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ABSTRACT 

Sustainable environment is an immediate require to safeguard the planet from being 

exposed to vulnerabilities. Bio composites can minimize synthetic acquisition since they are 

easily degradable. The reinforcement material deployed is a plant fiber according to which the 

entire behaviour of composites are decided. Raw and steam treated fibers of Borassus 

flabellifer (Bf) peels are characterised to see its efficiency as a reinforcement material. 

Lowered density of 0.91 g/cc is achieved after steam treatment. Chemical analysis computed 

the cellulose content to be 58.3%. Crystalline parameters are found from XRD analysis. SEM 

studies gave a clear discrimination between fiber sufaces before and after treatments. Steam 

has brought about 19% hike in the tensile values from 58 MPa to 70 MPa. FTIR spectroscopic 

studies found the vibrations associated with different functional groups. TG- DTA and DSC 

studies graphed the change in mass with rising temperatures as well as the heat flow rate on 

the fiber surface. Thermal stability upto 240 ᵒC is registered during the degradation of 

cellulosic components with a maximum degradation peak at 410 ᵒC and 440 ᵒC for the raw and 

treated Bf. Elemental compositions of Carbon. Hydrogen, Nitrogen and Sulphur are 

calculated. All the above findings suggest that Bf fiber could serve as an effective reinforcement 

material for light weight composite applications. 
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1. Introduction 

Technological development fetches useful products along with waste which are mostly 

non biodegradable. Composite materials pairing natural fibers as reinforcement material could 

be the best solution to stabilize the production of synthetic waste. Lowered mass fraction and 

density are the key things that prioritise the role of natural fibers in reinforcements. Plant fibers 

contain crystalline and amorphous constituents. Cellulose which add up the crystallinity to the 

plant is responsible for tensile and thermal stability. Before considering it for any 

reinforcements, it is essential that the fiber must be properly brought out with lowered 

amorphous entity [1]. Various chemical treatments like alkalisation, benzoyl, carbonate, silane, 

permanganate treatments etc., can help on improvising the orderness of fibers [2]. They find 

applications in automotive parts, insulation equipment, shielding and construction materials.  

New bio-degradable material is a need of the hour for sustainability and the possibility to 

develop such material from waste is an added benefit to defend the resources that are scarcely 
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exist. The present work concerns on Borassus flabellifer (BP) to examine its Physical and 

chemical details along with characterisation studies such as X-ray diffraction analysis, 

morphological studies using SEM, Tensile testing, FTIR spectroscopic studies, 

thermogravimetric analysis and CHNS analysis. 

2. Materials and methods 

2.1 Steam treatment 

Borassus flabellifer (BP) fiber locally called palmyra tuber are collected from 

Nagercoil, Kanniyakumari. The outer skin of BP tuber is generally treated as a waste and useful 

fibers can be separated from various layers. Selected fibers are washed in distilled water under 

room temperature and a part of it are subjected to steam treatment maintained at 110°C for 1 

hour. Fibers separated using needle are kept in vacuum descicationg for 2 days. Steam 

treatment can improve the intimacy between the matrix and reinforced fiber when scrutinizing 

for composite making [3]. Figure 1. Shows the fibers extracted from palmyra sprout.  

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Physical properties of Borassus flabellifer (Bf) fiber 

A detailed study on the physical aspects of Bf fiber is essential in knowing and tapping 

the potentials of fiber to the fullest. Linear density is a measure of fineness of the fibre and 

density is analyzed with liquid Pycnometer method using the equation [4,5]  

                            

Where, m1 is the mass of pycnometer (kg), m2 is the mass of the pycnometer filled with fibers 

(kg), m3 is the mass of the pycnometer filled with toluene (kg) and m4 is the mass of pycnometer 

filled with fibers and toluene (kg). The density of Bf fibers are much lower than Coccinia 

grandis stem (1.517 g/cc), Acacia leucophloea (1.385 g/cc), Thespesia populnea (1.412 g/cc) 

