
82RRJOMS | Volume 5 | Issue 3 | June, 2017

Research & Reviews: Journal of Material Sciences e-ISSN: 2321-6212 
p-ISSN: 2347-2278

DOI: 10.4172/2321-6212.1000186

Thermal Properties of Butylacrylate (BA) Transesterified and Benzoyl 
Peroxide (BPO) Cured Coir Fibers

Rout SK1*, Tripathy BC2 and Ray PK3

1Department of chemistry, Konark Institute of Science and Technology, Bhubaneswar-752050, 
 Odisha, India

2Hydro and Electrometallurgy Department, Institute of Minerals and Materials Technology, 
Bhubaneswar, Odisha, India

3Laboratory of nano-medicine, Institute of Life Sciences, Bhubaneswar-751023, Odisha, India

Research Article

INTRODUCTION
Lignocellulosic fibers, also called “Vegetable” fibers, “Plant” fibers or “natural” fibers. They are materials rich in lignin, 

hemicellulose, cellulose, pectin and some water soluble materials. The great interest of these materials is directly related to 
their physical, chemical and mechanical properties such as low density, flexibility, biodegradability, porosity, non abrasivity, 
viscoelasticity, renewable natural resource of low cost and result in less wear on equipment during their processing when 
compared with synthetic fibers [1,2]. Due to these excellent properties, natural fibers have been used in the textile, paper, bio 
composites, and technological applications [3]. Coir is a naturally occurring fiber and is available plently in the costal belt of India. 
Coir is a multi-component fiber whose chemical constituents are cellulose (36-43%), lignin (41-45%), hemicellulose (0.15-0.25%) 
and pectin together with some water soluble material [4].

The coir fibers are also extensively used in textiles (carpets, mats), in buildings (thermal insulation) and in automobiles (seat 
covers, cushions) [5]. Coir fibers have great potential for distinct applications owing to their varied physico–chemical properties 
[6-8]. Among the various applications suggested, use in agricultural substrate [9], solid state fermentation [10], source of tannin for 
industrial applications [11], reinforcement for polymeric composites [3], as a support for amylase [12] and lipase immobilization 
[13,14]. For a number of these applications, the characteristics of the fiber surface are very important to obtain a high quality 
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product. Chemical treatments of fibers have been reported to improve their wettability and to modify their microstructure, surface 
topography, surface chemical groups and tensile strength [4,5,15-21]. These changes may have positive influence on the interaction 
between matrix and polymer (in case of composites), adsorbent and adsorbate (for use as adsorbent of metals and pigments), 
enzyme and support and/or functionalizing agent and support (for immobilization process).

The thermal degradation of coir fibers is expected to be complicated due to the presence of the varied constituents. 
The effects of crystallinity, orientation and cross-linking on the pyrolitic behaviour of cellulosic fibers have been reported [22-

24]. The thermal break down of cellulose proceeds essentially through two types of reactions. At lower temperatures (between 120 
and 250°C), a gradual degradation due to depolymerization, hydrolysis, oxidation, dehydration and decarboxylation takes place. 
At higher temperatures, rapid volatilization takes place, accompanied by the formation of levoglucosan and a charred product 
[17]. Decomposition causes severe initial molecular weight loss that occurs via the rupture of chains at the crystalline-amorphous 
interface [25] leading to loss of fiber strength and a marked reduction in degree of polymerization (DP).

