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Highlights: 

 Reinforcement type affects tensile strength. 
 Better interfacial bonding between the reinforcement and the matrix, resulting in 

higher tensile stress and Young’s modulus. 
 Corn skin fibers (CSF) produced higher tensile strength compared to corn skin chips 

(CSC). 
 Bio-composite reinforced by corn skin chips could be weak due to the non-

homogeneous material structure. 
 

Abstract. The main focus of the present work was to study corn skin as 
reinforcement of polyester bio-composite (CSPCs). The effect of reinforcement 
type, i.e. short fibers and discontinuous chips, on the tensile properties was 
studied. The corn skin materials were chemically treated with NaOH and added as 
reinforcement of polyester bio-composite using the hand lay-up fabrication 
method. Tensile tests were carried out according to ASTM D3039. The tensile 
strength characteristics of stress and modulus showed a different behavior between 
the two types of reinforcement due to a slight difference in specimen thickness, 
which affected the calculated stress and modulus values. Furthermore, from a 
physical properties point of view, the larger surface area of CSC compared to CSF, 
which still contains a lignin layer after the treatment with NaOH, could decrease 
the interfacial bonding between polyester as the matrix and CSC as the 
reinforcement. The tensile damage characteristics showed brittle behavior, 
propagataing perpendicular to the loading direction. Matrix cracking and 
interfacial debonding were identified as the main two damage modes of the CSF 
bio-composite and the CSC bio-composite, where the final failure was dominated 
by fiber pull out and chip fracture. 
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1 Introduction 

Reinforcements that come from nature as constituents of bio-composite materials 
are important because of their renewable and biodegrability behavior, apart from 
their good ratio of strength to weight of material. Maize (Zea mays L.; Poaceae 
family) is an angiosperm monocot plant that has skin or husk tissue as major agro-
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waste product. The use of this bio-waste and the need for natural reinforcements 
of bio-composite create new possibilities in this research field for the invention 
and characterization of new materials, addressing the issue of agro-waste 
recycling in developing countries. This is to ensure the suistainable development 
of a good quality environment in industry as well as in our daily lives [1].  

Previous papers have investigated the use of corn-waste as reinforcement for 
polymer composites [2-14] as an agro-waste recycling technique. Rodriquez, et 
al. [2] investigated the ability of corn stalks as reinforcement fibers of composites 
through modeling and concluded that corn stalks can potentially be applied as 
reinforcement in polypropylene composites. Jagadeesh, et al. [3] studied the 
effect of corn husk as reinforcement (content and mesh size) on the mechanical 
properties of corn husk flour/pp bio-composite and found that their mechanical 
strength was significantly affected by filler content and particle size. Studies on 
the effect of corn husk concentration on composite properties has been conducted 
by previous authors [4-5], who found that the corn husk fiber concentration 
influenced the tensile properties and thermal stability of the composites. A similar 
study on the influence of corn husk fiber content on recylced-low density 
polyethylene (R-LDP) was done by Youssef, et al. [6], who found that the 
mechanical properties were enhanced by increasing the content of corn husk 
fiber. Furthermore, Omoyeni, et al. [7] investigated PE composites reinforced 
with corn husk, where the results showed that corn husk improved the 
composites’ compressive strength. Other studies investigated the effect of matrix 
type variation in composites reinforced with corn fiber [8-9]. It was found that 
Maleic anhydride grafted polypropylene corn fiber composites obtained better 
mechanical properties compared to polypropylene composites. A study on hybrid 
composites reinforced with corn cab particles and e-glass fiber was conducted by 
Garadimani, et al. [10]. They concluded that the hybrid epoxy composites 
reinforced with corn cob particles and e-glass fibers had superior properties. 
Another study [11] investigated hybrid kenaf fiber-corn husk bio-composite and 
found that the aspect ratio of the reinforcements may be used to optimize the 
mechanical properties of hybrid bio-composite. In recent years, researchers have 
modified natural fibers through surface treatments to improve the interface 
bonding strength and mechanical strength of polymer composites [12-14]. They 
concluded that chemical treatments of the fiber surface can be successfully used 
to improve the mechanical properties of composites reinforced by natural fibers, 
including corn waste fibers.  

This study primarily investigated the tensile characteristics of polyester 
reinforced with NaOH treated corn skin waste as bio-composite material. There 
were two aspects of comparison to determine the tensile strength. First, different 
forms of corn skin (fibers and chips) were evaluated. Second, the variation of 
length geometry was also investigated. In addition, macro observation of damage 
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appearance was performed to determine the damage behavior of corn skin 
polyester composites under static tensile loading. 

