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ABSTRACT  

The objectives of this paper are to study of characterization of bio-foam composite mixture of kenaf 

(Lignocelluloses natural fiber). In this study, kenaf have been produced as a kenaf polymer composite (KPC) mixed with 

polymer resin namely polyurethane (PU). The target density for the KPC is 200kg/m3. The kenaf fiber composition in the 

KPC is prepared in seven different filler percentages which are 0/100, 5/95, 10/90, 15/85, 20/80, 25/75 and 30/70%wt of 

kenaf fiber resin/composite binder. The composite sample was tested for its mechanical properties through compression, 

density and porosity test. The optimal percentage of kenaf fiber content should be less than 30wt% to get the best result on 

mechanical properties, where higher than that the natural fiber becomes less absorbed and the inner structure is clogged 

with the filler content. Based on the result of this research, the improvement could be done by add the temperature during 

experiment, structure cladding with other types of fibre particle concrete, sample prepared with different resin and below 

high pressure to obtain high density value and different surface of shape wall panel such as triangle or dwi flat. 

 
Keywords: kenaf polymer composite, cellular solid, mechanical properties. 

 

INTRODUCTION 

Composite was the combination of two or more 

materials with different physical and chemical properties, 

which constitute of two-phase namely matrix and 

reinforcement. In composites, the stable bond formed via 

the coupling agent between the inorganic and organic 

materials leads to significant property-enhancing effects. 

Nowadays, the demand for composite product from 

natural source are really high especially in developed 

countries. The production of natural fiberis needed as a 

substitute material of wood product. It has a lot of 

applications in construction and automobile industries. 

There is a great deal of interest in this field to find the 

suitable composite material structure for a variety of 

applications. The examples are included such as kenaf 

fiber, rice husk, oil palm fiber and coconut coir fiber. The 

recycling and environmental issues have always the 

driving force behind the research [1]. The same 

technology has spread to other applications where weight 

is critical: space vehicles, skis, racing yachts and portable 

building [2]. The objective of this research is to study the 

characterization of kenaf-polyurethane bio-composite 

foam for its physical and mechanical properties. 

 

Literature review 

Polyurethanes are one of the most versatile 

materials in the world today. It has been applied to a wide 

range industries such as a flexible foam in upholstered 

furniture, as a rigid foam insulation in walls, ceilings and 

appliances of thermoplastic made from polyurethane in 

medical devices and footwear, adhesives, sealants and 

plasters used on floors and automotive interiors [3]. Kenaf 

or its scientific name, Hibiscus Cannabinus is a plant in 

Malvaceae family. Kenaf is a bio-fiber, natural 

lignocelluloses and have a great potential as a substitute 

material in thermoplastic. The kenaf has been chosen due 

to its fiber toughness compared to the other fibers. A 

single fiber of kenaf can have a tensile strength and 

modulus of elasticity as high as 11.9GPa and 60GPa 

respectively [4]. The kenaf products are environmentally 

friendly and usually applied for construction such as 

window frame, interior wall panel, kitchen cabinet and as 

a floor to substitute the parquet and cement floor. 

 

PREVIOUS RESEARCH 

 

Fabrication method 

A composite of kenaf, jute and jute rope was 

added with NaOH, which has been fabricated using hand 

lay-up technique [5]. Meanwhile,the composite of the 

kenaf  has been fabricated by compression molding 

process technique. The first step kenaf has been mixed 

with polyurethane (PU) used Haake polydrive R600 with 

190
o
C of temperature, 11minutes and 40rpm for speed. 

Then, the mixing ingredients compress by Vechno Vation 

40 ton compression molding machine. The sample has 

been fabricated to the percentage of kenaf fibre which are 

20%, 30%, 40% and 50% [6].Pultrusion is one technique 

for forming composite, reinforces fiber will be saturated 

together liquid polymer resin then the heated die is 

formed. Evidently, the pultruded sample has better 

mechanical properties especially for flexural strength, 

modulus and impact resistance compared samples formed 

using the methods previously [7]. 

 

Testing methods 

According to [8],a polymeric foams expanded 

polystyrene, high-density polyethylene and PU has been 

tested a compression test device and a drop tower appratus 

at rates 100/s above. For stress strain test, this paper use 
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Hopkinson pressure bar appratus at rates 500 to 2500/s. in 

[5] used ASTM standard device as a method to test the 

mechanical properties. For density of composites has been 

determined using Archimedes methods in the ASTM 

D3800. For tensile test was tested using Instron Universal 

Testing Machine with load 50kN load cell followed 

ASTM D3039. In [6]was tested tensile and three point 

bending flexural test using Instron 3365 machine followed 

ASTM D 638 and ASTM 790, meanwhile for impact 

strength tested using 43-02-01 Monitor Impact Tester 

followed ASTM D 256. The flexural response under cyclic 

load of GFRP composite laminate was tested using digital 

UTM as per ASTM D 790 by three point bend test [9]. 

 

Mechanical properties of PU-kenaf 

Review from[6], mechanical properties of kenaf-

PU for tensile strength was decreased when the percentage 

of kenaf fiber increased. The highest strength PU-kenaf 

was at 30% of kenaf, but after this percentage the strength 

become low. Modulus young becomes higher when the 

load of fiber increased same in fluxural strength. 

