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Abstract 

In this paper, a biocomposite is developed by using bio-degradable and lignocellulosic fibre such as Jute and watermelon as 

reinforcement materials. Epoxy is one of the most commonly used materials and here we use commercially available epoxy resin 

LAPOX L12 along with hardener LAPOX K6 as matrix material for the fabrication of different plates. Synthesis of the watermelon 

fibres was carried out using a high energy ball mill. Both jute mat and watermelon filler are treated with 5% Sodium Hydroxide 

solution for an hour at ambient temperature. For the processing of matrix, we used a ratio of 10:1 for resin and hardener 

respectively. The matrix is reinforced with watermelon filler reinforcing by using a mechanical stirrer at 750 rpm for 30 minutes 

at room temperature. The biocomposite is processed using different weight percentages of jute mat fibres and watermelon filled 

epoxy polymer matrix by hand lay-up technique followed by compression moulding. The thermal behaviour of surface treated 

watermelon filled epoxy composites were compared using Differential Scanning Calorimetry (DSC) and Thermogravimetric 

Analysis (TGA).         
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ABBREVIATIONS 

 To : Extrapolated Onset Temperature 

 Cp : Heat Capacity 

 Tg : Glass Transition Temperature 

 Tc : Crystallization Temperature 

 Tm : Melting Temperature 

 Hf : Enthalpy of Fusion 

I. INTRODUCTION 

High-performance plastics and composites, which appeared in the 20th century, have infiltrated to the national economy and 

people’s lives in various fields with a rare rate of development in the history. They have become the substitutes for traditional 

materials, showing improved performance. Now, with the rapid development of science and technology, materials play an 

important role in the national economy [1]. As the rapid development of modern science and technology, there are more harsh 

special requirements for materials. The research of material is gradually breaking away from the track of researching by experiences 

and fumbling methods. It develops in the direction of material designing according to the designed properties. Additionally, natural 

fibres have low density and high specific properties. The specific mechanical properties of natural fibres are comparable to those 

of traditional reinforcements [2-4]. Thus, the intrinsic properties of natural fibres can satisfy the requests of the global market [5] 

especially for those industries concerned in weight reduction [6]. That is why they can be potential substitute for non-renewable 

synthetic fibres [7]. However, high moisture absorption, poor wettability and insufficient adhesion between untreated fiber and 

polymer matrix lead to debonding at fibre-matrix interface [8]. Again, biodegradable fibres need to be reinforced to improve their 

properties [9-11]. 

In the past few decades, research and engineering interest has been focused toward lignocellulosic fibers such as Jute, hemp, 

sisal and coir due to their several economical, technical and environmental advantages [12]. They are an interesting, 

environmentally friendly alternative to the use of glass fibers as reinforcement in engineering composites [13]. Indeed, 

lignocellulosic fibers are renewable and nonabrasive. Moreover, they exhibit excellent mechanical properties. The use of 

lignocellulosic fibers in the polymer materials tends to grow due to the fact that natural fibers are less costly and have low specific 

weight and comparable strength and stiffness with glass fiber [14]. The properties of composites reinforced lignocellulosic fibers 

are obviously related to individual properties of their components, but also to the fiber-matrix interface. In general, mechanical 

failures of these composites are mostly due to fiber pullout, fiber debonding, and fiber breakage. Indeed, the role of the matrix in 

a fiber reinforced composite is to transfer the load to the stiff fibers through shear stresses at the interface. This process requires a 

good bond between the polymeric matrix and the fibers. Poor adhesion at the interface means that the full capabilities of the 



Thermal Behaviour of Jute Fibre and Watermelon Filled Epoxy Based Bio-composite  
(IJSTE/ Volume 4 / Issue 12 / 021) 

 

 All rights reserved by www.ijste.org 
 

116 

composite cannot be exploited and leaves it vulnerable to environmental attacks that may weaken it, thus reducing its life span. 

