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Abstract: Researchers are developing sustainable insulation
composite materials using lignocellulose fibres, particularly coir
fibres, which have low thermal conductivity, low density, high
moisture resistance, and excellent thermal stability. However,
these fibres naturally contain waxy, gummy, oily substances
and impurities on their surfaces, necessitating a pre-treatment
process to remove these contaminants before manufacturing.
Alkaline treatment is an effective method for this pre-
treatment, however, selecting the appropriate concentration
is critical. Furthermore, thermal decomposition of fibres may
occur during composite manufacturing making it essential to
assess fibre longevity. In this study, coir fibres were treated
with NaOH solutions at concentrations of 0%, 2%, 4%, 6%,
and 8%. The effects of alkaline treatment on surface roughness,
chemical composition, and thermal stability were analyzed
using scanning electron microscopy (SEM), Fourier transform
infrared spectroscopy (FTIR), and differential scanning
calorimetry (DSC). The activation energy (E ) for the thermal
decomposition of lignocellulose substances was analyzed using
the Flynn-Wall-Ozawa (FWO), Kissinger-Akahira-Sunose
(KAS), and Friedman methods over a temperature range of
25 °C to 700 °C. The fibre lifetime was estimated using Toop’s
equation. The results indicated that the 4% NaOH-treated
sample exhibited superior surface roughness and thermal
stability compared to other concentrations. The decomposition
of lignocellulose substances began at a conversion rate of 0.2,
with an E_ of 128.88 kJ/mol. The estimated fibre lifetime is

approximately 6.55x10° hours at 25 °C. The lifetime of coir
fibre decreases as temperature increases. Therefore, it is crucial
to highlight the necessity of controlling the temperature during
the fabrication of composites using coir fibers to prevent
thermal degradation.

Keywords: Activation energy, alkaline treatment, coir fibres,
lifetime analysis, sustainable insulation materials.

INTRODUCTION

Building insulation materials are primarily categorised
into conventional, sustainable, and state-of-art based
on their chemical composition, origin, and availability
(Kumar et al, 2020). The demand for sustainable
composite materials produced from lignocellulose
fibres (natural plant fibres) has increased during the
last two decades, mainly because they show the least
environmental impact among the three main insulation
material categories. Furthermore, they offer additional
advantages such as low embodied energy, lightweight,
biodegradability, low maintenance cost for machine
tools due to the non-abrasive nature of fibres, and more
available agricultural waste materials (Lahiru et al.,
2016; Hao et al., 2018; Santhosh et al., 2020).
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Recently, research activities have focussed on developing
sustainable insulation composite materials using
lignocellulose fibres such as sugarcane, hemp, pineapple
leaf fibres, cotton stalks, coir, and oil palm (Manohar,
2012; Srimal et al., 2015). Among these, coir fibres
have shown significant properties than other fibres,
including low thermal conductivity (Sathishkumar et al.,
2018; Rashid et al., 2019; Chamath et al., 2022,2023;
Udayakumara et al., 2022), low density (Petroudy, 2017;
Hao et al., 2018), high moisture resistance (Ramamoorthy
et al., 2015; Rashid et al, 2019), and high thermal
stability (Alwani et al., 2014). Hence, coir fibres can be
utilized to produce sustainable insulation materials for
building insulation.

The main components of coir fibre are cellulose (32%-
43%), hemicellulose (0.15%-0.25%), and lignin (40%-
45%) (Stokke et al.,2013; Hao et al., 2018; Takagi, 2019).
Besides, these fibres contain waxy and oily substances
on their surface under natural conditions. These
lignocellulose substances help to absorb environmental
moistures in natural conditions, causing the fibre to swell
throughout the composite (Hao et al., 2018). This swelling
reduces the bonding strength between the fibre and the
matrix (Hao et al., 2018; Chamath ef al., 2020), altering
the dimensional stability, mechanical properties, and
thermal properties of the composite (Azwa et al., 2013;
Petroudy, 2017). It also increases the biodegradability of
the fibre due to high microbial attacks in wet conditions
(Azwa et al., 2013). The hemicellulose content in the
polysaccharide chain mainly contributes to moisture
absorption (Petroudy, 2017), while the amorphous region
in the cellulose increases the fibres’ moisture absorption.
This is because the hydroxyl groups in these substances
form hydrogen bonds with moisture. However, lignin
has the lowest moisture absorption rate than other
lignocellulosic substances due to crosslinks and aromatic
rings in the molecules (Stokke et al., 2013).

