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Abstract 

The purpose of this study is to investigate experimentally the 

dynamic elastic behavior of a coconut shell powder filler 

reinforced epoxy resins composite of different filler sizes and 

volume fractions. The dynamic mechanical analysis of coconut 

shell powder reinforced epoxy composites was carried out with 

special reference to the effect of filler loading, and temperature. 

The result showed that the core properties of the components, 

morphology of the system and the nature of interface between 

the phases determine the dynamic mechanical properties of the 

composite. Below the glass transition temperature, the storage 

modulus was generally found to increase with increasing 

weight fraction of the reinforcing filler and a reverse trend as 

temperature rose through the glass transition temperature. The 

loss modulus was generally seen to decrease with decreasing 

filler weight fraction for temperatures below the glass transition 

point and vice versa. Moreover, the curves for loss modulus 

were seen to shift to lower temperatures with increasing filler 

content, signifying a decreasing glass transition temperature 

with increasing filler content. The damping factor was seen to 

decrease in magnitude with increasing content of filler, with a 

trend of the peak values shifting to the lower temperatures. 

Keywords: Particle reinforcement; matrix, coconut shell 

powder; dynamic, loss and storage moduli; and damping factor 

 

1. INTRODUCTION 

Polymers are important for a range of applications due to their 

numerous attractive properties which include their light weight, 

ease of processing and affordability. Natural fibres are 

attractive as reinforcement for polymers due to their 

biodegradability, high stiffness and strength, and good ductility 

that combine with the good corrosion resistance and low 

coefficient of friction of polymers to increase their utility [1-7]. 

Fibre reinforced composites (FRCs) occur in the form of strong 

fibres, which are continuous or discontinuous and are bounded 

by a weaker matrix material. The work of this matrix is to 

protect the fibres and also to transmit the load to the  

fibres [8, 9]. 

The choice of composite materials as a replacement for metallic 

materials in fields such as the automobile industry has been on 

the increase; particularly as a result of the impressive weight-

savings these materials offer [10]. Composite materials offer 

the advantages of low weight, resistance against fatigue, 

resistance to corrosion, ease to maintain, non-porous, and 

resistance to heat [11].They are less expensive when compared 

to other traditional materials like steel, aluminium, wood and 

granite [12,13].  

Natural fillers and fibres reinforced thermoplastic composites 

have successfully proven their high qualities in various fields 

of technical application [14]. As replacements for conventional 

synthetic fibres like aramid and glass fibres, natural fibres are 

increasingly used for reinforcement of thermoplastics due to 

their low density, good thermal insulation and mechanical 

properties, reduced tool wear, unlimited availability, low 

prices, and problem free disposal [15]. The continuous demand 

for greater quantities of new materials with low density, low 

cost that are environmentally friendly, by different industries, 

has led to the study of new polymer composites containing 

easily available organic fillers. The mechanical, physical, and 

dynamic mechanical characterization of such composites is 

normally carried out to determine their suitability as new 

materials for different applications [16]. 

Wood fibres/particles provide a sufficient reinforcement at 

much lower cost than synthetic and mineral fillers. When 

synthetic and mineral fibres are used, machine wear and 

damage of processing equipment is much higher than with 

wood fillers [17]. Fibre damage during processing is greatly 

reduced when wood is utilized, which allows for recycling 

production waste without compromising quality [17]. 

Dynamic mechanical analysis (DMA) is a powerful technique 

that is used to investigate viscoelastic behaviour of polymers. 

The loaded specimens generally deform sinusoidally in 

response to an applied oscillating sinusoidal force. The 

resultant strain in specimens depends upon both their elastic 

and viscous behaviour. The storage modulus (or what is 

commonly referred to as elastic modulus) is a measure of the 

recoverable strain energy in a deformed specimen, and the loss 

modulus (or viscous modulus) is related to internal frictional 

losses which generate heat that is lost through dissipation. The 

damping factor defined as, Tan (), is equal to the ratio of loss 

to storage modulus and varies between 0o and 90o. At 0o the 

deformation of the material is all elastic, while at 90o it is all 
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viscous [18, 19, 20, 21]. Several researchers have studied the 

effect of filler content on the dynamic mechanical behaviour of 

composites. The tensile modulus and tensile strength of the 

composites studied were found to increase with fibre content in 

accordance with the rule of mixtures [22, 23, 24].  Rajini et al 

[25] investigated the influence of nanoclay on woven coconut 

sheet/polyester composites dynamic mechanical properties and 

found that the addition of nanoclay increased the storage 

modulus and loss modulus of the composite materials. Several 

researchers have carried out studies on the mechanical and 

dynamic mechanical properties of natural fibre and particulate 

filler-reinforced polymers. The general conclusion arising from 

these studies is that reinforcing epoxy matrix with natural fibre 

or particulate fillers effectively improves the properties of the 

developed composite materials [15, 26, 27, 28, 29]. 

