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Abstract 

Recently, bio composite materials are synthesized using 

natural cellulose fibers as reinforcements together with 

matrix, which have attracted the attention of researchers due 

to their low density with high specific mechanical strengths, 

availability, renewability, degradable and being 

environmental-friendly. The present work attempts to make 

a sample which can be compatible enough to plastic based 

material. Manufacturing methodology and materials used to 

have better mechanical properties as well as to enhance the 

compatibility between fibers and the matrix. The 

biocomposite are prepared with the unsaturated polyester 

matrix and fibers such as jute,sisal, coconut, areca and 

banana using hand lay-up method with appropriate 

proportions to result in helmet shell structure. The 

fabricated helmet are planned to evaluate its mechanical 

properties such as tensile strength, impact strength and 

compression strength. 

 

Keywords: innovation technology, better structural strength, 

better usability, competitive advantage. 

 

Introduction 

Last several years composite materials, plastics and 

ceramics have been the most essential materials. The volume 

and number of usages of composite materials have increase 

steadily, penetrating and conquering new markets 

effectively. Modern composite materials having 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 steps to produce economically attractive 

composite components have resulted in several innovative 

manufacturing techniques currently being used in the 

composites industry. In general 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 

metals. 

 

The composites industry has begun to analyze the commercial 

applications of composites promise to give much effective 

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 fibers 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, bands etc. 

Further, the essential of composite for lighter construction 

materials and more seismic  resistant structures has placed 

high emphasis on the use of new and advanced materials that 

not only decreases dead weight but also absorbs the shock & 

vibration through tailored microstructures. Composites are 

now broadly being used for rehabilitation/ strengthening of 

pre-existing structures that have to be retrofitted to make them 

seismic resistant, or to repair damage formed by seismic 

activity. Unlike conventional materials (e.g., steel), the 

properties of the composite material can be designed 

considering the structure. The demand for commercial 

products that are environmentally sustainable is becoming 

strong. Composite materials based on natural fibers can be 

considered as an ideal class of solids for sustainability 

applications. Different types of plant fibers such as jute, sisal, 

flax, hemp, Alfa and other natural fibers are used as hardening 

in composite materials. Natural fibers can be considered as an 

interesting alternative to synthetic fibers like glass, 

particularly in terms of equivalent stiffness. In the course of 

nature life, composite materials were used to both mechanical 

loading and exposed to severe environmental conditions. The 

natural fiber reinforced composite are reasonably strong, 

lightweight and free from health hazard, and hence it’s have 

the fruition to be used as material for strong components such 

as like building materials. Shipping, automotive and etc. 

 

Methods 
 

It describes the details of processing of the composites and 

the experimental procedures followed for their mechanical 

characterization. The raw materials used in this work are 
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MATERIALS USED 

 

Epoxy resin  

Hardener 

Natural Fibbers (jute and bamboo) 

 

Epoxy resin 

 

 In general epoxy resin are used in building and construction 

application that are used in the manufacture of plastics, 

paints, coatings, primers etc. Epoxy is either any of the basic 

components or the cured end products of epoxy resins, as 

well as a       colloquial name for the epoxide functional 

group. Epoxy resins, also known as polyepoxides, are a class 

of   reactive prepolymers and polymers which contain 

epoxide groups. Epoxy resins may be reacted (cross-linked) 

either with themselves through catalytic 

homopolymerisation, or with a wide range of co-reactants 

including polyfunctional amines, acids (and acid 

anhydrides), phenols, alcohols and thiols. These co-reactants 

are often referred to as hardeners or curatives, and the cross-

linking reaction is commonly referred to as curing. Epoxy 

resins are low molecular weight pre-polymers or higher 

molecular weight polymers which normally contain at least 

two epoxide groups. The epoxide group is also sometimes 

referred to as a glycidyl or oxirane group. A wide range of 

epoxy resins are produced industrially. The raw materials for 

epoxy resin production are today largely petroleum derived; 

although some plant derived sources are now becoming 

commercially available (e.g. plant derived glycerol used to 

make epichlorohydrin). 

