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ABSTRACT 

Enriching natural materials is essential for developing eco-friendly composites in structural and automotive applications. 
The aim of this work is to extensively characterize new natural cellulosic fiber extracted from Sesbania rostrata stem.       
S. rostrata fibers (SRFs) show cellulose content of 64.36 % with a range of tensile strength from 156 to 460 MPa and have 
a low density of 1.365 g/cm

3
. SRFs has crystallinity index of 58.41%, which is comparable with that of other common 

natural fibers. Furthermore, SRFs can resist the degradation of cellulose up to 246°C, which is revealed by 
thermogravimetric analysis.  
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1. INTRODUCTION 

Over the past two decades, synthetic fiber-reinforced polymer composites have been playing a vital role in the automobile, 
construction, aerospace, and food-packaging industries due to their excellent properties such as high mechanical strength, 
thermal stability, and chemical resistance 

[1]
.
 
However, synthetic fibers have certain limitations such as non-biodegradable 

nature, high energy consumption, high cost, and associated health-related issues 
[2]

. In this context, materials researchers 
are striving to incorporate natural fibers instead of synthetic fibers in polymer composites due to their exotic properties 
such as biodegradability, adequate strength, eco-friendly aspect, abundance in nature, wide variety, cheapness, and low 
density 

[2,3]
. Natural  fibers extracted from various parts of the plants, which include leaf, seed, fruit, root, straw, and stem, 

mainly comprise cellulose, hemicellulose, and noncellulosic components such as lignin, pectin, and wax 
[4]

. The quality of 
lignocellulosic fiber mainly depends on the crystalline nature of the cellulose, internal structure, chemical composition, 
density, and thermal stability 

[5]
.  

Sesbania rostrata (SR) is a leguminous crop from Sesbania genus of Fabaceae family, which consists of approximately 
500 species. S. rostrata is native of West Africa and commonly known as new dhaincha in India 

[6]
. It is a fast growing 

green manure plant used as an intercrop, an alley crop, and a shading crop to maintain a healthy soil for better crop 
production. In addition, the stems of SR are used as firewood, as poles, and in light construction 

[7]
. To the best of our 

knowledge, none of the researchers have investigated the physicochemical, mechanical, and thermal properties of SR 
fiber.  

2. MATERIALS AND METHODS 

2.1 Extraction of SR fibers (SRFs)  

SR plants are cultivated as an intercrop of turmeric field in the Erayamangalam region, Namakkal District, Tamil Nadu, 
India. The stems are separated from the SR and immersed in a water tank for 10 days at room temperature in order to 
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undergo microbial degradation 
[8]

.
 
After water retting process, the fibers are manually extracted from the wet stem. The 

extracted fibers are washed several times with distilled water to remove the unwanted piths on their surface and dried 
under the sun to remove the moisture content present in the fiber. The extraction process of SR fibers (SRFs) is shown in 
Fig 1.  

 
     

Fig 1:  Extraction process of SRFs. 

2.2 Characterization of the PFFs 

2.2.1 Chemical compositional analysis in the SRFs 

The chemical compositions such as cellulose, hemicellulose, and lignin content of the SRFs were determined at SITRA 
(South India Textile Research Association, Coimbatore, India) laboratory by the standard test procedures 

[9]
. Using Mettler 

Toledo XSZ05 balance method, we evaluated the density of SRFs 
[10]

. The wax content of the SRFs was assessed using 
Conrad procedure and their ash content was calculated as per the ASTM E1755-61 standard 

[11,12]
. Presence of moisture 

in the SRFs was determined by the conventional weight loss method 
[13]

.
 

2.2.2 Tensile test of SRFs 

The tensile properties of single SRFs were determined using an Instron 5500 Series Universal Tester (Instron Corp., 
Canton, MA) with the aid of 1 kN load cell in accordance with ASTM D3379-89 standards. To ensure the accuracy of the 
results, we tested a minimum of 25 single SRFs at a 50-mm gauge length with a crosshead speed of 0.5 mm/min. The 
entire test was carried out at an ambient temperature of 21

 
°C and the relative humidity was maintained at 61% 

[14]
. 