Thermal degradation can occur during processing of
composites and prolonged usage. Therefore, examining
the thermal stability of lignocellulose fibre is vital to
understand and estimate their composite properties
(Alwanietal.,2014). There are several steps in the thermal
decomposition of lignocellulose fibres. The first stage of
decomposition occurs at a temperature range of 50 °C to
150 °C for the evaporation of mechanically bonded water
and decomposition of low molecular extractives (Poletto
et al., 2015; Shilpa et al., 2015;). The decomposition of
hemicellulose can be identified as the second stage at a
temperature range of 200 °C to 350 °C. The third stage of
decomposition occurs at the temperature range of 320 °C
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to400 °C for cellulose. Finally, the decomposition of lignin
is identified as the fourth step of the degradation process
(Poletto et al., 2015). However, lignin decomposition
can happen in the temperature range of 100 °C to 900 °C
due to aromatic rings with various branches and various
functions of chemical bonds that affect the high degree
of decomposition (Alwani et al., 2014; Poletto et al.,
2015).

The moisture absorption resistance and thermal
stability can be increased by removing hemicellulose
and low molecular extractives. Additionally, removing
the surface impurities from the fibre increases the
adhesion between the fibre and the matrix due to the
improved surface roughness of the fibre (Adeniyi et al.,
2019; Chamath et al., 2020). Therefore, it is essential to
remove impurities and functional groups from the fibre
surface using a pre-treatment process before fabrication
(Azwa et al., 2013; Mittal et al., 2018). Bulk treatment
or chemical treatment is the most suitable method for
fibre treatment (Azwa et al., 2013), which removes
the functional groups and increases the fibre surface
roughness (Adeniyi et al., 2019).

These chemical treatments can be performed
using acid, oxidation, alkaline, and coupling agents
modification (such as silane and maleated polypropylene)
(Mittal et al., 2018; Adeniyi et al., 2019; Mishra et al.,
2020). Alkaline treatment is the most common chemical
treatment method used for lignocellulose fibres (Kabir
et al., 2013; Shrivastava et al., 2017; Mittal et al., 2018;
Adeniyi et al., 2019; Devnani & Sinha, 2019; Chamath et
al.,2020). This method partially eliminates hemicellulose,
lignin, pectin, waxes, and other contaminants from the
fibre surface and is an inexpensive process (Kabir ef al.,
2013; Mittal ez al., 2018). Potassium hydroxide (KOH)
and sodium hydroxide (NaOH) are popular substances
used for the alkaline treatment (Azwa et al., 2013), with
the latter being preferred by many researchers (Kabir
et al., 2013; Shrivastava et al., 2017; Mittal et al., 2018;
Adeniyi et al., 2019; Devnani & Sinha, 2019).

Impure substances and functional groups are sensitive
to react with the alkaline solution, and the following
reaction occurs during the treatment process, as shown in
Equation 1 (Kabir et al., 2013; Abdellaoui et al., 2019):

Fibre-OH + NaOH — Fibre O-Na" + H,O + impurities
(1)

Equation 1 clearly shows that the amorphous region of
the fibre can be easily removed from the alkaline solution
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by producing Fibre O-Na+. Thereby, treated fibres
contain more cellulose and higher surface roughness,
which provides better adhesion between the fibre and the
matrix (Kabir et al., 2013; Sathishkumar et al., 2018).
The increased surface roughness of the fibre could be
observed through scanning electron microscopy (SEM),
and changes in functional groups’ can be confirmed
through Fourier transform infra-red spectroscopy (FTIR)
analysis (Adeniyi et al., 2019).

