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ABSTRACT 

The impact of varying thickness on the tension, bending, as well as shear failure shear 

characteristics of unprocessed woven kenaf with charcoal textile reinforced polyester hybrid 

compounds has already been empirically examined. Handmade lay-up hybrid composites are created 

in a mould as well as dried under mild compression for 6 minutes before drying at room 

temperature. Each hybrid composite had a maximum of five plies, with the amount and location of 

insulating material varying to provide five different layering patterns. For comparability, a grouping 

of any and all kenaf laminates has also been created. The increased fibre weight percentage was kept 

constant at 40%. ASTM specifications were followed for sample creation and testing. The MES 610 

Materials Simulation Environment was put through its paces using the automated purposeful 

sampling software Test Performs. The findings demonstrate that incorporating synthetic fibres as 

severe diamond flanges may drastically enhance the characteristics of kenaf hybrids. Bending and 

interlaminar shear characteristics are more affected by layering arrangement than tension qualities. 

An analysis of all of the quality issues discovered that the hybrids laminated with two different 

charcoal flanges along both sides are indeed the perfect pairing with such a decent mix of attributes 

and price. 

 

Keywords: Kenaf fiber; Carbon fiber; hybrid composites; Mechanical Properties; Shear Properties. 

INTRODUCTION   

Natural materials have several advantages as reinforcements for plastics. These are minimal 

components that produce a lighter hybrid featuring good particular qualities. Natural fabrics even 

provide considerable economic efficiencies as well as manufacturing efficiencies as compared with 

synthetic strands like graphite, polyamide, dioxide, and so forth. Natural fibres, on the other hand, 

have substantially poorer dynamic qualities as nanocomposites. Additional issue of natural fiber that 
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renders it fewer appealing is their moisture absorbing resilience [1]. As a result, using fibre alone 

within a polymer matrix is insufficient for meeting each of the specific specifications of a fibres. In 

order to create a better yet cost-effective composites, a cellulose fibre could be blended with 

something like a fibreglass using the same polymeric matrix to maximise the qualities between both 

threads [2]. 

 

In recent months, there has been a surge of interest in composite materials polymers with improved 

fibre feel and strength. Fiber was an excellent industrial plastic. Reward mechanisms were used in 

prior eras to replace iron minerals for a variety of economic applications. Due to their extraordinary 

elasticity as well as elasticity, greater wearing as well as stress responses, overclocking headroom 

factors, lightweight, as well as nontoxicity, textiles have gained popularity as an alternative to 

composite alloys [3]. To address climate change, various substances were used in multiple frame 

systems in the car sector. Fiber reinforced chemicals were divided into two categories: fibreglass 

and polyester blends. Epoxies are becoming popular given that they can be shaped after the initial 

treatment. However, biopolymers are often irreversible, suggesting that they're not disposable. 

Energy consumption has inspired an effort to reduce the consumption of non-sustainable substances 

such as thermosets and synthetic fabrics [4].  

 

Hydraulic conductivity affects the context of general biomaterials. Muhammad et al. reported a 

significant decline in the compressive characteristics of the nanocomposite copolymer fibre 

reinforcement group to reach hybridised lamination having previously been treated to moisture, high 

wetness, and UVB absorbing inside of an accelerated weathering atmosphere. According to Laws 

and Ishmael, the impact resistance of the processed linseed fibre polymer blend was greatly boosted. 

This is attributable to the thread's stretching motion, which causes greater interaction between the 

strengthening material as well as glue. Hybrid composites are typically composed of two or more 

fibres joined together in a matrix phase [5]. 

 

Artificial vs. natural, natural vs. inorganic, as well as polymeric vs. bio-based polymers are 

examples of composite fiber. Mixed matrix composites are widely used in construction because of 

their minimal cost, high durability, and ease of fabrication. Such biomaterials provide an option for 

achieving a combination of properties such as stiffness, flexural strength, and durability that a single 

material alone could not. Additionally, in aspects of fatigue life, impact resistance, as well as 

fracture sensitivity, biomaterials surpass single aggregate hybridization. As per studies on various 

polyester blend mixes, bioplastics offer qualities like excellent toughness, impact resistance, better 

energy tolerance, and so forth [6,7]. 

