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A B S T R A C T 

 

This paper presents an experimental study of epoxy and sisal fibre composites with and 

without potassium permanganate and stearic acid treatment. A compression moulding 

technique was used to develop the composites. Differential Scanning Calorimetry (DSC), 

tensile and flexural tests, and scanning electron microscopy were used to investigate the 

thermal and mechanical behaviour of these composites. SEM images of sisal fibres 

revealed improvements in the fibre's surface topography further to the surface stearic acid 

treatment process. X-ray diffraction (XRD) analysis reveals that sisal fibre is crystalline 

in nature. When sisal fibre was treated with streaic acid, the tensile strength increased to 

43.45 MPa. Potassium permanganate-treated fibre reinforced composites demonstrated 

high potential flexural strength. SEM analysis revealed that stearic acid-treated fibre 

improved interfacial adhesion between the fibres and matrix. 

1 Introduction 

The materials researches have a direct impact on scientific and technological developments. Metals and polymers are 

used in a variety of applications in daily life, and these technological advancements are largely dependent on advances in the 

field of material science. A composite is made up of one or more discontinuous phases embedded in a continuous phase. The 
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discontinuous phase is generally harder and stronger than the continuous phase and is referred to as the reinforcement or 

reinforcing material, whereas the continuous phase is referred to as the matrix. The properties of composites are primarily 

determined by the properties of their constituent materials. Natural fibres such as banana, coir, sisal, hemp, and others are 

now widely used by material scientists in the development of polymer matrix composites. Because these natural fibres are 

derived from plant sources and are eco-friendly in nature Furthermore, the strength of these fibres is relatively high. The 

strength of these natural fibres can be increased by modifying the surface of the fibres. One among in this, the Sisal fibre is 

one of the most commonly used natural fibres and is very easily cultivated. Sisal fibre obtained from the sisal plant that is 

commonly known as agave sisalana. sisal plant having a short growing period, widely available, easy to cultivate sisal fibres 

shows the excellent physical and mechanical characteristics. Normally sisal plant able to produce about 200-500 leaves and 

each leaf consists of 1000-1200 fibre bundles. Before using natural fibres in a polymer composite, there are some issues and 

constraints to consider. One of the most serious issues with natural fibre is its hydrophilic nature. Because of this hydrophilic 

nature, fibres swell and fungi can be attacked [1, 2]. The chemical nature of plant-based natural fibres is critical and differs 

from fibre to fibre. The aspect/ratio and cellulose content of the fibre materials have the greatest impact on fibre performance. 

The concentration of cellulose, hemicellulose, and lignin in plant-based fibres has a major impact on the overall efficiency 

[3]. Sisal fibres are suitable for construction industries for a wide range of reasons, such as ease of cultivation, good thermal 

and acoustic insulation capabilities, and great toughness and abrasion resistance [4]. The main disadvantage of these fibres 

is that they have poor interfacial adhesion between polar and hydrophilic matrix. When natural fibres are reinforced with 

matrix, they exhibit poor wetting properties, resulting in a weak interface in the composite. If these interfaces are weak, load 

distribution is not uniform and effective load distribution cannot be achieved. The mechanical properties of the composite 

can be varied [5]. The following literatures provide the details on fibre chemical treatment, and to improve the fibre matrix 

interface. 

Paramasivam, Abdulkalam et al [6] worked on sisal fibre reinforced epoxy composites. it is found that Tensile strength 

of sisal epoxy composites was found to be 250-300 Mpa, which can be compared with strength of fibre glass epoxy 

composites of the same composition. The unidirectional modulus of sisal epoxy composites was found to be about 8.5 Gpa.  

Also authors are fabricated some cylindrical components using sisal epoxy composites.                     

A. Valadez-Gonzalez et al. [7] studied the interfacial shear strength of silane chemical modified polyethylene matrix 

composites. Results shows that composites made using alkali treated fibres are higher when compared with untreated fibre 

reinforced silane polyethylene composites. These increases in the results are due to the better fibre wetting and adhesion 

between fibre and matrix.          

Varghese et al. [8] have studied the effect of chemical treatment on the tensile, dynamic mechanical, electrical and ageing 

properties of the short sisal fibre reinforced LDPE composites. Treatments using chemicals such as sodium hydroxide, 

isocyanate, permanganate and peroxide were carried out to improve the bonding at the fibre polymer interface. It was 

observed that the treatments enhanced the tensile properties of the composites considerably. It has been observed that the 

cardanol derivative of toluene diisocyanate treatment reduced the hydrophilic nature of the sisal fibre and there by enhanced 

the tensile properties of the sisal LDPE composites. They found that peroxide treated composites showed on enhancement in 

tensile properties due to the peroxide induced grafting. It was also found that permanganate treated composites also showed 

similar trend due to the permanganate induced grafting. 