2 Experimental Procedure 

2.1 Materials and Specimen Preparation 

Corn skin was the main raw material used in this study. It was treated with 5% 
NaOH for 2 hours to remove impurities in the corn skin in order to enhance the 
bonding ability with the matrix. Then the corn skin was formed into fibers and 
chips as the two reinforcement types used in this study. Samples of each type 
with different lengths (3 cm, 5 cm, and 7 cm) were prepared. The chip type had 
a fixed width of 8 mm. The specimens were fabricated with the hand-lay up 
method to contain 30% of reinforcement volume. Polyester was used as the 
matrix throughout 200 mm x 25 mm x 4 mm of the specimen geometry, as shown 
in Figure 1.  

 

Figure 1 Specimen of corn skin polyester bio-composite (CSPCs). 

2.2 Test Configuration 

The tensile characteristics of tensile stress-strain and Young’s modulus were 
determined using a servo pulser testing machine, type EHF-EB20, with a load 
cell of 20 kN. All specimens were tested according to the ASTM D3039 standard, 
at a crosshead speed of 1 mm/min. Figure 2 shows the test configuration.  
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Figure 2 Test configuration. 

3 Results and Discussion 

The results from the tensile tests of the CSPCs with different reinforcement types 
are shown in Figure 3. The tensile strength of the polyester reinforced by corn 
skin fibers (CSF) and corn skin chips (CSC) was different, as can be seen in 
Figure 3. That of CSF was 30% to 35% higher than that of CSC for all three 
length variations. As can also be seen in Figure 3, the linear relationship between 
stress and strain of the CSPCs showed the typical behavior of a brittle material, 
where there is no yield and plastic region.  

Figure 4 presents the Young’s modulus (E) for the CSPCs with CSF and CSC 
reinforcement. As explained by previous authors [15-19], the material state of 
composites reinforced by chips can be weak due to the non-homogeneousness of 
the material structure at meso scale, which has stress concentration at the end of 
the chip plate form. Another reasonable explanation for this behavior are possible 
fabrication defects in resin-rich areas from the hand lay-up process. Figure 5 
shows an ilustration of a critical area in a non-homogeneous structure resulted by 
CSC reinforcement.  

Furthermore, the NaOH treatment did not completely remove the lignin layer and 
impurities from the chip surface due to the larger area compared to the fiber 
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surface, as indicated in Figure 6. This affects the interfacial bonding between the 
chip as reinforcement and the polyester as matrix and results in lower tensile 
stress and Young’s modulus.  

  

 

Figure 3 Stress vs strain of CSPCs with different reinforcement types under 
tensile loading. 
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Figure 4 Young’s modulus (E) of CSPCs for different reinforcement types. 

 

Figure 5 Critical area of CSPCs. 

 

Figure 6 NaOH treated CSC. 
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As a consequence, damage mechanisms were formed in CSC, dominated by 
interfacial debonding and delamination and propagating into chip fractures as 
final damage (Figure 7(a)). The damage mechanisms experienced by CSF were 
different compared to CSC, which showed better interfacial bonding of the 
reinforcement and the matrix so that the damage mechanisms were only initiated 
by matrix cracking and dominated by fiber fracture without showing any other 
damage that indicates weak interfacial bonding, as occurred in CSC (Figure 7(b)). 
This means that the transfer load from the tensile test on the polyester reinforced 
by CSF could continue to carry and generate higher stress. This phenomenon also 
produced higher stiffness, as indicated by the Young’s modulus of the CSF 
compared to the polyester reinforced by CSC (Figure 4). 

A tensile strength comparison of the CSPCs with different reinforcement lengths 
is shown in Figure 8. 

(a) Damage mechanisms of polyester reinforced by CSC 

(b) Damage mechanisms of polyester reinforced by CSF 

Figure 7 Damage mechanisms of CSPCs. 
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(a) Stress comparison 

 
(b) Young’s modulus comparison 

Figure 8 Tensile strength of CSPCs with different reinforcement length. 

