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ABSTRACT: Because organic materials are more 
sustainable, there is a global campaign to use them in 
composite production. The purpose of this study was to 
look into the effect of groundnut shell and snail shell fillers 
on the tensile properties of calcium carbonate (CaCO3) 
hybridized epoxy composite.  The CaCO3 hybridized epoxy 
composite samples were prepared with sodium hydroxide 
(NaOH) treated 2%, 4%, 6%, 8%, and 10% groundnut 
shell/snail shell fillers volume. The tensile properties of all 
composite samples were tested in accordance with ASTM 
International standards. The tensile test results showed 
that partial replacement of CaCO3 with snail shell and 
groundnut shell fillers produced composite samples with 
good tensile properties. The hybridized composite 
containing 10% CaCO3 and 6% snail shell/groundnut shell 
fillers had the highest tensile strength of 27.3 MPa; while 
the hybridized composite containing10% CaCO3 and 10% 
snail shell/groundnut shell fillers recorded the lowest 
tensile strength of 20MPa. Likewise, the results revealed 
that the hybridized composite containing 10% CaCO3 and 
6% snail shell/groundnut shell fillers, recorded the highest 

tensile elongation (13.6 mm); while the hybridized 
composite containing 10% CaCO3 and 2% snail 
shell/groundnut shell fillers, had the lowest highest tensile 
elongation (9.03 mm). In terms of the tensile energy of the 
composite produced, the results showed that the 
hybridized composite reinforced with 10% CaCO3 and 6% 
snail shell/groundnut shell fillers recorded the highest 
tensile energy (0.86 Nm) at the fracture point, while the 
hybridized composite reinforced with 10% CaCO3 and 2% 
snail shell/groundnut shell filler developed the lowest 
tensile energy (0.65 Nm) at the fracture point.  According to 
the findings of this study, organic fillers can be used to 
replace inorganic fillers during composite production. As a 
result, treated snail and groundnut shell fillers have the 
potential to be used as a sustainable material in the 
production of green composites. 
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INTRODUCTION 
 
Within the last two decades, there has been remarkable 
progress in the production and application of composite 
materials. Composites are cohesive materials created by 
combining two or more compatible materials in a specific 
ratio. They (composites) can be easily tailored to any 
specific industrial application (Nyior et al., 2018; Uguru 
and Umurhurhu, 2018).   

The mechanical properties of a composite are heavily 
influenced by the mechanical properties of the individual 
fillers or fibers used in its manufacture. According to 
research (Rowell, 1997; Shivamurthy and Prabhuswamy,  

 
 
 

2009; Alam and Chowdhury, 2020), hybridization of filler 
materials produced better composite materials than using 
only one material alone in composite production.   

According to Mohan et al. (2014), the use of different 
fillers (hybridization) in composite production improved 
the overall mechanical performance of the composite 
produced, thus improving its suitability for the intended 
application.  The mechanical properties of hybridized 
composites are influenced by the filler type and aspect 
ratio, the volume of the filler to the matrix, the type and 
bonding strength of the matrix,  the  nature   of   the   filler  
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(natural or synthetic), and other factors, according to 
Erden (2010).  Kudina and Burya (2010) reported that 
better mechanical properties are achieved through 
hybridization as a result of improved filler dispersion, 
which is achieved by eliminating filler accumulation in a 
specific spot.   

Due to their improved engineering properties, several 
researchers demonstrated that hybridized composites 
had a broader range of industrial applications.  Ramesh 
and Nayak (2004) evaluated the impact of epoxy 
modifiers on the mechanical properties of 
Al2O3/SiO2/TiO2/glass fiber hybridized epoxy composites 
and observed improvement in the mechanical properties 
of the composite produced, as the particle size of the 
ceramic declined. 

Similarly, Siddika and Sharif (2015) claim that 
combining areca nut fiber and waste nylon fiber with 
polypropylene (PP) resulted in a composite with improved 
mechanical properties.  Correspondingly, Devendra et al. 
(2012) studied the mechanical properties of Mg(OH)2, 
Al2O3, E-Glass and Si Chybridized epoxy composites, 
and reported that increment in the Mg(OH)2 and Al2O3 
volume enhanced the hardness, flexural and impact 
strength of the composite, but reduced the tensile 
strength of the composite produced. Similarly, Ghosh et 
al. (2000) reinforced unsaturated polyester resin with 
CaCO3 and MgO fillers and found that the addition of the 
fillers increased the tensile strength of the composite 
produced (CaCO3 and MgO).  

