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Abstract 

Experimental investigations were conducted to determine the 

mechanical properties of coconut shell powder filled epoxy 

resin composites. The results obtained showed that the modulus 

of elasticity and hardness of the composite increased with 

increasing percentage weight of both the 150 µm and 212 µm 

CSP particle sizes. The tensile strength, percent elongation and 

impact toughness of the composite were all seen to decrease as 

the reinforcement increased. The investigations carried out 

showed that the addition of coconut shell powder to epoxy resin 

only raised the values of the specific mechanical properties of 

tensile stiffness and hardness. Different models were used to 

predict the mechanical properties of the CSP composites. The 

method of Nicolais-Narkis predicted values of tensile strength 

that depicted a decreasing trend with increasing weight fraction 

of the reinforcing filler, in a manner similar to that of the 

experimental results obtained here. Nielsen’s equation gave 

rise to predicted values of percentage elongation that were 

much less than the experimental results obtained in the present 

work. Einstein’s and Voigt equations predicted values of tensile 

stiffness that were higher than the experimental values obtained 

here, whilst the Reuss equation predicted values that were 

lower than these experimental values. The model of Guth and 

separately Smallwood predicted values that were closest to the 

experimental values obtained here. 

Keywords: Weight percentage, coconut shell powder, particle, 

matrix, reinforcement, tensile strength, hardness, and density 

 

1. INTRODUCTION 

There is a growing focus on the use of naturally occurring 

biodegradable plant fibres such as jute, cotton, bamboo, 

banana, sisal, and coconut shell as reinforcement for 

composites to produce eco-friendly industrial products [1]. 

Bio-composites offer environmental advantages such as 

reduced dependence on non-renewable energy, lower emission 

of pollutants, lower emissions of greenhouse gases, and 

enhanced recovery of energy [2]. Green composites which 

consist of natural fibres and biodegradable resins are being 

developed presently as substitutes to non-environmentally 

friendly materials such as conventional plastics (petroleum 

derived polymers) and have the required values of mechanical 

properties specific to various applications [3]. In the case of 

automobile components, fibres including bamboo, hemp and 

kenaf which are light, strong, renewable, and inexpensive have 

been used in certain requirements instead of glass fibres [4]. 

These fibres are less expensive compared to other materials 

such as steel, aluminium, wood, and granites [2, 3].  

Natural fillers and fibres reinforced thermoplastic composites 

have successfully proven their high qualities in various fields 

of technical application. As replacements for conventional 

synthetic fibres such as aramid and glass fibres. Natural fibres 

are increasingly used for reinforcement in the thermoplastic 

due to their low density, good thermal insulation and 

mechanical properties, reduced tool wear, unlimited 

availability, low price, and problem free disposal. Natural 

fibres and fillers are also safer to handle than synthetic fibres, 

example glass fibres [5]. Recently, research has focused on the 

use of naturally available materials such as saw dust [6, 7] and 

coconut shell powder [8, 9] as filler materials for polymer 

matrices. The properties of their composites were found to 

depend on their weight percentage in the polymer matrix and 

filler surface treatment. Kokta et al [10] studied the mechanical 

behaviour of wood flour-added polypropylene composite and 

found that the addition of filler material in the polypropylene 

matrix improved the mechanical properties of the matrix. 

Green composites are expected to be widely used in place of 

polymer composites made from fossil oil and to contribute to 

the maintenance of a sustainable productive society. Several 

green composites which consist of natural fibres as 

reinforcements with biodegradable resin as a matrix material 

are proposed such as coconut shell, flax, jute, and bamboo [4]. 

These composites are often desired for their advantages such as 

light weight, low cost, high specific modulus, and strength, in 

addition to their abundant availability, simplicity of surface 

treatment for natural fibres, and biodegradability [11]. 

The mechanical properties of fibre reinforced composites 
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(FRCs) are dependent on the type, length and shape of fibres 

used. For example, randomly oriented, evenly distributed short 

fibres of lengths between 1-30 µm form composites that are not 

fully isotropic. This type of fibre reinforcement material is used 

mostly on low performance parts that are produced in great 

numbers. When FRCs use fibres that run all the length of the 

composite in only one direction, the mechanical properties will 

vary with the orientation of the applied load with reference to 

the orientation of the reinforcing fibre. For instance, the 

composite will have higher mechanical properties in the 

longitudinal direction of the reinforcing fibres [12]. 