R.G. Raj et al. [9] investigated the influence of using various dispersing acids such as stearic acid and mineral oil and a 

coupling agent maleated ethylene. In cellulose fibre reinforced polypropylene composites tensile strength and modulus of the 

composites studied were found to increase with fibre content when either stearic acid or mineral oil 1% by weight of fibre 

were added as processing acids during the compounding.The properties also were found to be affected by the amount of 

processing acid used. Maximum increases in the properties were observed when the aid was added in 1% concentration by 

weight of the fibre. 

Siby Varghese, et al. [10] have studied the mechanical properties of acetylated and untreated short sisal fibre reinforced 

natural rubber composites and found that acetylating improves the adhesion between the rubber and the fibre. They have 

investigated the effect of different bonding agents on the physical and mechanical properties of sisal fibre reinforced natural 

rubber composites. The treatments employed included alkali immersion at high temperature and use of bonding agent based 

on phenol formaldehyde resorcinol formaldehyde precipitated silica at different concentrations. They concluded that alkali 

treated fibre imparts better physical properties mixes than he untreated fibre. 
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The current study looked at the use of stearic acid and potassium permanganate for fibre surface modification and the 

ability of sisal fibre as a reinforcement material composite using epoxy as a matrix. Some of the fibres were treated with 

stearic acid, while others were treated with potassium permanganate to improve mechanical and thermal properties by 

increasing fibre-to-matrix adhesion when compared to untreated fibres. To describe the observed tensile properties of the 

fibres, morphology of the fibre surface and fractography studies of the surfaces of tensile tested specimens were also carried 

out. 

A complete characterization of a material is very useful when searching for potential applications for it. Many interfacial 

phenomena such as adsorption, wetting, and adhesion are caused by the surface composition of the elements in polymer 

composites, so it is crucial to describe fibres before and after chemical treatment to assess the use of sisal fibre in 

biocomposites. Various analytic techniques were used to characterise sisal fibre in this study. The impact of various chemical 

treatments on the fibres was also studied. As a result, this work aims to address crucial fibre features in order to promote their 

expanding utility. 

Various analytic techniques were used to characterise sisal fibre in this study. The impact of various chemical treatments 

on the fibres was also studied. As a result, our research aims to address essential fibre characteristics in order to facilitate 

their increased use in current and future applications such as polymeric biocomposites. 

2 Materials and methods 

2.1 Sisal fibre 

The sisal fibres which is used for the reinforcement is collected from the local sources. The fibres were mechanically 

comminuted to the size of diameter 0.5–2.0 mm. 

2.2 Epoxy resin 

In this work epoxy resin grade LY 951 has been used along with hardener HY951. These resins are thermosetting 

polymers and used as adhesives, these resins having properties such as low shrinkage, good adhesion, and resistance to the 

moisture. Both supplied from S&S polymers Bangalore. 

2.3 Stearic acid  

Stearic acid with acetone solution is used to modify fibre surfaces. The stearic acid chemical formula is represented by  

CH3(CH2)16COOH.The carboxyl group of stearic acid reacts with hydroxyl groups of the fibre and improves the fibre and 

water resistant properties. Chemical treatment removes pectin, wax, oil covering materials from the fibre surface which 

results in more cellulose microfibrills are to appear on the fibre surface. 

The following equation 1 shows the chemical reaction between the NaoH and fibre 

 Fibre-OH+NaoH→fibre-O-Na+  (1) 

In this reaction the OH groups of cellulose is converted into ONa groups increases the dimensions of molecules. Due to 

the washing with distilled water will remove the linked Na-ions that is Na+ ions and new crystalline structure is formed. 

2.4 Potassium permanganate treatment 

The powdered fibres are immersed in 100 ml potassium permanganate and a 100 ml acetone solution for 30 minutes. 