Due to climate change and the environmental issues of 
synthetic fibers/fillers, there has been an intensive 
campaign for green composites over the last two 
decades. Agricultural (natural) materials are used to 
replace synthetic materials in the production of green 
composites.  Due to their environmental friendliness, 
lower density, cost effectiveness, and appreciable 
mechanical properties, agricultural composites are widely 
accepted in a variety of industrial applications 
(Wallenberger et al., 2001; Uguru and Uyeri, 2018). 
According to Surata et al. (2014), natural fillers containing 
a high percentage of cellulose and lignin are a good 
substitute for synthetic fillers in composite production for 
industrial applications. Agricultural materials and waste 
products are widely available in rural areas, where they 
are mostly produced.  Several studies have used natural 
(agricultural materials) fillers in the manufacture of 
hybridized composites. According to Oghenerukewve and 
Uguru (2018), the rupture strength and bending modulus 
of sawdust and oil bean shell hybridized epoxy composite 
increased significantly as the filler volume increased from 
10% to 50%.  Bayode et al. (2017) investigated the effect 
of snail shell filler on the tensile properties of polyester 
composite and discovered that the tensile strength of the 
composite produced increased with filler volume, with the 
composite reinforced with 20% filler volume having the 
highest tensile strength of 12.18 MPa. Hanna et al. 
(2011) reinforced a polyester matrix  with  egg  shell  filler  

 
 
 
 

and found that the density, flexural strength, tensile 
strength, and hardness of the resulting composite 
increased steadily as the egg shell filler volume 
increased. Previous research has shown that 
hybridization of composites using various natural fillers as 
substitutes for synthetic fillers has been done for material 
agro-materials.  However, a review of the literature on the 
mechanical properties of hybridized epoxy composites 
produced with CaCO3, Africa giant snail shell filler, and 
groundnut shell filler revealed no data. As a result, the 
goal of this research is to assess the synergism between 
natural and synthetic fillers in a hybridized epoxy 
composite.  The purpose of this research is to look into 
the mechanical properties of a hybridized composite 
made of epoxy resin, CaCO3, Africa giant snail shell filler, 
and groundnut shell filler. The findings of this study will 
contribute to the growth of the green composites sector.  
 
MATERIAL AND METHODS  
 
Raw materials 
 
Matrix material 
 
Epoxy Resin (LY 556) and hardener (HY 951) 
 
Fillers materials  
 
Calcium carbonate 
 
The calcium carbonate was procured from a chemical 
shop at Onitsha, Anambra State, Nigeria. 
 
Africa giant snail shells 
 
The snail shells were obtained from Ughelli, Delta State, 
Nigeria. The snail shells were sorted to remove all the 
premature shells.  
 
Groundnut shells 
 
The groundnut shells were obtained from local farmers in 
Niger State, Nigeria. The groundnut shells were sorted to 
remove all the premature shells and rotten shells. 
 
Preparation of the fillers  
 
Treatment of the snail and groundnut shells 
  
Both the sorted snail and groundnut shells were washed 
thoroughly with water, treated with 5% sodium hydroxide 
(NaOH) for 1 hour, and sundried for a period of two 
weeks.  
 
Pulverization of the snail and groundnut shells 
  
The dried snail and groundnut shells were pulverized with 
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Snail shell filler  (b) Groundnut shell filler  
  
 
Figure 1: Snail and groundnut shell fillers  

 
 
high powered plate mill. Then the pulverized shells were 
sieved separately with a 150 µm gauge stainless steel 
sieve, to obtain the fine filler (Figure 1). 
 
  
Preparation of the composite sample  
 
Epoxy resin and hardener were mixed in a ratio of 7:3 to 
produce the matrix. The composition of reinforcement 
materials (CaCO3, snail shell filler and groundnut shell 
filler), and the matrix to filler ratio are presented in (Table 
1).  
 
 
Composite production 
 
The composite samples were produced by hand lay-up 
technique in accordance to ASTM International standard. 
During the production, measured quantity of the fillers 
(groundnut shell filler and snail shell filler) and the epoxy 
resin were poured into a plastic bucket. The mixture was 
stirred thoroughly for about 20 minutes, in order to attain 
a near homogeneous mixture. Then, the right quantity of 
the hardener was added to the mixture and stirred 
carefully for another 15 minutes. The mixture was then 
poured into the already prepared (oiled) moulds and kept 
under a dead load of 15kg to expel any entrapped air 

from casted composites. After 24 hours, the composite 
samples were removed from the moulds and machined to 
sizes, in ASTM International specifications for tensile and 
flexural tests.  
 
Tensile characterization 
 
Tensile strength of the composite samples was measured 
by using the Universal Testing Machine (Testometric 
model), in accordance with the ASTM D3039 procedures 
(ASTM, 2017). The machine gripped the sample at each 
end, pulled it slowly at a cross speed of 2 mm/min, until it 
fractured. Four replications were done on each sample 
and the tensile properties of each sample displayed on 
the machine screen. 
 