A substantial amount of research has been carried out to 

determine the mechanical properties of natural fibre-based 

polymer composites. Biswas et al. [13] studied the effect of 

length on the mechanical behaviour of coir fibre reinforced 

epoxy composites and observed that the hardness of their 

composites within the range of 12.6, 15 and 16.9 Hv decreased 

with the increasing length of fibre up to 20 mm. Mohanty et al. 
[14] studied the effects of jute fibre on the mechanical 

properties of pure biodegradable polymer (Biopol). The results 

showed that the impact strength, tensile strength, and bending 

strength of the composite increased when compared with those 

of pure Biopol. Fibre reinforced polymers have developed as 

the main group of structural materials that are used as 

substitutes for metals in many weight critical components in the 

aerospace and automobile industries [15, 16, 17]. 

Particle fillers are used extensively to enhance the properties of 

matrix materials including modifying their thermal and 

electrical conductivities, increasing their performance at 

elevated temperatures, lowering their friction, increasing their 

wear and abrasion resistance, improving their machinability, 

increasing their surface hardness and reducing their shrinkage 

[18]. The addition of industrial waste (Fly ash) filler to kenaf 

fibre nano-composites was observed to provide considerable 

improvement of the tensile strength of kenaf fibre 

nanocomposites [20]. In sago starch-filled linear low-density 

polyethylene (LLDPE) composites, in which sago starch acts 

as a filler, the mechanical properties of tensile strength and 

elongation at breakpoint were observed to decrease with 

increasing sago starch content while the modulus was found to 

increase [21]. 

The research work presented here focused on the development 

of a CSP/epoxy resin composite due to the high strength and 

stiffness of CSP, with CSP acting as the reinforcement and 

epoxy resin as the matrix material. The quasi-static behaviour 

of composites produced in this work were investigated for 

different filler sizes, and volume fractions. 

 

2 EXPERIMENTAL PROCEDURE 

2.1 Materials  

The materials shown in Table 1 were used to prepare 

CSP/epoxy resin composites. 

Table 1: Details of the resin system used in the present work 

Details of matrix, reinforcement, and release system 

Matrix Detailsµ 

Manufacturer Gurit 

Resin type Epoxy 

Resin 

Identification Prime 27 

Matrix Hardener 

Product Name Prime 27 slow hardener 

Filler Details  

Filler material 150 µm CSP 212 µm CSP 

Release System   

Wax Ram Wax Ram Wax 

 

2.2 Fabrication of Composites 

The coconut shell was dried in open air and ground into powder 

using a pulverizing machine. The powder was then sieved in 

accordance with BS 1377:1990 standard. The composite was 

fabricated using the method of hand lay-up. Firstly, the moulds 

for casting the test specimens were fabricated from glass with 

planer dimensions of 350 x 550 x 35 mm and a thickness of 7.5 

mm. The mould was then coated on the inside with a 

transparent film of “ram-wax” to facilitate removal of the cast 

material from the mould after curing. Coconut shell powder 

was then added into acetone in a glass jar and the mixture 

stirred at low frequency of 10 Hz using a scientific ultra-sonic 

bath at a room temperature of 23oC for an hour in order to 

ensure an even distribution of the CSP in the acetone. The 

suspension was then added to epoxy resin in a jar, stirred and 

heated to a temperature of 140oC in order to evaporate the 

acetone thus leaving behind coconut shell powder dispersed in 

epoxy resin. 

The mixture was then placed in a scientific ultra-sonic bath and 

stirred for 5 minutes in order to ensure that the mixture 

temperature of 21oC was obtained throughout. Thereafter, 

hardener was added into the mixture in the ratio of 3.57:1 

(100:28) resin: hardener as recommended and stirred 

thoroughly for about 10 minutes to obtain a uniform mixture. 