However, an excessive concentration of alkaline
treatment can cause crack propagation and defibrillation
(Mittal et al., 2018). Hence, determining the appropriate
concentration of the alkaline solution is crucial for fibre
pre-treatment. In addition, the lifetime of the fibre is
important because it can be affected by the temperature
involved during composite fabrication. However, to the
best of our knowledge there are no studies reported on coir
fibre lifetime analysis. In this study, the optimal alkaline
concentration was determined by treating fibre samples
with various NaOH concentrations and the lifetime of
fibres treated with the optimal NaOH concentration was
also evaluated.

MATERIALS AND METHODS

Brown mature coir fibres were selected from the
Minuwangoda area in Sri Lanka for this research study.
The density of coir fibres was 1.15 gem™ (Chamath et al.,
2023).

Surface treatment for fibres

Concentrated NaOH solutions with weight to volume
ratios of 2%, 4%, 6%, and 8% were prepared from 98%
NaOH. The coir fibres were soaked for 24 h at room
temperature in these solutions, maintaining the fibre
to solution weight ratio at 1:25 (Venkatachalam et al.,
2015). After 24 h, the fibres were washed 5 to 6 times
using deionized water until a pH value of 7 was reached.
The fibres were then dried at 60 °C for 24 h until a
constant weight was achieved.

Additionally, coir fibres were soaked in deionized
water for 24 h, and the same drying procedure was
followed to produce untreated fibres.

Analysing fibre surface properties
SEM images were taken of the treated and untreated

fibres with a processing acceleration voltage of 10 kV
and %750 magnification.
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FTIR was used to analyse the surface chemical
composition of treated and untreated fibres. FTIR values
were obtained using a Bruker FTIR instrument with a
wave number range of 750 cm to 4000 cm™.

Differential scanning calorimetry (DSC)

Differential scanning calorimetry analysis was conducted
by using a TA instruments DSC for both untreated and
treated fibres. The experiment was conducted with a
heating temperature range of 0 °C to 400 °C and a heating
rate of 10 °C/min in a nitrogen atmosphere.

Thermogravimetric analysis (TGA) and activation
energy

By examining the SEM, FTIR, and DSC results, an
appropriate concentration for the fibre treatment could
be selected. Next, TGA was performed on five different
fibre samples treated at the identified appropriate
concentration using a Thermal analyser SDT 650. The
samples (5 — 8 mg) were heated within the temperature
range of 25 °C to 700 °C with five different heating rates
of 5, 10, 12, 15, 20 °C/min (Alwani et al., 2014) in an
argon atmosphere.

Different kinetic parameters obtained from TGA are
important to evaluate the thermal decomposition of
lignocellulose fibres (Alwani et al, 2014; Poletto
et al., 2015; Shilpa et al., 2015). The activation energy
(E,) is especially important for detecting the thermal
decomposition of lignocellulose fibres. The activation
energy represents the minimum energy required to initiate
the reaction (Yao et al., 2008). The model-free method
was used to determine the kinetic parameters due to its
accuracy and simplicity (Alwani et al., 2014; Shilpa et al.,
2015). Flynn-Wall-Ozawa (FWO), Kissinger-Akahira-
Sunose (KAS), and Friedman (Alwani et al., 2014)
methods were applied to find the activation energy of the
coir sample treated with the appropriate concentration.

Equation 2 gives the FWO method,
Ing =C—1.052E_/RT -(2)

Where £ is the heating rate in °C/min, C is a constant,
E  is the activation energy for decomposition in J mol”,
R is the gas constant, and 7' is the temperature in K. The
activation energy for decomposition at each conversion
rate was determined by calculating the slope of the line
that plots In £ against //T (Alwani et al., 2014; Devnani
& Sinha, 2019).
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Equation 3 gives the KAS method:

In(f/T?) = In[AR/(E,xg(x))] + (1/T)(E,/R)
(3

Where x is the degree of conversion given by x = (m, -
m,)/(mo—m/), where m, is the initial sample mass, m, is
the sample mass at time t, and m , is the final mass. The
decomposition activation energy for each conversion
rate was calculated by the slope of the line that plotted
In(B/T*) versus /T (Alwani et al., 2014).