2.2.3 Fourier Transform-Infrared (FTIR) analysis  

FTIR spectrum of the SRFs was captured by using an FTIR Spectrometer (Spectrum 100; PerkinElmer, Waltham, MA) to 
determine the free functional groups present in the fiber. The powdered fiber sample was mixed with potassium bromide at 

a ratio of 2:200 (w/w) and then pelletized by applying a hydraulic pressure of 125 kg cm2
 for 1 min. The pelletized sample 

was analyzed with a scan rate of 32 scans per minute at a resolution of 2 cm
−1

 in the wave number region of 500–4000 
cm

−1 [12]
. 

2.2.4 X-ray Diffraction spectroscopy 

The crystallinity index (CrI) and crystallite size of SRFs were studied by X-ray diffraction (XRD) spectroscopy (X’Pert PRO; 
PANalytical, Almelo, the Netherlands) with monochromatic CuKα radiation of 0.154 nm wavelength at a current of 30 mA 
with an accelerating voltage of 40 kV. The analysis was carried out in the 2θ ranges from 10° to 80° at a scanning speed 
of 5° per min 

[15]
. 

2.2.5 Thermogravimetric Analysis (TGA) of SRFs  

The thermal stability of SRFs was determined from the thermograph obtained by heating the powder samples (10 mg) in a 
thermogravimetric analyzer (TGA Q50; TA Instruments, Tacoma, WA) at a rate of 20 °C/min from 30 to 800 °C. The 
experiment was carried out in the nitrogen atmosphere with a flow rate of 20 mL/min, and the samples were kept in an 
alumina crucible to avoid the temperature variations measured by the thermocouple. 

2.2.6 Fiber surface morphology 

The surface morphology of SRFs was examined using a scanning electron microscope (SEM; SUPRA Zeiss, Oberkochen, 
Germany). The fiber sample was coated with a thin gold layer to make its surfaces conductive and to avoid electron 
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charge gathering. The SEM studies were conducted by scanning the samples with a high-energy electron beam at an 
accelerating voltage of 10 kV in a vacuum chamber. 

3. RESULTS AND DISCUSSION 

3.1 Chemical composition of SRFs 

The chemical composition and density of SRFs were summarized and compared with those of other common natural 
fibers in Table 1 

[12,16,17]
. 

Table 1. Chemical compositions of the raw SRFs compared with those of the other common natural fibers 

Fiber Cellulose  

(%) 

Hemicellulose 
(%) 

Lignin  

(%) 

Wax 

 (%) 

Moisture 
(%) 

Ash 
(%) 

Density 
(g/cm

3
) 

SRFs 64.36 11.25 17.19 0.29 7.98 1.45 1.365 

Artisdita hystrix 
leaf 

[16]
 

59.54 11.35 8.42 — — — 0.540 

Prosopis juliflora 
[17]

 
61.65 16.14 17.11 0.61 9.48 5.2 0.580 

Acacia 
leucophloea 

[17]
 

68.09 13.6 17.73 0.55 8.83 0.08 1.385 

Areca fiber 
[12]

 57.35–58.21 13–15.42 23.17–24.16 0.12 7.32 — 0.7–0.8 

Bamboo 
[12]

 26–43 30 21–31 — 8.9 — 0.6–1.1 

Jute 
[12]

 61–71 14–20 12–13 0.5 12 — 1.3 

Banana 
[12]

 60–65 19 5–10 — — — 1.35 

Sisa l
[12]

 65 12 9.9 2 11 — 1.5 

Flax 
[12]

 71 18.6–20.6 2.2 1.5 7 — 1.5 

  

The variance existing between the chemical compositions of natural fibers is because of age and part of the plant where 
the fiber was extracted, extraction procedure, and soil and weather conditions 

[18]
. The rich content of cellulose (64.36 

wt%) tends to improve the mechanical properties of the SRF whereas the low hemicellulose content (11.25 wt%) tends to 
reduce the moisture absorption capacity and in turn increase the thermal stability of the fiber. The presence of lignin 
content (17.19 wt%) acts as a bonding agent between the cell wall structures to improve the rigidity and strength of the 
fiber. Less amount of wax content (0.29 wt%) in the fiber is desirable because it reduces the bonding characteristics 
between the fiber and polymer matrix in composites. The ash and moisture contents of the SRFs were found to be 1.45 
and 7.98 wt%, respectively. The SRFs have low density (1.365 g/cm

3
) as compared to the E-glass (2.5 g/cm

3
) and carbon 

fibers (1.7 g/cm
3
), which is favorable for making lightweight composite components 

[12]
. 