 

The influence of carbon hybridized but also layer thickness on the tension, bending, and 

interlaminar shear characteristics of woven fabric kenaf hybrid composites is investigated 

throughout this work. 

 

EXPERIMENTAL PROCEDURE 

2.1. Materials  

As reinforcements, stitched kenaf cloth with a density of 20 to 15 was employed. The material 

chosen weighs around 410 g/m
2
. Rithu Industries Limited, Mumbai, India, provides a straight 
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woven graphite material with a density of 469 g/m2. Naga Chemicals in India supplied the polymer 

solution, which included polyester, MEKP catalysts, as well as cobalt naphthenate accelerator. 

 

2.2. Laminate fabrication  

At appropriate temperatures, hybrid composites of fibre diameter as well as graphite matting were 

created in a mould using a simple manual lay-up process. The mold's surface was treated with PVA 

bonding agent. Kenaf as well as graphite textiles were made with such a matrix substance made up 

of polyamide, accelerators, and catalysts in a 2:1:1 proportion. The saturated sheets are subsequently 

stacked inside the mould as well as squeezed for 60 minutes before being removed. The mould was 

created in order for the hot gases to be released. Utilizing spacers of the necessary width between 

mould sheets, a consistent width was attained. The lamination was subsequently poured into a 

mould after 60 minutes and dried at normal conditions for 10 minutes. To produce different layering 

sequencing, each of the composites is constructed with a maximum of five flanges by modifying the 

number as well as location of insulating material. Table 1 shows the stacking sequence of composite 

materials. 

 

TABLE 1. STACKING SEQUENCE OF COMPOSITE 

Sl.No Symbol Stacking Sequence 

1 S1 KKKKK 

2 S2 KCKCK 

3 S3 CKKC 

4 S4 CKCKC   

5 S5 KCCK 

 

2.3 Materials Characterization 

The tension samples were meticulously carved from the lamination with a diamond disc saw and 

polished to the proper dimensions with the samples being polished. Testing was carried out using 

some passive cooling robotic pneumatic MTS 810 Materials Testing System with data capture test 

automation tends to work. The bending experiment was carried out in accordance with ASTM D 

790, with 125 mm long as well as 10 mm wide samples being sliced from the composite with kenaf 

strands.  Interlaminar shear strength (ILSS) was tested on identical equipment utilising the ASTM D 

2344 ILSS physical hardware. Flexural testing is used to compress a tiny 45 mm long rectangular 

cross-sectional frame. 

 

RESULT AND DISCUSSION 

3.1 Tension Behaviour 

The strengthened matrix material has a strength property of 44.21 MPa. Figures 1 exhibit the 

variance in mechanical performance for different lamination specimens prepared. four or five, 

correspondingly. The ultimate strength of each strand determines the composite's mechanical 

properties. Whenever solely kenaf threads were strengthened inside the substrate, the tension and 

modulus for lamination S1 were determined to be just 75% and 98% of the strength properties. as 

well as the resin's elasticity, correspondingly. Its integration of carbon fibre as severe diamond 

flanges results in a significant improvement in elasticity [8,9]. 
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Fig. 1. Tensile strength and its Modulus of kenaf/carbon fiber-based hybrid composites 

 

Carbon fibres are more robust and rigid than natural fabrics, which accounts for the improvement in 

elasticity and strength of biocomposites. Whenever 40:60 kenaf-carbon fiber-reinforced hybrid 

lamination (S4) is contrasted to simply coir lamination, the young ’s modulus improves by 61% as 

well as 26%, respectively. Breakdown in kenaf composites is abrupt, with really no or very little 

draw from fibrous materials, while breakdown in laminates is dictated by considerable filament 

pulling out again and breaking. Another explanation for all this might be that carbon fibres are more 

extensible than natural fibres. Whenever stressed in strain, kenaf as well as carbon hybrid laminates 

often rupture at the boundary [10,11]. 