Insufficient adhesion between hydrophobic polymers and hydrophilic fibers result in poor mechanical properties of the natural 

fiber reinforced polymer composites. Lately many studies have reported about chemical modifications of lignocellulosic fibers that 

improve their interaction with polymeric matrices. One of the most studied chemical treatments is named “Alkalization” which 

consists on treating lignocellulosic fibers in an alkaline solution in order to remove lignin, pectin, waxy substances, and natural 

oils covering the external surface of the fiber cell wall. Gassan and Bledzki (1999) improved the tensile, flexural strength and 

stiffness of jute/epoxy composites by using NaOH treatment process with different alkali concentrations. Alawar et al. (2009) 

found that alkali treatment improved the tensile and thermal degradation proprieties of date palm fibers. Besides, Mishra et al. 

studied the effect of soda concentration on tensile strength of the sisal-glass hybrid polyester composites, sisal fibers were treated 

with 5 and 10 wt% NaOH solutions and found that treated fibers improved the tensile strength of the composites compared with 

the untreated one. However, 5 wt% NaOH was found to promote better mechanical properties than 10 wt% NaOH. The objective 

of this study is to determine and compare the thermal properties treated and untreated jute fibre and watermelon filler reinforced 

epoxy based bio-composites. 

II. EXPERIMENTAL 

Fibres are used in composite materials for a strong reinforcement. In this project, bidirectional Jute fibre mats and powdered 

watermelon peel are used as reinforcement for the composite material. Both the fibres are collected from the local market. Jute mat 

is used as fibre reinforcement and watermelon peel powder is used as particulate reinforcement (filler). The tensile strength, 

Young’s modulus and density of the Jute used were 500 MPa, 35 GPa and 1.3 g/cm3 respectively.  

Commercially available LAPOX L12 along with hardener K6 was used as matrix material in fabrication of different plates. 

Hardener is taken in the ratio of 1:10 (i.e.; for every 10 g of epoxy 1 g of hardener is added).  

Sodium Hydroxide (NaOH) is an alkaline solution used to enhance the surface morphology of natural fibres. Jute fibre and 

watermelon peel powder were treated with 5% NaOH for 3 to 4 hours that reduced the inter-fibrillary region of the fibre by 

removing hemicelluloses, lignin and impurities. After the alkaline treatment, the jute mats and watermelon powder are rinsed in 

the distilled water for several times. Later they were drawn and dried under sunlight for 1-2 hours.  

Mould of size 300 x 125 x 3 (mm) was used for the fabrication of sample plates. A release gel is sprayed on the mould surface 

to avoid the sticking of polymer to the surface. Thin plastic sheets are used at the top and bottom of the mould plate to get good 

surface finish of the product. Reinforcement in the form of woven mats are cut as per the mould size and placed at the surface. 

Then mixture of resin, hardener, and filler in liquid form poured onto the surface of jute mat already placed in the mould. Curing 

was done at room temperature for about 24 hrs. When the resin became completely cured, the composite was taken out of the 

mould and cleaned.  

 Thermogravimetric Analysis (TGA) 

Thermogravimetric analysis (TGA) measures weight changes in a material as a function of temperature (or time) under a controlled 

atmosphere. This analysis uses heat to force reactions and physical changes in materials. TGA provides quantitative measurement 

of mass change in materials associated with transition and thermal degradation. TGA records change in mass from dehydration, 

decomposition, and oxidation of a sample with time and temperature. It measures the percent weight loss of a test sample while 

the sample is heated at a uniform rate in an appropriate environment. The loss in weight over specific temperature ranges provides 

an indication of the composition of the sample, including volatiles and inert filler, as well as indications of thermal stability. 

Thermogravimetric measurements were performed using a NETZSCH STA 449 TGA system. Approx. 10mg samples were 

scanned from 25oC to 750oC at a heating rate of 10oC/min in a Nitrogen atmosphere.  

 Differential Scanning Calorimetry (DSC) 

Differential scanning calorimetry (DSC) is a thermal analysis technique which measures the temperature and heat flow associated 

with transitions in materials as a function of temperature and time. Such measurements provide quantitative and qualitative 

information about physical and chemical changes that include endothermic/exothermic processes or changes in heat capacity. Only 

a few milligrams of material are required to run the analysis. DSC measures Specific Heat Capacity, Heat of Transition, 

Temperature of Phase Changes and Melting Points. Differential scanning calorimetry thermal analysis provides test data for a wide 

range of materials. Calorimeters operate over a temperature range of -60oC to 500oC.  

Differential Scanning Calorimetry (DSC) measurements were performed using TA Instruments DSC Q20. Approx. 10 mg 

samples were scanned from a temperature range of -50 to 350oC at a heating rate of 10oC/min in a nitrogen atmosphere (50 ml/min). 