Tensile strength and elongation at break of each 
composite sample were calculated with the expressions 
given in Equations 1 and 2. 
 

  1 

 

             2 

 
Where: ΔL is extension at break point  
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Table 1: Compositions of the epoxy composite samples. 
 

Code  Matrix  Constituents  
Sample 1 88% 10% CaCO3fillers loading+ 2 wt.% treated fillers loading 
Sample 2 86% 10% CaCO3fillers loading + 4 wt.% treated fillers loading 
Sample 3 84% 10% CaCO3fillers loading+ 6 wt.% treated fillers loading 
Sample 4 82% 10% CaCO3fillers loading+ 8 wt.% treated fillers loading 
Sample 5 80% 10% CaCO3fillers loading + 10 wt.% treated fillers loading 

 
Table 2: Effect of filler volume on the tensile strength of 
CaCO3, snail shell/groundnut shell filler hybrid epoxy 
composite 
 

Source of Variation df F P-value F crit 
Between Groups 4 123.843 1.79E-08* 3.47 
Within Groups 10    
Total 14    

* = significant at p ≤0.05  
 
 

Table 3: Effect of filler volume on the tensile elongation of CaCO3, 
snail shell/groundnut shell filler hybrid epoxy composite 
 
Source of Variation df MS F P-value F crit 
Between Groups 4 10.49 44.68 2.39E-06* 3.478 
Within Groups 10 0.25    
Total 14     

* = significant at p ≤0.05  
 
 
 
L is original length of the sample. 
𝐹max is maximum load applied to the sample.  
 
 
RESULTS AND DISCUSSION 
 
Tensile strength  
 
The Analysis of Variance (ANOVA) result of the effect of 
fillers volume on the tensile strength of the hybrid epoxy 
composite is presented in (Table 2). It can be deduced 
from (Table 2) that fillers volume had significant (P ≤0.05) 
effect on the tensile strength of the hybrid composite. As 
presented in (Figure 2), the tensile strength of the hybrid 
composite increased significantly as the snail shell and 
groundnut shell fillers increased from 2% to 6%, before it 
started to decline. The results revealed that the 
hybridized composite containing 6% snail shell/groundnut 
shell fillers had the highest tensile strength of 27.3 MPa; 
while the hybridized composite containing 10% snail 
shell/groundnut shell fillers recorded the lowest tensile 
strength of 20MPa. Likewise, the hybridized composite 
samples produced with 2%, 4% and 8% snail 
shell/groundnut shell fillers reinforcement developed 
tensile strength of 21.7MPa, 24.23 MPa and 23.1MPa, 
respectively. The decline observed in the tensile strength 
of the composite board as the snail shell/groundnut shell 
fillers volume increased from 6% to 10%, could be 
attributed partially to the increased in volume of 

groundnut shell filler in the hybridized composite board. 
Aji et al. (2002) reported that composites with higher 
percentage (12% and above) of groundnut shell filler 
exhibit poor tensile strength, compared to composites 
reinforced with lower percentage (below 12%) of 
groundnut shell filler. Since the tensile strength of the 
composite general increased up to 6% snail 
shell/groundnut shell fillers reinforcement, it affirmed 
previous research (Tepsila and Suksri, 2018) results. 
Tepsila and Suksri (2018) reported that silicone rubber 
reinforced with golden apple snail shell filler, yielded 
superior tensile strength compared to silicone rubber 
reinforced with CaCO3. Therefore, snail shell and 
groundnut shell filler can be used as replacement for 
CaCO3 in composite production.  
 
 
Tensile elongation 
 
The ANOVA result (Table 3) of the tensile elongation of 
the composite samples showed that the fillers volume 
had significant (P ≤0.05) effect of the tensile elongation of 
the composite samples. Average values of the tensile 
elongation of the composite samples are plotted in 
(Figure 3). As shown in (Figure 3), the tensile elongation 
of the composite samples increased generally, as the 
fillers volume increases from 2% to 10%. The highest 
tensile elongation (13.6 mm) was observed at 6% snail 
shell/groundnut shell fillers   loading,   while   the   lowest  



Official publication of Direct Research Journal of Engineering and Information Technology Vol. 8: 2021: ISSN 2354-4155 

Direct Res. J. Eng. Inform. Tech.          46 
 
 
 

 
 
Figure 3: Effect of fillers volume on the tensile elongation of CaCO3, snail shell/groundnut 
shell hybridized epoxy composite. 