Green composites which consist of natural fibres and 

biodegradable resins are developed as substitutes to non-

environmentally friendly materials like conventional plastics 

(petroleum derived polymers) and have the required strength 

values and stiffness for various applications. In the case of 

automobile components, fibres such as bamboo, hemp and 

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

been used in certain requirements instead of glass fibres [15]. 

Green composites are expected to be increasingly used in place 

of polymer composites made from fossil oil and in this way 

contribute to the maintenance of a sustainable productive 

society. Several green composites which consist of natural 

fibres as reinforcements and a biodegradable resin as a matrix 

material are proposed, such as coconut shell, flax, and jute [15]. 

Such composites are often desired for their advantages interalia 

light weight, low cost, high specific modulus, in addition to 

their abundant availability, simplicity of surface treatment, and 

biodegradability [17]. 

A particulate composite is composed of particles suspended in 

a matrix. The reinforcing particles may be spherical, cubic, 

tetragonal, platelet, or other shapes [30]. Generally, the 

reinforcing particles are very effective in improving the 

resistance of the matrix to fracture. These particles, however, 

only increase the stiffness of the matrix in the formed 

composite to a limited extent. Particle fillers are extensively 

used 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[31]. The 

mechanical properties of particulate-polymer composites 

depend strongly on the particle size, particle-matrix interface 

adhesion and particle loading. For example, smaller calcium 

carbonate particles provide higher strength of filled 

polypropylene composites at a given particle loading [32]. 

Smaller particle size yields higher fracture toughness for 

calcium carbonate filled high-density polyethylene (HDPE) 

[33]. Yang et al. [34, 35], studied the effect of maleate (ester of 

maleic acid) polypropylenes, compatibilizing agents on the 

mechanical properties and morphology of thermoplastic 

polymer composites filled with rice husk flour. The results 

obtained showed that as the filler loading increased, the 

composites made without any compatibilizing agent showed 

decreased tensile strength and more brittleness. The 

composites, however, exhibited significantly improved 

mechanical properties due to the incorporation of the 

compatibilizing agent. This behaviour was due to the poor 

interfacial binding existing between the filler and polymer 

matrix, which caused the composites to have low values of 

tensile strength, and improved interfacial binding and therefore 

improved tensile strength and modulus with the addition of 

maleated polypropylenes compatibilizing agent. 

The aim of this research work was to investigate the dynamic 

elastic behavior of Coconut Shell Powder (CSP)/epoxy resin 

particulate composites as a function of filler size, and weight 

fraction. 

 

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 Details 

Manufacturer Gurit 

Resin type Epoxy 

Resin Identification Prime 27 

Matrix Hardener 

Product Name Prime 27 slow hardener 

Filler Details  

Filler material 150 ųm CSP 212 ųm CSP 

Release System   

Wax Ram Wax Ram Wax 

 

2.2 Fabrication of the Composites 

The coconut shell was dried in the 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 

with a transparent film of “ram-wax” on the inside to facilitate 

removal of the cast material from the mould upon cure. 

Coconut shell powder was then added into acetone in a glass 

jar and the mixture stirred at a 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 
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dispersed in epoxy resin. The mixture was then placed in a 

scientific ultra-sonic bath and stirred till the mixture 

temperature cooled down to 21oC. After this, hardener was 

added into the mixture of resin and coconut shell powder in the 

ratio of 3.57:1(100:28) resin: hardener as recommended by the 

supplier 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 thereafter 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 

exposed to dynamic testing in a Dynamic Mechanical Analysis 

(DMA) equipment in accordance with ASTM standards D638-

02[36, 37, 38]. 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 cured composite inside an enclosed 

glass mould, respectively. 

 

Figure 1: Schematic drawing Dynamic testing specimen 

according to ASTM: D5023-01 

 

 

Figure 2: Pouring of the mixed reinforced coconut shell 

powder composite into a mould and a cast CSP epoxy 

resin/coconut particle composite 

 

2.2.2 Determination of Density 

The density of the CSP powder was determined using the 

method of displacement of water. A calibrated test tube with a 

known amount of water was placed on a Kern and Sohn 

electronic balance which has an accuracy of  0.1 mg. A known 

amount of coconut shell powder was then added into the test 

tube and the change in weight of the test tube and apparent 

volume of water in the test tube were noted. Rectangular pieces 

of pure epoxy resin and CSP/epoxy resin composites were cut 

out from the cast plates and their dimensions measured using a 

vernier calliper. A set of three specimens was used to determine 

the density of composites for each type of composite and for 

the epoxy resin too. Their weights were determined on the Kern 

and Sohn electronic balance and their density calculated using 

the formula shown in Equation (1): 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 = 
𝑀𝑎𝑠𝑠(𝑔)