It is well known that fiber length, volume fraction of fiber and matrix, distribution 
and fiber orientation are factors that affect the mechanical properties of fiber-
reinforced polymer composites. When load is applied, shear stress occurs at the 
interface along the fiber. This means that the load transmitted to the fiber is a 
function of fiber length, direction and orientation of the fibers relative to each 
other and the compatibility between the fiber-matrix interfaces [20]. In general, 
fiber length and mechanical properties have the same increasing trend. The more 
the fiber length increases, the more the mechanical strength of fiber reinforced 
polymer composites increases, as expressed in the following equation:  

 𝜎௖ =  𝜎௙ 𝐶 𝐹(𝐿)𝑉௙ +  𝜎௠ (1 − 𝑉௙)                              (1) 
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where σc is the tensile stress of randomly oriented fiber composites, Vf is the fiber 
volume fraction, σf is the fiber tensile strength, σm is the matrix tensile strength, 
C = 1/3 for random orientation, and F(L) is the function of fiber length. The effect 
of fiber length on composites reinforced by chips was investigated by Ferabolli, 
et al. [21]. They concluded that tensile strength is shown to increase with chip 
length, which is a similar trend to that in composites reinforced by fibers. 
However, for CSPCs, the optimal condition was a reinforcement length of 5 cm, 
as shown in Figure 8, which produced a higher tensile strength, varying between 
10% and 30% for both stress and Young’s modulus. Theoretically, a higher 
tensile strength should be produced with a reinforcement length of 7 cm for both 
types. The lower trend for a reinforcement length of 7 mm occured due to the 
fabricating process, specifically the presence of fabrication defects, such as resin-
rich areas and weak interfacial bonding between reinforcement and matrix, as 
also noted by Raghavendra, et al. [22]. Figure 9 shows that there was a resin-rich 
area between the reinforcement and the matrix, which was probably due to 
imperfect distribution of the reinforcement and manual compression during 
specimen preparation by the hand lay-up method. 

 
Figure 9        Fabrication defect of resin-rich area 

4 Conclusion 

In this paper, different types of NaOH corn skin treatment were studied and 
evaluated to be used as the reinforcement phase in the manufacture of corn skin 
polyester bio-composite (CSPCs). The results indicate that the fiber-reinforced 
CSPCs performed better. Furthermore, the CSPCs based on both types of 
reinforcement, corn skin fiber (CSF) and corn skin chip (CSC), with 5 cm of 
reinforcement length had better ability to transfer the given tensile load and 
showed better tensile strength. Therefore, fiber-reinforcement with a fiber length 



Bio-composite Material Reinforced by Corn Skin 

1033 

of 5 cm was the optimal and most suitable among the CSPC treatments in terms 
of tensile properties, namely stress and Young’s modulus. The damage 
mechanisms of the CSPCs showed brittle behavior. This was initiated by 
interfacial debonding in the CSPCs based on the fiber type of reinforcement and 
by matrix cracking in the CSPCs based on the chip type of reinforcement. To 
improve the performance of CSPCs, the corn skin fiber could be treated by other 
chemical treatments during the manufacture of CSPCs to increase interfacial 
bonding between reinforcement and matrix and apply other types of fabrication 
processes to avoid the presence of fabrication defects such as resin-rich areas.  

Acknowledgement 

The authors gratefully acknowledge the support of Universitas Nusa Cendana for 
this study in the form of a fundamental research grant. 

References 

[1] Yang, Y., Boom, R., Irion, B., van Heerden, D.J., Kuiper, P. & de Wit, H., 
Recycling of Composite Materials, Chem. Eng. Process., 51, pp. 53-68, 
2012. 

[2] Khan, M.A., Hinrichsen, G. & Drzal, L.T., Influence Of Novel Coupling 
Agents on Mechanical Properties of Jute Reinforced Polypropylene 
Composite, Compos Interf., 20, pp. 1711-1713, 2001. 

[3] Boimau, K., Characterization of Tension Behavior and Surface Topograph 
of Lontar Fiber Alkali Treatment, in Proceeding SNTTM-VIII, Universitas 
Diponegoro, Semarang, 2009.  

[4] Boimau, K. & Limbong, I., The Effect of Volume Fraction on Tensile 
Strength of Composite Polyester Reinforced by Lontar Fiber, in 
Proceedings of National Conference Ramah Lingkungan dalam 
Pembangunan Berkelanjutan, ITN – Malang, 2010. (Text in Indonesian) 

[5] Boimau, K., Bale, J., Lagan, M. & Limbong, I., The Effect of Volume 
Fraction of Bending Strength of Composite Polyester Reinforced by Lontar 
Fiber, in Proceedings of SNTTM-XI, UGM, Yogyakarta, 2011. 

[6] Wang, J., Caluus, P.J. & Bannister, M.K., Experimental and Numerical 
Investigation of the Tension and Compression Strength of Un-notched and 
Notched Quasi-isotropic Laminates, Composite Structures, 64, pp. 297-
306, 2004. 

[7] Wisnom, M.R. & Hallet, S.R., The Role of Delamination in Strength, 
Failure Mechanism and Hole Size Effect in Open Hole Tensile on Quasi-
Isotropic Laminates, Composites: Part A, 40, pp. 335-342, 2009. 