3.2 Tensile properties of SRFs 

The mechanical properties of the natural fibers mostly depend on the percentage of cellulose content present in chemical 
composition and the cell wall structure, especially microfibril angle. The high cellulose content and small microfibril angle 
contribute in improving the tensile strength and stiffness of the fiber 

[19,20]
.  The mechanical properties of the SRFs were 

determined by performing the single-fiber tensile test using a universal tester. At the same time, the diameter of the SRFs 
was measured through an optical microscope with image software. The value of average fiber diameter was found to be 
95±34 μm. The obtained tensile properties of SRFs were the following: tensile strength of 156–460 MPa, Young’s modulus 
of 9.50–67.89 GPa, and strain at failure of 0.18%–3.78%. The tensile strength of areca, bamboo, sisal, banana, hemp, E-
glass, and carbon fiber are 147–322, 140–230, 511–635, 355, 690, 2000–3500, and 2400–4000 MPa, respectively 

[12]
.
 
 

The microfibril angle (α) of the SRFs was calculated from Equation (1). 

  cosln1ln

0














 


L

L
     (1) 

Where α is the microfibril angle (deg.), ε the strain (no unit), L0 the  gauge length (mm), and  ∆L the change in length 

(Final Length – L0 ) (mm). The microfibril angle of the SRFs was found to be in the range of 3.52°–15.52° whereas 
microfibril angles of other natural fibers such as banana, flax, hemp and jute are 11°–12°, 5°, 6.2°, and 8.1°, respectively 
[20]

.
   

3.3 FTIR spectrum analysis of SRFs 
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The FTIR spectrum of the SRFs is shown in Fig 2. 

Fig 2: FTIR spectrum of the SRFs 

which illustrates a broad peak at 3347.60 cm
–1

and sharp peaks at 2904.92, 1736.01, 1645.35, 1376.27, 1248.96, 1058.97, 
and 513.09 cm

–1
. The broad peak observed at 3347.60 cm

–1
 corresponds to the stretching vibrational mode of intra- and 

intermolecular hydroxyl (–OH) bond of cellulose I and II 
[9]

.
 
 The stretching vibration of aliphatic saturated (CH), methylene 

(CH2) and methyl (CH3) groups in cellulose and hemicellulose components was observed at 2904.92 cm
–1 [21]

.
  
The peak 

observed at 1736.01 cm
–1

 belongs to the stretching vibration of carbonyl (C=O) group from the ester (RCOOR') and 
carboxylic acid (RCOOH) in hemicellulose and lignin 

[20]
.
  
 The broad absorption band observed at 1645.35 cm

–1
 attributes 

to the dipole moment of alkenes (C=C) in lignin 
[22]

. The peak seen at 1376.27 cm
–1

 indicates the in-plane bending 
vibrations of the CH2 and CH groups of cellulose.

[23]
 The CO group stretching in hemicellulose was observed at 1248.96 

cm
–1

.
 [8]

 The broad peak observed at 1058.97 cm
–1

 is attributed to asymmetric vibrations of C–O–C group in cellulose.
[23]

 
The C–OH bending is associated with the wave number of 513.09 cm

–1 [22]
. 

3.4 XRD spectrum analysis of SRFs 

The X-ray powder diffraction pattern of the SRFs is shown in Fig 3. 

 

 

 

 

 

 

 

 

 

 

 

Fig  3: XRD spectrum of the SRFs. 

The first highest intensity peak seen at 2θ = 23.1° corresponds to the (0 0 2) crystallographic plane. This peak confirms 
the presence of cellulose I in the SRFs. The second intensity peak observed at 2θ = 16.7° represents the (1 0 1) 
crystallographic plane. This peak shows the presence of hemicellulose and lignin in an amorphous form.

