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ABSTRACT

Purpose: In this work, coir fibre with varying fibre content was selected as reinforcements
to prepare polymer-based matrices and the problem of reduced fibre-matrix interfacial bond
strength has been diluted by chemical treatment of coir fibres with alkali solution.

Design/methodology/approach: The effect of fibre loading, solution concentration
and soaking time on the impact strength of the composites were analyzed using statistical
techniques. Response Surface Methodology (RSM) approach was used to model and
optimize the impact properties of coir-polyester composites.

Findings: The impact strength of coir fibre reinforced polyester composite depends mainly
on the fabrication parameters such as fibre-polyester content, soaking time, concentration
of soaking agent and adhesive interaction between the fibre and reinforcement.

Research limitations/implications: The mechanical properties of any coir polyester
composite depend on the nature bonding between the fibre and reinforcement. The presence
of cellulose, lignin on the periphery of any natural fibre reduces the bonding strength of the
composite. This limitation is overcome by fibre treatment over sodium hydroxide to have
better impact properties.

Practical implications: Now days, natural fibre reinforced composites are capable of
replacing automotive parts, subjected to static loads such as engine Guard, light doom,
name plate, tool box and front panels etc. These materials can withstand any static load due
to its higher strength to weight ratios.

Originality/value: The effect of fibre loading, solution concentration and soaking time on
the impact strength of the composites were analyzed using statistical techniques. Response
Surface Methodology (RSM) approach was used to model and optimize the impact
properties of coir-polyester composites. The impact strength of NaOH impregnated coir fibre
reinforced polyester composites was evaluated.
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Influence of fibre loading and surface treatment on the impact strength of coir polyester composites

1. Introduction

To meet basic requirements, natural fibres have been
traditionally in use across the world, in particular, the south
asian region and in the Indian subcontinent, the avalibility
of such resourses are enormous. It mainly constitutes fibres
such as jute, coir, sisal, pineapple, ramie, bamboo, banana
etc., has focused towards the development of natural fibre
composites primarily to explore value-added application
avenues [1-5]. These composite materials are best
alternatives of steel and wood in housing and & construction
sector. Coir composites are widely used in roofing where it
would consume less cement and would be cheaper by more
than 40% than asbestos. In addition to that, it have been in
used for constructing walls and partitions, flooring with
signigicantly meadium density. These green composites
were widely acknowledged material in order to reduce the
overall construction cost af any structures. Panels for
windows, doors, furnitures and other house hold appliances
have also been designed and modeled with this green bio-
composites at low cost.

Added to coir composites, other natural fibres such as
sisal, hemp, banana, jute are also used to make hybrid
composites for improvement in strength to weight ration.
However poor mechanical properties of natural fibre
composites caused due to poor interfacial bonding between
fibre and matrix restrict their use in engineering application
[6-9]. In near recent times, natural fibre composites are
binded with non bio degradable materials such as glass in
order improve the bindibility and strength [10-12]. Aprat
from adding non bio degradable materials, many scientific
researchs are going on side by side to improve the
bindability between fibres and matrix through alkali
treatment [13,14]. This work in aimed at identifying the
suitable treatment parameters and fibre loading condition
for better impact properties of coir fibre reinforced polyester
composites.

2. Experimental procedure

2.1. Materials

In the present study, the commercially available coir
fibre was procured in dry condition and its subjected to
surface treatment for removing the lignin content [15-17].
Surface modification was done by impregnating the coir
fibre in sodium hydroxide for stupilated period of time [18-
21]. The matrix material used in this investigation was
commercially available unsaturated polyester resin. The
hand lay-up process was followed for fabricating composites
as per design matrix.
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2.2. Fabrication and testing of composites

The raw coir fibres were soaked in a solution of sodium
hydroxide of varying concentration and soaking time [22-
25]. The fibres were then washed to neutral pH and dried at
room temperature, 23 + 2°C, and for 2-3 days. The coir
composites were prepared as per 3 Level full factorial
designs (Tab. 1) with the fabrication parameters namely;
fibre content (10%, 25% and 40%), soaking time (24 hrs,
48 hrs and 72 hrs) and solution concentration (2%, 4% and
6%). After fabrication, the test specimens were subjected to
Impact test as per ASTM D256 standard [26,27].

