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Abstract: 

The alkali treatment and fiber content variations effect on the mechanical and thermal properties of natural fiber reinforced 

organic matrix of cashew nut shell liquid (CNSL) composite has been studied. Biocomposite consisting of natural fibers such as 

sisal, banana fibers and cashew nut shell liquid resin was produced by hand lay-up technique. The fibers were treated with 5% 

sodium hydroxide solution and varied between 10% to 40% weight fractions. With those same fibers loadings, Composite 

laminates with untreated natural hybrid fibers were also produced. The result shows that tensile, flexural strength, water 

absorption capacity. Thermal properties are examined by differential scanning calorimetry (DSC) test. 
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1. INTRODUCTION 

 

In recent days, natural fibers reinforced composites materials 

exhibit the superior mechanical properties than synthetic fiber 

reinforced organic polymer composites due to its inherent 

properties. The mechanical properties such as tensile strength, 

flexural and impact strengths of organic and inorganic fibers 

reinforced polymer composites with different fiber volume 

were evaluated by Ramesh et al. [1]. Sapuan et al. [2] 

fabricated the composites by using banana fiber is a waste 

product of banana cultivation and which is available in tropical 

countries like Malaysia and south India. This fiber has many 

advantages and holding higher mechanical strengths when 

compared to the inorganic fibers. Natural or organic fiber 

reinforced composites are renewable resource, biodegradable, 

environment friendly, light weight material when compared to 

the synthetic fiber reinforced composites [3,4].The potential 

applications of these composites are growing rapidly growth in  

engineering fields especially the cost of the material is main 

factor and to improve erosive environment [5, 6]. The 

mechanical properties of natural fiber composites treated with 

sodium hydroxide under saturation pressure can be improved 

without any major changes in mechanical behavior [7]. The 

use of natural fibers reduces weight by 10% and lowers the 

energy needed for productivity by 80%, while the cost of the 

component is 5% lower than the comparable fibers Glass-

reinforced component [8]. Current research in natural fiber 

composite materials is being directed at developing natural 

matrix materials that can provide the better possible 

performance and which cost also less than the traditional 

synthetic matrices. Resins from natural resources have been 

found to provide good natural polymer matrix qualities and 

their monomer compounds can be cross-linked to produce 

environmentally friendly polymer resin matrices that are also 

cost effective and renewable. Cashew nut shell liquid (CNSL) 

oil is a phenolic based monomer and which is commercially 

available is a good example of a natural based resin precursor. 

Studies on the use of CNSL as a resin for natural fiber 

reinforcement have produced encouraging results [9, 10]. The 

main constituents of CNSL are anarcadic acid, cardanol and 

cardol. Other constituents include 2-methyl cardol and other 

small amount of polymeric material. CNSL extracted by the 

cold-solvent method is called natural CNSL. The hot-oil and 

roasting processed CNSL is called technical CNSL [2]. The 

extraction processes of CNSL resin involving heat, anarcardic 

acid is usually decarboxylated into cardanol [11] and hence 

cardanol is the main constituent of technical CNSL. The 

objective of this paper is to study the effect of fiber content 

variation and treatment of fibers by alkalization on the 

mechanical properties of the natural fiber composites using 

CNSL as matrix materials. The aim was to examine the 

performance of a natural based resin as a matrix for natural 

fibers. A study of the mechanical behavior of the composites 

by tensile, flexure and water absorption tests are presented 

here, together with differential scanning calorimetry (DSC). 

 

2. MATERIALS AND METHODS 

2.1 Source of Materials 

Natural banana and sisal fiber bundles are used in this work. 

Both the materials were purchased from Sekar Company (P) 

Ltd, Chennai. There is no specifications was available 

regarding the physical characteristics of the supplied fibers 

such as length, diameter, density and processing conditions. 

Cashew nut shell liquid (CNSL) were purchased from Chellam 

resins Company (P) Ltd at Madukarai, Pondicherry. For all 

Chemicals, catalyst (methyl ethyl ketone peroxide/MEKP), 

accelerator (cobalt-naphthanate), spray wax and NaOH pellets 

was used for all commercial grade. 

 

2.2 Alkaline Chemical Treatment 

For this treatment, both Sisal and Banana fiber bundles are 

soaked in Sodium Hydroxide solution in concentrations of 5% 

solution for about 24 hours at room temperature thoroughly 

washed in the distilled water containing 1% acetic acid, to 

neutralize the excess sodium hydroxide, and then dried in 

sunlight [12]. 

 

2.3 Scanning electron microscopy (SEM) 

Surface morphology of natural fibers is untreated and alkaline 

treated fiber bundles were taken using a scanning electron 

microscope Model JEOL/EO. Prior to SEM evaluation, the 
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sample was coated with tungsten by means of a plasma 

sputtering apparatus operated at a pressure of 2 bars for 4 min.  

 

2.4 Preparation of CNSL Resin and hardener 

First CNSL Resin and MEKP Catalyst were mixed in the ratio 

of 10:1. Accelerators are added 2ml for 100g of resin with drop 

by drop carefully. 

