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Abstract— Recently, Jute fiber being used as a reinforcement material in the development of reinforced plastics for 

various engineering application. It’s biodegradability, low cost, and moderate mechanical properties make it a preferable 

reinforcement material in the development of polymer matrix composites. Therefore, jute fiber reinforced composites have 

replaced the most widely used synthetic fiber (glass, Kevlar) reinforced composites in many application. The methods used to 

enhance the interface of these fibers with a variety of polymer matrices are reviewed.      
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I Introduction 

 
A composite material is a material made from two or more constituent materials with significantly  different  

physical  or  chemical  properties,  that  combined  produces  a  material with characteristics different from individual 

components [1]. 

Over  the  last  thirty  years  composite  materials,  plastics  and  ceramics  have  been  the dominant emerging materials. The 

volume and number of applications of composite materials have   grown   steadily,   penetrating   and   conquering   new   

markets   relentlessly.   Modern composite  materials  constitute  a  significant  proportion  of  the  engineered  materials  

market ranging from everyday products to sophisticated niche applications. While composites have already proven their 

worth as weight-saving materials, the current challenge is to make them cost effective. The efforts  to  produce  economically  

attractive  composite  components  have resulted   in   several   innovative   manufacturing   techniques   currently   being   

used   in   the composites  industry.  It  is  obvious,  especially  for  composites,  that  the  improvement  in manufacturing 

technology alone is not enough to overcome the cost hurdle. It is essential that there   be   an   integrated   effort   in   design,   

material,   process,   tooling,   quality   assurance, manufacturing, and even program management for composites to become 

competitive with The composites industry has begun to recognize that the commercial applications of composites promise to 

offer much larger business opportunities than the aerospace sector due to  the  sheer  size  of  transportation  industry.  Thus 

the shift  of  composite  applications  from aircraft to other commercial uses has become prominent in recent years. 

Increasingly enabled by   the   introduction   of   newer   polymer   resin   matrix   materials   and   high   performance 

reinforcement fiber of glass, carbon and aramid, the penetration of these advanced materials has witnessed a steady expansion 

in uses and volume. The increased volume has resulted in an  expected  reduction  in  costs.  High  performance  FRP  can  

now  be  found  in  such  diverse applications  as  composite  armoring designed  to  resist  explosive  impacts,  fuel  cylinders  

for natural  gas  vehicles,  windmill  blades,  industrial  drive  shafts,  support  beams  of  highway bridges and even paper 

making rollers. For certain applications, the use of composites rather than  metals  has in  fact  resulted  in  savings  of  both  

cost  and  weight.  Some examples are cascades  for  engines,  curved  fairing  and  fillets,  replacements  for  welded  

metallic  parts, cylinders,  tubes,  ducts,  blade  containment  bands  etc.  Further,  the  need  of  composite  for lighter 

construction materials and more seismic resistant structures has placed high emphasis on  the  use  of  new  and  advanced  
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materials  that  not  only  decreases  dead  weight  but  also absorbs  the  shock  and  vibration  through  tailored  

microstructures.  Composites  are  now extensively being used for rehabilitation/ strengthening of pre-existing structures that 

have to be retrofitted to make them seismic resistant, or to repair damage caused by seismic activity. Unlike  conventional  

materials  (e.g.,  steel),  the  properties  of  the  composite  material  can  be designed  considering  the  structural  aspects.  

The  design  of  a  structural  component  using composites involves both material and structural design. Composite properties 

(e.g. stiffness, thermal expansion etc.) can be varied continuously over a broad range  of values under the control  of  the  

designer.  Careful  selection  of  reinforcement  type  enables  finished  product characteristics to be tailored to almost any 

specific engineering requirement. 

Whilst  the  use  of  composites  will  be  a  clear  choice  in  many  instances,  material selection in others will 

depend on factors such as working lifetime requirements, number of items to be produced (run length), complexity of product 

shape, possible savings in assembly costs  and  on  the  experience  &  skills  the  designer  in  tapping  the  optimum  

potential  of composites. In some instances, best results may be achieved through the use of composites in conjunction with 

traditional materials. 

