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Abstract 

The  research article focused on the  effect of corn shell reinforced with epoxy composites. The randomly oriented corn shell 

reinforced/epoxy composites were prepared by hand lay-up technique  with 5%, 10%, 15%, 20%, and 25%  pomice powder weight. 

Tensile, flexural, and water absorption tests were used to determine the composite’s mechanical properties, The obtained results 

revealed that 20 wt% and 15 wt% pumice powdercould produce corn shell -reinforced  composite with the highest tensile strength, 

flexural strength, and interfacial adhesion among all the prepared composites. The added of the pumice powder into the corn shell 

/epoxy composites enhanced their  mechanical, and water absorption. The tensile and flexural strengths of the corn shell/pumice 

powde –epoxy composites (20wt% and 15wt%) were  11.745 and 11.250 MPa, respectively. In additon, The 25 wt.%, composite also 

displayed less water absorption behavior compared to the other composite.  
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1. Introduction 

Nowadays, emphasis on the use of eco-friendly materials in 

various engineering applications has been continuously made by 

various nonprofit international organizations to curb the 

increasing carbon emissions and to protect the environment. 

Natural fibers are extensively used in aviation, automobile, and 

construction industries mainly due to the inherent advantages 

they provide like abundant availability, high specific strength, 

and stiffness, ease biodegradability, less health hazards while 

handling and low energy requirement for processing [1,2].In 

spite of its attractive advantages, natural fibers suffer from 

drawbacks like poor moisture resistance and poor thermal 

stability which limits their extent of use. In additon, One of the 

great disadvantages of naturally reinforced composite materials 

is poor interface formation. This causes poor compatibility 

between components and thus reduces the properties of 

composites. This results in poor compatibility among the 

constituents andhence decreases the properties of the 

composites.[3] However, many physical and chemical 

treatments are adopted to overcome these limitations and make 

natural fibers more suitable for composite manufacturing 

[4].Natural fibers with high crystalline cellulose possess high 

strength and stability and those with high lignin content exhibit 

high rigidity [5]. Natural fibers can be obtained from various 

parts of the plant such as stem, leaf, fruits, petioles, roots, and 

seeds [6].Recently, many novel plant fibers possessing the 

desirable characteristics required for reinforcing the polymer 

matrices have been identified and reported [1]. Corn shell is one 

such species from the stem of which good quality fibers can be 

obtained. Corn, known as Zea Mays L. belongs to the wheat 

family corn is widely cultivated throughout the world. It 

originates from Mexico and central America.  A leaf emerges 

from each node of the plant. The plant usually has 16-18 leaves, 

the midrib of the leaf may be white or brown. It is widely used 

for making mats, brooms and baskets [7]. 

In the polymer composites, different types of fillers are used 

for improving the thermal, tensile, flexural strength and impact  

as well as other properties.  [8,9].As there are several natural 

pumice mines in all around the world and many researches are 

about the effect of  pumice powder on the mechanical properties 

of the fiber-reinforced epoxy composite, in this research the 

effect of pumice powder on the tensile,and flexural strength  and 

water uptake properties of corn shell reinforced. 

2. Materials and Method 

2.1. Materials 

In this study, corn husk particles as reinforcement and 

pumice powder as additive were used. Firstly, the corn shells 

were heated to 100°C to remove moisture, then ground in a 

planetary ball mill at 400 rpm for 2 hours. The resulting corn 

husks were sieved to obtain a particle size of 80 µm. Epoxy resin 

EFLR-0190A and EFLR-0190 B hardener were obtained from 

Polisan& Co, Istanbul, Turkey. 

 

 

2.2. Fabrication of composites 

The corn shell /epoxy composites were manufactured by 

using the hand lay-up technique. A metal mold of dimensions of  

25 0× 25 × 3 mm is used for manufacturing the composites. The 

wax is used to easily remove the composite plate from the die 

mold. For the preparation of composite sheets, a certain amount 

of corn husk particles and a certain amount of epoxy resin were 

taken into a plastic container and mixed thoroughly to obtain a 

homogeneous mixture. This process was repeated for the five 

weight formulations used for this research. The  corn shell-epoxy 

and the fillers were mixed in different proportions while 

maintaining a total weight of 100 g. Five mixtures with pumice 

powder compositions of 5 wt. %, 10 wt. %, 15 wt. %, 20 wt. %, 

and 25 wt. % were composites obtained. The corn shell were 

added in the right proportions to the epoxy matrix. Then the 

mixture was poured into the mold and placed homogeneously. 

This scheme was kept at room temperature 23±2 0C for 24 

hours. after it, curing the composite sheet was removed from the 

mold. 

2.3. Tensile Strength Test 
 

The tensile strength tests were carried out at room 

temperature at a rate of 2 mm/min in accordance according to 

ASTM standard D3039 (2017), using a universal testing 

machine (Instron 3369, Norwood, MA) with a 50 kN load cell. 