The thoroughly stirred mixture was then placed in a vacuum 

chamber for degassing under a -90 kPa vacuum for 20 minutes 

to remove any entrapped air bubbles. The mixture was then 

poured into the glass mould, sealed, and allowed to cure for 8 

hours. The cured composite was later post-cured in an oven for 

8 hours at 65oC. This whole process was repeated for the 

different weight percentages of (5, 10, 15, 20, 25 and 30) of the 

coconut shell particles. Thereafter, the specimens were cut to 

standard dimensions for each test to be carried out, using a CNC 

machine. The specimens were then used to determine the 

following  mechanical properties: tensile strength and stiffness, 
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impact toughness, hardness in accordance with ASTM 

standards D638-02 , ISO 179-1: 2010/ 6110-04, D2583-07, 

D5023-01 and ASTM: D5418-01, respectively [22, 23, 24, 25]. 

Schematic drawings of the test specimens used with their 

dimensions are shown in Figure 1. Figure 2 (a & b) show the 

pouring of thoroughly mixed CSP and epoxy resin composite 

into a mould and the cured composite inside an enclosed glass 

mould, respectively. 

 

 

Figure 1: Schematic drawing (a) Hardness specimen according to ASTM D2583-07, (b) Charpy specimen according to ISO 179-1 

and (c) Tensile specimen according to ASTM D638 

 

 

Figure 2: Pouring of the mixed reinforced coconut shell powder composite into the mould and the cast CSP epoxy resin/coconut 

particle composites 

 
(a)                                                      (b) 
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2.3 Mechanical testing 

2.3.1 Tensile Testing 

Dog-bone test specimens with a rectangular cross-section, 

prepared according to ASTM D638 as shown in Figure 3, were 

used for tensile testing. 

 

Figure 3: Dog bone tensile test specimens (ASTM D638) 

 

Testing was performed with the Lloyd LR30k tensile testing 

machine shown in Figure 4 with a 30 kN load cell. The Epsilon 

extensometer with a gauge length of 25.00 mm and a maximum 

travel of 2.50 mm shown in the same Figure, was used to 

determine the extension of the specimen during the test. Ten 

identical specimens were tested, and average results calculated. 

All tensile testing was conducted at a room temperature of 23oC 

and at a constant crosshead speed of 5 mm/min. Specimens of 

the dog-bone type shown in Figure 3 with a rectangular cross-

section were used for testing. 

 

Figure 4: Lloyd LR30k tensile testing machine 

Only 8 of the 10 specimens of 10% 150 µm that were tested 

failed within the gauge length as seem in Figure 5. 

 

Figure 5: 10 weight percentage of 150 µm size CSP in epoxy 

resin composite specimens after tensile testing to failure 

2.3.2 Charpy Impact Testing 

The impact strength of specimens were determined according 

to the ISO 179-1: 2010/ ASTM 6110-04 test standards. Testing 

was performed utilising a Hounsfield Balanced Impact 

Machine. Test specimens were prepared according to ISO179-

1: 2010/6110-04 ASTM, with a 450 V-notch cut into the side 

each specimen as shown in Figure 1 (b). 10 identical specimens 

were used to determine the impact strength of composites for 

each type of composite. 

 

2.3.3 Hardness Testing 

The Barcol hardness of test specimens were determined 

according to ASTM: D2583-07. A Barber Colman – GYZJ 

934-1 hardness impresser was first calibrated using the Colman 

calibration disks and then utilized for the test.  For each 

composition, ten identical specimens were tested, and average 

results and standard deviation calculated. 

 

3 RESULTS AND DISCUSSION 

The results of tensile strength, tensile elastic modulus, 

percentage elongation, Charpy impact toughness and hardness 

of CSP/epoxy resin composites with different weight 

percentages of the CSP filler are presented in Figures 6-11, 

together with their accompanying discussions. 

