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ABSTRACT 
Natural fiber reinforced composites are becoming more and more popular because of their good mechanical and thermal 
qualities, affordability, and environmental friendliness. The impact of thickness on the density and thermal conductivity 
of sisal/palm hybrid epoxy composites is examined in this work. The composites are made with different thickness levels 
while keeping the matrix composition and fiber ratio constant. To comprehend how thickness affects material 
compactness and void content, the density of the composites is assessed. To evaluate the hybrid composite system's heat 
transfer properties, thermal conductivity analysis is performed. The findings show that thickness has very little direct 
impact on density; nevertheless, porosity and fiber dispersion cause small changes. On the other hand, thermal resistance 
rises with thickness, improving the composite's insulating properties, while thermal conductivity stays almost constant. 
Because of their porosity nature and air trapping, the hybridization of sisal and palm fibers improves thermal insulation. 
The usefulness of sisal/palm hybrid epoxy composites for thermal insulation applications in engineering domains is 
highlighted in this study. 
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1. INTRODUCTION 
The increasing demand for sustainable and eco-friendly 
materials has led to the development of natural fiber 
reinforced polymer composites as an alternative to 
conventional synthetic materials. Natural fibers such as 
sisal and palm are widely used due to their advantages 
including low cost, biodegradability, light weight, and 
acceptable mechanical and thermal properties. These 
fibers, when combined with a polymer matrix like epoxy 
resin, form composites that are suitable for applications in 
automotive, construction, and thermal insulation sectors. 

Sisal fiber is known for its high strength, stiffness, and 
durability, making it an effective reinforcement material in 
composite structures. In contrast, palm fiber possesses a 
porous structure and low density, which enhances thermal 
insulation properties. The combination of these two fibers 
in a hybrid composite allows for the utilization of their 
individual benefits, resulting in improved overall 
performance. The epoxy matrix acts as a binding agent 
that transfers load between fibers and provides structural 
integrity to the composite. 
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Thickness is an important parameter that influences the 
physical and thermal properties of composite materials. 
Ideally, density is an intrinsic property and should remain 
constant regardless of the thickness. However, in practical 
fabrication processes, variations in thickness can lead to 
differences in fiber distribution, resin content, and void 
formation. Thicker composites may contain more air 
pockets or defects due to uneven resin flow, which can 
slightly reduce the effective density. 

Thermal conductivity is a key factor in determining the 
insulation capability of composite materials. Natural fiber 
composites generally exhibit low thermal conductivity due 
to the presence of air-filled pores within the fibers. 
Although thermal conductivity itself does not directly 
depend on thickness, the overall heat transfer is influenced 
by it. As the thickness increases, the thermal resistance 
also increases, thereby improving the insulation 
performance of the composite material. 

Understanding the effect of thickness on density and 
thermal conductivity is essential for optimising the design 
of sisal/palm hybrid epoxy composites. These materials 
have significant potential for use in lightweight structures 
and thermal insulation applications. Therefore, this study 
focuses on evaluating how thickness influences the 
physical and thermal behaviourof the composite, providing 
insights for better material selection and engineering 
applications. 

2. LITERATURE SURVEY 
Natural fiber is a widely accessible, biodegradable, and 
environmentally friendly material. Alternative materials 
for polymer composites are being investigated by industry 
and researchers. The automotive and construction 
industries are once again interested in using natural fibers 
in place of glass fibers in composite components. Empty 
fruit bunches (EFB) are widely available, and oil palm is a 
major crop in Southeast Asian nations, with Malaysia 
being one of the world's largest producers of palm oil. 
Large amounts of residue are produced during the 
manufacture of palm oil; the most significant EFB is 
hardly used and is thrown away [1].One tonne of palm oil 
requires the production of 1.07 tonnes of EFB. The most 
significant plant fibers, after cotton, are jute fibers. In 
terms of usage, production, availability, and worldwide 
consumption, it is the second most significant vegetable 
fiber after cotton. Hybrid composites are the result of 
combining two or more natural fibers into one matrix. The 
behaviour of hybrid composites is a weighed sum of the 
individual components in which there is more favourable 
balance between the inherent advantages and 
disadvantages. While using a hybrid composite that 
contain two or more types of fibre, the advantages of one 
type of fibre could complement with what are lacking in 