The length, width, and thickness of the sample were 250 mm x 

25 mm x 3 mm respectively. In each case,  five samples were 

tested and their arithmetic average was recorded.  The samples 

were  pulled until they failed at room temperature. 

2.4. Flexural Strength Test 

The flexural testing was  carried out according to the ASTM 

standard D790 (2017). The crosshead velocity was 2 mm/min, 

and the span length was set to 160 mm. five samples were tested 

for the average value was recorded. The samples were attracted 

out until they failed at room temperature. 

2.5. Water Absorption 
 

Rectangular specimens (5mm x 5mm x 3mm) were used for 

water uptake tests. The samples were put in distilled water at 

room temperature for 30 days.  After  30days the samples were 

withdrawn from the water, wiped with cotton cloth and then 

weighed. The percentage of water uptake was calculated 

according to the following. equation (Chung et al. 2018) 

 

 W water  uptake  =  
𝑊𝑡−𝑊0

𝑊0
 X 100          (1) 

       Wt is the sample's weight after immersin  

        W0 is the sample's initial weigth. 
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3. Results and Discussion 

3.1. The Tensile Strength 

The tensile strength results of the composite material are 

shown in figure 1. The figure clearly shows that filler loading 

has a significant effect on the tensile strength of the composite. 
In reference to Figure 1. When the amount of pumice powder 

increases up to 20% by weight, the tensile strength increases, 

then decreases, due to the increase in the percent by weight of 

the resin in the mixture. It can be explained by the increase in 

the amount of corn husk and the weak interface adhesion  

between the epoxy resin. During tensile loading partially 

separated micro spaces are created that obstructs stress 

propagation between the  corn shell and the matrix The tensile 

strength of the   composites material results are presented in 

figure 1. The results showed that the pumice added had a 

important effect on the tensile strength of the composite. During 

tensile loading, partially separated micro-voids are created 

between the corn husk and the epoxy resin that prevent the 

propagation of tension. The results of this study are in a similar 

trend with [10,11,12].Palm Fiber/Peanut Shell Reinforced Epoxy 

Hybrid Composites; and Reddy and Reddy for gumbo fiber 

reinforced polymer composites, and effect of fillers loading on 

the mechanical properties of hardwood sawdust/oil bean shell 

reinforced epoxy hybrid composites. 

 

Fig. 1. Tensile property of composites. 

3.2. The Flexural Strength 

The experimental results show that the  flexural strength 

increased up to 15 wt% pumice powder and then  decreases 

(Figure 2) As illustrated in Figure 2, corn shell particles 

reinforced epoxy composite exhibited the highest flexural 

strength of 11.250MPa at 15 wt. % pumice powder filler. It was 

found that when compared with 15wt% pumice powder and pure 

corn shell composite the increasing degree is  9.92 %. The 

flexural strength of the corn shell reinforced/epoxy composite 

increased with increasing filler up to 15wt. % This probably 

causes an increased degree of crosslinking of the epoxy resin. A 

second possibility is attributed to the enhanced interfacial 

strength between the corn husk/pumice powder and the epoxy 

resin. [13]. After then,  which a decrease was observed at  20 

and 25 wt. %. The reduction in the flexural strength can be 

attributed to controlled mobility of matrix by filler particles 

[14,15]. 

 

Fig.2. Flexural property of composites 

 

3.3. Water Absorption 

Figure 3 shows the water uptake  curves for  Pure  corn shell and 

the corn shell/pumice powder blends. It shows that  the water 

absorption percentages being 4.606% and 2.34 after 30 day for 

the pure corn shell and 25wt% pumice powder panels 

respectively. The increase in water uptake decreased as pumice 

powder content increased from 5 to 25wt. %. the composites 

demonstrated fast water uptake on the first day, but the water 

uptake eventually reached an equilibrium state. Similar studies 

were observed by Chung, et al., and [13]. The water absorption 

rate of 25% by weight composite is lower than other composites. 

The general result can be interpreted as a result of water uptake 

of pumice powder or water uptake at the interface of corn 

shell/pumice  [16,17].The maximum water uptake was measured 

for 4.606% corn shell composite. The increase in water 

absorption  can be attributed to the hydrophilic nature of the corn 

shell. In addition corn shell have about 45% of their mass as 

cellulose. The cellulose molecule has a polar group. It forms 

water molecules through hydrogen bonding. Binding of water 

molecules to cellulose molecules leads to the accumulation of 

moisture in the cell walls. [18]. 

 

 

Fig.3. Water absorption curves of pure corn shell and corn 

shell/pumice powder 
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4. Conclusion 

The results of the study showed that pumice powder loading has 

an effect on the tensile and flexural strength properties of 

composites. It has been observed that the mechanical properties 

of composites are improved by adding 15-20% filler by weight. 

It has been observed that more weight gain decreases the tensile 

and bending values. The amount of water absorption decreased 

with the increase of pumice powder in composites. 
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