3.1 Tensile Strength and Elastic Modulus 

Figure 6 shows the effect of CSP filler content (percentage 

weight) and particle size on the tensile strength of CSP/epoxy 

resin composites. 
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Figure 6: Tensile strength of CSP/epoxy resin composites 

versus weight percentage of the reinforcing CSP filler 

 

The tensile strength of pure epoxy resin was determined as 75 

MPa. It is clear from Figure 6 that for both the 150 µm and 212 

µm filler particle epoxy resin composites, the effect of 

reinforcement was a continuous decrease of tensile strength 

with increasing addition of filler. For both filler particle sizes, 

two linear curves are evident in the figure, with initial steeper 

gradients up to a filler volume fraction of about 5wt%. The 

tensile strength of the composite is seen to be lower for the 
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larger size filler particles at all weight fractions of the 

reinforcing filler. Similar results were observed for groundnut 

shell particles reinforced epoxy composites [26] and for 

periwinkle shell particles reinforced polyester composites [27]. 

This decreasing trend is thought to be as a result of the weak 

interfacial bonding between the CSP filler and epoxy resin 

matrix due to increasing agglomeration with increasing filler 

weight fraction. Weak interfacial bonding leads to inefficient 

transfer of the stresses between the matrix and CSP filler thus 

giving rise to weaker composites [28]. Poor dispersion of the 

Nano fillers has been observed elsewhere to be the main factor 

that results in poor wetting and/or impregnation of reinforcing 

fibre, thus compromising mechanical strength, and is likely to 

be a contributing factor here as well [29, 30, 31]. 

The results of filler particle size and filler weight fraction on 

the elastic modulus of CSP/epoxy resin composites is shown in 

Figure 7. 

 

Figure 7: Elastic modulus of CSP/epoxy resin composites versus weight percentage of the reinforcing CSP filler 

 

The Young modulus for the pure epoxy resin was determined 

as 3.31 GPa. Both curves in Figure 7 exhibit an initial decrease 

of Young modulus up till minimum values at a weight fraction 

of 5%. There was improvement in the Young modulus of the 

150 µm CSP/epoxy resin composites over that of the pure 

epoxy resin above the critical weight fraction of 11wt%. The 

same applied to samples of 212 µm CSP/epoxy resin 

composites with a critical weight fraction of 13wt%. This 

shows that the introduction of coconut shell powder into epoxy 

resin matrix, leads to an initial decrease and an eventual 

increase in the magnitude of the elastic modulus of the 

CSP/epoxy resin composites. Both of these trends are 

consistent with standard theory of reinforcement. While the 150 

µm CSP/epoxy resin filler composites had higher values of 

stiffness at lower weight fractions, the converse is true at higher 

weight fractions above 20wt%. This phenomenon may be as a 

result of poor interaction of the CSP with the epoxy resin with 

increasing filler contents of CSP. 

In Figure 8 the percentage elongation to failure of CSP/epoxy 

resin reinforced composites are plotted for filler contents of 

0,5,10,15,20,25, and 30% weight of 150 µm and 212 µm 

particle sizes of CSP. 
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Figure 8: Percentage elongation of CSP/epoxy resin 

composites versus percentage weight CSP reinforcing filler 

 

Figure 8 shows the percentage elongation to failure of the 

CSP/epoxy resin composites to decrease continuously with 

increasing content of CSP reinforcing filler for both filler 

particle sizes. The two curves both show a large initial drop in 

value between 0 and 5wt% for the CSP/epoxy resin composites 

of both 150 µm and 212 µm particles. This is followed by a 

gradual and continuous decrease of the percentage elongation 
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to failure with increasing weight fraction of the reinforcing CSP 

filler but at a lower rate. The decreasing trend was due to the 

higher rigidity of coconut shell-based nanoparticles than that of 

epoxy resin. The increase of filler reduces their mobility as 

result of crowding and therefore gives rise to an increase in 

brittleness of the filler reinforced composite.  Another reason 

for the trend is that an increase of the content of filler leads to 

agglomeration of the filler particles instead of dispersion, 

which leads to weaker interfacial bonds and smaller surface 

areas for bonding. Coconut shell powder filler offers increased 

resistance to crack propagation in the composite [32]. As a 

result, there is a decrease of the percentage elongation of 

composites with CSP filler as compared to the neat epoxy resin. 

It is also noted that the percentage elongation of the lower 

particle size composites is lower at lower filler weight 

percentages and higher at higher filler weight percentages than 

the bigger particle size composites. This is likely to be a result 

of higher dispersion at lower volume fractions and less 

agglomeration at higher volume fractions, of the smaller than 

bigger particle size composites. 