Classification of Natural Fibers 

Fibers are a class of hair-like material that are continuous filaments or are in discrete elongated pieces, similar to 

pieces of thread. They can be spun into filaments, thread, or rope. They  can  be  used  as  a  component  of  composites  

materials.  They  can  also  be  matted  into sheets  to  make  products  such  as  paper  or  felt.  Fibers  are  of  two  types:  

natural  fiber  and manmade or synthetic fiber. Figure 1 shows the classification of natural fibers. 

 

 
 

 Fig.1.1 Classification of natural fibers which can be used as reinforcement of polymer 

 
Natural fibers include those made from plant, animal and mineral sources. Natural fibers can be 

classified according to their origin. 

a)   Animal fiber  

b)   Mineral fiber 

 c)    Plant fiber 
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a) Animal Fiber 
 

Animal fiber  generally  comprise  proteins;  examples  mohair,  wool,  silk,  alpaca, 
 

angora. 
 

 Animal hair (wool or hair): Fiber taken from animals or hairy mammals. E.g. 

 
Sheep’s wool, goat hair (cashmere, mohair), alpaca hair, horse hair, etc. 

 

 Silk  fiber:  Fiber   collected   from   dried   saliva   of   bugs   or   insects   during   the preparation of cocoons. 

Examples include silk from silk worms. 

 Avian fiber: Fibers from birds, e.g. feathers and feather fiber. 

 

b) Mineral fiber 
 

Mineral fibers are naturally occurring fiber or slightly modified fiber procured from minerals. These can be 

categorized into the following categories: 

 Asbestos: The only naturally occurring mineral fiber. Varietions are serpentine and amphiboles, anthophyllite. 

 Ceramic fibers: Glass  fibers  (Glass  wood  and  Quartz),  aluminum  oxide,  silicon carbide, and boron carbide. 

 Metal fibers: Aluminum fibers. 

 

c) Plant fiber 
 

Plant  fibers  are  generally  comprised  mainly  of  cellulose:  examples  include  cotton, jute,  flax,  ramie,  sisal  

and  hemp.  Cellulose  fibers  servers  in  the  manufacture  of  paper  and cloth. This fiber can be further categorizes into 

following. 

 Seed fiber: Fibers collected from the seed and seed case e.g. cotton and kapok. 

 

 Leaf fiber: Fibers collected from the leaves e.g. sisal and agave. 
 

 Skin fiber: Fibers are collected from the skin or bast surrounding the stem of their respective plant. These fibers have 

higher tensile strength than other fibers. Therefore, these fibers are used for durable yarn, fabric, packaging, and 

paper. Some examples are flax, jute, banana, hemp, and soybean. 

 Fruit fiber: Fibers are collected from the fruit of the plant, e.g. coconut (coir) fiber. 

 

    Stalk fiber:  Fibers are actually the stalks of the plant. E.g. straws of wheat, rice, barley, and other crops including 

bamboo and grass. Tree wood is also such a fiber. 

       The  natural  fibers  can  be  used  to  reinforce  both  thermosetting  and  thermoplastic matrices.  Thermosetting  

resins,  such  as  epoxy,  polyester,  polyurethane,  phenolic,  etc.  are commonly  used  today  in  natural  fiber  

composites,  in  which  composites  requiring  higher performance   applications.   They   provide   sufficient   

mechanical   properties,   in   particular stiffness and strength, at acceptably low price levels. Considering the 

ecological aspects of material selection, replacing synthetic fibers by natural ones is only a first step. Restricting the  

emission  of  greenhouse  effect  causing  gases  such  as  CO  into  the  atmosphere  and  an increasing  awareness  

of  the  finiteness  of  fossil  energy resources  are  leading  to  developing new materials that are entirely based on 

renewable resources. 
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II. MATERIALS, METHODS AND SPECIMEN PREPARATION 
 

2.1 Materials 

 

2.1.1 Jute Fabric 
 

 
Jute fiber is obtained from two herbaceous annual plants, white Corchorus capsularis (white jute) originating from 

Asia and Corchorus olitorius (Tossa jute) from Africa. Next to cotton, it is the second most common natural fiber, cultivated 

in the world and extensively grown in Bangladesh, China, India, Indonesia, and Brazil. 

