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Abstract: -- This paper presents the study of mechanical properties of the composite reinforced with the slag and coconut shell 

powder. Composites have been developed by hand lay-up technique with different weight fractions of 0%,3%,6%,9%,12% of slag 

and coconut shell powder separate composite plates.9% of Coconut shell powder reinforced composite shows better tensile strength 

results when compared with the slag reinforced composite. From the XRD results, it is noticed that carbon content will be more of 

Coconut shell powder then slag. The flexural strength tends to increase up to 9% of reinforcement beyond the 9% material tends to 

exhibit brittleness. The addition slag exhibits higher impact strength when compared with coconut shell powder. Hardness number 

of composites increases with the addition of reinforcement. 

 

Index Terms - E-glass, Coconut shell powder (CSP), Slag 

 

INTRODUCTION TO COMPOSITE 

 

Composite is defined as “An anisotropic, heterogeneous 

medium, made by combining two or more materials with 

different properties. Composite properties are different they 

do not merge completely with each other and it is identified 

by physically interface between them. The properties of the 

interface also contribute to the properties of the composite”. 

Composite - with light weight, low density, high strength to 

weight ratio, stiffness property and corrosion resistance have 

come a long way in replacing the conventional materials such 

as steel, aluminium, timber, etc. Now a day’s composite are 

being used for the manufacturing of prefabricated, portable 

and modular buildings as well as for exterior cladding panels, 

which can simulate masonry or stone. In interior applications 

composites are used in the manufacturing of the shower 

enclosures, trays, bath, sinks, troughs and spas. Cast 

composites products are widely used for the production of 

vanity units, bench tops and basins. Owing to their good 

combination of properties, recently composites are widely 

used in automotive and aircraft industries in the 

manufacturing of Spaceships, sea vehicles,etc.   

 

EXPERIMENTAL DETAILS 

 

Fiber reinforced composites are composed of fibers and a 

matrix. Fibers are the reinforcement and the main source of 

strength while the matrix 'glues' all the fibers together in 

shape and transfers stresses between the reinforcing fibers. 

Fillers are added for the manufacturing composite material, 

to improve the properties of the material and to reduce the 

product cost by saving the matrix.  

 

 

 

Materials Used 

 

SI 

NO 

CONTENT MATERIAL 

1 Reinforcement E-Glass 

2 Matrix Epoxy LY- 556 

with Hardner 

3 Fillers CSP, Slag 

 

Sample Preparation  

In the present work a composite sheet of 400 mm X 400 mm 

X 3 mm thick is fabricated using hand layup and bag molding 

process for different weight fractions of   slag and coconut 

shell powder reinforced with glass fiber, epoxy resin. Mass of 

glass fiber, epoxy resin and mass of the fillers were 

calculated using equations as per their volume and 

density(Table 1, Table 1.1, Table 1.2).  

  

Table: 1. Mass of glass, Epoxy and slag 

Materials 
Dens

ity 

Volum

e 

0% 3% 6% 9% 12% 

Mass 

(gm) 

Mass 

(gm) 

Mass 

(gm) 

Mass 

(gm) 

Mass 

(gm) 

Glass 

Fiber 
2.54 144 

365.

76 
365.76 

365.

76 

365.7

6 

365.7

6 

Epoxy 

Resign 
1.15 336 

386.

4 
369.84 

353.

28 

336.7

2 

320.1

6 

Slag 2.8 - 0 40.32 
80.6

4 

120.9

6 

161.2

8 
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Table: 1.1. Mass of glass, Epoxy and Coconut shell powder 

Materials 
Dens

ity 

Volu

me 

0% 3% 6% 9% 12% 

Mass 

(gm) 

Mas

s 
(gm) 

Mass 

(gm) 

Mass 

(gm) 

Mas

s 
(gm) 

Glass Fiber 2.54 144 
365.

76 

365.

76 

365.7

6 

365.7

6 

365.

76 

Epoxy 
Resign 

1.15 336 
386.

4 
369.
84 

353.2
8 

336.7
2 

320.
16 

CSP 
0.7 - 0 

10.0

8 
20.16 30.24 

40.3

2 

 

 

Table: 1.2. Density of different materials used for 

manufacture of FRP composites. 

 

Materials Density (ρ) kg/m
3
 

E- glass 2.54 

Slag 2.8 

Coconut shell powder 0.7 

 

List of Equations  

Volume (v) = Length × Breadth × Thickness = 480000 mm
3

  

Volume of glass fiber (vg) = 
 

   
                  

   

Volume of epoxy resin (vs) = 
 

   
                  

  

Volume of Filler (vf) = 
 

   
             

Mass = Density × Volume = ρ× v = grams  

    

 

Sample Calculation for the 3% of Slag 

 

Volume v = 400×400×3 = 480000 mm
3 =

 480 cm
3
 

Volume of glass fiber (vg) =
   

   
    = 144 cm

3
 

Volume of epoxy resin (vs) = 
   

   
    = 321.6 cm

3
 

Volume of Filler (vf) = 
   

   
   = 14.4 cm

3
 

Mass of glass fiber mg = 2.54× 144 = 365.76 gm 

Mass of epoxy resin ms = 1.15×321.6 = 369.84 gm 

Mass of filler mf = 2.8×14.4 = 40.32 gm 

  

  

  

  

Fabrication method 

In this techniquefibers and resin are  pre‐mixed with curing 

agent are manually placed againstthe molding surface. While 

fabricating composite products with long fibers, reinforcing 

fibers in form of mats placed layer‐by‐layer over the surface, 

to ensure appropriate stackingsequence, as well as requisite 

thickness of the final product. Once a particular layer offiber 

is placed, it is coated with a layer of resin either through a 

spray gun, or through abrush. Care has to be taken to ensure 

that resin is devoid of air bubbles, as it is applied to 

reinforcing fibers. For this, serrated rollers may be used, 

which helps to remove air bubbles,as well as ensure 

increased wetting of fibers.  