Table 1.
Design factorial levels

Parameters Low Intermediate ~ High
Fibre loading, % 10 25 40
Solution ’ 4 6

concentration, %
Soaking time, Hrs 24 48 72

2.3. Modelling and optimization using RSM

On successful fabrication of coir polyester composites,
the impact strength of all the fabricated specimes were
obtained [28,29]. The impact properties obtained through
experimental investigation were used to formulate regres-
sion model. The regression model were done between the
fabrication parameters and impact properties. An empirical
model has been developed in this investigation between the
output (impact strength) and independent variables (fibre
content, soaking time and solution concentration) using
Response surface methodology technique [30-32]. Design
Expert V8, a statistical software is used here and the
developed mathematical model using this software was
justified with the help of three dimensional response surface
plots and the value of coefficient of correleation. Thus the
developed model was optimized in order to improve the
impact strength of coir polyester composites.

3. Results and discussion

3.1. Effect of fibre loading and surface treat-
ment on impact properties of composites

The chemical treatment using sodium hydroxide solution
has removed the excess lignin content present over the fibre
surface. The presence of a rougher fibre surface has
promoted a mechanical interlock between the fibres and the
resin matrix. The impact strength was found to be better with
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the composite fabricated with 25% of fibre loading, the
increase or decrease in fibre loading beyond this level
resulted with poor impact properties.

The effect of fibre loading and surface treatment on
impact properties of composites is shown in the Figure 1.
The fibres soaked in 4% solution concentration for 48 hrs
resulted in better impact strength. The increase in solution
concentration beyond this level resulted in excess leaching
of fibres which in turn diminished the mechanical properties
of the fibre. Hence it can be stated that fibre treated with
4% solution concentration for 48 hrs can improve the
adhesion between fibre surface and polyester matrix and
fibre loading of 25% may yield better impact properties to
the composites.
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Fig. 1. Effect of fibre loading and surface treatment on
impact properties of composites

3.2. Regression model

The regression model for impact strength of treated coir
fibre reinforced polyester composites was developed using
Response surface Methodology (RSM). The 3D response
plot for the impact strength obtained from statistical tool is
shown in the Figure 2a. The plot indicated the interaction
effect of fibre loading vs solution concentration, solution
concentration vs soaking time and soaking time vs fibre
loading on the impact strength of the composites. The
coefficient of correlation (R?) obtained for impact strength
of the composite was 0.82.The significance of the developed
model using RSM is justified with the value of R2 The
nearer the valur of R? towards 1 here shows the significance
of model [31].

The impact strength of the composites exhibited
a quadratic behavior as shown below
iy =-29.34923+3.89578f1+2.88051f2-0.20522f3-0.22086f > +

+0.00001f,+-0.031375(f+-0.049832f;2 +0.58489f,° +
+0.069222f2 (1)
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Fig. 2. Contour and 3D surface plot for the impact strength
model

3.3. Optimization using RSM

Based on the mathematical equations formed by
Response Surface methodology technique, the fibre
parameters were optimized and the optimal parameters to
maximize impact strength were obtained using Response
Surface methodology (RSM). The maximum value of
impact strength of 41.18 kJ/m? was predicted at the fibre
loading of 28% and with the fibres treated in 5%
concentration solution for 45 hrs. The experiment value was
found to be very closer to the predicted (Tab. 2) which
witnessed the effective prediction of PSO technique.
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Table 2.
Confirmation Test on impact strength of the composites
Mechanical property Impact strength
Fibre Loading, % 28
Solution Concentration, % 6
Soaking Time, Hrs 5
Experimental/Prediction
pValues, kJ/sq.m 42.15/41.18
% Error 2.35

4. Conclusions

The mechanical strength of treated coir fibre reinforced
polyester composites was evaluated in this investigation as
per ASTM D256, standard. The fabrication parameters
namely fibre content, soaking time and solution
concentration were found to play prominent role in the
impact strength of the composites. The mathematical
equation for predicting impact strength over the wide range
of conditions was formulated and optimized using RSM
technique. The prediction model was found to be significant
and the optimum value was found to be very closer to the
experimental value. This specific investigation has paid way
for the possible development of engineering application-
based coir reinforced polyester composite applications.
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