 

Epoxy resins are polymeric or semi-polymeric materials, 

since variable chain length results from the polymerisation 

reaction used to produce them. High purity grades can be 

produced for certain applications, e.g. using a distillation 

purification process. One downside of high purity liquid 

grades is their tendency to form crystalline solids due to their 

highly regular structure, which require melting to enable 

processing. 

 

APPLICAION                                                                                              

 

Epoxy has a wide range of applications, including metal 

coatings, use in electronics / electrical components/LED, 

high tension electrical insulators, paint brush manufacturing, 

fiber-reinforced plastic materials.  

 

Features of Epoxy 

 

 Light weight 

 Resists most alkalis and acids 

 Resists stress cracking 

 Retains stiffness and flexibility 

 Low moisture absorption 

 Non-staining 

 Easily fabricated 

 Industrial tooling and composites 

 Electrical system and electronics 

 

Hardener  

 

Hardener is a curing device for epoxy or fiberglass. Epoxy 

resin requires a hardener to initiate curing; it is also known as 

catalyst, the substance that hardens the adhesive when mixed 

with resin. It is the specific selection and combination of the 

epoxy and hardener components that determines the final 

characteristics and suitability of the epoxy coating for given 

environment. 

Natural fibres such as Jute and bamboo 

 

The natural fibers have played a dominant role for a long 

time in a variety of applications for their high specific 

strength and modulus. The manufacture, use and removal of 

traditional fibre–reinforced plastic, usually made of glass, 

carbon or aramid fibres–reinforced thermoplastic and 

thermoset resins are considered critically because of 

environmental problems. By natural fibre composites we 

mean a composite material that is reinforced with fibres, 

particles or platelets from natural or renewable resources, in 

contrast to for example carbon or aramid fibres that have to 

be synthesized. 

Advantages of Natural Fibbers 

 

Comparing to conventional reinforcing fibers like 

glass, carbon and Kevlar, natural fibers have the 

following advantages: 

 Environmentally friendly 

 Fully biodegradable 

 Non toxic 

 Easy to handle 

 Non-abrasive during processing and use 

 Low density/light weight 

 Source of income for rural/agricultural 

community 

 Renewable, abundant and continuous supply of 

raw materials 

 Low cost 

 Free from health hazard (cause no skin 

irritations) 

 High toughness 

 Good thermal properties 

 

Properties of Natural Fiber: 
 

NaOH Solution 
Sodium Hydroxide (NaOH) is a alkaline solution 

used to enhance the surface morphology of natural 

fibers. 

 

METHODOLOGY 

Step 1: Selection of matrix material 
 
Epoxy LY-556 resin belonging to the Epoxide family was 

taken as the matrix. 

 

HY 951 was used as the hardener. 
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Step 2: Selection of reinforcement and Natural fibers 
Natural fibers such as Sisal, Coconut coir, Arecanut, Ridge 

gourd and Tamarind taken to fill as reinforcements in the 

Polymer composite. 

 

Step 3: Extraction of fibers 
 

 Jute Mat Fiber: 
 

Jute is a long, soft, shiny plant fiber that can be spun into 

coarse, strong threads. It is produced from plants in the genus 

Corchorus. 

Jute is one of the cheapest natural fibers, and is second only to 

cotton in amount produced and variety of uses. 

Jute is a rainy season crop, growing best in warm, humid 

climates.It is 100% bio-degradable & recyclable and thus 

environment friendly fiber.                                                                                             

 

 

 

 

 

 

 

 

 

 

  

                                   Fig: jute fibers 

 

Step 4: Surface treatment of fibers 
Fresh fibers generally have lots of impurities that can be 

affecting the fiber matrix bonding. Consequently the 

composite material made from such fibers may not possess 

satisfactory mechanical properties. Therefore it is require 

eliminating the impurity content of the fibers and perhaps 

enhancing the surface topography of the fibers to obtain a 

stronger fiber-matrix bonding. The fibers were left to treat 

with 5% NaOH for 3-4 hrs. Later they were drawn and dried 

under sunlight for 1-2 hours. 