In this work for the first time we report the significance of transesterification and curing on the thermal behaviour of agro 
waste coir fibers. This work has got diverse benefits. First, the agro waste fibers are profusely available free of cost and have 
the distinctive properties of converted to more hydrophobic fiber after modification. Secondly, the technique adopted here is 
very simple and user-friendly. Transesterification is a method for reducing the hygroscopicity of the natural coir fiber. In this case 
transesterification is carried out in basic medium using catalyst sodium hydroxide or pyridine. The hydroxyl group of the cell wall 
of coir fiber reacts with acrylate moiety of butyl acrylate to yield acrylate incorporated fiber having ester linkages, so that fiber 
becomes more hydrophobic in nature. Further on curing of these transesterified fibers with BPO, phenyl and benzyl groups are 
introduced in the vinyl part of acrylate moiety of transesterified fibers leading to more hydrophobicity and rigidity due to interlocking. 
Further the process of transesterification and curing does not pollute the environment and involve no toxic discharge. In this study 
we report thermal responses of Base Coir, [Coir-ONa (4%)], [Coir-BA (Py/Acetone)], [Coir-BA (Py/Acetone)-C-BPO], [Coir-BA (4% 
NaOH)], and [Coir-BA (4% NaOH)-C-BPO]. This coir was subjected to TG, DTG, DTA and DSC analyses. The activation energy and the 
order of reaction has been evaluated with the help of Freeman-Caroll model to investigate the importance of transesterification 
and curing on their thermal stability which improves the quality of the fibers, and can be used as good reinforcement for designing 
and fabrication of novel polymeric composites, textiles fiber, good adsorbent, adsorbate, enzyme and other potential applications 
with high temperature stabilities.

MATERIALS AND METHODS
Purification of Coir and Chemicals

Coir fibers were purified by soxhelation with 1:1 benzene-ethanol mixture for 72 hours at 50°C followed by washing with 
acetone, ethanol in addition to air-drying and was termed as base coir hereafter. Butylacrylate was purified as reported earlier [26]. 
Other chemicals like acetone, methanol, ethanol, sodium hydroxide, acetic acid, pyridine, benzoyl peroxide etc. were of analytical 
grade (BDH chemicals) and were used after purification by standard methods.

Method of Chemical Modification

Alkali treatment of coir [Coir-ONa (4%)]: The purified coir (base coir) was treated with alkali (4% NaOH, w/v) solution for 
1 h at 35°C with occasional shaking followed by washing with dilute acetic acid and distilled water for a week to leach out the 
absorbed alkali. The materials were then air-dried and termed as [Coir-ONa (4%)].

Transesterification of base coir with butylacrylate or Transesterification of base coir [Coir-BA (Py/Acetone)]: Direct 
transesterification of base coir was done by refluxing the base coir (1 g) with butylacrylate (20 mL) in acetone (20 mL) using 
pyridine (4 mL) as catalyst at 50°C for 6 h. The transesterified fibers were washed with dilute acetic acid and acetone, followed by 
methanol and distilled water then air dried. These fibers were then termed as [Coir-BA (Py/Acetone)].

Transesterification of alkali treated coir with butylacrylate or transesterified alkali treated coir [Coir-BA (4% NaOH)]: 
Transesterification of 4% NaOH treated coir (1 g) was done under reflux with butyl acrylate (20 mL) at 50°C for 6 h. The 
transesterified fibers were then washed with dilute acetic acid and acetone, followed by methanol and distilled water, then finally 
air-dried. These fibers were then termed as [Coir-BA (4% NaOH)].

Curing of transesterified coir with benzoyl peroxide: Curing of transesterified base coir (0.4 g) was done under reflux with 
10 mL of 0.1 M BPO in acetone (40 mL) at 50°C for 2 h. The reacted fibers were washed with dilute acetic acid and acetone, 
followed by methanol and distilled water then air dried. These fibers were then termed as [Coir-BA (Py/Acetone)-C-BPO].

Similarly, curing of transesterfied 4% NaOH treated coir (0.4 g) was done under reflux with 10 mL of 0.1 M BPO in acetone 
(40 mL) at 50°C for 2 h. The reacted fibers were washed with dilute acetic acid and acetone, followed by methanol and distilled 
water then air dried. These fibers were then termed as [Coir-BA (4% NaOH)-C-BPO].
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Thermal characterization of coir fibers: The thermal properties of different fibers were carried out using TG and DSC (Perkin 
Elmer USA, STA6000). A heating rate of 10°C min-1, and a sample weight of 10 ± 2 mg were used, and experiments were done in 
a nitrogen atmosphere at a flow rate of 40 mL min-1. Same procedure was adopted for DTA (OKAY, India).

