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 Composite materials are formed by reinforcing two or more materials of varying properties. The project is proposed to 

fabricate hybrid composite materials by using hand layup technique. Hybridization is a process of incorporating two or more 

fibers in order to yield better strength, stiffness, high strength to weight ratio and other mechanical properties.  The work mainly 

concerns with the development of new hybrid composite material using wood powder, groundnut husk and cashew nut and resins 

as the matrix materials.  

 In this work it is proposed to fabricate hybrid composite material by using wood powder, ground nut husk  by using hand 

layup technique. The sample will be prepared based on ASTM standards for testing of tensile, flexural and Shore D hardness. 

Experimental results will be prescribed and analysis will be done for the results. Finally best hybrid composite material will be 

evaluated. 

 

KEYWORDS:Composite Materials, Mechanical properties, ASTM standards, Hand layup techniques. 

 
 

1. INTRODUCTION 

 In the contemporary context, a composite is a 

multiphase substance that is artificially created rather 

than occurring naturally. The constituent stages ought to 

be synthetically dissimilar and separated by a single 

point of contact. The following significance, as articulated 

by Jartiz, is the one that is most used "Composites are 

spatial multiplexing frameworks that provide properties 

that are not possible to achieve with discrete materials. 

They are long-lasting designs created by combining at 

minimum two viable materials that differ in structure 

and qualities, and occasionally in structure “. Composites 

are composite materials that differ from amalgams in that 

the individual parts retain their qualities while being 

fused into the composite in such a way that their 

properties are exploited rather than their flaws. 

Composites, plastics, and earthenware have been the 

most popular design materials for the past few years. The 

applications of composites have grown rapidly, 

spawning new business sectors in the process. 

Cutting-edge composite materials are made up of a 

variety of materials that are used in everyday life as well 

as in more refined applications, and composites have 

successfully shown their usefulness as weight-saving 
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materials. The present test aims to make them durable in 

extreme conditions so that they can replace other 

materials, as well as to make them cost-effective. This has 

resulted in the development of a slew of innovative 

techniques that are currently in use in the industry. The 

composites industry has begun to recognize the various 

applications in industry, particularly in the 

transportation sector. Because of its anticipated features, 

there has been a steady and growing interest in 

eco-friendly materials, such as bio-composites made from 

plant-derived strands and reused fiber-assembled goods. 

India, which has a plentiful supply of natural fibers such 

as jute, coir, sisal, ramie, bamboo, banana, biogases, and 

so on, has focused on the development of regular fiber 

composites primarily to research value-added 

application routes. While the use of composites is a viable 

option in a variety of applications, the materials chosen 

will be determined by factors such as working life, 

lifetime requirements, item complexity, number of items 

to be delivered, institutional investors in terms of cost, 

and the creator's experience and ability to capture the 

expertise of the ideal composite. 

a) Metal Matrix Composites 

Metal Matrix Composites have several advantages over 

solid metals, including higher explicit modulus, explicit 

strength, improved characteristics at elevated 

temperatures, and a reduced coefficient for warm 

development. Metal grids provide a higher level of 

strength, crack sturdiness, and stiffness than their 

polymer counterparts. Only light metals are sensitive, 

exhibiting a benefit due to their thinness. Titanium, 

Aluminium, and Magnesium are three well-known grid 

metals that are particularly useful for airplane uses. If 

metallic framework materials have high strength, high 

modulus fortifications are required. 

 
Fig.1 Classification of natural fibres 

1.1 Utilities of Groundnut Shell Dust 

Groundnut is a nutrient-dense leguminous crop grown 

primarily for seed and oil production around the world. 

Peanut shells are indeed the extra item obtained when 

the groundnut seed has been expelled from its unit. This 

is a common agro-modern side-effect that has a very slow 

rate of debasement under normal circumstances. 

Groundnut shells, on the other hand, contain a variety of 

bioactive and useful components that are beneficial to 

humans. It's used in industry as a feedstock, food, 

compost filler, and, unexpectedly, bio-channel 

transporters. However, almost all the discarded 

groundnut shells have been singed or buried, 

contaminating the environment. As a result, innovations 

need to be developed to achieve 0% waste production 

and to channel this often-unwanted by-product into 

major use in the food, feed, paper, and bioenergy 

industries. 

.  

Fig. 2. Applications of groundnut shells in various 

bio-products production. 