 

 

 

 

 

 

 

 

 

Fig: (a) 5% NaOH solution      fig: (b) Fibers in NaOH sol 

 

 

 

 

 

 

 

 

 

Fig: Water Treatment   Drying at room Temperature 

Bamboo fibers 

 
Like hemp, bamboo is another highly sustainable crop as 

it does not claim farming land, grows very fast and needs 

minimal care. It is a much better CO2 extractor and 

oxygen emitter than trees, and all bamboo products are 

completely biodegradable and recyclable. Fiber 

bamboo1Our bamboo fabrics are made with both bamboo 

fibers and bamboo pulp. They are soft and silky to the 

touch, drape well, and possess properties of excellent 

moisture absorption and permeability.The raw material 

bamboo is certified organic. Our bamboo yarn is certified 

by Oeko-Tex Standard 100 which is safe even for baby 

products. In addition, our fabrics meet international 

Restricted Substance Limits standards.While bamboo 

fabrics have become increasingly popular, bamboo pulp-

made fabric (also known as bamboo viscose) has been 

facing controversy with questions raised about its 

production methods, which are similar to wood pulp 

rayon’s. Concerns have been raised about the safety of the 

chemicals used in bamboo viscose making and the 

pollution that may result from their use. We’ve been 

working very closely with our suppliers to produce fabrics 

in an ecologically responsible manner with minimal 

environmental impact.To this end, there have been 

improvements in extraction and renewal treatments for 

wastewater, including an advanced floating air treatment 

system that has been installed that removes up to 99% of 

the suspended solids, reclaiming the treated water. Our 

contract yarn supplier executes strict controls on safety 

operations and exhaust emissions. 

 

 
                                      

                                         Fig: bamboo 

 

 

Resin and hardner preparation process 

 
The epoxy and hardner mixed in a ratio of 3:1 are first 

shaken well and then they are taken out in a plastic jar.After 

mixing well they are kept in room temperature for some time 

to settle well about 2 to 3 minutes. After completion of this 

the mixture is used with the jute and bamboo fibers to 

prepare the samples. 
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Figure: Resin And Hardner 

 

Step 5: Wet Hand lay-up technique 
Hand lay-up technique is the simplest method of composite 

processing. The infrastructural requirement for this method is 

also minimal. The processing steps are quite simple. At First, 

a release gel is sprayed on the mold surface to avoid the 

sticking of polymer to the surface. Thin plastic sheets are used 

at the top and bottom of the mold plate to get better surface 

finish of the product. Reinforcement in the form of woven 

mats or chopped strand mats is cut as per the mold size and 

placed at the surface of mold after perspex sheet. Then 

thermosetting polymer in liquid form is mixed thoroughly in 

suitable proportion with a prescribed hardner (curing agent) 

and poured onto the surface of mat already placed in the mold. 

The polymer is uniformly spread with the help of brush. 

Second layer of mat is then placed on the polymer surface and 

a roller is moved with a mild pressure on the mat-polymer 

layer to remove any air trapped as well as the excess polymer 

present. The process is repeated for each layer of polymer and 

mat, till the required layers are stacked. After placing the 

plastic sheet, release gel is sprayed on the inner surface of the 

top mold plate which is then kept on the stacked layers and 

the pressure is applied. After curing either at room 

temperature or at some specific temperature, mold is opened 

and the developed composite part is taken out and further 

processed. The time of curing depends on type of polymer 

used for composite processing. For example, for epoxy based 

system, normal curing time at room temperature is 24-48 

hours. This method is mainly suitable for thermosetting 

polymer based composites. Capital and infrastructural 

requirements less as compared to other methods. Production 

rate eve in the processed composites. Hand lay-up method 

finds application in many areas like aircris less and high 

volume fraction of reinforcement is difficult to achieve 

components, automotive parts, boat hulls, diase board, deck 

etc. 