III. RESULTS AND DISCUSSION 

 Thermogravimetric Analysis Results 

TGA curves for the treated and untreated jute and watermelon fibre reinforced epoxy composites are shown in figure below. If 

serious degradation of natural fibre occurs at the melt processing temperature, the mechanical reinforcement effect of the fibre is 



Thermal Behaviour of Jute Fibre and Watermelon Filled Epoxy Based Bio-composite  
(IJSTE/ Volume 4 / Issue 12 / 021) 

 

 All rights reserved by www.ijste.org 
 

117 

decreased. Thus, TGA analysis was used to determine the high temperature degradation behaviour of the composites under air and 

nitrogen atmospheres. 

 
Fig. 1: TGA curves for (a) Treated, (b) Untreated Jute/Epoxy and (c) Treated Jute/WM/Epoxy Composite 

 

TGA data for treated and untreated jute and watermelon fiber reinforced epoxy composites are tabulated in the following Table1. 
Table – 1 

TGA data for Jute/WM/Epoxy Composites 

Composites Decomposition Temp. To(oC) 
Weight loss at 

100oC (%) 200oC (%) 300oC (%) 

U Jute/Epoxy 220.01 7.71 9.66 26.38 

T Jute/Epoxy 262.51 5.40 6.72 25.22 

T Jute/WM/Epoxy 270.45 5.28 6.24 19.30 

There was a peak for all the composites at approximately 100oC indicating the removal of moisture from the fibre. All composites 

showed the exact thermal decomposition in the temperature range of 210oC to 280oC. The degradation temperature of the untreated 

and treated Jute/Epoxy composites takes place at 220.01oC and 262.52oC respectively. But in the case of watermelon filled 

composite, the decomposition takes place at 270.45oC. A small lift in the degradation temperature can be seen from the above 

composite indicates a considerable reduction in weight loss. Towards higher temperatures, the weight loss is considerably reduced 

for treated composite when compared to untreated one. The higher degradation temperature of the treated composite may be 

attributed to the presence of filler content which resulted in increased thermal stability. 

 Differential Scanning Calorimetry Results 

The thermogram was recorded for all composite both samples and the results are shown below. 
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Fig. 2: DSC curves for (a) Treated, (b) Untreated Jute/Epoxy and (c) Treated Jute/WM/Epoxy Composite 

 

From the above melting and cooling data, corresponding heat capacity, glass transition, crystalisation, melting temperature and 

heat of fusion were recorded and are tabulated as shown below. 
Table – 2 

DSC data for Jute/WM Composite 

Composites Cp (J/goC) Tg (oC) Tc (oC) Tm (oC) ∆Hm (J/g) 

U Jute/Epoxy 0.0307 52.99 82.78 96.32 8.784 

T Jute/Epoxy 0.0359 63.00 108.26 114.33 7.237 

T Jute/WM/Epoxy 0.0359 57.98 83.14 103.90 23.63 

It can be seen that the energy absorbed while melting (∆Hm) for the Jute/Epoxy composite did not change, but there is a 

significant increase in ∆Hm due to the addition of fillers. From this, we understand that the addition of fillers did affect the fusing 

behavior of the polymer composite. It can be seen that the glass transition temperature of the untreated Jute/Epoxy composite are 

decreased when compared to treated composites. A similar change can be observed from the Melting Temperature(Tm). It is 

evident that treated fibres can definitely influence the crystallization behavior and stability of the polymer composites. 

IV. CONCLUSION 

The project investigated the thermal behaviour of three different formulations of treated and untreated Jute/Epoxy composite and 

Treated Jute/watermelon filled epoxy composites. Thermogravimetric analysis and Differential scanning calorimetric analysis 

were carried out. 

 Decomposition temperature of treated and untreated Jute/Epoxy composite occurs at 262.51oC and 220.01oC respectively. 

This indicates superior thermal behaviour of the treated composite. Highest decomposition temperature of 270.45oC obtained 

for the filler added Jute/Epoxy composite. 

 The Glass transition, Crystallization, and Melting temperature are higher for the treated Jute/Epoxy composite when compared 

to untreated. Similarly, the energy absorbed while melting (∆Hm) is high for filler added Jute/Epoxy composite. 

The above results indicating that, alkali treatment and presence of filler content improve the thermal behaviour of the Jute and 

Watermelon filled Epoxy based biocomposite. 
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