 
 

Fig. 2.1 Jute fabric 
 

 
2.1.1.1 Properties of Jute 

 

a)   Fiber dimensions 
 

There is no finite length for either ultimate cell or filaments/fibres. The ultimate cells are  very  small  (0.8  to  6.0  

mm).  The  fibrous  assembly  produced  after  carding  contains filaments/fibres of wide range of length (2 to 40 cm) with a 

bias towards the shorter lengths which are used in spinning. So the jute filaments/fibres used in spinning are not the ultimate 

cells like cotton but a partially broken mesh structure of jute reed consisting of a group of ultimate  cells  cemented  together.  

The  fineness  of  the  jute  filaments/fibres  in  terms  linear density also varies widely (15 to 35 denier) the diameter of 

which will be around 0.04 to 0.10 mm. On account of smaller length and higher thickness the length/breadth ratio is low, it is 

on the  average  110  only  for  the  ultimate  cell  and  hence  does  not  fulfil  the  requirement  of spinning. 

b)  Strength and Extensibility 
 

Jute is a strong but low extensible fibre mainly due to composite like structure with highly oriented long chain 

molecules. Tenacity depends on test length i.e., it increases with decrease  in  test  length.  Tossa  jute  is  stronger  than  

white  jute.  The  very  low  breaking extension (1.0 to 1.80 %) is a negative point for its weaving related operations but the 

same is a positive point for manufacturing dimensional stable products. 

 
c)   Flexural and Torsional rigidity 

 
The  flexural  and  torsional  rigidities  of  jute  are  much  higher  than  cotton  due  to  its coarseness and inelastic 

structure. But during bending, the chain molecules within the fibre structure  get  displaced  due  to  breakage  of  hydrogen  

bonds  and  subsequently locked  in  the new  positions  as  a  result  of  quick  reformation  of  hydrogen  bonds  in  some  

other  places resulting development of wrinkles and creases. 

d)  Moisture Absorption 
 

Due  to  presence  of  numerous  polar  –OH  groups,  jute  fiber  shows  good  moisture absorption  capacity.  

Moisture  regain  value  may  be  up  to  36%  at  100%  relative  humidity which is much higher than cotton. Since long 
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chain molecules are almost aligned along the fibre axis, the swelling of jute fiber is found to be much more laterally than 

longitudinally. The diameter wise and cross sectional wise swelling of jute in water is about 20% and 44% respectively which 

are higher than cotton but the longitudinal swelling is only 0.4%. Water holding capacity of jute is about 500%. 

e)   Thermal Properties 
 

On heating to high temperature, jute fibre chars and burns without melting like cotton. Ignition temperature of jute 

is about 193
0

C.The high specific heat value (1360 J/kg/K) results good thermal insulation of jute. 

           f)   Electrical Properties 

 

Dry jute  exhibits  high  electrical  resistance  but  electrical  resistance  drops  down  at  a very high rate with the 

absorption of moisture. The dielectric constant of jute at a frequency of 2 kHz is 1.8 in dry jute, 2.4 at 65% RH and 3.6 at 100% 

RH. 

 

g)   Optical Properties 
 

In general, the tossa variety tends to have a reddish tinge while white jute varies from pale yellow to yellow. 

h)  Frictional Properties 
 

The  coefficient  of  static  friction  varies  in  the  range  of  0.45  (tossa)  to  0.55  (white) which is much higher 

than cotton and many other fibres. Moreover the coefficient of friction increases with increase in moisture regain. 

i)    Chemical Properties 
 

Jute  fibres  have  poor  resistance  to  alkali  due  to  presence  of  hemicelluloses.  Alkali treatment extracts out the 

hemicelluloses from the fibre structure making it weak. Treatment with  18  %  caustic  soda  jute  becomes  slightly  weaker  

but  highly  soft  and  crimpy  due  to irregular swelling. The process is popularly known as woollenisation. 