 

1.2 Teak wood dust 

Teak wood powder is otherwise termed wood dust. It's 

an unintended consequence of cutting or boring timber 

and a saw or other tool. It is formed of tiny wood 

particles. Certain animals, birds, and insects that live in 

wood, such as the craftsman subterranean insect, are also 

responsible for distributing sawdust. Wooden powdered 

tidies are made as a little replacement for wood chips or 

small pieces of wood during the sawing of timber logs 

into various sizes. Teak wood dust was subjected to a 

variety of tests to determine its true properties, such as 

specific weight, bulk thickness, void percentage, 

porosity, stability coefficient, and fineness modulus, 

among others. Table 1 lists the features of Teak wood 

dust. 
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Table1: The properties of Teak wood dust 

Properties  value 

Specific gravity 0.933 

Bulk density 0.241 g/cm3 

Void ratio 2.866 

porosity 74.1 

Fineness modulus 2.11 

Uniformly coefficient 4 

 

 
Fig 3. Teak wood dust 

 

2. FABRICATION TECHNIQUES  

The following are the key boundaries that influence the 

properties of composites: (I) fibre types and lengths, (ii) 

fibre pressing and direction, (iii) framework type, (iv) 

fibre to grid ratio, and (v) preparation strategy used. A 

higher fibre to lattice percentage is thought to result in 

superior mechanical characteristics. Furthermore, the 

numerical new strategy of fibre within the network is 

equally important in conferring solidity and strength in 

all directions. Handling composite materials can be 

divided into two categories. 

2.1 Molding: 

Trimming should be possible in two ways, namely open 

and closed shape forming, or synchronized biting the 

dust shaping. 

2.2 Open-Mold Molding:  

The term "open shape forming" refers to a variety of 

procedures. Hand lay-up decoration is the simplest. 

Hand/hand apparatuses are used to save the schmucks 

and support in a form. Because the sap comes into touch 

with air, this is known as 'contact formation.' This process 

makes extensive use of polyester, epoxy, and phenol 

gums. When using this procedure, the overlay depth is 

determined by the number of layers applied before 

showering. In open form shaping, when pressing factor is 

a must due to various considerations, the following 

procedures are popular and rely on the strategy for 

pressing factor use, and they are known as 'vacuum pack 

forming,' 'pressure sack trim,' and 'autoclave shaping.' 

Hand Lay-up  

 
Fig 4: Hand lay-up 

 The hand lay-up technique is the easiest to learn and 

master. additional There are only a few steps to putting 

the supper together: cook your rice, poach the birds, and 

that's all there is to it. To begin, a dispersal gel is applied 

to the surface to guarantee that the document does not 

adhere to the shape. Different tactics necessitate fewer 

resources and infrastructure. In a pre-prepared 

composite, realignment is challenging. Planes, boats, 

yachts, skis, and decks are all examples of industries that 

utilize the lay-up approach. 

2.3 Types of Resin 

Epoxy Resins: These are made up of hydrazine hydrate 

and bisphenol-A and have terminal epoxy groupings. 

Epoxy tars are polymerized/crosslinked by adding 

essential/auxiliary/tertiary anions, amides, anhydrides, 

and other compounds. Epoxy tars are mixtures that 

comprise over one epoxy gathering and are suitable for 

converting to relieving (bottles) architecture with the 

help of hardeners/restoration experts. The reaction of Bpa 

(Diphenylol propane, DPI) with epichlorohydrin inside 

the antacid medium frames a huge percentage of the 

contribute equally epoxy gums. Novella epoxy gums also 

are financially available currently. The main 

characteristics of these hydrocarbons are that they 

maintain their qualities at extreme temps and have a high 

heat avoidance rate (HAT) and glass change temperature 

(T). The existence of a phonics spine provides temporary 

warm security in combination with the epode gathering's 

compound adaptability, and it has also motivated its 

sophisticated newer applications. 
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Fig 5: LY-556 Resin Fig 6: HY-951 Hardener       

 Fig 7: Univax 

 

2.4 Vinyl Ester:The vinyl ester pitches, first developed by 

Dow under the name Derakane fifteen years ago, are a 

hybrid of epoxies and polyesters that are simply epoxy 

gums with responsive end-gatherings that enable them 

like fix (cross-connect) similarly to polyesters. This 

provides them with the compound resistance, sturdiness, 

flexibility, or value structure of epoxies, as well as the 

creative flexibility of polyesters. These saps outperform 

other saps in terms of heat resistance, wetting properties 

for glass strands, durability, reagent protection, and 

mechanical property maintenance. 

2.5Phenolics:The third most important composite 

fastener is phenolic gums. The recognition of the need for 

fire resistance and low smoke production has recently 

given phenol-formaldehyde gums a new lease on life. 

Because tar releases water during polymer, it is more 

difficult to work with than polyesters or epoxies, which 

are polymer-convertible. 