Then the fibres are washed with distilled water and after washing, the fibres are allowed to dry in sunlight for 2 days 

The following equation 2 shows the reaction between fibre OH group and potassium permanganate 

 Fibre-OH+kmno4→Fibre-O-H-O-Mn-OK+ (2) 

This treatment results in formation of highly reactive permanganate ions they react with cellulose and forms cellulose 

magnate which initiates the polymerization process. This treatment provides the chemical interlocking at the interface and 

develops adhesions between fibre and matrix. Permanganate treatment reacts with the OH groups of lignin and removes them 
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from the fibre. Due to this treatment fibre surface becomes rougher there by mechanical interlocking with the matrix can be 

improved. 

Composites containing 70% of Epoxy and 30% of natural sisal fibres. Melt mixing of short-cropped Sisal Fibres(SF) and 

epoxy(along with hardener) was carried out in a twin rotary mixer (XK-160B, Shanghai Rubber Machinery Factory, China) 

with a rotation speed of 60 rpm for 5 min at 1800C. After melt mixing, the composites with 10 wt% SF content were fabricated 

by compression moulding with flat vulcanizing machine (XLB-0350 x 350, Huzhou Dongfang Machinery, China).No 

pressure was applied for 5 min and then 10 GPa pressure was applied for 10 min at 1800C. Before demoulding, the samples 

were then cold pressed for 15 min down to about 600C. 

2.5 X-ray diffraction 

An X-ray diffraction study was performed to determine the crystallographic nature and crystallinity of the selected fibres. 

A Bruker Diffractometer Model D8 with CuK radiation (= 1.5406) and a Ni filter, operating at 40 kV and 30mA, was used 

for this purpose. 

2.6 Differential Scanning Calorimetry (DSC) 

The equipment used was a Shimadzu DSC-60; all samples were analysed from 25 to 600 0C with a heating rate of 

200C/min. 

2.7 Mechanical testing 

The tensile test was performed as per the ASTM standard D638.Universal testing machine (make KIC-2-1000-c) used 

for the tensile test. Tensile specimen is placed on the universal testing machine and the tensile load is applied gradually. The 

flexural test was performed as per the ASTM standard D-5943.Universal testing machine (make KIC-2-1000-c) used for a 

flexural test. Flexural test is a three-point bend test. Flexural specimen is placed in the universal testing machine. When the 

load is applied the specimen bends the computer generate the graphs and all the properties of the specimen. 

2.8 Scanning electron microscopy 

Scanning electron microscopy (SEM) observations were made on a ZEISS EVO 40 microscope. Voltage between the 

electrodes was 17.2 kV. Observations were performed of the cleavage surfaces of the composite samples, coated with 

sputtered gold film to increase contrast. 

3 Result and discussions 

3.1 X-ray diffraction 

Powdered sisal fibre was placed in a sample holder and scanned continuously in the 10°-80° range at a rate of 20o per 

minute. Following R. Nayak, et al. [11] to determine the crystallinity index (CI) of the fibre, first the area under the peaks 

(shaded area figure 1) and the total area in the obtained XRD spectrum were determined using Solid Edge CAD software. 

Then, crystallinity index (in %) was obtained using the formula. 

 
(𝐴𝑟𝑒𝑎 𝑜𝑓 𝐶𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛)

(𝐴𝑟𝑒𝑎 𝑜𝑓 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛+𝐴𝑟𝑒𝑎 𝑜𝑓 𝑎𝑚𝑜𝑟𝑝ℎ𝑜𝑢𝑠 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛)
× 100  = 𝐶𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦(%) (3) 

The spectra are distinguished by a strong peak (a broad hump) at 2 values at 16.5 o, a very strong peak at 22.7 o, and another 

peak at 15.4 o. The narrow peak in the graph, which could be due to contamination in the fibre, most likely from an inorganic 

substance [12]. Calculated crystallinity index of sisal fibres of Karnataka obtained from Fig. 1 was found to be about 53%. 

3.2 Differential Scanning Calorimetry (DSC) 

Figure 2 revealed the presence of endothermic peaks corroborating the events of the DTG. The first event was related to 

moisture, the second event was related to the degradation of the fatty chains, and the third and the fourth event were related 
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to the degradation of the polymer chains. By Comparing the DSC curves of the composite and matrix, was observed an offset 

of events at lower temperatures due to the presence of the fibre. Thus, an interaction between the fibre/matrix can be inferred 

[13, 14]. 