Jute fibres are weakened and destroyed by acids. The cellulose chains disintegrate due to  hydrolysis  in  presence  

of  acids.  The  mineral  or  inorganic  acids  are  more  effective  than organic acids. 

The bleaching agents remove the natural colour from jute to make it white but at the same time partly remove the 

lignin and make the jute weaker and finer. 

2.1.2 Epoxy Resin 
 

The  large  family  of  epoxy  resin  contains  some  of  the  highest  performance  resins available at this time. The 

generic term epoxy resin describes a class of thermosetting resins prepared by the ring-opening polymerization of compounds 

containing an  average of more than  one  epoxy  group  per  molecule.  Epoxy  resins,  traditionally  are  made  by  reacting 

epichlorohydrin  with  bis-phenol  A,  which  are  linear  polymers  that  cross-link,  forming thermosetting resins basically by 

the reaction with the hardeners.

 
 

Fig. 2.2 Generic Bisphenol A Based Epoxy Resin Chemical Structure 
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Fig. 2.3 Epoxy resin (L-12) and hardener (K-6) 
 
 
 
 
 
 
 
 
 

 
Table. 2.1 Properties of matrix and reinforcement 

 

 
Properties                                 Jute Fiber                                       Epoxy(Lapox L-12) 

 

 

Density in g/cc                                                      1.46                                         1.25 

 

 

Tensile strength in MPa                                                  500                                         50-60 

 

Compressive strength in 

Mpa 

10000                                       110-120

Modulus of elasticity in 

GPa 

55                                           4.4-4.6

Coefficient of linear thermal 

expansion in 𝛍/oC 

2                                             64-68
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2.2 Methods of Fabrication 
 

 
Different types of composite fabrications are, 

 

 Hand layup and spray up techniques. 
 

 Filament winding. 
 

 Pultrusion. 
 

 Resin transfer moulding. 
 

 Autoclave moulding. 
 

 Compression moulding. 
 

 Vacuum assisted resin transfer moulding. 
 
 
 

The  method  that  is  used  in  our  work  for  manufacturing  the  jute  epoxy composite  plate  is  hand  lay-up  

method, which  is  the  oldest  and  economic  that  was used to get the composite material.2.2.1  Hand Layup Method 

 

Most  popular  type  of  open  moulding  is  hand  layup  process.The  hand  layup  is  a manual,slow and labor consuming 

method. 

 

 

 
Fig. 3.4 Hand layup method. 

 
 

2.3 Specimen preparation 
 

2.3.1 Composite Board Preparation 
 

 Jute fiber is cut according to the required dimension. 

 The surface of the jute was initially smeared with a releasing agent to prevent the composite from sticking on to the sheet. 
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 Epoxy L-12 and hardener K-6 were mixed in a container and stirred well for 5-7 minutes. 
 

 The prepared mixture is applied to jute by hand layup technique. 

 

 Then composite board is pressed in hydroulic press. 
 

 The composite board is cured up to 24hours at room temperature in hydroulic press. 
 

 The composite board  is removed from the hydroulic press. 

 

 After  drying  the  samples  were  cut  in  accordance  with  ASTM  D  953  standards  and specimens are prepared as per requirements. 

III Conclusion 

Natural fibre-Jute fiber reinforced composite material are replacing synthetic materials to a great extent due to its eco-friendly, non-toxic and 

 

 biodegradable nature. This material is cheap and has good insulation property, machine wear, low density and abundance in quantity. 

 

 Chemical modification is required to enhance its properties and workability. Thus, these are being used in many automobile, constructional  

 

and household applications. 
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