Equation 4 presents the Friedman method:
In (dx/dt) = In[Af(x)]— E,/RT ..(4)

Where f{x) is the reaction model. The decomposition
activation energy for each conversion rate was calculated
by the slope of the line that plotted In(dx/dt) versus 1/T
(Alwani et al., 2014).

Lifetime analysis

The lifetime of natural fibres can be calculated from the
E value (Batista et al., 2015; Enciso et al., 2021), and
the estimated lifetime depends on the activation energy
of the material, as shown in Equation 5 (Toop, 1971;
Batista et al., 2015; Enciso et al., 2021). Here, Toop’s
method was used to estimate the lifetime of coir fibres.

logt, = E,/2303RT, +log ( (E,/BR).P(X;))
(5

Where 1 is the estimated lifetime to failure (min), T, is
the failure temperature (K), and P(Xf) is the function
that depends on the activation energy at the failure
temperature.

RESULTS AND DISCUSSION

SEM image analysis for untreated and treated fibre
surface

SEM images in Figure 1 show a comparison between
untreated and treated coir fibres. According to Figure 1a),
untreated fibre shows a smooth surface with lignin,
hemicellulose, wax, and oily substances (Mittal et al.,
2018; Devnani & Sinha, 2019). However, in Figure 1b),
the fibre surface roughness of the 2% alkaline treated
fibre is increased after the alkaline treatment, with
frequently distributed pinholes throughout the fibre
surface due to partial removal of lignocellulose substances
and impurities. Further, the surface roughness of the
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4% alkaline treated fibre in Figure Ic) is higher than in
Figure 1b) indicating surface roughness can be increased
with alkaline concentrations, which increases the number
of pinholes on the fibre surface.

In Figure 1d) the plane view of 6% alkaline treated
coir fibre shows vertically distributed cracks on the fibre
surface suggesting that high concentrations of alkaline
treatment can damage the fibre surface by removing
excessive amounts of lignocellulosic substances from the
fibre’s cell structure. Moreover, in Figure le) of the 8%
alkaline treated fibre, surface cracks have propagated in
vertical and horizontal directions.

Clesner surface

Figure 1: Plane view of coir fibres (x750), a) untreated fibre,
b) 2% NaOH treated fibre, ¢) 4% NaOH treated fibre,

d) 6% NaOH treated fibre, ¢) 8% NaOH treated fibre.

The results above suggest that alkaline treatment can
increase the surface roughness of coir fibre, but excessive
concentrations can damage the fibre cell structure,
causing crack propagation on the fibre surface.

Similar observations were reported for pineapple leaf
fibres, coir fibres and kane grass fibres treated with NaOH
(Mittal et al., 2018, Devnani & Sinha, 2019). Therefore,
it is particularly important to identify the appropriate
concentration for fibre treatment.

FTIR spectrum analysis for treated and untreated
coir fibres

The FTIR analysis helps to identify various types of
functional groups in the coir fibres. Figure 2 shows the
FTIR spectrum for untreated and treated coir fibres.
The functional groups of carbonyl (-CO), hydroxyl
(-OH), carboxyl (-COOH), and methylene (-CH,) in
lignocellulosic substances on the fibre surface were
identified from this FTIR spectrum (Adeniyi et al., 2019;
Mishra et al., 2020).
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Figure 2: FTIR spectrum for untreated and treated coir fibres

The highest peak at 1024 cm™ is associated with C-O-C
stretching of cellulose. The wavelengths 1262 cm™ and
1587 cm™! are associated with aromatic C-O stretching
and aromatic C=C stretching in lignin, respectively
(Mishra et al., 2020). The C=0 stretching of ester and
aldehyde is given by lignin, hemicellulose, and pectin
with a peak of 1732 cm™! (Mittal et al., 2018). Also, the
wavelength 2917 cm™' is related to the C-H stretching
vibration in CH, and CH groups in hemicellulose and
cellulose (Devnani & Sinha, 2019), while the broad
peak between the wavelength 3200 cm™ to 3550 cm™ is
related to the stretching vibration of OH groups of lignin
and cellulose (Mishra ef al., 2020).
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Figure 3: Comparison of the changes of the transmittance for the

main peaks.

