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Abstract
Lightweight materials are continuously required for various parts of automobile and aerospace applications. In 
this connection, natural fibers are widely used to develop polymer composites due to their being biodegradable 
and lightweight. The demand for natural fiber for developing the lightweight polymer composite is needed 
for new fibers. The present work extracts and characterizes the bio-fiber from the Pithecellobium dulce (PDs) 
plant. The Pithecellobium dulce fiber (PDF) has a cellulose content of 63.45 wt.%, hemicellulose content of 
14.56 wt.%, lignin content of 8.45 wt.%, wax content of 0.37 wt.%, moisture content of 11.71 wt.%, and ash 
content of 4.85 wt.%. The physical density and crystallinity index of PDF was 1097 kg/m3 and 9.7 %. The tensile  
strength and Young’s modulus properties were identified as 317–1608 MPa and 8.41– 69.61 GPa. The thermal 
stability of PDF showed at higher temperatures of 339.1°C. This revealed higher cellulose content leading to the 
higher bonding of cellulose structure. The properties of  PDFs can be used to make green polymer composites. 
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1 Introduction 

Natural fibers are widely used in automobiles and 
aerospace interior parts and many researchers are 
working on synthetic and natural fibers to pass on the 
requirement and applications. Synthetic fibers, such as 
glass, aramid, nylon, and carbon fiber have been used 
for many years [1]. Considering the weight reduction 
and biodegradable materials, many researchers are  
focussing on developing various natural fiber composites  
by identifying new natural fibers. Researchers have 
identified various natural fibers, such as Sansevieria  
ehrenbergii fibers [2], Acacia leucophloea bark 

fiber [3], Urtica dioica [4], Dichrostachys cinerea [5],  
Sansevieria roxburghiana Schult [6], Sida rhombifolia 
[7], sisal [8], Artisdita hystrix leaf [9], Sida cordifolia 
[10], Furcraea foetida [11], Ficus racemosa [12], 
Acacia arabica [13], Hibiscus vitifolius [14], Cyperus  
pangorei [15], Elephant grass [16], Passiflora  
foetida stem [17], Perotis indica [18],  Shwetark Stem 
[19], Borassus Fruit [20], Carica papaya bark [21],  
Prosopis juliflora bark [22], and Acacia planifrons 
[23]. Natural fibers have less production cost and  
environmental benefits, which are gaining popularity 
in composites. Natural fibers are essential in the field of 
composites because they are environmentally friendly, 
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easy to dispose of, and take less energy to process and 
extract fiber from plants. Natural fibers can easily 
replace synthetic fibers due to remarkable qualities,  
such as low cost, eco-friendliness, and lower density 
[24], [25]. 
 The chemical and manual extraction processes 
are less expensive than mechanical retting processes 
because chemical treatment removes the cellulose 
and ligneous materials. The fundamental goal is to 
use natural fibers and fillers as a new reinforcement 
in lightweight composite structures. Mechanical  
properties of composites are improved by varying the 
weight content of fiber and altering the number of 
layers [26], [27].
 Natural plants generate different properties of 
natural fiber based on the various forms, but on the 
other hand, their properties are based on specific 
locations and natural conditions. Research into the 
differentiation of unique natural fibers has provided 
additional information on potential applications.  
Future demand for unique natural fibers is expected to 
rise as new goods. The global demand for natural fiber 
requirement is increasing day by day. The main aim 
is to fulfill the above demand by finding new natural 
fibers from various natural plants [28], [29]. 
 One such new plant is identified that the  
Pithecellobium dulce (PD) tree is a type of spiny tree, 
native to the Pacific Coast and surrounding highlands 
of Mexico, Central America, and Northern South 
America. It is cultivated throughout India's plains and 
in the Andaman Islands. The fiber is identified from 
the skin of the PD plant. The physical, tensile, chemical  
and thermal properties of PD's bark fiber have yet 
to be determined and before reinforcing fiber in a 
polymer matrix the above characterizations must be 
required. This study is to use single-fiber tensile testing  
to explore the physical, mechanical, thermal and 
chemical properties of PD fibers isolated manually 
from plant stalks.
 