Glass texture phenolic composites (overlays) are 

well-suited for use in subterranean train platforms, 

where smoke is particularly irritating, and as heat shields 

in high-end automobiles Polymerization occurs because 

of the accumulation of options as the temperature rises. 

Phenolics are constantly blended with fillers, filaments, 

and other materials, and restoration is done in the form 

using heat. Warmth does not - mollify phenolics, but it 

does roast and bum them in the long run if the 

temperature goes up enough. These are insoluble in 

solvents of the same kind, but they degrade when 

exposed to hot alkalis and powerful oxidizing acids. 

Instead of phenol, urea/melamine may be used, resulting 

in urea/melamine-formaldehyde saps. The hardness, 

warmth, and effect resistance of melamine-based gums 

are unrivaled, but their cost makes them unsightly. 

 

 

 

 

Fabrication Procedure:  

 
Chart: Technique flow chart by hand lay-up 

 The hand lie strategy is used in the trial procedure. The 

base is made up of a long, wide plate. The tar and curing 

agent are mixed straight away, and then the covering is 

evenly spread over the entire area of the overlay's 

projected size. After that, a layer of fiber is evenly 

positioned on top of the sap, and then a small amount of 

power is delivered to that with the roller. Of course, it is 

protected by a covering. This cycle is repeated until the 

desired thickness has been achieved. After that, a layer of 

wax is applied to finish the item, or a Teflon layer is 

placed on top of it with some weight. After allowing to 

cool to room temperature, the form was opened, as well 

as the produced composite part is removed and handled. 

The typical relief time for the epoxy-based framework is 

24-48 hours at room temperature. Cover composite 

readiness. The hand layup approach was used to deliver 

crossing composites made of ground nutshell mixed teak 

hardwood powder with an epoxy tar framework. By 

considering the width, explicit gravity, and mass, the 

weight is not fully fixed in stone. The composite was 

made in a room-temperature environment. For 10 

minutes, the established weight proportions of epoxy 

pitches and hardeners were combined using a 

mechanical stirrer. Crushed shell mixed Teak wood 

powders are cut to the required size, so each layer was 

covered with the tar mixture until the required thickness 

of overlays is achieved. The dimensions of the mold are 

as follows: length (mm) 100 mm, width (mm) 200 mm. 
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                            Fig 8: mold size  

Table 2: samples preparation in ratios 

Samples Teak 

wood 

power(%) 

wt 

Groundnut 

shell (%wt) 

Epoxy 

resin(%) 

Hardner 

(%) 

1 2 8 65 35 

2 6 4 65 35 

3 8 2 65 35 

4 4 6 65 35 

 
Fig 9: Fabrication procedure  

 The polymer matrix composites were manufactured at 

ambient temperature. The essential materials, LY-556 

Resin and HY-951 Hardener were carefully mixed in a 

beaker before being applied to carbon fabric. The carbon 

composite was created using a basic hand lamination 

technique to the mold, which was tightened with nuts 

and bolts. 

 

Experimental procedure steps: 

 

Fig 10: Pouring of Resin and Wood Powder 

 

Fig 11: Hardened Wood Powder and Resin 

 

Fig 12: Final Obtained laminates 

Preparation of the specimen 

By removing the Teflon sheet, the laminate layer on the 

board is gradually removed. On the margins of the 

laminate, the fibres are punched in to give the laminate a 

consistent shape. The carpentry chisel is used to cut the 

fibres. The chisel is also used to cut the superfluous 

portions. The specimens for the tensile and flexural 
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testing were cut on a CNC machine according to ASTM 

specifications. The specimen shape for ASTM D790 or 

ASTMD 638 is written on a piece of paper, which is then 

cut and pasted just on laminate. 

 

Fig 13: Preparation of Specimens 

3.MECHANICAL TESTING METHODS 

The mechanical testing procedures used were all based 

on the American Society for Quality (ASTM). Three 

experiments were carried out. Yes, they are. 

• Shore Hardness Test 

 • Tensile Test 

• Flexural Examination 

Tensile testing: 

Tensile testing is another name for this type of testing. 

The sample is exposed to a regulated tension until failure, 

which is the most basic material testing for all metals in 

the engineering field. The purpose of testing is to: 

 

 
        Fig 14: Universal Testing Machine (UTM) 

a) Choosing a substance for a certain application. 

b) Predict how well a material will behave in usage, 

considering both internal and exterior influences. 

b) To show that a proposed material is useful. 

The mechanical property of the Biocomposites was 

evaluated using tensile testing. Tensile samples with a 

height of 19 mm as well as a length of barrages mm 

were machined from the composite. The highest stress 

that a material can bear when being stretched or 

tugged before snogging when the specimen's pass 

begins to dramatically compress, is known as ultimate 

tensile strength (UTS). 