         

In this process the composite product is covered with a thin 

layer of randomly oriented fibers, known as surfacing mat. 

This layer provides a better surface finish to the product, and 

may also protect inside of composite against corrosion.  

In this process, layers of fibers, impregnated with uncured 

resin, are laid on top of a mold, layer‐by‐layer. Once the 

layup is complete, the overallfiber stack up is covered with a 

flexible bag or diaphragm. The overall assembly is next 

subjected to external pressure andtemperature for purposes of 

reliably curing the resin in relatively shortperiod of time. 

Once curing is complete, constituent materials become one 

integratedmass in desired shape. They can subsequently trim, 

and finished. 

 

Mechanical Properties 

All the mechanical tests are conducted on the manufactured 

composite material as per the ASTM standards. The tensile 

test was conducted according to the ASTM 790 standard on 

computerized universal testing machine INSTRON H10KS. 

Flexural test were performed using 3-point bending test 

method according to ASTM D790-03.Impact strength 

determined by Izod impact test according to ASTM D 256. 

Shore- Durometer (Shore-D) instrument is used to determine 

the hardness of composite as the ASTM D2240 standard.  

 

RESULTS AND DISCUSSION 

 

In the results and discussion the mechanical properties are 

determined for both the composite material reinforced with 

the different fillers of slag and CSP. The results are compared 

and discussed with the Graphs and charts. 

 

Tensile test 

A series of tensile test were conducted as per the ASTM 

standards for the different weight fractions of slag and CSP, 

the results are recorded and discussed. 
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Maximum load carrying capacity of different weight 

fractions of slag and coconut shell powder is as shown in 

figure . It is observed that load carrying capacity increases 

with increase in the percentage of reinforcement of both slag 

as well as coconut shell powder up to 9%. Further load 

carrying capacity increases with addition of the coconut shell 

powder because from the XRD results it was noticed that 

percentage of carbon content is more when compared to slag 

hence coconut shell powered reinforced composite becomes 

hard it may with stand more load. 

  
 

Flexural strength 

Maximum bending load carrying capacity of different weight 

fractions of slag and CSP reinforced composite and it is 

noticed that load carrying capacity increases with increase in 

the percentage of reinforcement of both slag as well as 

coconut shell powder up to 9%.  

 

The transverse deformation of different weight fractions of 

slag and CSP composite and observed that deformation in a 

CSP reinforced composite increases with increase in the 

content of the fillers. Similarly with increase in the 

percentage of slag, deformation decreases as compared to 

coconut shell powder  hence slag filled composites can be 

used in the applications where transverse load is acting. 

 

 The comparison of flexural strength for different weight 

fraction of slag and coconut shell powder. The results 

revealed that as the percentage of reinforcement increases 

flexural strength also increases. The flexural strength tends to 

increases up to 9% of reinforcement beyond 9% the material 

tends to exhibit brittleness.  

  
 

Impact Strength 

 

Composite material exhibits higher impact strength when 

compared to unreinforced material. This clearly shows that 

better bonding strength was established when reinforcing 

material was added to the composite system. The addition of 

slag exhibits higher impact strength when compared with 

coconut shell powder. 

 

  
 

Hardness strength 

 

It is noticed that hardness number of slag compared to the 

coconut shell powder reinforced composites were enhanced 

with the addition of fillers this may be due to uniform 

dispersion of slag particles and decrease in inter particle 

distance in the matrix which results in increase of resistance 

of composites against indentation.  
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CONCLUSIONS 

 

It is concluded that glass-epoxy composite reinforced with 

different weight fractions slag and coconut shell powder with 

a size of 400 mm X 400 mm X 3 mm plate were 

manufactured using hand layup and bag molding techniques 

with established literature survey. Composite plates were cut 

using electric hacksaw machine to conduct tensile, flexural, 

impact and hardness as per ASTM standards to study the 

mechanical characteristics of the composite fabricated Stress-

strain variations of unreinforced composite and different 

weight fractions of slag and coconut shell powder were 

studied and inferred that as the reinforcement increases the 

resistance to the load is also increases for both slag and 

coconut shell powder. The flexural strength results revealed 

that as the percentage of reinforcement increases flexural 

strength also increases and noticed that in both the cases up 

to 9% of reinforcement beyond 9% the material exhibit 

brittleness phase. Composite Material exhibits higher impact 

strength when compared to unreinforced material. This 

clearly shows that better bonding strength was obtained when 

reinforcing material was added to the composite system. The 

addition of slag exhibits higher impact strength when 

compared with coconut shell powder. Hardness number of 

the composite increases with addition of reinforcement. 

Optimum hardness result obtained was for the coconut shell 

powder while compared with slag this is due to the fact that 

due to higher percentage of carbon content in the coconut 

shell powder. 
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