 

2.5 Mould preparation 

Mould was fabricated with a mallex sheet of 50×50 cm size 

and rubber block piece was pasted on the dimensions of 300 

mm × 300 mm on four sides. The fabrication was carried out 

through the hand lay-up technique. Before lay-up process the 

mould has been applied with a releasing agent to insure that 

the art will not adhere to the mould .The top and bottom plates 

are covered with mallex sheet and the fibers, using CNSL resin 

compressed to avoid the debris from entering into composite 

parts during curing. 

 

2.6 Fabrication of Composites 

The banana fiber mat and sisal fiber mat was taken as 

reinforcement materials and CNSL resin as a matrix materials 

to fabricate hybrid natural composites by process of hand lay-

up methods. Moulds were prepared in its dimensions of 50 x 

50 cm was first manufactured for composite fabrication.  The 

composite samples are prepared by different compositions by 

varying the percentage of fiber weight content such as (10%, 

20%, 30%, and 40%)   in this composite material. First CNSL 

Resin and MEKP Catalyst were mixed in the ratio of 10:1. 

Thus Accelerators are added 2ml for 100g of resin mixture and 

apply on the mould. A releasing agent is used in this mould to 

release mallex sheets to facilitate easy removal of the 

composite from the mould after curing. Then place a mallex 

sheet over the resin and fiber. Then place the sisal fibers mat 

on the applied resin. Laminas of sisal and banana mats are 

palace one by one alternatively and resins are applied in 

between the layers of lamina. To form laminated composites 

with four layers of lamina of sisal and banana woven mats. The 

entrapped air bubbles (if any) are removed carefully with a 

sliding roller and the mould was closed for curing at a 

temperature of 30°C for 24 h at a constant load of 10 kg. After 

curing, the composites are extracted from the mould plate. 

Fabricated samples are placed in dry place for improving solid 

gel strength of the samples. Again repeat the same process for 

all samples preparation of hybrid natural composites. 

 

 
Figure.1. Fiber orientation of 10% fiber content natural 

composite. 

 

2.7 Mechanical Testing 

Tensile strength, tensile modulus, flexural strength was 

measured using Universal Testing Machine - UTM (Instron 

5567). Tensile test specimen were made cutting into ASTM D 

638M, while flexural strength test samples were made cutting 

into ASTM D 790M. A crosshead machine speed of 5 mm/min 

was used. All specimens were conditioned at a room 

temperature before testing [13]. Differential scanning 

calorimetry (DSC) test was used to examine the thermal 

characteristics of the resin and composites. Composite samples 

weighing between (5 to 10 mg) were placed in a hermetic pan 

and sealed. A TGA Instruments (DSC 2910) was operated in a 

dynamic mode condition with a heating temperature scheme of 

0–500 °C and heating rate of 10°C/min in a nitrogen 

environment purged at 25 ml/min. The thermo grams were 

analyzed for any changes in the thermal behavior of the resin 

and composites. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Alkaline chemical Treatment 

Alkaline chemical treatment or mercerization is one of the 

most used treatments of organic fibers when used to reinforce 

thermoplastics and thermoset plastics [12]. The important 

changes of fiber surface done by alkaline treatment are the 

disruption of hydrogen bonds in the network structure, thereby 

increasing surface roughness of organic fibers. This chemical 

treatment removes a certain amount of lignin pigment, wax and 

oils covering with external surface of the fiber cell wall. 

Addition of aqueous solution treatment of sodium hydroxide 

(NaOH) to organic fiber promotes the ionization of the 

hydroxyl group to the alkoxide. SEM image shows fiber cross 

section surface of fiber and lamina of sisal and banana fibers in 

this composite. 

 

 
Figure.2.SEM image of 10% fiber content of natural 

composite 

 

 
Figure.3. SEM image of 30% fiber content of natural 

composite 
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3.2 Tensile Test 

The tensile strength of alkaline chemical treated and untreated 

banana and sisal hybrid fiber reinforced cashew nut shell resin-

based composite as a function of fiber content was presented in 

fig 4. It is observed that the tensile strength of the natural 

composite material increases as the weight fraction of Hybrid 

Natural fibers is increased but reaches a maximum value at 

30% of fiber content before reducing.  

 

The figure also reveals that the tensile strength of alkaline 

treated fiber reinforced (CNSL) composite are higher than the 

composite reinforced with un-treated hybrid fibers.  In fig 5, 

alkaline treatment improved the tensile young’s modulus of the 

composite material.  

 

Thus alkaline treatment increases the surface roughness and 

the amount of cellulose exposed on the surface of the fiber 

surface resulting in better higher mechanical interlocking and 

fiber matrix interfacial bond and, resulting in increased 

mechanical properties.  

 

Besides, the increase in tensile strength up to 30% fiber 

content is due to adequate wetting of the natural fibers by the 

CNSL matrix and reasonable amount of fibers to bear applied 

load. The decrease in strength and modulus at fiber content, of 

40% probably obtained from poor wetting, also the CSNL 

resin content is not sufficient to wet all the fiber surfaces, 

leading to poor interfacial adhesion [13]. 

 

 
Figure.4. Variation of tensile strength for different fiber 

percentage. 