 

3.2 Charpy Impact Toughness 

Figure 9 shows the Charpy impact toughness of CSP/epoxy 

resin reinforced composite for filler contents of 

0,5,10,15,20,25, and 30% weight for 150 µm and 212 µm 

particle sizes of the CSP filler. 
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Figure 9: Charpy impact toughness versus weight percentage 

of CSP reinforcing filler versus weight percentage of filler 

 

Though the values of Charpy impact toughness shown in Figure 

9 exhibit a large scatter, there is a general declining trend of 

impact toughness with increasing percentage weight of CSP 

filler. This is as a result of lack of good adhesion between filler 

and matrix and less effective reinforcement both arising from 

increasing agglomeration with increasing filler weight 

percentage.  The 150 µm CSP particle composites exhibit 

higher values of impact toughness compared to the 212 µm 

CSP particle composites. This trend is likely to be due to the 

fact that the smaller particles provide more crack arrest points 

for the same volume fraction and therefore enhance the 

toughness of the matrix more effectively. 

Table 2 shows the values of Barcol hardness that were 

determined experimentally for epoxy resin, as well as, for both 

the CSP 150 µm and 212 µm particle size epoxy resin 

composites, for different weight fractions of CSP. 

Table 2: Barcol hardness for 150 µm and 212 µm CSP 

particle size epoxy resin composites 

Sample type  Hardness 

(BHa) 

Neat epoxy resin 31.0 ± 2.11 

5% 150 µm CSP/epoxy resin composites 36.0 ± 1.34 

10% 150 µm CSP/epoxy resin composites 37.0 ± 1.43 

15% 150 µm CSP/epoxy resin composites 41.0 ± 2.01 

20% 150 µm CSP/epoxy resin composites 44.0 ± 0.94 

25% 150 µm CSP/epoxy resin composites 46.0 ± 0.99 

30% 150 µm CSP/epoxy resin composites 46.0 ± 1.72 

5% 212 µm CSP/epoxy resin composites 36.0 ± 1.51 

10% 212 µm CSP/epoxy resin composites 37.0 ± 1.17 

15% 212 µm CSP/epoxy resin composites 41.0 ± 2.08 

20% 212 µm CSP/epoxy resin composites 44.0 ± 1.25 

25% 212 µm CSP/epoxy resin composites 46.0 ± 1.06 

30% 212 µm CSP/epoxy resin composites 46.0 ± 2.27 

 

Figure 10 shows the values of mean Barcol hardness of 

CSP/epoxy resin composites for CSP filler contents of 0%, 5%, 

10%, 15%, 20%, 25% and 30% weight of 150 and 212 particle 

size of CSP, plotted against respective values of standard 

deviation 

 

 

Figure 10:  Values of mean Barcol hardness versus standard 

deviations for CSP/ epoxy resin composites for 150 µm and 

212 µm CSP sizes. 
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A general trend emerges from the curves in Figure 10 of 

decreasing standard deviation with increasing mean Barcol 

hardness. This is expected as increasing hardness of the 

composite is a result of increased filler content, as is evident in 

the next figure, whose hardness is higher than that of the matrix.  

Figure 11 shows the values of Barcol hardness results of 

CSP/epoxy resin composites for CSP filler contents of 0%, 5%, 

10%, 15%, 20%, 25%, and 30% weight of 150 µm and 212 µm 

particle sizes of CSP, plotted against the weight fractions of 

filler. 

 

 

Figure 11: Effect of the percentage weight of CSP reinforcing 

filler on the hardness of CSP/ epoxy resin composites for 150 

µm and 212 µm CSP sizes 

 

It is evident from Figure 11 that, the hardness of CSP/epoxy 

resin composites increases continuously with increasing 

reinforcing filler’s content for both the 150 µm and 212 µm 

CSP filler particles. The effect of reinforcing particle size is 

seen in the figure to be minimal as the two curves are more or 

less coincident at all weight fractions plotted. 