 

 

 

 

 

 

 

 

 

                               

                    .                                                                                       
Fig: Schematic Diagram of hand  layup process                                    

 

SAMPLE PREPARATION 

 
Material used 

1. Jute fiber 

2. Bamboo sticks 

3. Epoxy resin 

4. Hardener 

METHODOLOGY 

 

STEP-1   The jute fibers are first separated out and then it 

soaked in water for –hour and dried in sunlight for 72hour 

until it is fully soaked.   

 

  
                         Image: Fibers in NaOH solution 

 
STEP-2 The dried fibers are then kept inside the Na-Oh 

solution for overnight. 

STEP-3 They are then taken out and dried at room 

temperature. 

STEP-4 After the completion of the process 300ml of epoxy 

and 100ml of hardener is taken and mixed together well and 

kept for some time in the room temperature. 

 

 
                                  Image- NaOh solution 

 
STEP-5 A plastic sheet was used and the first layer of jute 

fiber was layered over it and kept it for drying. 
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                             Image- separated jute fiber 

 

STEP-6 The epoxy and hardener mixture is applied over it 

and is kept in that condition for 15minute to dry. 

STEP-7 After drying of first layer of jute was dried 

completely another layer of jute was layered over it in 

opposite direction to the alignment to first layer.  

STEP-8 Over the second layer bamboo sticks was layered 

and then they covered with epoxy and hardener mixture.  

 

 
 

Image- layered epoxy, jute, bamboo 
 

STEP-9 Again another layer of jute fibers was added onto the 

top layer of third layer and on the top of it the bamboo stick 

were added in the diagonal direction. 

 

  
Image- Dried sample 

 

STEP-10 On the top of sixth layer jute and bamboo was added 

in cross sectional direction and again on the top of it jute was 

added and the process is continued until 12th layer was 

achieved. 

 

CURING PROCESS 

 
After layering process of jute and bamboo was done then 

epoxy and hardener was added on the top of it to give it a 

smooth surface finish. The completion of this a weight of 

20kg was applied on the top of the sample to ensure the better 

bonding of the layers and the sample was kept under the 

weight for about 48-hours and after that the sample was 

completely prepared. 

 

 
                                  Image- cured sample 

 

Results 

 

Specimen preparation as per ASTM standards 

 
The samples are cut to the following dimensions as per ASTM 

standards for testing shown in Table. 

 

 

 
 

 

 

 

 

 

 

 

Mechanical Testing of Composite Laminates 

 
Mechanical properties such as Ultimate tensile strength 

(UTS), Young’s modulus, Flexural strength (FS), and 

Flexural modulus, Inter laminar shear strength (ILSS) of 

carbon and glass fiber reinforced vinyl ester composites are 

tested using universal testing machine (UTM).

sl 

no 

Name of  

mechanical test 

Sample 

dimension (mm) 

1 CHARPY TEST 55x10x10 

2 IZOD TEST 65x10x10 

3 UTM TEST 50x50x10 
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Table: Specifications of Universal Testing Machine 

TECHNICAL DATA  

GAUGE LENGTH 25mm & 50mm 

MAXIMUM EXTENSION 2mm 

RESOLUTION 1micron 

SPECIMEN DIAMETER 0.5 to 30mm 

SPECIMEN THICKNESS Up to 30mm 

SPECIMEN WIDTH Up to 30mm 

 

Impact Strength Testing of Composites 

 
ASTM D 256: Standard test method for impact properties of 

polymer matrix composites. Izod impact strength of 

composite samples is evaluated as per ASTM D256, using 

Impact Testing Machine supplied by International 

Equipments, Mumbai, India. The test specimen geometry as 

specified in the above standard for balance Jute fiber (0/90) 

composites are 65 mm long × 10 mm wide × 10 mm thick . 