the other. As a consequence, a balance in cost and 
performance could be achieved through proper material 
design [2].It said that the kind, orientation, and volume 
percentage of the fibers affect the heat conductivity of 
fiber-reinforced polymer composites. The heat 
conductivity of polymer composites based on natural 
fibers has been the subject of numerous investigations. By 
changing the volume percent, temperature, and fiber 
angles (00, 450, and 900), researchers examined the 
thermal conductivity characterization of bamboo fiber 
reinforced composite [3].In relation to the measured 
direction, it is found that the composite's thermal 
conductivity rises with mean fiber length but falls with 
mean fiber orientation angle [4].In a different study, 
researchers examined the thermal conductivity and 
thermal diffusivity of polyester/natural fiber (banana/sisal) 
composites for various fiber surface treatments and as a 
function of filler concentration [5].They found that the 
effective thermal conductivity of the composite decreased 
when the banana/sisal fiber was added. This indicates that 
the polymeric matrix's thermal conductivity appears to be 
more significant than the banana or sisal fiber. In a 
different investigation, composites' thermal conductivity 
rose in comparison to the matrix [6].In this way, 
hybridisation of fibers with and without hard particles 
improve the mechanical, wear , impact and fatigue 
properties of natural fiber composites[7,8,9]. 

3. TESTING METHODS 
The manufactured hybrid composites (sisal/ palm, ) are cut 
as per ASTM standards and their physical, mechanical and 
acoustical properties are studied. 

3.1 Physical Properties 
The physical properties like thickness, density and thermal 
conductivity of the hybrid composite are determined 
according to ASTM standard test procedure. 

3.1.1 Thickness 
The thickness of natural fiber composite material 
influences the sound absorption  capacity (HasinaMamtaz 
et al.2016).The hand held thickness gauge The hand held 
thickness gauge is a special device, having  maximum 
capacity 10 mm and 0.01mm accuracy, 
isusedtodeterminethe thicknessofcomposite materials. The 
thickness of the HFC is determined according to the 
ASTM D1777 standard method. The thickness gauge is 
exposed in Figure 3.8. The composite sample to be 
measured is placed on the anvil and  the specified pressure 
on the composite sample is applied and noted the sample 
thickness reading, accurate to 0.01mm.The procedure is 
repeated at least three different positions in the composite 
sample the average thickness value of composite sample is 
noted. 
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Figure 3.1.1 Thickness gauge Tester 

3.1.2 Density 
Density of material is one of the main factors that 
influence the sound absorption characteristics of the 
composite material and also the acoustic material cost 
influences directly related to its density. When the 
apparent density is large, the quantity of fibers per unit 
area increases. The increase of surface friction causes the 
increase of energy loss, therefore, the sound absorption 
coefficient increases (SAC). The sound absorption 
capacity at medium and high frequency increases, as the 
composite sample density increases. The open structure 
and lesser dense material will absorb low frequency (500) 
Hz sound. At frequencies higher than 2000 Hz, the 
performance of the denser structure is better (Koizumi et 
al. 2002).Density offered a suitable means of obtaining the 
mass of a body from its volume or subordinate vice versa; 
Density can also be expressed as kilograms per cubic 
meter. The weight of a body can be calculated by 
multiplying the mass and the acceleration of gravity. The 

density of composite material is determined in accordance 
with ASTM D4762. 

3.1.3 Thermal Conductivity 
The thermal conductivity is defined as the rate of which 
heat is observed by the unit cross-sectional area of the 
material when the temperature gradient is perpendicular to 
the unit cross-sectional area of the material. The thermal 
conductivity is determined according to ASTM E1530 
using Asian heat transfer through composite wall machine 
which is shown Figure 3.9. The composite samples are cut 
in to a circle of diameter of 110 mm and thickness 3 mm. 
The two samples are placed between the discs. For the top 
sample, 6 thermocouples and the bottom sample 3 
thermocouples are provided. Then, the heating plate is 
placed between the two disks, thereby transferring heat to 
the two disks. The volts and ambient temperature are 
obtained at temperatures of 20, 40 and 60. The heat at each 
temperature is transferred for 10 minutes, and the reading 
is noted. (Siva Bhaskara Rao Devireddy et al.2016). 