[6]. Steam treatment has scaled down the density to 0.9 g/cc, which is lower than synthetic 
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Fig. 1. Fibers from Borassus flabellifer (BF) tuber 
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fibers and it can have a good scope on light weight applications [7, 8]. An average of 30 fibers 

are chosen to measure its diameter using an air-wedge arrangement and the physical parameters 

are tabulated in Table.1 

Table 1. Physical parameters of Bf fiber 

Parameters Untreated fibers Steam treated fibers 

Length (cm) 15.03 15.26 

Diameter (µm) 225 219.5 

Aspect Ratio 668 695.22 

Linear density (tex) 52.63 50.46 

Density (g/cc) 1.31 0.9 

3. Characterisation studies  

3.1. Determination of Chemical composition 

Presence of cellulose, lignin, hemicellulose and wax content in the fiber sample is 

revealed through chemical analysis. Chemical analysis testing was done from Chemical 

Testing Laboratory, SITRA, Coimbatore. 

3.2. X-Ray Diffraction (XRD) Analysis 

Crystalline nature of BP fibres was measured using Powder X-ray diffraction analysis 

using a Bruker AXS–D8 Advance Model diffractometer. 2θ values are recorded between 3˚and 

80˚ under 40 kV and 35 mA. Crystallinity index is calculated using the Segal Emphrical 

formula [9]. 

                                  CI   =   
𝐼200−𝐼𝑎𝑚

𝐼200
  *100                                                           (2) 

Where, I200-maximum intensity of the crystalline diffraction peak, Iam-minimum intensity of an 

amorphous peak  

The crystallite size was calculated using the equation Scherrer’s equation  

                                  CS = 
𝐾𝜆

𝛽200 𝑐𝑜𝑠𝜃
                                                                (3) 

Where K is Scherrer’s constant, λ is Wavelength of the X ray (0.154 nm), β200 is the peak’s full 

width at half maximum, θ is the Bragg angle. 

3.3 Single fiber tensile testing 

Single fiber tensile testing and elongation was computed using (Zwick/Roell) from 

Physical testing laboratory, SITRA, Coimbatore. All the tests were carried out at a temperature 

of 21˚C ± 1˚C with a relative humidity of about 65%.  
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3.4. Scanning Electron Microscopy (SEM) 

Morphological features of fibers are studied using SEM studies. It was done by using 

a Jeal T220 scanning electron microscope, with the working voltage between of 5-20 kV. 

3.5 FTIR Analysis 

Vibrational bands of various functional groups of raw and steam treated fibres are found 

using the FTIR spectrometer (Model FTIR-8400S spectrum, SHIMADZU, Japan) in KBr 

matrix with a scan rate of 45 scans per minute. 

3.6 Thermogravimetric analysis 

Response of the fiber to a variety of reactions such as decomposition, degradation, 

adsorption, vaporization, oxidation, reduction etc., can be studied using thermogravimetric 

studies. Tg-dta and DSC analysis were taken using HITACHI-STA7300 in nitrogen 

atmosphere. A heating rate of 20˚C /minute was monitored between 40-700˚C.  

3.7 CHNS Analyzer 

Carbon Hydrogen Nitrogen Sulfur (CHNS) elemental analysis do a rapid determination 

of Carbon, hydrogen, nitrogen and sulphur quantities in the biofiber. The analysis is made using 

the model Elementer Vario EL III with the Precision >0.1% absorbance. 

4. Results and Discussion 

4.1 Chemical analysis 

Presence of cellulosic and non-cellulosic constituents comprise the fibrillar 

arrangement. High cellulosic fraction with lower hemicellulose and lignin content enuciate a 

positive effect. The percent of wax is low around 0.35% which is a good impression since wax 

debonds fiber from matrix phase while making composites. Higher value of ash quantifies the 

improved cellulosic content in the fiber surface.   Chemical constituents of Bf fiber is compared 

with other fibers [7, 10, 11] in Table 2. 