(𝑎𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒−𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑉𝑜𝑙𝑢𝑚𝑒) (𝑐𝑚3)
      (1) 

 

2.3 Dynamic Mechanical Testing  

The specimens were tested as double-cantilevers using a TA-

Instruments DMA Q800 test machine that has both flexural and 

cantilever jigs with a preload of 0.01 N. The double cantilever 

method was adopted due to the ease of manufacturing 

specimens and amenability to simple standardised analysis, in 

addition to the ability to measure small deflections, compared 

to the single cantilever. The TA-Instruments DMA Q800 has a 

strain resolution of 1 nm, with the ability to run tests in a 

controlled test atmosphere, with a maximum amplitude of 

dynamic vibrations of 15 ms, and force track of 125% 

(reduces the static force as the sample softens to minimize the 

risk of creep during the test). A frequency of 1 Hz and 

temperature range of 20oC-140oC were set in this test. A 

schematic drawing of a double cantilever with dimensions is 

shown in Figure 3. 

 

Figure 3: Schematic drawing of a double cantilever with 

dimensions 

 

3 RESULTS AND DISCUSSION 

The results of density, and dynamic mechanical analysis of 

CSP/epoxy resin composites with different weight percentages 

of the CSP filler are now presented together with 

accompanying discussions. 
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3.1 Density of CSP and CSP/Epoxy Resin Composites 

The approximate value of the density of CSP was determined 

to be 1.60g/cm3. Table 2 shows the values of density that were 

determined experimentally for epoxy resin, as well as 

CSP/epoxy resin composites with CSP particles of 150 µm  

and 212 µm, for different weight fractions of CSP. 

Figure 4 shows the experimental values of density of epoxy 

resin and CSP/epoxy resin reinforced composites for different 

weight percentages of CSP filler. 

 

Table 2: Experimental values of the density of epoxy resin and CSP/epoxy resin composites 

Weight percentage of 

filler 

Average density of 150 µm 

CSP composite (g/cm3) 

Average density of 212 µm 

CSP composite (g/cm3) 

Pure epoxy resin 1.18 ± 0.06 1.18 ± 0.06 

5% 1.12 ± 0.01 1.16 ± 0.03 

10% 1.18 ± 0.06 1.10 ± 0.14 

15% 1.22 ± 0.03 1.15 ± 0.04 

20% 1.22 ± 0.03 1.16 ± 0.03 

25% 1.22 ± 0.03 1.21 ± 0.04 

30% 1.22 ± 0.03 1.23 ± 0.03 

 

 

Figure 4: Experimental values of density of epoxy resin and CSP/epoxy resin reinforced composites for different weight 

percentages of CSP filler. 

 

Figure 4 shows the density of the neat epoxy matrix to be 

1.18g/cm3. Both curves in Figure 4 exhibited an initial decrease 

of density till weight fractions of 5wt% for the 150 µm CSP 

particle/epoxy resin composites and 10wt% for the 212 µm 

CSP particle/epoxy resin composites. Points of critical weight 

fraction for the two composites of 11wt% for the 150 µm CSP 

particle/particle composites and 22wt% in the case of 212 µm 

CSP particle/particle composites are also evident in the figure. 

Beyond the minimum weight fraction, there was a monotonic 

increase of density between weight fractions of 5-16% for the 

150 µm CSP particle/epoxy resin composite after which the 

curve more or less levelled out horizontally denoting saturation 

of reinforcement. For the 212 µm CSP particles/epoxy resin 

composite there was a linear increase till a weight fraction of 

about 28%, at which point the density dipped. The minimum 

and critical weight fractions are normally evident in fibre 

reinforced composites and not in a particulate composite as is 

seen here, the latter whose variations of mechanical properties 

rather conform to the Reuss rule. Below the minimum weight 

fraction the particles weaken the material rather than strengthen 

it, as the reinforcing is only effective when the particle weight 

fraction exceeds the critical weight fraction. The experimental 

results in this work show a similar trend to the results presented 

by Obiukwu et al [39, 40]. 

 

4.0  DYNAMIC MECHANICAL ANALYSIS 

Figure 5 (a & b) show the variation of the storage modulus with 

temperature for pure epoxy resin and different coconut shell 
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powder composite volume fractions of 150 µm and 212 µm 

CSP/epoxy resin composites. 

 

 

.  