 

3.2. Flexural testing  

Figure 7 depicts charge graphs for hybrid power lamination building processes. Each of the graphs 

shows non-linear behaviour. This divergence in proportionality indicates the onset of failure owing 

to the formation of a fracture in the tensile zone. Figures 2 examine the bending flexibility and 

modulus of composites using various grades of concrete. Elastic modulus properties improve as the 

percentage of carbon fibre increases from zero to 20 and 40% of total fibre mass. Unfortunately, 

little additional gain is observed when the carbon composite mass is increased to 60%. It's indeed 

worth noting that lamination series S5 with 40% carbon composite content does have a 6.7% greater 

elastic modulus than the series S4 using 60% material. That demonstrates that putting carbon 

composite pieces just at the extremes as well as kenaf fibre pegs inside the centre results in a 

significant increase in elastic modulus. This one is highlighted by the fact that excessive thicknesses 

of reinforcements regulate bending rigidity and toughness. The Kenaf composites were determined 

to be 30% and 232% greater in the ongoing investigation [12,13]. 
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Fig. 2. Flexural strength and its Modulus of kenaf/carbon fiber-based hybrid composites 

 

Flexural behaviours are higher than those as well as elastic of plain matrix specimens. The 

composite S4 does have the maximum stress stiffness of 125.32 MPa as well as elasticity of 13.21 

GPa, that are 41% as well as 68% greater, correspondingly, than toughness of the all-natural fibres 

composite. No increase in bending characteristics is obtained by changing the organization order, 

such as in the examples of S5, as well as s1. Between all hybridization pairings, the series S5 has the 

weakest bending and stiffness. This graphic shows increased carbon composite flexibility, which 

results in massive fiber pull out instead matrices collapse. Elastic modulus samples show no 

debonding among the natural fibres as well as charcoal flanges. 

 

3.3 Interlaminar Shear strength 

Figure 3 shows the maximum graphs of interlaminar measurements with different laminated 

specimens prepared. These charts show a comparable pattern to the bending test. Figure 3 shows the 

shear strength of the composite material for various specimens prepared. In contrast to homogenous 

composite beams, wherein the highest shear stress happens at the equatorial surface when strain 

values are minimal, maximal shear stress happens in a location where several stressors might prevail 

in brief shearing testing. As a consequence, flaws like fibre breakage and microscopic bending, 

including flexural splitting, are combined. Residual compressive failures might not always occur in 

the lamination middle planes, so ensuring complete spalling there at contact is challenging [10,14]. 
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Fig. 3. ILSS behaviour of kenaf/carbon fiber-based hybrid composites 
 

Because of such factors, interpreting the ILSS testing data is problematic. Kenaf composites, on the 

other hand, have a mean horizontal displacement shear of 15.89 MPa. The carbon composite added 

as severe pieces at 20% as well as 40% of higher fibre mass raises the ILSS by approximately 

10.36% as well as 20.65%, correspondingly. As seen in Figure 3, increasing the composite material 

(S4) resulted in a reduction in ILSS. The matrices' qualities and superfast broadband intercellular 

power, instead of the fibres, determine the composite laminates' tensile stress. Increase the matrix 

mechanical properties as well as the matrix volume percentage to increase ILSS. 

 

CONCLUSIONS 

The impact of varying thickness on the tension, bending, as well as fracture toughness shear 

characteristics of woven kenaf-carbon reinforcing nanocomposites was investigated. The main 

findings are taken from the research authors. Carbon inclusion in natural fibre nanocomposites 

improves the characteristics of the resultant biocomposites. The stacking pattern has a substantial 

impact on bending as well as ILSS effective stress. The crystalline structure has had no influence on 

tension characteristics when using the same comparative weight of natural fibres and carbon fibre. 

When the qualities of the different composites were compared, it was discovered that the hybrid 

lamination having two different carbon flanges along both sides is the ideal combo with a nice 

spread of characteristics as well as price. 
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