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Abstract:  

Composites as the name shows the mix of more than one type of material combined together to satisfy certain predetermined uses 

or applications. The study is going through the fabrication and the study of about the manufactured composite. Process of 

fabrication is explained in the report as well with all the needed materials and process as well. Variation of certain chemicals are 

determining the quality and behavior of the composite Mechanical properties of the fabricated composite and composite structure 

are studies in detail with the plotting of graphs and tables with all kind of behavioral aspects. Alkaline treatment decreased the 

density and tensile strength but increased the weight loss of hemp fibers as alkali treatment removes the reducible hemicelluloses 

and lignin from the fiber surfaces. The alkaline treatment of hemp fiber increased the tensile and flexural strengths of hemp 

composites, indicating that interfacial bonding improved after alkaline treatment. The best tensile and flexural strengths of the 

hemp reinforced PP composites were achieved with the chemically treated specimen with 5 percentage of KOH.  From the 

experimentation and analysis of hemp fiber composite, the results derived are, out of the specimens which were made the 

chemically treated specimen with 5 percentage of KOH shows much stability than other specimens in mechanical properties. But 

the impact strength of chemically treated specimens is decreasing. SEM analysis for single fiber were done successfully. 
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I. INTRODUCTION 

 

Composites are largely classified into three categories namely 

composites by fiber reinforcing, laminar composites, and 

composites by particulate composites. The three are again 

divided into many streams as detailed below  Each and 

every type of composites behaves in different ways and the 

properties of the said are further studied. The classification is 

made up of different distinct, its may the direction of layer 

formation, continuity of the fiber arrangement, or the 

orientation of the   fiber layout. The classification based on the 

reinforcement is plotted as below 

 
Another main classification is based on the matrix structure of 

the fiber composite as follows. 

 
The plot describes the classification in detail. 

 

Advantages of FRC 

• A higher performance for a given weight leads to fuel 

savings. Excellent strength to weight and stiffness to weight 

ratios can be achieved by composites materials. 

• Laminate patterns and ply   build up in a part can be 

tailored to give the required mechanical properties in various 

directions. 

• It is easier to achieve smooth aerodynamic profiles for drag 

reduction.  Complex double curvature parts with a smooth 

surface finish can be made in one manufacturing operation. 

• Part count is reduced. 

• Production cost is reduced. Composites may be made by a 

wide range of processes. 

• Composites offer excellent resistance to corrosion, 

chemical attack, and outdoor weathering.  

 

Disadvantages of FRC 

• Composites are more brittle than wrought metals and thus 

are more easily damaged. 

• If rivets have been used and must be removed, this presents 

problems of removal without causing further damage. 
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• Repair at the original cure temperature requires tooling and 

pressure. 

• Composites must be thoroughly cleaned of all 

contamination before repair. 

• Composites must be dried before repair because all resins 

matrices and some fibers absorb moisture. 

Application of FRC 

• Aerospace: wings, fuselages, landing gears, 

rudders/elevators, rotor blades, satellite structure. 

• Automobile: body panels and frames, bumpers, leaf 

springs, drive shafts, seat housing, tyres and other ground 

transportation vehicles (bullet train). 

• Marine (eg. catamaran) boat hulls, decks, masts, propeller 

shafts, wind surfer. 

• Chemical plants: Process pipes, tanks, pressure vessels, oil 

field structures. 

• Sporting goods: Tennis rackets, golf clubs, hockey sticks, 

fishing rods, baseball bats, bicycles, skis, canoes and pools. 

• Constructions: Bridge decks, repair of concrete decks, 

bridges, columns: FRP re-bars. 

• Electrical: Panels, switch gear, insulators, molding 

compounds, conductive adhesives. 

 

OBJECTIVE OF THE WORK 

Based on the literature reviews, natural fiber composites need 

more attention than metallic fibers composites. The hemp fiber 

has better tensile properties than any other natural fibers and is 

easily available, low cost and less density. The objectives of 

the present work are as follows, 

• To fabricate hemp fiber reinforced with polyester 

resin. 

