  plastic  

(CFRP) composite laminates under compression  

loading with the aid  of  scanning  electron  microscope  

(SEM) . The  research  has  led  to  the  knowledge  of  

the  nature  and  origin  of  fracture,  as well  as  

understanding of  how  the  fracture  occurs,  with  an  

insight  into  the  various  characteristic features  and 

its  effect  of  these  on  the  failure  modes  with  the  

definition  of  overall  crack propagation direction. It 

has been confirmed that fractography of each ply in a 

multidirectional lay-up is close to that in a 

unidirectional specimen of the same orientation. The 

predominant  macroscopic failure mode in the axial 

compression failed samples has been identified as shear 

crippling  which  leads  to  shear  failure  on  a  plane  

at  an angle  of  30 - 45°  to  the  direction  of  loading. 

Therefore, it appears to be important to use  the  

information  on  failure  mechanisms  in  a  positive 

way  to  improve  mechanical  reliability  to  exploring  

the influence  and  behavior  of  defects,  and  to  

provide feedback  for  the  design  and  manufacturing  

stages. 

Yanjun Xu [41] studied the Creep behavior of natural 

fiber reinforced polymer composites was studied in 

response to the increasing application of this material 

as structural building products. Creep behavior forecast 

was attempted through two approaches:  modeling and 

accelerated testing.  Burgers  models  were  proven  

unsuitable  for  long-term  prediction if the creep test 

time was  not  long  enough.  Comparatively, the 

indexed Burgers and 2-parameter power law models 

performed better for prediction purposes.  Accelerated 

creep tests were conducted at higher temperatures, and 

smooth  curves  were  obtained  based  on  the  time-

temperature  superposition (TTS) principle. The 

efficiency of long-term prediction was unable to be 

evaluated due to the lack of long-term experimental 

data. PVC  had  higher  creep  resistance  than  HDPE,  
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and  HDPE  showed  better  creep  resistance  than 

ultra-high molecular weight polyethylene (UHMWPE).  

 

11. SCOPE FOR FUTURE WORK   

This study leaves wide scope for future investigations. 

It can be extended to newer composites using other 

reinforcing phases and the resulting experimental 

findings can be similarly analyzed. Tribological 

evaluation of fiber reinforced composites has been a 

much less studied area.  Many  other  aspects of  this  

problem  like  effect  of  loading  pattern, fiber  

orientation, weight fraction of ceramic fillers on wear 

response of such composites require further 

investigation. Future  work  is  needed  to  further  the  

understanding  of  the  creep  properties  of  NFPCs. 

Based  on  the  results  shown  in  this  dissertation, 

future  work  will  need  to  be  focused  on  the 

following aspects. First,  long-term  creep  tests  are  

needed  to  estimate  the  prediction  performance  of 

modeling techniques and testing. Our current 

equipment only allows one test on one sample at one 

time, which makes long-term creep tests impractical. 

Advanced equipment would be needed to perform 

these long-term creep tests for a series of samples at 

the same time.  Long-term creep data will also give 

better accuracy for creep modeling, especially for 

Burgers models. Secondly,  long-term  weathering  or  

accelerated  weathering  treatment  is  needed  to 

simulate  the  circumstances  in  real  applications.  

NFPCs used outdoors last for many years.  

Monte Carlo simulation can conceded to define the 

damage  zone  evolution  (Landis  et  al.,  2000;  

Garland  et al.,  2001),  wherein  the  angled  breaks  

(flaws)  promotes damage  zone  propagation  roughly  

along  an  angle, primarily  due  to  the  offset  of  

stress  application. Furthermore, coupling the results of 

this fractography with Monte Carlo simulation, can be 

a vast  potential to evaluate  stochastic  damage zone 

formation and propagation and subsequent kink  band  

formation,  given  the  proper  failure  criteria  such  as  

the  statistical distribution  for  fiber  strength,  and  

matrix  and  interface thresholds. 

12. CONCLUSION 

The use of Natural fibre as reinforcement in polymer 

basedcomposites were reviewed from viewpoints of 

position and future expectations of natural bio-fibres, 

construction and properties of natural fibre, fibre 

surface modifications, and physical and mechanical 

characteristics of natural fibre based polymer 

composites. Natural fibres have good prospective as 

reinforcements in polymers (thermoplastics, thermosets 

and elastomers) composites. Due to the high specific 

properties and low density of natural fibres, composites 

based on these fibres may have very good implications 

in industry. Moreover, reduced abrasion and 

consequent reduction of re-tooling makes these 

composites one of the most effective alternatives. The 

natural fibres as a source of raw material in polymer 

industry not only provides a renewable resource, but 

could also produce a source of economic development 

for rural areas. From the above discussions, it is quite 

evident that newer composites using abundantly 

available natural fibres are on the horizon, this brings 

new trends in composite materials. Thus it can be 

concluded that with methodical and constant research 

there will be a good possibility and better expectations 

for natural fibre polymer composites in the future. 
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