 
 
 
highest tensile elongation (9.03 mm) was observed at 2% 
snail shell/groundnut shell fillers loading. Tepsila and 
Suksri (2018) reported similar results for organic and 
inorganic calcium carbonate reinforced silicone rubber 
composites. Tepsila and Suksri (2018) stated that 
silicone rubber composite produced with in inorganic filler 
generally had better tensile elongation, compared to the 
composite produced with filler. It was observed that the 
composite tensile elongation declined from 13.6 mm to 
10.3 mm as the snail shell/groundnut shell fillers volume 
increased from 6% to 10%. This portrayed that the 
elasticity of composite decreases as the volume of the 
organic fillers (snail shell and groundnut shell fillers) 
increases. Akpokodje et al. (2019) reported that higher 
filler volume could lead to poor adhesion of the filler by 
the matrix, which will lead to formation of composite with 
poor mechanical properties. 
 
 
Tensile energy 
 
The ANOVA results presented in (Table 4) showed that 
filler volume had significant (P ≤ 0.05) effect on the 
tensile energy of the hybridized epoxy composite. Results 
obtained from the study and presented in (Figure 4) 
revealed that tensile energy at fracture point of the 
composite increased significantly (P ≤ 0.05), as the fillers 
volume increases. The plot in (Figure 4) revealed that the 
composite sample reinforced with 10% CaCO3 and 6% 

snail shell/groundnut shell fillers volume had the 
maximum tensile energy (0.86 Nm) at fracture point, 
while the composite sample reinforced with 10% CaCO3 
and 2% snail shell/groundnut shell filler volume had the 
lowest tensile energy (0.65  Nm) at fracture point. As 
depicted by the results, as the fillers volume increased 
from 10% CaCO3 and 6% snail shell/groundnut shell 
fillers to 10% CaCO3 and 10 % snail shell/groundnut shell 
fillers, the tensile energy at fracture decreased from 0.74 
Nm to 0.69 Nm. This could be attributed to the low matrix 
volume in the hybridized composite which will lead to 
poor bonding of the mixture; hence, creating maximum 
void contents and weak interfacial adhesion between the 
fillers in the process (Oghenerukewve and Uguru, 2018; 
Akpokodje et al., 2021). These results are in conformity 
with previous (Edafiadhe et al. 2019; and John and 
Samuel, 2010) studies. The authors reported that 
addition of fillers to hybridized composites improved their 
tensile properties. Similarly Bayode et al. (2017) state 
that polyester resin matrix reinforced with 5 wt% of snail 
shell filler recorded tensile energy of 0.21Nm, which was 
higher than the 0.12 Nm recorded for the control (0 wt% 
of snail shell filler reinforcement). The authors further 
observed that in a dramatic turn, as the filler volume 
increased from 5% to 20%, the tensile energy declined 
from 0.21 Nm to 0.18 Nm; which is similar to the results 
obtained in the study. The results revealed that partial 
replacement of the CaCO3 with snail shell and groundnut 
shell fillers, will produced composite samples with good 
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Table 4: Effect of filler volume on the tensile energy of CaCO3, snail 
shell/groundnut shell filler hybrid epoxy composite 
 
Source of Variation df MS F P-value F crit 
Between Groups 4 0.019 30.93 1.32E-05* 3.48 
Within Groups 10 0.000633    
Total 14     
 
* = significant at p ≤0.05 

 

 
 
Figure 4: Effect of fillers volume on the tensile energy of CaCO3, snail shell/groundnut shell 
hybridized epoxy composite. 

 
 
tensile properties. 
 
 
Conclusion  
 
The environment is being polluted daily due to the 
utilization and discharge of unsustainable materials in the 
environment. This study was conducted on how to 
substitute inorganic filler with organic filler during 
composite production, in order to achieve 
environmentally friendly composite materials. In this 
study, snail shell filler and groundnut filler were used as 
used as substitute, during the production of CaCO3 and 
snail shell filler/groundnut filler hybridized composite 
samples. The composite samples were prepared by hand 
lay-up technique, and their tensile properties were tested 
according to ASTM International standard. The results 
revealed that partial replacement of the CaCO3 with snail 
shell and groundnut shell fillers, will produced composite 
samples with good tensile properties. Generally, from the 
results of the tensile properties of the hybridized 

composite produced with 10% CaCO3 and 6% groundnut 
shell/snail shell fillers were superior to all the other 
groundnut shell/snail shell fillers volume. It was also 
observed that the hybridized composite reinforced with 
10% CaCO3 and 2% groundnut shell/snail shell fillers 
gave the lowest tensile elongation and tensile energy. 
This study results will enhance the green composites 
campaign, as snail shell and groundnut shell fillers, which 
are sustainable materials can be used to produce 
composites with between mechanical properties. These 
data obtained from this study can provide essential 
information in composite board production for industrial 
applications, mostly in the automatic and construction 
industries. 
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