 

3.4 Comparing Theoretical and Experimental Mechanical 

Properties of CSP/Epoxy Resin Composites 

The particulate filler phase has been studied with reference to 

of weight fraction and particle sizes [27, 33]. It has been shown 

in research that for a given particulate volume fraction, the 

composite strength increases with decreasing particle size, and 

increasing volume fraction of the reinforcing filler [21, 27]. As 

a result, a variety of models are available to describe the 

modulus, tensile strength, and elongation at rapture as a 

function of filler volume fraction and particle sizes [33, 34]. 

The modulus and yield strength of particle-filled composites 

can be predicted from a number of models described by the 

Einstein equations, Guth and Smallwood model, Voigt rule 

Reuss model, and Kerner’s equation, presented here as 

Equations 1 and 2, 3, 4 and 5, and from Nicolais-Narkis’ 

equation presented here as Equations 6 and 8 [27, 34] . 

Expressions to predict the tensile strength of a particulate-filled 

composite from the UTS of the matrix (σm) and the volume 

fraction (Vp) of the reinforcing filler are presented here as 

Equations 1- 4 and 6-10. The equations show the strength of 

particulate-filled composites such as the coconut shell powder 

reinforced composite in the present study decreases with the 

increase in the percentage weight of reinforcing filler. Nielsen’s 

equation, presented here as Equation 11, developed a basic 

model to describe the elongation of  particulate composites at 

rapture, assumed perfect adhesion and therefore, fracture of the 

, polymer at the same elongation in the filled system as in the 

neat polymer [35]. 

 𝐸𝐶 = 𝐸𝑚 (1 + Vp) (1) 

 𝐸𝑐 = 𝐸𝑚(1 +  2.5𝑉𝑝) (2) 

 𝐸𝑐 = 𝐸𝑚(1 + 2.5𝑉𝑝 + 14.1𝑉𝑝
2) (3) 

 𝐸𝑐 = 𝐸_𝑚𝑣𝑚 + 𝐸𝑝𝑉𝑝 (4) 

 𝐸𝑐 =
𝐸𝑚𝐸𝑃

𝐸𝑚𝑉𝑝+𝐸𝑝𝑉𝑚
  (5) 

 𝜎𝑦𝑐 = 𝜎𝑦𝑚(1 − 1.21𝑉𝑝
2/3

) (6) 

 𝜎𝑦 = 𝜎𝑚(1 − 𝑉𝑝) (7) 

 𝜎𝑦 = 𝜎𝑦𝑚(1 − 2.5𝑉𝑝) (8) 

 𝜎𝑐 = 𝜎𝑚𝑉𝑚 + 𝜎𝑝𝑉𝑝 (9) 

 𝜎𝑐 =
𝜎𝑚𝜎𝑃

𝜎𝑚𝑉𝑝+𝜎𝑝𝑉𝑚
 (10) 

 𝜖𝑐 =  𝜖𝑚(1 − 𝑉𝑝
1/2

) (11) 

 

Figure 12 shows both the experimental and predicted values of 

the tensile strength for CSP epoxy resin composites.  
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Figure 12: Comparison of experimental data with predicted 

data for tensile strength 
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The curves in Figure 12 show both the experimental and 

predicted values of the tensile strength to decrease with an 

increase in the volume fraction of the coconut shell powder. 

Both the experimental and results predicted from Equations 7, 

8, 9 and 10 show linear decrease with the increasing volume 

fraction of the reinforcing filler, the former in two stages and 

the latter in a single stage. The results predicted from the theory 

of Nicolais-Narkis (Equation 6 and  8) are non-linear and linear, 

respectively, and are both closer to the experimental results, 

compared with those from Equations 7, 9 and 10, all which 

exhibit higher values than the experimental results. This shows 

that Equation 6 and 8 are best suited to predict the strength of 

this composite over the volume fraction range considered. 

Experimental and theoretical curves of the variation in the 

magnitude of the modulus of elasticity of CSP reinforced epoxy 

composites for particle dimensions of 150 µm and 212 µm 

versus volume fraction are presented in Figure 13. 