(a) 150 µm CSP/epoxy resin composites 

 

(b) 212 µm CSP/epoxy resin composites 

Figure 5: Variation of the storage modulus (E') with temperature for pure epoxy resin and CSP/epoxy resin composites reinforced 

with different weight fractions of CSP of 150 µm and 212 µm average particle sizes. 

 

The curves for both the 150 µm and 212 µm CSP/epoxy resin 

composites shown in Figure 5 reveal that addition of coconut 

shell powder particles leads to a general increase and decrease 

in the magnitude of storage modulus to the left and right of the 

glass transition temperature, respectively,  with increasing 

weight fraction of the reinforcing CSP filler. These trends are 

more significant for the 150 µm CSP/epoxy resin composites 

than for the 212 µm CSP/epoxy resin composites. Thus, for 

instance, at 25oC, the storage modulus for pure epoxy resin is 

equal to 2.673 GPa and at 70oC it is 1.713 GPa. While at 25oC 

and 70oC for both 212 µm CSP/epoxy resin composites and 150 

µm CSP/epoxy resin composites, the respective values are 

3.040 GPa and 1.328 GPa, and 2.879 GPa and 1.622 GPa, 

respectively. The higher values of storage modulus for the 150 

µm filler particles is suggested to be as a result of increased 

reinforcing effect the smaller filler particles, which is consistent 

with the work of Haghtalab A and Marzban R [41]. 

Figure 6 (a & b) depict the variation of the loss modulus with 

temperature for the different CSP/epoxy resin composites of 

150 µm and 212 µm CSP filler sizes. 

 

 

(a) 150 µm CSP/epoxy resin composites 

 

(b) 212 µm CSP/epoxy resin composites 

Figure 6: Variation of the loss modulus (E") with temperature for the pure epoxy resin and CSP/epoxy resin composites 

reinforced with different weight fractions of CSP with 150 µm and 212 µm particles sizes. 

 

The graphs for the loss modulus in Figure 6 show curves with 

different amplitudes. To the left and right of the glass transition 

temperature, the loss modulus is seen to generally increase and 

decrease, respectively, with increasing weight fraction of the 

reinforcing filler. The curves in Figure 6 also show a shift to 

the left with increasing weight fraction of the filler particles. 

This is because of restrictions imposed on the mobility of the 

polymer molecules at the interface. The 𝛼-relaxation (glass 

transition temperature) suggests a more complex structural 

relaxation behaviour by the composites. These trends are 

consistent with observation of decreases in the mobility of the 

matrix thus leading to an increase of the loss modulus at any 

temperature to the left of the transition temperature, and peaks 

at lower temperatures with increasing filler content. This is 

primarily attributed to the segmental immobilization of the 

matrix chain at the filler surface [41].  
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Figure 7 (a & b) present the variation of the damping ratio for 

CSP/epoxy resin composites of different weight fractions for 

150 µm and 212 µm CSP particle sizes. 

 

 

  

(a) 150 µm CSP/epoxy resin composites (b) 212 µm CSP/epoxy resin composites 

Figure 7: Damping curves for CSP/epoxy resin composites of coconut shell powder of 150 µm and 212 µm average sizes. 

 

In Figure 7 the curves reveal a reduction in the damping 

capacity and a shift to the left of the glass transition temperature 

of CSP/epoxy resin composites with increasing weight fraction 

of the reinforcing filler. Outside this temperature range the 

damping factor is lower. To the left and right of the glass 

transition temperature, the damping factor increases and 

decreases generally with increasing weight fraction of the 

reinforcing filler, respectively. The decreasing magnitudes of 

the peaks, as well as reduction of the glass transition 

temperature with increasing weight fraction of the reinforcing 

filler is indicative of increasing stiffness of the composites with 

increasing reinforcement. 

 

5.0 CONCLUSIONS 

The following conclusions can be drawn from this work: 

1) The density of CSP/epoxy resin composites exhibited the 

standard variations with weight fraction that are common 

to reinforced composites, complete with minimum and 

critical weight fractions. 

2) Coconut shell powder increased the capacity of epoxy 

resin matrix to support mechanical loads below the glass 

transition temperature for both filler particles sizes, with a 

similar and converse trend above this temperature for the 

212 µm  and 150 µm particle size composites, respectively, 

as evidence by the trends of the curves for storage 

modulus. 

3) The structural damping effect of the composites was higher 

for higher filler contents for both particle size composites 

below the glass transition temperature, and the converse 

and similar trend above this temperature for the 150 µm ad 

212 µm filler particle composites, respectively. 

4) That the damping peaks were generally lowered by an 

increase in filler content, while shifting to low glass 

transition temperatures as well is indicative of increased 

damping effect as a function of reinforcement. 
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