Table 2. Chemical constituents in Bf fiber 

Fibre 
Cellulose 

(wt %) 

Hemi cellulose 

(wt%) 

Lignin 

(wt%) 

Wax 

(wt %) 

Pectin 

(wt%) 

Moisture 

(wt%) 

Ash 

(wt%) 

Raw BP 58.35 25.83 19.90 0.35 7.62 9.33 3.90 

Acacia 

leucophloea 
68.09 13.6 17.73 0.55 - 8.83 0.08 

Prosopis juliflora 61.65 16.14 17.11 0.61 - 9.48 5.2 

Arundo donax 35.52 26.81 19.80 - - 8.40 4.75 
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4.2 XRD Analysis 

Natural fibers itself is considered to be semi-crystalline, due to the presence of 

cellulose, hemicellulose, pectin etc. These components are composed of various linkages of 

hydrogen and carbon [6]. A major crystalline peak was seen around 22 degrees in the steam 

treated Borassus fiber, along with the amorphous peak at around 18 degrees. In the case of 

untreated fibers, the CI value was found to be 54.48%. Unexpectedly, crystallinity index (CI) 

for the steam treated fiber is found to be 41%, which is less than the untreated fibre.  

 

 

The steam action might be strong enough to abandon the cellulosic components along 

with the amorphous material which resulted in a drop of cellulose after steam treatment. The 

values of CI and CS of the experimental fibers are comparable with other natural fibers like 

Kigelia africana, Areca catechu L, Coccinia grandis L, Saharan aloevera cactus leaves, 

Furcraea foetida etc., [12- 14]. Crystallite size of raw and steam bath treated Bf fibre was 

found to be 0.59 nm and 0.78 nm. XRD diffractogram and crystalline parameters of raw and 

steamed Bf fibers are shown in Figure 2 and Table 3. 

Table 3. Crystalline, Tensile and CHNS values of raw and steam treated Bf fibers. 

 

Sample 
Crystallinity 

Index (%) 

Crystallite 

size (nm) 

Tensile 

strength (MPa) 
N% C% S% H% 

Raw Bf 54.48 0.59 57.56 0.61 43.95 - 7.01 

Steamed Bf 41 0.78 70.78 0.95 42.50 0.13 6.41 

Fig. 2 XRD diffractogram of raw and treated BF fibers 
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4.3 Single fiber Tensile Test 

Fiber strength predominantly gears on number of things like maturity of the plant part, 

habitat, fibers chosen for testing and so on [15]. The tensile values of steam treated fiber show 

an increment of 70.78 MPa than the raw Bf fiber (57.56 MPa), without subjecting to any other 

chemical treatments. A better orientation of cellulose micro fibrils along the fiber axis play a 

role in the fiber strength. An upsurge of 19% was seen in the steamed fibers. Smaller size, 

enhanced mechanical strength and lowered amorphous impurities influence an advanced 

adhesion between the matrix and reinforced material [16] 

4.4 Scanning Electron Microscopy 

Surface morphologies are diligent while considering fibers to be paired with matrix 

phase. SEM photographs of raw and steam treated fibers are displayed in figure 3: a,b,c,d and 

figure 4: a,b,c,d. Fibrils are seen to be clouded with impurities, wax, hemicelluloses and lignin 

on the surface of untreated Bf fiber [17]. Also a number of pores opening into long ridge area 

is visible in figure 3a. Large vacuoles created by impurities are marked in figure. 3d. However, 

deformities are largely replaced with more ordered and regular arrangements after steam 

explosion.  

Fig. 3 a,b,c,d: SEM image of untreated BF fibers 

 

It is predicted with the fact that steam treatment has broken the bonds between the 

cellular constituents of fiber and hence the disorganised hemicellulose might be cleaved off of 

the fiber surface with magnified, long fissures are visible and it might add up a hold on fiber 

towards the matrix arrangement [15]. 
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4.5 FTIR Spectroscopic studies 

The use of Fourier transform infrared (FTIR) spectroscopy has been considered to be 

one of the most effective techniques to study the chemical and surface chemistry of biofibers. 

Wavenumbers at 3428 cm-1 and 3435 cm-1 in the raw and steam treated fibers indicated the 

presence of O-H stretching of hydrogen bonded hydroxyl groups in α-cellulose and /or in 

hemicelluloses. Strong peaks observed at 1643 cm-1 in both fibers attribute to C=O stretching 

vibration of keto carboxylic acid in lignin. Absorption peaks at 2920 cm-1 is due to the C-H 

stretching vibration of α-cellulose and hemicellulose [18]. Vibration of fibers at 1600 cm-1 is 

due to the stretching of C=C groups present in the lignin and medium absorption peaks visible 

around 1414.34 cm-1 is due to CH2 wagging [19]. Streaming has not inculcated a wide 

vibrational variations in Bf fibers. FTIR graphs of raw and treated fibers are shown in Fig. 4.   