RESULTS AND DISCUSSION
TG and DTG Analysis

The TG and DTG curves for Base coir, Coir-ONa (4%), Coir-BA (Py/Acetone), Coir-BA (Py/Acetone)-C-BPO, Coir-BA (4% NaOH) 
and Coir-BA (4% NaOH)-C-BPO, are shown in Figure 1 and the properties evaluated from the curves are given in Table 1.

  
Temperature (oC) Temperature (oC) 

  
Temperature (oC) Temperature (oC) 

  
Temperature (oC) Temperature (oC) 

 
Figure 1. TG and DTG of (a) Base Coir (b) Coir-ONa (4%) (c) Coir-BA (Py/Acetone) (d) Coir- BA (Py/Acetone)-C-BPO (e) Coir-BA (4% NaOH) and (f) 
Coir-BA (4% NaOH)-C-BPO.
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Table 1. Results of thermo gravimetric (TG and DTG) analysis of Base and Chemically modified coir fibers.

Properties Evaluated Base Coir Coir-ONa (4%) Coir-BA  
(Py/Acetone)

Coir-BA  
(Py/Acetone) -C-BPO

Coir-BA  
(4% NaOH)

Coir-BA  
(4% NaOH)-C-BPO

Tmax-1 (°C)  290 - 300 298 - 310
Tmax-2 (°C) 330 347 332 332 335 340
Tmax-3 (°C) 452 428 474 484 410 424
Tf (°C) 395 400 490 494 427 460
Residual weight at Tmax-1 (%) 76 - 74 76 - 72
Residual weight at Tmax-2 (%) 56 54 52 54 48 50
Residual weight at Tmax-3 (%) 22 16 10 7 7.5 14
Weight up to 150°C (%) 10 12 9.5 9.5 9.5 9.8
Char yield at 550°C (%) 14 3 2 4 2 5

Approximately 9.5-12% weight loss was observed between 50 and 150°C (Table 1). This is due to absorbed water [17]. The 
weight loss in this region was similar in Coir-BA (Py/Acetone), Coir-BA (Py/Acetone)-C-BPO and Coir-BA (4% NaOH), which are less 
than the base coir, so these modified fibers were more hydrophobic than the base coir. While it was higher in Coir-ONa (4%), this 
happens due to the removal of hemicellulose, pectin, waxes and fats, fiber become floppy i.e. contain more pore. Therefore, the 
moisture can easily diffuse in these pores resulting increase in moisture regain. In Coir-ONa (4%), the moisture loss peak was not 
found to have any considerable change compared to the Base coir, but the weight loss at 100°C was found to be slightly higher in 
the Base coir. The main degradation peak temperature is shifted to higher temperature for Coir-ONa (4%). About 19°C increases 
in the degradation peak temperature and higher percentage of residue indicate better thermal stability of Coir-ONa (4%). Alam et 
al. [27] reported that alkali treatment reduced hemicelluloses in the fiber thereby making the fibre thermally more stable.

Lignocellulosic fibers degrade in several steps [28]. The hemicellulose part starts degrading within 240-310°C, whereas the 
cellulose part starts degrading in the range of 310-360°C, however, the degradation temperature of lignin has a wide range from 
200-550°C [29]. Lignin a natural polymer is a three-dimensional, highly cross-linked macromolecule composed of three types 
of substituted phenols; sinapyl, coniferyl, and p-coumaryl alcohols. It has wide range of degradation temperature from 100 to 
800°C due to the presence of stable aromatic rings with multiple branching [25], which leaves behind some un-volatized char due 
to the formation of highly condensed aromatic structures. Degradation of lignin proceeds in three stages of different temperature 
windows. The first stage occurs within 30-120°C due to the removal of the adsorbed water and the second stage which occurs 
in the temperature window 180-350°C is attributed to the degradation of carbohydrate component of the lignin being converted 
to CO, CO2, and CH4. Finally, at temperatures greater than 500°C, the process is associated with the decomposition of aromatic 
rings [30]. This also includes the formation of gaseous products due to the degradation of alcohols, phenolics, aldehydes, acids 
derived from lignin which starts after 350°C. Temperature of maximum rate of weight loss (Tmax) is obtained from a plot of the 
rate of weight loss versus temperature. From Figure 1, it is found that degradation occurred in three steps, so the decomposition 
of lignocellulosic compounds hemicelluloses (Tmax-1 (°C)), cellulose (Tmax-2 (°C)) and lignin (Tmax-3 (°C)), for all the fibers are 
given in Table 1.