  
Fig. 1 – X-ray diffraction spectrum of Sisal fibre Fig. 2 – DSC curves of the untreated and treated sisal 

fibres 

3.3 Tensile and flexural test  

The variations in the tensile strengths of both the composites are shown in below table. The tensile strength of the 

KMnO4(potassium permanganate) treated sisal fibre epoxy composite is 29.58 N/mm2 while Stearic acid treated composite 

shows 43.45 N/mm2 and from this result we concluded that stearic acid treated sisal fibre reinforced composites shows better 

tensile strength as compared to potassium treated sisal fibre reinforced composite. Therefore, stearic acid treated sisal fibre 

epoxy composite significantly improves the load carrying capacity and with stands the tensile stresses. 

Table 1: Results of Tensile and flexural strength of sisal Untreated and Treated fibre composites 

Sample 
Tensile strength 

(MPa) 

Flexural strength 

(MPa) 

Untreated fibre+ epoxy (30%wt+70%wt)  22.76 96.41 

Potassium permanganate treated specimen 1 (30%wt+70%wt) 29.58 109.32 

Potassium permanganate treated specimen 2 (30%wt+70%wt) 29.59 109.32 

Potassium permanganate treated specimen 3 (30%wt+70%wt) 29.58 109.11 

Stearic acid treated 1 (30%wt+70%wt) 43.39 103.36 

Stearic acid treated 2 (30%wt+70%wt) 43.45 103.36 

Stearic acid treated 3 (30%wt+70%wt) 43.42 103.36 

The above table shows the flexural strengths of the both the composites. The potassium permanganate treated sisal fibre 

epoxy composite shows the flexural strength of 109.32Mpa and stearic acid treated sisal fibre epoxy composites shows the 

flexural strength of 103.36 Mpa. From the results it is cleared that potassium permanganate treated sisal fibre epoxy 

composites shows better flexural strength when compared to stearic acid sisal fibre epoxy composites. The lignocellulosic 

fibres seem to responsible for the reduction in deformation capability. The epoxy matrix is ductile, whereas the lignocellulosic 

fibres are brittle, resulting in a loss of toughness in the composite material. 

The tensile and flexural strengths of untreated sisal epoxy composites were significantly lower than those of treated sisal 

epoxy composites (from table 1). This pattern can be explained by the fact that the fibre surface became rough after treatment 

with potassium permanganate and stearic acid. As seen in the SEM images (Fig 3b, 3c and 3d), the epoxy matrix wetted 

around the sisal fibre, resulting in better load transfer in the fibre [15, 16]. Similar trend found in Seetha Girish et al, [17] 

Evaluated treated and untreated coir fibre reinforced vinyl ester composites and found that NaOH treated fibre increased 

tensile strength and tensile modulus by 10% over untreated fibre composites.  
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3.4 Scanning electron microscopy 

Figure 3 (a) shows scanning electron micrograph of the longitudinal section of the untreated sisal fibre, while Figure 3(b) 

shows the fractured surface of potassium permanganate treated sisal fibre. Longitudinal section of the fibre figure 3(a) shows 

smooth surface covered with cellulose and other wax substances. Whereas Figure 3(b) shows rough surface, that a layer of 

extractives was removed after the potassium permanganate treatment. Figure 3(c) shows the stearic acid treated fibre 

morphology. In this fibre pull-out as well as holes resulting from fibre delamination were observed regardless the nature of 

the fibre. Figure 3(d) shows The fractured surfaces of each composite revealed extensive interfacial delamination between 

the fibre and the matrix. It indicates that lignocellulosic fibres were hardly wetted by the epoxy matrix with a gap developing 

around the fibres. These could be reason for the variation in observed different strength values.  

      

      

Fig. 3 – Scanning electron micrograph of the longitudinal section of, 3(a) untreated sisal fibre, 3(b) fractured surface of 

potassium permanganate treated sisal fibre, Figure 3(c) Fibre pull outs in stearic acid treated fibre morphology and 3( 

d) interfacial delamination between the fibre and the matrix in stearic acid treated fibre morphology 

4 Conclusion 

This study showed that by using the compression moulding technique it was possible to process highly filled composites. 

XRD results indicated the fibre to have mainly the Cellulose I structure and crystallinity index of about 53%.DSC of sisal 

fibre revealed the thermal degradation details of sisal fibre samples and also their thermal stability. 

All of these tensile and flexural strength values are greater than the untreated sisal fibre composite sample. It is attainable 

that the treated fibres used in this study have a higher strength. Morphology studies revealed the number of defects along the 

length of the fibre, while fractured surface exhibited flat surface with intracellular fractures clearly indicating brittle nature 

of the fibre. 
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