519

Figure 3 compares the changes in transmittance for the
main peaks of the treated fibres compared to the untreated
fibre.

After the treatment process, the peaks at C=0O
stretching (1732 cm™) were reduced than in the untreated
fibre. This could be due to the removal of C=O functional
groups from pectin, hemicellulose, and lignin on the fibre
surface. The peak intensity was reduced to 4% in the
treated sample, and the peak intensity of the 6% sample
being higher than other treated fibres. This increase may
be due to the exposure of internal functional groups of
the fibre cell after crack propagation. Subsequently, the
peak intensity of the 8% sample was less than the 6%
treated fibre due to the removal of excess functional
groups. This result confirms that a 4% alkaline treated
sample contains the minimum amount of hemicellulose,
lignin, and pectin on its surface.

After the treatment, the peak intensity at 1262 cm™,
and 1587 cm™ increased in the 6% alkaline treated fibre
for aromatic C-O and aromatic C=C functional groups of
lignin, which shows the highest intensity. This increase
may be due to the high accessibility of infrared energy
for removing wax, pectin, and gummy substances from
the fibre surface during crack propagation. However, the
peak intensity was reduced after the 6% treatment due
to the removal of excess functional groups. The same
trend was observed for the peak intensity of stretching
functional groups of C-H, O-H, and C-O-C.

Cleaner surface

Degraded surface

Figure 4: SEM images of coir fibres treated with NaOH (x750). a)

3%, b) 4%, c) 5%

Journal of the National Science Foundation of Sri Lanka 52(4)

December 2024



520

According to the SEM analysis in Figure 1, fibre
surface roughness can be increased with higher alkaline
concentration. However, excess concentration can
damage the fibre surface through crack propagation.
The FTIR analysis confirmed the removal of surface
impurities. Moreover, excessive concentration can result
in the removal of lignin and cellulose from the fibre
surface making it necessary to identify the appropriate
concentrations for fibre treatment. Based on the above
results, an alkaline concentration 0f 4% can be considered
as the most effective for fibre treatment. However,
further comparison of the effects of 3%, 4%, and 5% is
necessary to select the optimal solution. SEM images of
3%, 4%, and 5% for comparing surface properties are
shown in Figure 4.

The surface roughness of the 4% NaOH treated fibre
(Figure 4b) is higher than that of the 3% NaOH treated
fibre (Figure 4a). The fibre shown in Figure 4c for the
5% NaOH treated fibre has begun to degrade. Therefore,
the 4% NaOH treatment shows better surface properties
from the SEM analysis. The previous SEM analysis
results and FTIR analysis indicate that the 4% NaOH
concentration is the best for fibre treatment.

DSC analysis of coir fibres

The location and magnitude of the exothermic and
endothermic peaks on the DSC curve show the thermal
phase transformation of the material during heating.
Endothermic peaks provide information on sample
phase transition, evaporation, dehydration, melting,
and pyrolysis (Azwa et al., 2013; Ali & Alabdulkarem,
2017). Exothermic peaks offer insights into chemical
reactions, oxidation, crystallisation, decomposition, and
combustion (Kabir et al., 2013).

According to the results of SEM and FTIR analysis,
the 8% NaOH treated sample shows a higher degradation
on the fibre surface. Therefore, both the untreated and
the treated samples were subjected to thermal analysis
using NaOH concentrations of 2%, 4%, and 6% by DSC
analysis. The results of the DSC analysis are presented in
Figure 5.

Both, untreated and treated samples gave an
endothermic peak between 5 °C and 170 °C. This peak
is attributed to the evaporation of moisture from the fibre
surface (Kabir ef al., 2013). The untreated fibre had the
lowest moisture evaporation temperature indicating it
contained the maximum moisture content.