In Figure 1, it is noted that the chemical treatment improved thermal stability of the fiber, characterized by an increase in 
initial temperature of degradation. An increase in the initial degradation temperatures (300, 298 and 310°C) in Coir-BA (Py/
Acetone), Coir-BA (Py/Acetone)-C-BPO and Coir- BA (4% NaOH)-C-BPO respectively, compared with the base coir fibers (290°C) 
can be seen. Similar results were obtained in the thermal behaviour of tamarind fruit fibers [31]. Temperature for completion of 
degradation (Tf (°C)), residual weight at Tmax-1 (%), Tmax-2 (%) and Tmax-3 (%), weight loss up to 150°C (%) and the char yield 
at 550°C (%) were determined from TG/DTG curves (Figure 1) and are given in Table 1. The treatment of coir fibers with 4% 
NaOH resulted in a considerable increase in Tmax-2 (°C). It is likely that the initial decomposition of coir fibers is initiated by the 
cementing material. This cementing material composed of different non cellulosic materials like lignin, pectin, hemicellulose, as 
well as other carbohydrate polymers [32]. On alkali treatment there is a partial loss of such cementing material via the rupture of 
ester linkages between polyuronic acid and lignin [19]. The observed increase in Tmax-2 (°C) could, therefore be accounted for 
by the presence of high molecular weight components in the cementing material. Due to these effects Tmax-1 (°C) disappeared 
completely in coir-ONa (4%). and Coir- BA (4% NaOH) with increase in Tmax-2 (°C) compared to Base coir, but Tmax-1 (°C) is less 
intense with enhanced Tmax-2 (°C) value in Coir-BA (4% NaOH)-C-BPO in comparison to base coir. Due to loss of cementing material 
Tmax-3 (°C) decreases in Coir-ONa (4%NaOH), Coir-BA (4% NaOH) and Coir-BA (4% NaOH)-C-BPO in comparisons to the Base coir. 
The final decomposition temperature (Tf (°C)), obtained by extrapolation of Base coir, Coir-ONa (4%), Coir-BA (Py/Acetone), Coir-
BA (Py/Acetone)-C-BPO, Coir-BA (4%NaOH) and Coir-BA (4% NaOH)-C-BPO are found to be 395, 400, 490, 494, 427 and 460°C 
respectively. Results showed that the degradation temperature of chemically modified fiber was more than base coir. So, the fiber 
became more thermally stable after chemical modifications. This attributed due to the fact that BA and BPO treatments create 
orderly arrangement of coir-fiber by transesterification followed by curing in the moiety of –OH and –CH=CH2 groups respectively. It 
has been observed that Coir-BA (Py/Acetone)-C-BPO and Coir-BA (Py/Acetone) has significant thermal stability than the base coir. 
Thermal stability of chemically modified fibers follow the order as Coir-BA (Py/Acetone)-C-BPO>Coir-BA (Py/Acetone)>Coir-BA (4% 
NaOH)-C-BPO>Coir-BA (4% NaOH)>Coir-ONa (4%)>Base coir.
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DTA Analysis