Meanwhile for impact test, the strength becomes weaker 

after load of fiber at 30%. The best mechanical properties 

of PU-kenaf at 30% and below loading of kenaf fiber. In 

[10] investigate that the flexural and tensile strength for 

kenaf reinforced Polylactic Acid (PLA) composites has 

been increased when the percentage of fiber increase up to 

50%. In [7] review about kenaf fiber composite 

(kenaf/Poly L Lactic Acid (PLLA) composite), mechanical 

properties for modulus young and tensile strength has been 

affected by volume of fiber in composite. At the 70% of 

the fiber in kenaf/PLLA composite, the modulus young 

and tensile strength had been achieved the maximum value 

before fatigue. While for stress strain at the 70% of the 

fiber had the maximum value of stress was 60Mpa and 2% 

of strain before failure. 

 

METHODOLOGY  

This section will describe the process that has 

been done to complete thisresearch. First, prepared the 

mold. The kenaf was mixed up with the PU resin/binder 

based on target density of 200kg/m
3
. The samples were 

prepared in seven different filler percentages which are 

0/100, 5/95, 10/90, 15/85, 20/80, 25/75 and 30/70%wt of 

kenaf fiber-resin/composite binder. Then, samples were 

tested for their physical and mechanical properties using 

scanning electron microscopy (SEM) and universal testing 

machine. Figure-1 describes the procedure along the 

experimentation work in flowchart form. 

 

 
 

Figure-1. The flowchart of the experimental work. 

 

RESULTS AND DISCUSSION 

All of the parameters that have been listed were 

analyzed based on the data that have been obtained from 

the experiment on the prepared samples. The result and 

outcome of the analysis were configured on a graph and a 

table in order to show the comparison between the results. 

There were seven samples prepared to study the 

characterization of kenaf-fiber/PU resin composite. These 

samples have been produced based on the percentages of 

kenaf fiber mix with PU. The analysis and testing of this 

study were divided into three parts. The parts concludes 

with all of the parameters that have been listed were 

analyzed based on the data that have been obtained from 

the experiment and others analysis based on the prepared 

specimen. 
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Compressive test 

Figure-2, Table-1 (a) and Table-1 (b) show the 

compression strain test results for gradually increasing 

load in the stress versus strain reading. The highest value 

of modulus young was at 5% kenaf at thickness 50mm 

sample. While for stress strain, the best result was at 10% 

of kenaf at 50mm thickness of the sample. As the result, 

when we had increased the density of the composite 

boards which were increasing by the percentage of kenaf 

fiber, the molecules of composite boards more compact 

and clogged the air voids. The air voids had lessened and 

force exposes to the composite board, which resulting 

increment of strain in the composite board of kenaf fiber. 

Thus, the inner structure of the composite would break at 

the strain of 0.1. 

 

 

Table-1(a). Modulus Young in compression test for sample’s thickness 25mm. 
 

 
 

Table-1(b). Modulus Young in compression test for sample’s thickness 50mm. 
 

 
 

 
(a) 

 
(b) 

 

Figure-2. Result of compression test for samples with 

thickness (a) 25mm (b) 50mm. 

 

Density and porosity test 

Figure-3 and Figure-4 show the variations in the 

density and porosity of the various samples along with the 

standard variations. As expected, the experimental and the 

calculation show a similar result. However, increasing the 

weight percentages of the fiber in the composite foams 

will also increase the density of the composite boards. 

 

 
(a) 

 

 
(b) 

 

Figure-3. Result of composite density against different 

filler percentages for sample’s thickness (a) 25mm (b) 
50mm. 

 

 
(a) 
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(b) 

 

Figure-4. Result of porosity test against different filler 

percentages for sample’s thickness (a) 25mm (b) 50mm. 
 

Morphology analysis  

The irregularity of the result obtained could 

happen due to the few technical problems while preparing 

the samples. For example, the fiber could have been cut in 

unequal size, the mixture of kenaf fiber and PU resin have 

not blend well and cause non-uniform distribution of fiber 

content, etc. The composite material have been produced 

using the polymeric sponge method to gain a macro 

porous honeycomb typical structured of reticulated 

cellular solids. Figure-5 shows the magnification of the 

kenaf-fiber composite structure of 100%wt pure PU resin 

compared 30%wt of kenaf fiber content in it. 

 

(a) 

 

 
(b) 

 

Figure-5. Structure of (a) 100%wt. pure PU resin (b) 

30%wt kenaf fiber content. 

CONCLUSIONS 

The results show that kenaf fiber has better 

mechanical properties as a composite board material since 

it shows a high strength, lower density and ability to 

endure the higher stress/load on it. Increasing the 

percentages of kenaf fiber content in composite board will 

also increase the sound absorption capability of the 

composite. The optimal percentage of kenaf fiber content 

should be less than 30wt%, where higher than that the 

natural fiber becomes less absorbed and the inner structure 

is clogged with the filler content. From the morphological 

analysis of pure PU resin composite, the inner structure of 

the sample contains a larger air formless void compared to 

the others. Besides that, the value of porosity and density 

of the pure PU resin composite is the highest among the 

others. The sample thickness has not affected the 

morphology analysis and mechanical properties of the 

composite.  
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