The Izod test specimens are clamped in an upright position 

so that the end of the specimen faced its striking edge and 

impact energy absorbed for breaking the specimen is directly 

obtained. Impact strength is calculated using the expression. 

Impact strength = Impact energy in joules / thickness of the 

specimen (mm) 

 

 

CHARPY TEST
This test is conducted know the amount of energy in breaking 

a material specimen using charpy impact test. The weight of 

the pendulum in charpy impact test is 20.0932kg. 

 

 Table: Specification of charpy and Izod test 

 

Results 

The following table provides the details of the Impact test 

results obtained for various combinations of Natural fibers 

reinforced bio-composites. 

 

CHARPY TEST RESULT: 

 

                          Charpy

IZOD TESR RESULT: 

Izod 

UTM TEST RESULT: 

 

 

SPECIFICATION MECH.CS.JT.30 

Maximum Capacity 300j/168j 

Minimum Scale Gradation 2j 

Overall size(Approx) 1.5mx1.1mx0.45m 

Net Weight(Approx) 375kg 

Sample Energy absorbed in charpy test 

in 

Joules 

Specimen 1 2.5 

Specimen 2 4.5 

Specimen 3 3.0 

Sample Energy absorbed in Izod test in 

joules 

 

Specimen 1 2.0 

Specimen 2 2.3 
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Other Applications of Bio-Composites 

 
The bio-composite obtained can be used mainly for the 

fabrication of the interiors of the aircraft like 

 Helmet  

 Used instead of plastic 

 floors 

 ceilings, 

 sidewalls and 

 Stowage bins. 

Composites are the fastest growing "materials" market 

segment. Sporting goods, Aircraft, automobile, shipbuilding, 

are just a few examples. Tennis rackets, golf clubs, bumpers, 

door panels, dashboard, even engine components of modern 

automobiles; look closely at a Boeing 777etc. Some 

applications are given below 

 Paints and coatings 

 Electrical systems and electronics 

 Aircraft industry, Ex: Doors and elevators 

 

Discussion 
Presently, the usages for bio composites are in the 

construction and automotive sectors. With further 

improvements in performance, however, new opportunities 

and applications will arise. Significant opportunities are 

likely to occur in the built environment as this sector is 

responsible for producing huge volumes of waste at a time 

when the environmental impact of industries is coming under 

close scrutiny. For example, new, ‘environmentally friendly’ 

materials are needed for offsite construction methods, 

improved quality and ease of installation and build. 

However, these opportunities may be hampered by 

regulations based on existing materials.  

 

Conclusion 
 The natural fibers have been successfully reinforced with the 

epoxy resin by simple wet hand lay-up technique. The aim of 

this project is to find the tensile, Bending, ILSS and impact 

strength of natural fiber reinforced bio-composites. 

 The fibers like jute fibers and bamboo were successfully used 

to fabricate bio-composites with varying the fiber 

percentage. 

 The new hybrid composite produced with natural fibers as 

reinforcements gives good mechanical properties as 

compared with pure matrix material. These hybridbio- 

composite can be used in Aerospace and automobile 

applications. 

 In the present work, bio-composite with natural fibers such as 

jute fibers and bamboo have been successfully reinforced 

with the epoxy resin by simple and inexpensive hand lay-up 

technique. The mechanical testing results of fabricated bio 

composite sample indicate that, concept of using multiple 

natural fibers is viable for different application. However, 

there is a scope to analyse the volume fraction of natural 

fibers as reinforcements to achieve enhanced mechanical 

properties of sample. So, it is clearly indicates that 

reinforcement of natural fibers have good and comparable 

mechanical properties as conventional composite materials. 

 

 
 

Bio composite sample 
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