2 Materials and Methods

2.1  Pithecellobium dulce plant and its fiber extraction 

PD is known as Manila tamarind, Madras thorn, or 
camachile. It is a flowering plant of the Fabaceae 
family [Figures 1(a) and (b)]. PD skins were manually 
separated from its plant [Figures 1(c) and (d)]. The 

fibers [Figure 1(e)] were extracted by manual process. 
The PDs were properly cleaned with tap water before 
getting cleaned with distilled water [Figure 1(e)]. The 
fibers [Figures 1(f) and (g)] were washed in 2% NaOH 
solution and dried for a week at ambient temperature. 
Table 1 shows the various extraction method for 
natural fibers.  

Table 1: Natural fibers extraction methods
Fiber’s Name Extraction Method Ref.

Acacia 
leucophloea 
Bark

Water with microbial degradation [3]

Urtica dioica L Dew/microbial retting [4]

Wax in cotton fiber Alcohol extraction method [30]

Flax Enzymatic method [31]

Sisal Mechanical decortification [8]

Furcraea foetida Water retting [11]

Ficus racemosa Water retting [12]

Hibiscus vitifolius Water/microbial retting [14]

Cyperus pangorei Water [15]

Figure 1: (a) and (b) Pithecellobium dulce (PD) bark 
tree, (a)  and (d) Peeling of PD tree skins, (c) PD skins 
(e) Peeled PD fibers, and (f) and (g) Skin tipped in 
NaOH solution and dry PD fibers. 
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2.2  Chemical analysis of PDFs 

Chemical properties of PDFs such as hemicellulose, 
wax, pectin, cellulose, ash, and moisture content 
were calculated by standard test methods [11]. PDF 
density is obtained using the Mettler Toledo xsz05 
testing method. The moisture content of the PDF was 
examined using the electrical humidity analysis, and 
the ash component was quantified according to ASTM 
standard E1755-01 (Sartorious, model MA45). The 
wax mixture is calculated in the Conrad method. Pectin 
is analyzed in the form of ammonium oxalate KOH 
(Potassium hydroxide).

2.3  Lignin

The biomass solvent extraction process was used 
to measure the amount of lignin. The sample was 
kept at atmospheric temperature for one day before  
being boiled at 100 °C using a hot plate. The solution  
become filtered and the strong residue was washed in 
the deionized water. During the washing, the detected 
sulfate ion was mixed in 10% of the Barium Chloride 
solution. This sample was dried in a hot air oven at 
110 °C until constant weight was obtained. The residue 
weight was measured to record the lignin content.
 
2.4  Hemicellulose

The biomass solvent extraction was used to determine 
the amount of hemicellulose. The 150 mL of NaOH 
(0.5 mol/L) was added to 1 g of Pithecellobium dulce 
(B). The solution was heated at 80 °C using a hot 
plate for 3.5 h. The deionized water was used to wash 
and detected Na+. The sample was dried in a hot air 
oven at 110 °C. Finally, the weight of the residual was 
measured to find the hemicellulose content. 

2.5  Moisture

Moisture content in fiber affects a substance's physical 
qualities, such as weight, density and conductivity. 
Weight reduction after drying is a common indicator 
to find moisture content. To perform the moisture test 
5 g of samples were used. Three moisture dishes were 
first rinsed in water and properly dried. The weight 
of each dish was determined using a weight balance. 
Next step, 5 g of samples were put into moisture 

dishes, followed by these three samples were placed 
in a moisture oven for three hours until they reached a 
consistent weight. After that, the dishes were placed in 
a desiccator, and each sample weight was measured as 
soon as they were cool. The average moisture content 
of each sample was determined by calculating weight 
losses in each sample. Finally, the moisture content is 
calculated by Equation (1) [2]–[5]. 

 (1) 

Where,
 W is the Weight of dish (g)
 W1 is Weight of dish + Weight before dying (g)
 W2 is Weight of dish + Weight after dying (g)

2.6  Ash

The inorganic residue (minerals) left following full 
oxidation of organic matter is referred to as ash content. 
Dry ashing entails heating the sample to 500–600 °C 
in a muffle furnace. To perform the ash test, it needs 
a 5 g of sample. The procedure for the test is to place 
samples in a cool muffle furnace and burn for 1 hour at 
550 °C. The muffle furnace is turned off and allowed 
it to cool to at least 250 °C by gently opening the 
door to avoid losing any fluffy ash. The safety tongs 
is used to transfer the crucibles to a desiccator, cover 
the crucibles, and close the desiccator to cool to room 
temperature before weighing. Finally, the ash content 
is calculated by Equation (2) [2], [5], [30]. 