[24]
 The relative 

amount of ordered crystalline material in cellulose was calculated by using Segal’s empirical Equation (2) 
[25]

.
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where CrI is crystallinity index in % , I002 the intensity count value at 2θ =  23.1°, and IAM the  intensity count value at 2θ =  
18.9°. The obtained CrI of the SRFs is 58.41%, which is greater than that of Ipomoea staphylina fibers (43.96 %) and 
smaller than that of jute (71%) and hemp (88%) 

[8]
.
 

The average crystalline size (D) of the SRFs was computed by substituting the X-ray wavelength value as 0.154 nm in λ, 
K value as 0.94 (Scherrer constant), FWHM (full-width at half maximum) value at (0 0 2) crystallographic plane in β 
(radian), and θ value as Bragg’s angle at peak intensity count in Scherer Equation (3) 

[26]
. 





cos

K
D 

                                                                              

(3) 

The computed crystalline size (D) of the SRFs is 4.32 nm, which is higher than that of Napier grass fiber (2.83 nm) and 
rice straw (3.75 nm) but smaller than that of hemp (4.5 nm) and flax (5.4 nm) 

[27]
.
 
The CrI and crystalline size influence the 

chemical reactivity and water absorption capacity of the fiber 
[9]

. 

3.5 Thermogravimetric analysis of the SRFs 

The thermal stability of the SRFs sample is studied by using thermogravimetry (TG) and differential thermogravimetry 
(DTG) curves, as shown in Fig 4. 

 

 

 

 
 
  

 

 

 

 

 

 

 

 

 

Fig  4: TG and DTG curves of the SRFs. 

The TG curve clearly revealed three stages of mass losses of fiber sample with respect to increase in temperature. In the 
initial stage, moisture content in the fiber was evaporated when the temperature was raised from 32 to 89 °C with  a mass 
loss of 6.96% 

[8]
.
  
During the second stage, a minor mass loss of 3.11% up to 246 °C was recorded, which indicates that 

the fiber is thermally stable up to  that temperature. The major mass loss of 71.02% was observed between the 
temperature range of 246 and 387 °C due to thermal decomposition and depolymerization of hemicellulose and cellulose 
at the peak temperature of 361°C 

[20]
.
  
 It is comparable with the peak temperatures of 339.1, 308.2, 321, 309.2, and 298.2 

°C corresponding to Perotis indica, hemp, bamboo, Kenaf, and  jute, respectively 
[15]

.
 
The

 
final stage of degradation of fiber 

was attributed to the decomposition of lignin compound up to 680 °C with a mass loss of 9.76%.  An ash content of 9.15% 
mass remains as residue in the sample. The activation energy (Ea) of the SRFs was computed by substituting the kinetic 
parameter in the Broido’s Equation (4) 

[20]
.
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where R is (equal to 8.314 J/mol K) universal gas constant, K the constant, T the temperature in Kelvin, y the normalized 
weight (wt/w0), w0 the initial weight of the fiber sample, and wt the sample weight at any time t. The activation energy 
(97.96 kJ/mol) was determined from the slope of the line obtained by plot of ln[ln(1/y)] vs (1/T),  as given in Fig 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig  5: Broido’s plot of the SRFs. 

3.6 Surface morphology of the SRFs 

The surface morphology of the raw SRFs was examined by the SEM image, as shown in Fig 6.  

 

Fig 6: SEM image of the SRFs  

Thin lines with tiny holes are observed on the entire surface of the fiber. The small ridge on the entire fiber surface shows 
the presence of lignin, hemicellulose, and trace amount of impurities that cover the cellulose 

[28]
.
 

4. CONCLUSION 

In this study, complete characterization of S. rostrata fiber was carried out. The obtained results showed that the fiber has 
high cellulosic content, which provides better mechanical strength. The chemical composition, density, and tensile strength 
of the SRFs were comparable with those of the other available natural fibers. Further, the tiny lined surface morphology 
and the high thermal stability of SRFs ensure better bonding with polymer resins for making composites under elevated 
temperature without degradation of the fiber. Hence, promising results of the SRFs showed that it could be a potential 
alternative to synthetic fibers for making light-weight and good-strength composites in a wide range of industrial 
applications. 
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