The DTA of Base coir, Coir-ONa (4%), Coir-BA (Py/Acetone), Coir-BA (Py/Acetone)-C-BPO, Coir-BA (4%NaOH) and Coir-BA (4% 
NaOH)-C-BPO are shown in Figure 2 and important peak of the curve with data are given in Table 2. All types of fiber show 
an endothermic peak within the temperature range 75-82°C due to loss of moisture. Base coir, Coir-BA (Py/Acetone), Coir-BA 
(Py/Acetone)-C-BPO show exothermic peak at 372, 400, 355°C respectively for the degradation of hemicellulose and thermal 
depolymerization of the glucosidic linkages of cellulose, but the intensity of these type of peaks are very low in NaOH treated 
fibers of Coir-ONa (4%), Coir-BA (4%NaOH) and Coir-BA (4% NaOH)-C-BPO due to removal of hemicellulose. A large endothermic 
peak between 382 and 430°C indicate the degradation of cellulose and lignin. It represents the complete loss of OH groups of 
monomer unit of cellulose, depolymerization and volatization of cellulose. A large exothermic peak between 438 and 548°C 
indicate the degradation of lignin. In Coir-BA (Py/Acetone), the endothermic and exothermic peak becomes broader at 430, 
547.22°C in comparison to the endothermic and exothermic peak at 420, 462.50°C respectively in base coir, this happens 
due to the introduction of acrylate moiety after transesterification. In Coir-BA (Py/Acetone)-C-BPO, sharp endothermic and sharp 
exothermic peak appears at 425 and 475°C respectively due to BPO curing in the acrylate moiety of transesterified fibers. But 
these types of peaks are not significant in Coir-BA (4%NaOH) and Coir-BA (4% NaOH)-C-BPO due to removal of hemicellulose. 
These results represent the degradation process of both lignocellulose and acrylate moiety responsible for the degradation of 
transesterified coir, similarly the degradation process of transesterified coir and BPO responsible for the degradation of BPO cured 
coir. It is found that the degradation temperature of chemically modified coir was higher in comparison to the base coir. Thus the 
thermal stability improved in modified coir.
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Figure 2. DTA of (a) Base Coir (b) Coir-ONa (4%) (c) Coir-BA (Py/Acetone) (d) Coir- BA (Py/Acetone)-C-BPO (e) Coir-BA (4% NaOH) and (f) Coir-BA 
(4% NaOH)-C-BPO.

Table 2. DTA data of Base and Chemically modified Coir Fibers.

Base and Modified Coir

 Peak-I  Peak-II  Peak-III

Temperature 
(°C)

Temperature 
difference 
 (°C/mg)

Temperature 
(°C)

Temperature 
difference  
(°C/mg)

Temperature 
(°C)

Temperature 
difference 
 (°C/mg)

Base coir 77.78 -0.1444 372.22 0.4952 462.50 0.6801
Coir-ONa (4%) 81.94 -0.1150 - - 486.11 0.6537
Coir-BA (Py/Acetone) 75.00 -0.1472 400.00 0.08485 547.22 0.2730
Coir-BA (Py/Acetone)-C-BPO 76.39 -0.1444 355.55 0.3952 475 0.7032
Coir-BA (4% NaOH) - - - - 465.28 0.7511
Coir-BA (4%NaOH) -C-BPO - - - - 438.89 0.9593

DSC Analysis

Differential scanning calorimeter (DSC) analysis was carried out on the Base and chemically modified coir to determine the 
thermal behavior of fibers. DSC analysis also enables the identification to be made on chemical activity occurring on the fibers as 
the temperature is increased.
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Figure 3. DSC of (a) Base Coir (b) Coir-ONa (4%) (c) Coir-BA (Py/Acetone) (d) Coir-BA (Py/Acetone)-C-BPO (e) Coir-BA (4% NaOH) and (f) Coir-BA 
(4% NaOH)-C-BPO.

Table 3. DSC data of Base and chemically modified coir Fibers.

Base and Modified 
Coir

Peak-I 
(Endoth 
ermic)

Peak-II 
(Endoth 
ermic)

Peak-III 
(Exoth ermic)

Peak-IV 
(Endoth 
ermic)

Peak-V 
(Exoth 
ermic)

Peak-VI 
(Exoth 
ermic)

Peak-VII 
(Endoth 
ermic)

Peak-VIII 
(Exoth 
ermic)

Base Coir 79.48 250 280 333.82 360 - -
Coir-ONa (4%) 85.29 250 276.47 366.17 - - - 430
Coir-BA (Py/