[8] Gobi Kannan, T., Wu, C.M. & Cheng, K.B., Influence of Laminate Lay-
Up, Hole Size and Coupling Agent on the Open Hole Tensile Properties of 



 Jefri Bale, et al. 

1034 

Flax Yarn Reinforced Polypropylene Laminates, Composites: Part B, 57, 
pp. 80-85, 2014. 

[9] Ghasemi, A.R. & Moradi, M., Effect of Thermal Cycling and Open-Hole 
Size on Mechanical Properties of Polymer Matrix Composites, Polymer 
Testing, 59, pp. 20-28, 2017.  

[10] Abdul Nasir, A.A., Azmi, A.I. & Khalil, A.N.M., Measurement And 
Optimisation of Residual Tensile Strength and Delamination Damage of 
Drilled Flax Fibre Reinforced Composites, Measurement, 75, pp. 298-307, 
2015. 

[11] Dan-Jumbo, E., Keller, R., Chan, W.S. & Selvaraj, S., Strength of 
Composite Laminate with Multiple Holes, The Boeing Company, 
http://www.iccmcentral.org/Proceedings/ICCM17proceedings/Themes/   
Behavior/REPAIR/F21.9%20Dan-Jumbo.pdf. (1 July 2015) 

[12] Arslan, H.M., Kaltakci, M.Y. & Yerli, H.R., Effect of Circular Holes on 
Cross-Ply Laminated Composite Plates, The Arabian Journal for Science 
and Engineering, 34, pp. 301-315, 2009. 

[13] Rakesh, P.K., Singh, I. & Kumar, D., Failure Prediction in Glass Fiber 
Reinforced Plastics Laminates with Drilled Hole under Uni-axial Loading, 
Material and Design, 31, pp. 3002-3007, 2010. 

[14] Wisnom, M.R., The Role of Delamination in Notched and Unnotched 
Tensile Strength, University of Bristol, Proceedings ICCIM 17, 
Deformation and Fracture of Composites, Edinburgh, United Kingdom, 
from http://iccmcentral.org/Proceedings/ICCM17proceedings/Themes/ 
Behavior/DEFORM%20&%20FRACTURE%20OF%20COMP/8.6%20
Wisnom.pdf. (1 July 2015) 

[15] Diharjo, K., Study of the Effect of Hole Punching Techniques on the Tensile 
Strength of Hybrid Composites of Glass Fiber and Plastic Sack Fiber, 
Teknoin, 11, pp. 55-64, 2006. (Text in Indonesian) 

[16] Zitoune, R., Crouzeix, Collombet, F., Tamine, T. & Grunevald, Y.H., 
Behavior of Composite Plates with Drilled and Moulded Hole under 
Tensile Load, Composite Structures, 93, pp. 2384-2391, 2011.  

[17] Bale, J., Valot, E., Monin, M., Polit, O., Bathias, C. & Soemardi, T.P., 
Experimental Analysis of Thermal and Damage Evolutions of DCFC under 
Static and Fatigue Loading, Revue des Composites et des Matériaux 
Avancés, 26, pp.165-184, 2016. 

[18] Bale, J., Valot, E., Monin, M., Laloue, P., Polit, O., Bathias, C. & 
Soemardi, T.P., Damage Observation of Glass Fiber Epoxy Composites 
using Thermography and Supported by Acoustic Emission, Applied 
Mechanics and Materials Journal, 627, pp. 187-190, 2014. 

[19] Salleha, Z., Berhan, M.N., Hyie, K.M., Taiba, Y.M., Kalam, A. & Nik 
Roselina, N.R., Open Hole Tensile Properties of Kenaf Composite and 
Kenaf/Behaviorglass Hybrid Composite Laminates, Procedia Engineering, 
68, pp. 399-404, 2013. 



Bio-composite Material Reinforced by Corn Skin 

1035 

[20] Hao, A., Yuan, L. & Chen, J.Y., Notch Effects and Crack Propagation 
Analysis on Kenaf/Polypropylene Nonwoven Composites, Composites: 
Part A, 73, pp. 11-19, 2015. 

[21] Bathias, C., An Engineering Point of View about Fatigue of Polymer 
Matrix Composite Materials, International Journal Fatigue, 28, pp. 1094-
1099, 2006. 

[22] Kazemahvazi, S., Kiele, J. & Zenkert, D., Tensile Strength of UD-
Composite Laminates with Multiple Holes, Composite Science and 
Technology, 70, pp. 1280-1287, 2010.  