 

Fig. 4. FTIR spectrum of raw and steam treated Bf fiber 

 

 

Fig. 4. a, b, c, d: SEM images of steam treated BF fibers 
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4.6 Thermogravimetric analysis  

 Heat resistance is very much needed for making composites [20]. TG plot shows that 

initial mass loss of 12% in the raw fiber at 110ᵒC, is due to the removal of moisture. [21, 22]. 

Apparent loss of weight between 230°C- 360°C is recorded due to the degradation of cellulose. 

On rising the temperature to 325℃, huge degradation was initiated due to the decomposition 

of hemicelluloses and glycosidic linkages of celluloses. Nearly 51% of weight got reduced in 

this stage. Beyond 400°C, lignin mass has got out of the fiber. Steam treated fibers also follow 

the same pattern with a slight variation of 42% mass loss between 250°C- 320°C. Clinical 

degradation of raw fiber was noticed at 230°C and eventually it has manifested to 240°C during 

the steam treatment. Figure 5. explains the TG-dta and DSC curves for the raw and steam 

treated Bf fibers. 

Fig. 5a. Tg-Dtg curve of untreated Bf  5b. Tg-Dtg curve of steam treated Bf  

5c. DSC curve of untreated Bf    5d. DSC curve of steam treated Bf 

DTG curves marks the maximum degradation temperature of raw and steam treated 

fibers at 302°C and 304°C, which is very much greater than most cellulosic fibers. Steam 

treatment has the capacity to bring variation and extend the thermal properties to a considerable 

level. Another degradation peaks at 420.8°C and 461.3°C in raw and steam treated fibers 

respectively, are possibly due to the disintegration of lignin and pectin. Similar peaks had 
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appeared in Coccinia grandis stem fibers [23] and pigeon pea plant fibers [24]. Enthalpy change 

connected with the fiber is enumerated in DSC curve. An endothermic peak appeared at 410°C 

in the raw fiber and preceded to 440°C in the treated fiber, clearly indicates a wide constructive 

discrepancy in the later one. TG data summarises that steam inclusioned Bf fibers can be opted 

for thermal applications considering the thermal standby temperature not more than 240°C.  

4.7 CHNS Analyzer 

Raw and steam treatead Bf fiber samples are combusted to generate compound gases 

of Carbon, Hydrogen, Nitrogen and Sulfur. Purity is found along with this analysis. Presence 

of sulfur was detected in the steam treated sample. Table 3. shows the CHNS weight percent 

of fibre sample. 

5. Conclusion 

The suitability of Borassus flabellifer (Bf) fiber to be consumed for green composites 

were analyzed and the following conclusions were put forward. Density of steamed fiber show 

a massive change to 0.9 g/cc from 1.31 g/cc. Chemical composition of fibers witnessed a higher 

cellulose (58.35%) and ash (3.90%) content adjoined by lowered hemicelluloses (25.83%). 

Although the Crystallinity Index in the steam treated fiber has been declined, mechanical and 

thermal behaviour marked greater improvements. This is because the action of steam has 

cleaved the celluloses along with the amorphous entities. Fibrillar arrangement was more 

ordered in the steam treated fiber (70.78 MPa) which is 19% more than the raw Bf. FTIR 

spectroscopic assignments register a slight vibrational variation with the steamed fiber.  

The SEM images neatly portray the presence and absence of components on the fiber 

surface. Tg-dta and DSC plot show the mass loss of cellulosic components and adds that the 

maximum temperature upto which the fibers can stay active was marked at 240℃, with a 

maximum degradation peak on the steamed Bf at 461°C. CHNS analysis quantified the present 

of the elements. The findings give a positive way to introduce the fiber as reinforcement 

material in composite making. Overall study on Borassus flabellifer (Bf) indicated an 

augmented results and there is no less probability that different chemical treatments could 

enhance the properties for optimised composite applications.  
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