• To analyze the properties like Tensile strength, flexural 

strength and impact strength. 

• To do SEM analysis. 

 

FOCUS OF THE WORK 

Fiber reinforced Composite products have good mechanical 

properties per unit weight and are durable and their 

technologies allow the manufacture of complex and large 

shapes. The present   work encompasses the following. 

• To fabricate hemp fiber composite by reinforcing with 

general purpose resin. 

• To evaluate mechanical properties such as tensile strength, 

compressive strength, wear resistance and impact strength of 

prepared composite by following ASTM standard. 

 

II. METHODOLOGY 

 

The method of fabrication and analysis is described below 

  

The diagram above describes the way how the fabrication and 

analysis is taken into action and the total flow of process 

involved in the study.  Each and every step can be observed 

from this. 

 

FABRICATION 

This chapter deals with the fabrication steps done in order to 

obtain the composite materials. The materials used in our 

fabrication process are 

• Polyester Resin  

• Accelerator (Cobalt Naphthalene). 

• Catalyst (Methyl Ethyl Ketone Peroxide). 

• Polythene Sheets(OHP) & Glass Plates 

• Hemp fiber 

• 10 percent KOH aqueous solution. 

FIBER PREPARATION 

• Wash the fiber to remove the dirt contaminated in it 

• Sterilize the hemp fiber in an oven at 100 degree 

Celsius for one hour 

• Rinse the fiber in tap water and dry it up in an oven at 

70 degrees Celsius for 12 hours. 

• Convert the fiber to 7mm pieces  

 

FIBER STRENGTHENING 

The natural fibre is treated by alkali it is usually performed on 

short fibers, by heating at approx. 700℃ in water, 2%, 5%, 8% 

of KOH. It allows disrupting fibre clusters and obtaining 

smaller and better-quality fibers. It should also improve fibre 

wetting. The fibers are usually immersed in a mixture of 10% 

acetic acid for a few min, then filtrated, washed and dried in 

ventilated oven. This is an esterification method which should 

stabilize the cell walls, especially in terms of humidity 

absorption and consequent dimensional variation. 

 

FABRICATION PROCEDURE 

In this hand lay-up manufacturing is involved and the steps are 

as followed  

• The pretreated fiber segregated in batches of 15g. 

• The plain polythene sheet is placed on the tile surface. 

• The OHP sheet (width = 200mm) is sized according to the 

required dimensions of the specimen 

• Natural fibers are laid on the inner side of the molding box 

(200 mm* 200mm) 

• The four sides of the molding are sealed with the help of 

clips.   

• For 300ml of Polyester Resin, 3ml of Accelerator and 3 ml 

drops of Catalyst are jumbled together. 

• The resin mixture is poured into the molding set-up.  

• The molding box is kept rested for 4-5 hrs. in order to cure 

• After curing, specimen is taken from molding box and cut 

to desired sizes for doing the testing. 

 

 
Non-Treated Specimen 
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Treated Specimen with 2% of KOH 

 
Treated Specimen 5% of KOH 

 
Treated Specimen 8% of KOH 

MECHANICAL PROPERTY TESTING 

Tensile test is done by applying tensile load on the material 

with specific dimension of rectangular shape in UTM and the 

dimensions of the specimen are 6cm x 1cm x 4cm. Flexure test 

is also known as bending test. It is done by applying a point 

load at center of composite material. The size of specimen for 

the flexure test is 6cm x 1cm x 4cm. It is also done in 

Universal Testing Machine. Impact test is done by applying 

sudden impact load on the work piece. It is done in Impact 

Test Bed. The specimen size for Charpy Impact test bed is 6cm 

x 1cm x 4cm. SEM tests are done for the fibers. The template 

is used to format your paper and style the text.  