 
Figure 3.1.3 Asian heat transfer through composite wall machine 
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Thermal conductivity of composite specimen,

  1 1      /     a bK q b T T Wm K    

Where, 

q  = Heat flux ( 2   /     q Q A Wm )     b   = Thickness 

of composite plate (m) 

 aT  = Inlet temperature (°C)      bT = Outlet temperature 

(°C) 

 Q  = Heat supplied (watt)           A  = Area of composite 

plate 

 V  = Voltage supplied        I   =   Current supplied 

4. DETERMINATION OF PHYSICALPROPERTIES 
OF SISAL/PALM FIBER REINFORCED EPOXY 
HYBRID COMPOSITES 

The load-bearing capacity and dimensional stability of 
natural fiber composites under most and high temperature 
conditions are very important. There exists natural fiber 
composites suitable for structural purposes, but regularly 
synthetic thermo set matrices are used, which certainly 
limits the environmental benefits. The natural fibers like 
sisal, palm and jute have a high aspect ratio, high specific 

strength and rigidity, consequently they have great 
potential for strengthening structural materials. In addition 
to the improved specific physical properties and the 
positive impact on the environment, it also has other 
advantages including low cost, friendly processing, no 
skin frustration, low tool wear and better heat and sound 
insulation properties. If the matrix material also obtained 
from renewable resources, a complete ecological system 
can be achieved. 

This chapter deals with the results of experimental 
characterization tests conducted on natural fiber hybrid 
composite containing sisal and palm fibers as the 
reinforcements and epoxy resin as a matrix. Notably, the 
physical properties such as thickness and density are 
considered. Then, thermal conductivity performance of the 
composite samples considered for the research work is 
presented. The physical properties of the hybrid composite 
samples are determined as per ASTM D1777 for thickness. 
ASTM D4762 for density and ASTM E1530 standard 
methods for the thermal conductivity. In sequence to study 
the effect of fiber type, number of layer thickness, density  
and thermal conductivity on sound absorption, the 
prepared hybrid composite samples  physical properties 
are  determined and their average values are presented in 
Table 4.1. 

Table 4: Physical Properties of Sisal/Palm Hybrid Composite 
Composite composition Thickness (mm) Density (g/cm3) Thermal conductivity (W/m K) 

Sample A 3.37 1.03 3.29 
Sample B 3.31 1.06 2.71 
Sample C 3.41 1.11 2.42 

From the Table 4., it is observed that the density of the 
hybrid composite samples A, B and C are 1.03 g/cm3, 1.06 
g/cm3 and 1.11 g/cm3 respectively. While comparing the 
densities of the composite samples A, B and C, it is 
noticed that sample C has more density value of 1.113 
g/cm 3. Similarly, from the thickness of three samples, 
sample C has more value (3.41mm) compared to other 
samples. From the comparisons (Table 4.1) revealed that 
the hybrid composites thermal conduction decrease, the 
fiber thickness increases. It is due to adhesion between the 
fiber and matrix. 

4.1.1Thermal conductivity 
The capability of the material to transfer the heat is termed 
as thermal conductivity,which is measured by using Asian 

Heat Transfer through Composite Wall Equipment as per 
ASTM standard. Thermal conductivity depends on various 
parameters like density, morphology and homogeneity of 
the materials (Sair et al. 2018).The results obtained from 
test of thermal conductivity on sisal/palm hybrid 
composite samples are shown in Figure 4.1.The result 
reveals that composite sample C has a lesser thermal 
conductivity compared with other samples A and B. The 
maximum thermal conductivity is noted in the sample A.It 
is concluded that sample C, exhibited thermal conductivity 
(2.42 W/m-K) which is lower than the other two samples 
(2.71 W/m-K& 3.29 W/m-K), are appropriate to act as 
insulating material. 
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Figure 4.1.1 Thermal conductivity of sisal/palm hybrid composite samples 

CONCLUSION 
The study analyzed the effect of thickness on the density 
and thermal conductivity of sisal/palm hybrid epoxy 
composites. Results show that density slightly increases 
with thickness due to improved fibre packing and reduced 
voids. Thermal conductivity decreases as thickness 
increases, enhancing insulation performance. Sample C 
exhibited the highest density and lowest thermal 
conductivity, indicating better overall performance. The 
presence of porous palm fibers and air entrapment 
contributes to reduced heat transfer. Hence, the composite 
is suitable for lightweight thermal insulation applications. 
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