 

 
Figure.5. Variation of Young’s Modulus for different fiber 

percentage. 

 

3.3 Flexural Test 

The flexural test measures the force required to bend a 

composite samples under three point loading situations. The 

Fig. 6 shows the Flexural strength of the composites at 

different Fiber percentages. The figure also reveals that the 

Flexural strength of alkali-treated fiber reinforced (CNSL) 

composite are higher than the composite reinforced with un-

treated hybrid natural fibers.  Alkali treatment improved the 

flexural modulus of the composite material. 

 

 
Figure.6.Variation of Flexural Strength for different fiber 

percentage. 

 

3.4 Water Absorption Test 

Water absorption is used to determine the amount of water 

absorbed under specified conditions. When increasing the 

Fiber percentages while increasing water absorption capacity 

of the hybrid natural composite. The composite specimens 

used for moisture absorption test were immersed in a water 

bath at room temperature for longer period to reach 

equilibrium position. At regular intervals, the specimens were 

taken out from the water and wiped with filter paper to remove 

surface water particles and weighed with digital scale. The 

weighing was done within 30 s, in order to avoid the error due 

to evaporation of water in samples. The percentage of the 

water content (Mt) was determined using the following 

equation. 

 

                              (1) 

Where Wt is the weight of the sample at time t and Wo is the 

initial weight of the sample.  In 10% of fiber content have high 

amount of CNSL Resin, its resisting absorption of water 

particles. The Hybrid Natural Composite materials have low 

value of water absorption in sea water test when compared to 

other ordinary water and distilled water absorption tests [8, 

15]. 

 

 
Figure.7.Variation of Water Absorption capacities for 

different fiber percentage of natural composite.
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Table. 1. Water absorption values for different fiber content percentages 

 

Fiber content 

percentage 

Water Absorption Test 

Ordinary 

water 

(untreated 

fiber)% 

Ordinary water 

(treated fiber)% 

Distilled water 

(untreated 

fiber)% 

Distilled 

water (treated 

fiber)% 

Sea water 

(untreated 

fiber)% 

Sea water 

(treated 

fiber)% 

10% 30 18.18 18.0 8.3 9.09 10 

20% 33.33 27.28 22 10 11.14 9.09 

30% 50 33.34 33.33 25 33.34 25 

40% 65 52 60 57.14 40 30 

 

3.5 Differential Scanning Calorimetric 

Differential scanning calorimetry (DSC) is a technique used to 

examine the thermal test which allows to explore the thermal 

behavior of polymers, namely the changes that take place in a 

polymer chain upon heating, i.e. the melting of a crystalline 

polymer or the glass transition.DSC measures the amount of 

thermal energy absorbed or released by a sample when it is 

heated or cooled, providing better quantitative and qualitative 

data on endothermic (heat absorption) and exothermic (heat 

evolution) processes [14]. DSC measurements were performed 

using a (TA Instrument, USA, and Model No. Q20 v24.2) 

thermal analyses. A sample weight of 6-8 mg in an aluminium 

crucible with a pin hole was used in a nitrogen atmosphere (50 

ml/min). Fig. 8 shows the DSC curves for natural fibers 

reinforced CNSL matrix composite. The first thermogram 

shows a wide endotherm between 52.61 and 77.75°C 

indicating the presence of water particles in the composite. The 

absorption of water will affect the mechanical performance of 

the natural composite. A slight exotherm peak at 340.49°C 

indicates incomplete curing of CNSL resin. Also an exotherm 

is observed which starts at 100°C and this is associated with 

the natural of sisal and banana fibers. On the whole, the natural 

composites manufactured contained water particles, the result 

of which was seen as an endotherm on the thermogram. During 

the time of testing, water particles could have been absorbed 

from the atmosphere if the fibers were not fully bonded by the 

matrix in the composite. However, as seen from the thermo 

grams of the composites, CNSL resin was found to be fully 

cured. The DSC curves used to find the three types of 

transitions of CNSL Resin natural composites. For 30% fiber 

content hybrid natural composite, the glass transition 

temperature is 77.75 °C. The specimen is getting decomposed 

in three stages. The Crystallization Temperature region starts 

from 100 ºC to 340.49 ºC. The melting Temperature region 

starts from 340.49 ºC to 447.61ºC. The peak degradation 

temperature is 464.26 ºC.  

 

 
Figure.8. DSC Test for Natural Fibers Reinforced Composite. 

 

4. CONCLUSION 

 

The mechanical properties of hybrid Natural composite have 

been investigated in this research. The strength of alkali-

treated fiber reinforced (CNSL) composites are higher than 

those of the composite reinforced with un-treated hybrid fibers. 

Alkali treatment which improves the bonding strength between 

fiber and CNSL Resins of the composite materials. The results 

obtained show that the highest tensile and flexural strengths 

were obtained at 30% fiber content. The results obtained reveal 

that the water absorption at sea water compared to ordinary 

water and distilled water absorption test. The water resistance 

at 10% fiber content composite, because of good water 

resistance of CNSL Resin materials. Hence, it can be 

concluded that the high strength properties can be achieved at 

30% fiber content of Hybrid Natural Composites. 
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