 
Graph 1: materials composition Versus Tensile strength 

Table 3: Results of Tensile Strength of Teak  

wood powder   and Ground nutshell composite 

S.N. O Samples UTS (N/mm2) Elongation (%) 

1 Teak wood 

powder 2%+ 

Ground nutshell 

8% 

4.47 0.8 

2 Teak wood 

powder   4%+ 

Ground nutshell   

6% 

4.41 0.86 

3 Teak wood 

powder   6%+ 

Ground nutshell 

40% 

5.51 0.73 

4 Teak wood 

powder   8. %+ 

Ground nutshell 

2% 

5.92 0.48 

 

4.HARDNESS: 

 Shore firmness is a measurement of a material's 

resistance to the identification. The shore hardness scales 

are used to determine the hardness of various 

metals   The penetration of an’s hardness applied load 

foot into to the sample determines the hardness value. 

Shore Hardness is a non-dimensional metric. It ranges 

from 0 to 100. The higher the number, the harder the 

substance. The conceptual similarities between the 

Rockwell and the Shore methods are obvious. Today, 
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standardized ASTM/ISO techniques can be used to 

acquire off-the-shelf equipment, at most and some of it is 

automated, for immediate usage and testing. The actual 

results of two separate materials, Teak wood powder, 

and Ground nutshell are shown below. 

 

 
Fig 15: Shore hardness testing machine 

 
Graph 2: materials composition Versus Hardness 

Table 4: Results of Hardness Test 

Samples Hardness  

Teak wood powder   2%+ 

Ground nutshell 8% 

79.67 

Teak wood powder   4%+ 

Ground nutshell 6% 

85.00 

Teak wood powder   6%+ 

Ground nutshell  4% 

86.67 

Teak wood powder   8%+ 

Ground nutshell  2% 

88.23 

 

 

 

 

5.FLEXURAL TEST: 

 The ability of a material to endure bending pressures 

exerted parallel to its long direction is known as flexural 

strength. When a bar-shaped test piece, functioning as a 

basic beam, is exposed to a bend force parallel to the bar, 

it is sometimes referred to as cross breaking strength. 

Because the flex load is a mix of compression and tension 

strains, this stress is reduced. The 3 loading systems and 

the four-point loading system are the two ways of 

determining the flexural characteristics of a material. In 

the shape of a beam, a flexural test is necessary for both 

the designer and the manufacturer. Flexural testing is 

more useful for detailed design purposes than tensile 

testing if the failure is severe in bending. 

 
                   Fig 16: Flexural Testing Machine 

 

Table 5: Results of Flexural Strength of Teak wood 

powder    and Ground nutshell   composite 

 

Samples Flexural strength 

(N/mm2) 

Teak wood powder   

2%+ Ground nutshell  

8% 

5.24 

Teak wood powder   

4%+ Ground nutshell  

6% 

5.18 

Teak wood powder   

6%+ Ground nutshell  

4% 

5.82 

Teak wood powder   

8%+ Ground nutshell  

2% 

6.01 
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Graph3:Materials composition Versus Hardness 

 

6. CONCLUSION: 

 Various composite laminates using epoxy resin are 

manufactured in the current study. Teak wood powder 

or ground nutshell are the fibers tested in this 

experiment. The hand lay approach is used for this 

experimental production. ASTM D638 is used to 

determine tensile strength.  The results of the experiment 

show that mechanical qualities like hardness, flexural 

strength, or tensile have improved. The mechanical 

characteristics of fibers will alter as their content changes. 

Teak wood powder 2% + ground nutshell 8% composites 

had excellent tensile strength and hardness, while Teak 

wood powder 6% + ground nutshell 40% composites had 

the highest tensile strength and hardness. Tensile 

hardness and strength rise as the amount of ground 

nutshell fibre increases. As a result, Teak wood powder 6 

percent + Ground nutshell 4 percent can provide 

improved tensile and flexural strength. The hardness of 

the base alloy was improved by adding reinforcements. 

The introduction of epoxy particles enhanced the 

hardness and improved the wear characteristics of the 

hardener with epoxy resin.Due to high stiffness and 

Flexural strength of Teak wood pwder and Ground 

nutshell epoxy composite, it has good damage tolerance, 

lighter weight, good surface finish & appearances, 

weight reduction so they would enjoy wider applications 

in automobiles and railway coaches and sporting goods 

such as skis, canoe helmets. However, due to less water 

absorption, epoxy reinforced composite can be used for 

door application such as insulated indoor and outdoor, 

underground piping, tanks, washroom door etc. 
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