 

III. RESULTS AND DISCUSSIONS 

The various tests performed are  

• Flexure test 

• Tensile test 

• Impact test 

• Scanning Electron Microscope 

FLEXURE TEST 

Flexure test is done on a specimen as per ASTM standard. The 

dimension of the specimen is 6cm x 1cm x .4 cm. It is done in 

10KN Universal Testing Machine. The following figure shows 

the failure of the specimen when a load is applied. 

The various parameters taken are 

• Maximum load in (N) 

• Maximum stress in (MPa.) 

• Maximum strain in (%) 

• Modulus of Elasticity (GPa) 

 
Flexure Test of the Specimen 

 

 
Flexure Test Result of Non-Treated Specimen 

 

 
  

Flexure Test Result of Treated with 5% KOH 

Name of 

the 

specimens 

Max 

load 

(N) 

Max 

stress 

(Mpa) 

Modulus 

of 

elasticity 

(MPa) 

Flexural 

Strain 

(%) 

PS8-01 136 81.6 
8740 

2.15 

PS8-02 140 81.2 

8737 

2.31 

PS8-03 132 82 

8743 

2.17 

Average 136 81.6 8740 2.21 

Flexure Test Result of Treated with 8% KOH 
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IV. TENSILE TEST 

 

Tensile test is done on a computerized UTM of capacity 

10kN.Tensile test is done on a specimen of dumbbell shape. 

The size of the end portion of Dumbbell is 3.2x1.8x4 cm and 

that of the middle portion is 9.75x1.25x4 cm and various 

parameters taken for tensile test are  

 

• Maximum load in N 

• Ultimate stress (Mpa) 

• Maximum strain in % 

• Modulus of Elasticity (GPa) 

 

 

Tensile Test of Specimen 

Name of 

the 

specimens 

Max 

load 

(N) 

Ultimate 

stress 

(MPa) 

Maximum 

strain (%) 

Modulus 

of 

elasticity 

(MPa) 

PS0-01 723 18.08 7.69 × 10
-3 

2350 

PS0-05 726 18.10 7.68 × 10
-3

 2355 

PS0-08 729 18.06 7.70× 10
-3

 2345 

Average 726 18.08 7.69 × 10
-3

 2350 

 

Tensile Test Result of Non-Treated Specimen 

Name of 

the 

specimens 

Max 

load 

(N) 

Ultimate 

stress 

(MPa) 

Maximum 

strain (%) 

Modulus 

of 

elasticity 

(MPa) 

PS2-01 635 15.88 7.19 × 10-3 2210 

PS2-05 633 15.92 7.18 × 10-3 2215 

PS2-08 637 15.96 7.24 × 10-3 2205 

Average 635 15.92 7.203 × 10-3 2210 

 

Tensile Test Result of Treated Specimen for 2% KOH 

Name of 

the 

specimens 

Max 

load 

(N) 

Ultimate 

stress 

(MPa) 

Maximum 

strain (%) 

Modulus of 

elasticity 

(MPa) 

PS5-01 755 18.86 6.31 × 10-3 2990 

PS5-05 757 18.89 6.32 × 10-3 2989 

PS5-08 759 18.83 6.30 × 10-3 2991 

Average 757 18.86 6.31 × 10-3 2990 

 

Tensile test result of Treated Specimen for 5% KOH 

Name of 

the 

specimens 

Max 

load 

(N) 

Ultimate 

stress 

(MPa) 

Maximum 

strain (%) 

Modulus 

of 

elasticity 

(MPa) 

PS8-01 695 17.38 8.89 × 10-3 1954 

PS8-05 696 17.48 8.92 × 10-3 1959 

PS8-08 694 17.28 8.87 × 10-3 1949 

Average 695 17.38 8.893 × 10-3 1954 

 

Tensile test result of Treated Specimen for 8% KOH Tensile 

test treated specimen results are shown. Here the chemically 

treated specimen with 5% shows much stability than resin 

specimen Here 3 samples are taken for various size specimens 

keeping weight constant. It is done in 10KN Universal Testing 

Machine. The various parameters taken are Maximum load in 

N, Maximum stress in (MPa), Maximum strain in (%), 

Modulus of Elasticity (GPa). 