LG Chamath et al.
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Figure 5: Differential scanning calorimetry (DSC) analysis for
untreated and treated coir fibres
Additionally, both untreated and treated samples

displayed an exothermic peak in the temperature range
of 260 °C to 320 °C related with the degradation
of hemicellulose (Kabir et al., 2013). However, the
decomposition temperature (272 °C) of hemicellulose
in treated samples was higher than that in the untreated
sample. The decomposition temperature for the 4%
NaOH treated sample shows the maximum value.

Finally, untreated fibres show an endothermic peak
in the temperature range of 296 °C to 390 °C, whereas
the treated fibre shows exothermic peaks in the region
of 300 °C to 360 °C compared to the untreated fibre.
These peaks are related to the degradation of cellulose
and lignin substances (Kabir et al., 2013). The untreated
fibre contains high amounts of lignin and cellulose. This
leads to high energy absorbance required to degrade
the fibre, which causes an endothermic peak during the
decomposition. However, the 4% NaOH treated sample
shows the highest temperature (317 °C) for the third
stage of decomposition. Therefore, based on the DSC
analysis, the 4% NaOH treated sample shows the highest
thermal stability due to the removal of impurities and
hemicellulose from the fibre surface.

The decomposition of the fibres followed the first,
second, and third decomposition stages, as summarised
in Table 1.
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Table 1:

Thermal analysis of untreated and treated fibres

Fibre treatment

1% stage
Moisture evaporation
temperature (°C)

2m gtage
Hemicellulose and lignin

decomposition temperature (°C)

3 stage
Cellulose decomposition
temperature (°C)

521

Untreated fibre 17.91 264.43 305.47

2% NaOH treated 25.55 271.76 306.21

4% NaOH treated 20.06 272.73 317.07

6% NaOH treated 24.43 26591 313.52
The sample treated with 4% alkaline solution shows 100 00
improved surface roughness, chemical composition, s

and thermal stability according to SEM, FTIR, and DSC
analysis. Further, it is recommended to investigate the

80
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Figure 7:  Linear plot of FWO method

Figure 8: Linear plots of KAS method
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Table 2:
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Next, the kinetic study was conducted with different
heating rates of 5 °C/min, 10 °C/min, 12 °C/min,
15 °C/min, and 20 °C/min to further investigate the
thermal decomposition of the 4% NaOH treated fibre
sample. The FWO, KAS, and Friedman methods were
employed to determine the activation energy. Figures.
7, 8, and 9 show the plots for the FWO method, KAS
method, and Friedman method, respectively.

The conversion rate of 0.1 provides the activation
energy for the first stage decomposition of moisture
evaporation. The lines between the conversion rates of
0.2 to 0.6 are parallel to each other in the above three
methods, which implies the possibility of a single
reaction mechanism occurring at that conversion rate. The
second stage of decomposition begins at the conversion
rate of 0.2 (Alwani et al., 2014). However, the reaction
mechanism changes after the 0.6 conversion rate due to
the complex reactions of the fibre constituents at high
temperatures (Alwani et al., 2014).

Activation energies (kJ/mol) calculated from the three methods for conversion rates of 0.1-0.9

Conversion FWO method Kissinger method Friedman method
rate Ea R Ea R Ea R
0.1 34.39 0.9901 28.45 0.9852 17.45 0.8420
0.2 109.67 0.8916 100.74 0.8738 146.22 0.9490
0.3 143.22 0.9708 133.86 0.9666 138.54 0.9791
0.4 145.95 0.9811 136.35 0.9783 136.34 0.9612
0.5 143.08 0.9730 133.27 0.9689 126.81 0.9088
0.6 131.69 0.9933 121.64 0.9921 85.89 0.9256
0.7 55.31 0.9743 4437 0.9986 30.28 0.9830
0.8 71.32 1.0000 58.88 1.0000 84.45 0.9794
0.9 113.65 0.9952 99.68 0.9940 118.41 0.9179

Table 2 summarises the activation energies obtained from
the above three methods for the conversion rates ranging
from 0.1 to 0.9.