Acetone) 80.88 250 280 361.76 - - - -

Coir-BA (Py/
Acetone)-C-BPO 85.30 250 285.29 361.76 - - - -

Coir-BA (4% NaOH) 94.11 250 270 364.70 - 375 - -
Coir-BA (4% NaOH)-

C-BPO 97.05 250 278 357.35 - 380 390 430

DSC analysis curve of Base coir, Coir-ONa (4%), Coir-BA (Py/Acetone), Coir-BA (Py/Acetone)-C-BPO, Coir-BA (4% NaOH) and 
Coir-BA (4% NaOH)-C-BPO are shown in Figure 3, and important peak of the curve with data are given in Table 3. A sharp 
endothermic peak observed in the temperature range of 79-98°C in the base and chemically modified coir corresponds to 
the heat of vaporization of water absorbed in the fibers. In case of modified coir the peak of heat of vaporization of water 
shifted to higher temperature compared to Base coir. In cellulose fibers lignin starts to degrade at a temperature around 200°C, 
while the other polysaccharides such as cellulose degrades at a higher temperature [33]. Therefore peaks which are at higher 
temperature than 200°C indicate the decomposition of cellulose in the fiber. The first exothermic hump in the DSC curve for 
parent coir, Coir-ONa (4%), Coir-BA (Py/Acetone), Coir-BA (Py/Acetone)-C-BPO, Coir-BA (4% NaOH) and Coir-BA (4% NaOH)-C-BPO 
is 280, 276.47, 280, 285.29, 270 and 278°C respectively, which is due to the thermal degradation of hemicellulose and the 
glycosidic linkages of hemicellulose. It is found that the exothermic hump for degradation of hemicellulose are less in the DSC 
curve of Coir-ONa (4%), Coir-BA (4%NaOH) and Coir-BA (4% NaOH)-C-BPO as shown in Figure 3b, 3e and 3f respectively compared 
to the base coir, this happens due to removal of hemicellulose from the coir after alkali treatment. Cellulose is more resistant to 
thermal treatment in comparison to hemicelluloses due to its crystalline structure. When heated cellulose ongoing three primary 
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reactions: oxidation, dehydration and depolymerisation. Thermo oxidation and dehydration taking place mainly in the amorphous 
phase of polysaccharides. At temperatures above 300°C, depolymerisation becomes the dominant reaction of the degradation of 
cellulose. The second endothermic peak for parent coir, Coir-ONa (4%), Coir-BA (Py/Acetone), Coir-BA (Py/Acetone)-C-BPO, Coir-BA 
(4% NaOH) and Coir-BA (4% NaOH)-C-BPO is 333.82, 366.17, 361.76, 361.76, 364.70 and 357.35°C respectively, this is due to 
the degradation of cellulose leading to char. In this case degradation temperature of cellulose in the modified coir is more than 
the base coir, which increases the thermal stability of the modified coir.

In the base coir the endothermic peak at 333.82°C caused by the decomposition of α-cellulose. In case of Coir-BA (4% 
NaOH) and Coir-BA (4% NaOH)-C-BPO, the α-cellulose decomposition peak changed from endothermic to an exothermic peak and 
shifted to high temperature at 375 and 380°C in Figure 3e and 3f respectively. It is therefore, apparent that the removal of the 
non-cellulosic constituents such as hemicellulose, pectin etc., during alkali treatment leading to the destruction of the chemical 
linkages between the constituents might have some influence in inverting the α-cellulose degradation peak from endothermic 
to exothermic [34]. The endothermic peak at 250°C appears due to the degradation of fatty ester product of waxy layer in all 
the fibers. Exothermic peak at 360°C in base coir and endothermic peak at 390°C in Coir-BA (4% NaOH)-C-BPO of Figure 
3a and 3f respectively, due to degradation of cellulose and formation of char. In addition there is one more step with a 
exothermic peak at 430°C in Coir-ONa (4%) and Coir-BA (4% NaOH)-C-BPO, in Figure 3b and 3f respectively. In this step, the 
rest of the char is oxidized and the rest of mass consumed [35]. From the DSC analysis it is found that the thermal stability of 
modified coir enhanced in comparison to the base coir.