 

Graphs for Tensile Test 

 

 
Ultimate strength Graph for the Specimen 
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Maximum Load Graph for the Specimen 

 

 
Maximum Strain Graph for the Specimen 

 

 
Modulus of Elasticity Graph for the Specimen 

 

IMPACT TEST 

Impact test is done in Charpy Impact test bed. The specimen 

for impact test is 6cm x1cm x 0.4cm. The specimen is placed 

horizontally in the test bed. The pendulum is lifted and is made 

to hit the specimen from height. Each particle absorbs energy 

when it is hit under some height. The Figure depicts the failure 

of the specimen under impact load.  

 

 
Impact Test of the Specimen 

Impact Test Result of Non-Treated Specimen 

 

Name of the  

specimen 

Impact Energy 

(KJ) 

Impact Strength 

(KJ) 

PS2-01 0.130 × 10-3 3.25 

PS2-02 0.140 × 10-3 3.50 

PS2-03 0.135 × 10-3 3.375 

Average 0.135 × 10-3 3.375 

Impact Test Result of Treated Specimen for 2% KOH 

 

 
Impact Test Result of Treated Specimen for 5% KOH 

 

 
Impact Test Result of Treated Specimen for 8% KOH 

 

SEM ANALYSIS 

Here composite specimen is viewed scanned by electron 

microscope and different microscopic images of the fiber are 

shown below 

 

Non-Treated Specimen 

 

SEM micrographs of the hemp composites without surface 

treatment are shown in figure.  It was demonstrated that the 

interfacial bonding between the untreated hemp fibre and resin 

is not good. This may be due to the low coherence between the 

fibre surfaces and resin, hence the tensile strength of this 

composite will be low. 

 

 

Name of the  

specimen 

Impact Energy 

(KJ) 

Impact 

Strength 

(KJ) 

PS0-01 0.149 × 10
-3

 3.725 

PS0-02 0.151 × 10
-3

 3.775 

PS0-03 0.150 × 10
-3

 3.75 

Average 0.150 × 10
-3

 3.75 
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Treated Specimen for 2% KOH 

 

As the fibre is treated with 2% KOH the degradation of 

hemicelluloses and pep tins are started, there is a slight 

variation in the strengths of hemp fibers. It shows some 

fluctuations in the mechanical properties. The bonding is clear 

from the SEM image. 

 

 
 

 
 

Treated specimen with 5% KOH 

 

Alkaline treatment decreased the density and tensile strength 

but increased the weight loss of hemp fibers as alkali treatment 

removes the reducible hemicelluloses and lignin from the fiber 

surfaces. The alkaline treatment of hemp fiber increased the 

tensile and flexural strengths of hemp composites, indicating 

that interfacial bonding improved after alkaline treatment. But 

it can be seen that the mechanical properties will be decreasing 

along with increasing in treatment time 

 

 
 

 
 

V. CONCLUSION 

 

Alkaline treatment decreased the density and tensile strength 

but increased the weight loss of hemp fibers as alkali treatment 

removes the reducible hemicelluloses and lignin from the fiber 

surfaces in a great extent. The alkaline treatment of hemp fiber 

increased the tensile and flexural strengths of hemp 

composites, indicating that interfacial bonding improved after 

alkaline treatment. The best tensile and flexural strengths of 

the hemp reinforced composites were achieved with the 

chemically treated specimen with 5% KOH.  From the 

experimentation and analysis of hemp fiber composite, the 

results derived are, out of the specimens which were made the 

chemically treated - specimen with 5% KOH shows much 

stability than other specimens in mechanical properties. But 

the impact strength of chemically treated specimens is 

decreasing. SEM analysis for single fiber were done 

successfully. So, the material prepared using the hemp fiber 

can be used as an alternative for automobile interior parts that 

meets requirements that of hemp fiber composite. 
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