The activation energy for decomposition is changing
from 109.67 to 145.95 kJ/mol, 100.74 to 136.35 kJ/mol,
and 85.89 to 146.22 kJ/mol in the FWO method, KAS
method,andFriedmanmethod,respectively,ataconversion
rate of 0.2 to 0.6. The average activation energy (134.72
kJ/mol) obtained from the KAS method was higher than
the other methods at a conversion rate of 0.2 to 0.6. The
same observation can also be found in Alwani’s work,

where the activation energy was 200 kJ/mol, obtained
from the Kissinger method (Alwani ef al., 2014).

Lifetime analysis for the 4% NaOH treated fibre

The main decomposition begins at the 0.2 conversion
rate. Therefore, it is better to determine the lifetime of
the 4% alkaline treated coir fibre at 25 °C. The average
activation energy obtained from the three methods is
E=128.88 kJ/mol at the 0.2 conversion rate. The slowest
heating rate of 5 °C/min, was selected for this study
(Bogdanov et al., 2014). The temperature was T_= 500
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K at this heating rate and the conversion rate 0.2. Then
the E/RT value was calculated and utilized to find the
log P(Xf) from the numerical integration table given in
the reference (Toop, 1971). The antilog value of P(Xf)
was calculated next, and the lifetime of the fibre was
calculated using Toop’s equation (Toop, 1971; Bogdanov
etal.,2014).

Figure 10 shows the estimated lifetime versus failure
temperature for the 4% alkaline treated coir fibres
obtained by using Toop’s method. The lifetime value
of the 4% treated coir fibre sample was 6.55x10° hours
(749 years) at 25 °C. However, the estimated lifetime
was determined based on the activation energy value
taken from the decomposition curves obtained in an inert
atmosphere, without considering mechanical loading and
weather conditions (Batista ez al., 2015). Nevertheless,
the above results indicate that the 4% alkaline treated
coir fibres have an improved thermal stability at room
temperature.

10°

10° 4

104

103 4

Estimated life (hrs)

102 4

b \

100 T T T T T T 1
20 40 60 80 100 120 140 160

Temperature (°C)

Figure 10: The estimated lifetime of the 4% NaOH treated coir
fibres

CONCLUSION

The alkaline treatment effectively removes lignocellulose
substances, oil, and wax from the surface of untreated
coir fibres. This process alters surface roughness, the
chemical composition and thermal stability of the fibres.
Surface roughness changes can be observed through
SEM analysis showing an increase with higher alkaline
solution concentrations. However, excessive alkaline

523

concentration can damage the fibre surface. FTIR analysis
confirmed the changes in the chemical composition of
the fibre surface including significant reductions in
hemicellulose, impurities, and partial removal of lignin
with an insignificant removal of cellulose.

The removal of lignocellulose substances from
the fibre surface increased with higher alkaline
concentrations. However, excessive concentrations
caused surface damage particularly above 4% NaOH
indicating the delicate balance required in the alkaline
treatment processes. Additionally, improved thermal
stability of the fibres is seen with alkaline concentrations
up to 4% NaOH, but further increase resulted in reduced
thermal stability. These findings emphasize the need for
careful optimization of alkaline treatment to enhance fibre
properties. Therefore, according to the above results, the
4% alkaline treatment was identified as the appropriate
concentration.

Model-free methods such as FWO, KAS, and
Friedman methods provided information on the
activation energy of the 4% treated fibre, providing
insight into the minimum energy requirement of the
first and second stages of fibre decomposition. The
first stage decomposition occurs at the 0.1 conversion
rate and the second stage decomposition occurs at the
0.2 to 0.6 conversion rate. Lifetime analysis of the
fibre at 0.2 is important before the fabrication process
with the 4% treated fibre showing a lifetime value of
6.55%10° hours at 25 °C, which reduces with increasing
temperature. Therefore, it is especially important to
maintain the fabrication temperature and the time to
avoid fibre degradation. Further analysis of lifetime
considering biological and chemical degradation factors
is recommended.
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