 

 

Figure 13: Comparison of experimental data with predicted 

data for elastic modulus 

 

The experimental results presented in this Figure are compared 

with values calculated from the Einstein Equation’s 1 and 2, 

Guth and Smallwood Equation 3 as well as the Voigt and Reuss 

Equations 4 and 5. The curves for Einstein’s Equations 1 and 

2, Guth and Smallwood Equation 3, and the Voigt rule exhibit 

values that are higher than the experimental results. The curve 

for Reuss model Equation 5 shows values that are less than the 

experimental values with a difference that increases with 

increasing volume fraction of the reinforcing filler in the range 

of volume fractions shown in the figure. This may be as a result 

of non-uniform spherical filler particle adhering well to the 

polymer matrix. 

The curve for Guth and Smallwood Equation 3 exhibits values 

that are close to the experimental results with a difference that 

increases with increasing volume fraction of the reinforcing 

filler. Because it predicts reinforcement, Guth and Smallwood 

Equation 3 is best suited to predict the elastic modulus of the 

CSP/epoxy resin composite over the volume fraction of 

reinforcing filler investigated in this work. 

Figure 14 shows a comparison of the experimental and 

theoretical values for percentage elongation for CSP epoxy 

resin composites 
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Figure 14: Comparison of experimental data with predicted 

data for elongation to rapture 

 

The predicted values of percentage elongation from Nielsen’s 

model Equation 11, decrease linearly with increasing volume 

fraction, the same as the experimental values. However, the 

latter shows two stage curves, with an initial steep gradient till 

a volume fraction of 0.34%. The experimental results are, 

however, much less than the predicted results. This may be as 

a result of poor adhesion that minimises the reinforcing effect 

of the fillers in comparison with the expectations based on 

theoretical models.  

 

5.0 CONCLUSIONS 

The following conclusions can be drawn from this work: 

1) The mechanical properties of tensile strength, stiffness, 

percentage elongation, as well as toughness and hardness 

for CSP/epoxy resin composites are all affected by the size 

and content of CSP fillers. 

2) The curves for stiffness exhibited the standard variations 

with weight fraction that are common to reinforced 

composites, complete with minimum and critical weight 

fractions. The larger particle sizes composites give rise to 

more effective reinforcement up to a weight fraction of 

20% of the CSP filler and are less effective above this 

value. 

3) Though a continuous reduction in the tensile strength and 

impact toughness of CSP/epoxy resin composites with 

increasing weight percentage of CSP filler particles of both 

sizes was observed, the effect was less for composites of 

the smaller particle size. 

4) Coconut shell particle filled epoxy resin composites 

exhibited values of hardness that increased continuously 

with increasing percentage weight of CSP fillers and 

showed no discernible effect of filler particle size.  
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5) While the stiffness and hardness of CSP/epoxy resin 

composites showed an improvement on the values for raw 

epoxy resin, the former beyond a critical value of 

reinforcing filler volume fraction, the tensile strength, 

percentage elongation and toughness all decreased with the 

addition of CSP filler. The use of CSP as a reinforcing 

filler must therefore be for purposes of enhancing the first 

two mechanical properties, with the attendant reduction in 

the other three mechanical properties being taken on board  

6) Different models were used to predict the mechanical 

properties of the CSP composites.  

 The values of the tensile strength predicted by the 

Nicolais-Narkis theory (Equations 6 and 8) and by 

Equations 7, 9 and 10 showed decreasing trends of 

tensile strength with increasing weight fraction of the 

reinforcing filler with the curves for equations 6 and 8 

fitted best to the experimental results. 

 The values of the elastic moduli predicted by the 

Einstein Equations 1 and 2, Voigt Equation 4, and 

Guth and Smallwood Equation 3 showed values that 

were higher than the experimental results. The Reuss 

model Equation 5 exhibited values that were lower 

than the experimental results. Of all these models, 

Guth and Smallwood Equation 3 fitted best to the 

experimental results. 

 The results of elongation to break that were predicted 

from Nielsen’s Equation 11 were significantly 

different from the experimental results, possibly due 

to power interfacial adhesion between the filler 

particles and the matrix. 

 

6.0 RECOMMENDATIONS 

A study of a wider range of CSP particle sizes is recommended 

in order to determine trends and an optimum particle size.  
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