Activation Energy Determination

The activation energy also reveals the degree of thermal stability of the fibers. The larger the activation energy the more 
thermally stable is the material. The present calculation is based on the equation derived by Freeman-Caroll [36,37]. From the 
residual weight of the fibers the values of Δ log dw/dt/Δ log w is plotted against Δ (1/T)/Δ logw keeping ∆ (1/T) constant at 0.2 x 
10-4. The slope of the linear plot is –E/2.303 R. The intercept indicates the order of the pyrolytic reaction. The order of the reaction 
has been found to be unity in all the base and chemically modified coir fibers. The linear plots are shown in Figure 4 and the 
estimated values of activation energy of base and modified fibers are given in Table 4. The values of activation energy follow the 
order as Coir-BA (Py/Acetone)-C-BPO>Coir-BA (Py/Acetone)>Coir-BA (4% NaOH)-C-BPO>Coir-BA (4% NaOH)>Coir-ONa (4%)>Base 
coir, which is in agreement with TG and DTG analyses. The values of activation energy is maximum for Coir-BA (Py/Acetone)-C-BPO, 
due to the fact that with such a substrate larger numbers of chain do participate in thermal reaction thereby restricting weight 
loss. From the values of activation energy it is found that the thermal stability of modified coir is more in comparison to the base 
coir which was supported by TG, DTG, DTA and DSC. Base coir fiber is an anisotropic material, and the amount of its principal 
component, as well as inorganic components varies with geographical locations, types of species, and complexity of growth; 
these variables directly affect the degradation process as well as the activation energy. Despite these factors, the modified fibres 
showed increased thermal properties in comparison to base coir fiber.

Figure 4. Plots for determination of Kinetic energy using Freeman and Caroll equation for Pyrolysis of (a) Base Coir (b) Coir-ONa (4%) (c) Coir-BA 
(Py/Acetone) (d) Coir- BA (Py/Acetone)-C-BPO (e) Coir-BA (4% NaOH) and (f) Coir-BA (4% NaOH)-C-BPO.
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Table 4. Activation Energy (Ea) of Base and chemically modified coir Fibers calculated by Freeman and Caroll Method. 

Base and Modified Coir Ea (KJ/mole)  R2

Base Coir 44.104 0.9991
Coir-ONa (4%) 47.211 0.9988

Coir-BA (Py/Acetone) 52.119 0.9952
Coir-BA (Py/Acetone)-C-BPO 54.391 0.9950

Coir-BA (4% NaOH) 48.392 0.9986
Coir-BA (4% NaOH)-C-BPO 50.111 0.9987

The potential use of coir fibers as reinforcing agents is based on the interfacial properties between coir fiber and the 
polymer matrix. Poor resistance of the coir fibers to water absorption can have adverse effects on the structure, dimensional and 
mechanical properties of the coir fiber reinforced composites. However, it is possible to increase the thermal stability by reducing 
the moisture absorption property of coir fiber through its surface modification. The results presented in this work indicate that the 
transesterified and cured transesterified coir fibers are thermally more stable and hydrophobic than the base coir fiber.

CONCLUSIONS
Modification of coir fiber by treatments with BA and BPO resulted in a reduction in weight loss below 150°C, which indicates 

that, such treatment makes the coir hydrophobic. The TG and DTG curves show decomposition peaks over three stages due 
to hemicellulose (290-310°C), cellulose (330-347°C) and lignin (200-484°C) respectively. Thermal stability of chemically 
modified fibers follow the order as Coir-BA (Py/Acetone)-C-BPO>Coir-BA (Py/Acetone)>Coir-BA (4% NaOH)-C-BPO>Coir-BA (4% 
NaOH)>Coir-ONa (4%)>Base coir. It was established that significant increase in thermal stability may be imparted to coir through 
a simple chemical route involving transesterification and/or curing with the use of cheap chemical reagents. It was observed that 
transesterification and curing improve the thermal stability of the fibers, making them highly suitable for their applications as good 
reinforcement materials for designing and fabrication of novel polymeric composites, textiles fibers, adsorbents and adsorbates.
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