 (2)

 W1 is Crucible weight + sample (g))
 W2 is Crucible weight + ash content (g)
 W is Empty crucible weight (g)
 M is Moisture content in % of the sample. 

2.7  Pectin

Pectic was found between the primay and secondary 
walls of the natural fiber, which was the derivatives of 
carbohydrate and methylated polymer of galacturonic  
acid. 50 g of the blended sample is mixed with 400 mL 
of 0.005 N HCl, and sample is boiled for 2 h at 80 and 
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90 °C in 400 mL of water. Water loss was compensated 
by adding sufficient water to cool and fiber sample 
was transferred to a volumetric flask of 500 mL, and 
do the filter process. 100 mL aliquot of sample was 
filled into a conical flask and subsequently add 250 mL 
of distilled water, and then followed to neutralize the 
acid with 1N NaOH using phenolphthalein as indicator, 
followed to add another 10 mL of 1N NaOH and allow 
standing overnight. Hereafter, 50 mL of 1N acetic acid 
and 25 mL of 1 N calcium chloride were added to the 
solution and then allow to stand for 1 h and boil for 
1–2 min. After boiling, a solution was filtered through 
a previously weighed filter paper. The precipitate 
was washed in free of chloride with hot water. The  
precipitate was dried and in a desiccator and weighed 
again. Finally, the ash content is calculated by  
Equation (3) [2], [5], [30].

 (3)

2.8  Cellulose

Cellulose is the important element in plants. It is 
composed of glucose molecules joined together within 
the form of repeating units of cellobiose with several 
cross-linkages. Initially, the selected sample is taken 
in a tube with addition of 10 mL of H2SO4 (Sulfuric 
acid) and allowed to stand for one hour. After that 0.5 g  
of vortex mixer are add to the sample and reagent 
with 3.0 mL acetic/nitric, followed to place the tubes 
in a waterbath at 100 °C for 30 min. The tube with 
mixture was cooled and centrifuged at 1200 rpm for 
15–20 min. The residue contain the discard tube was 
filled with distilled water and add 10 mL of H2SO4, 
and then allow to stand for one hour. Then, it was  
diluted 1.0 mL of the solution to 100 mL with distilled 
water. After that, 1 mL of this diluted solution with 
a blank of distilled water were mixed with 10 mL 
of anthrone reagent was added to the tubes, which 
was mixed properly and kept in the boiling water tub 
for 10 min. Then, it was cooled and measured the  
concentration of cellulose.

2.9  Physical analysis of PDFs

A single long fiber was splitted into short lengths. A 
microscope was used to project the fiber surface onto 

a screen. A ruler was used to measure it in millimeters. 
The linear density was calculated using the weights 
and lengths of the objects investigated. To determine 
the average diameter, 100 fibers were investigated, and 
10 fibers were tested to get the average linear density. 
Equation (4) was used to compute the volume density 
of natural fibers using the average linear density and 
average diameter of fibers [2]. 

 

 (4)

where M is mass of natural fiber, d is average diameter 
of the fiber, and l is length of natural fiber.

2.10 Fourier Transform-Infrared Spectroscopy 
(FTIR)

FTIR spectroscopy was plotted using the Perkin Elmer 
Spectrum spectrometer. The scanning rate of 30 scans 
per minute had been used to identify the spectrum. At 
room temperature and relative humidity of 65%, the 
total wavenumber area varied from 500 to 4000 cm–1. 
The fiber bundle was cut into 2–3 mm pieces and  
processed into powder form using a mortar. The 
collected powder was combined with another KBr 
matrix and compressed into a pellet. The spectra were 
recorded using the pellet. 

2.11 Analysis of x-ray diffraction 

An X-ray diffractometer (Model: Dmax 2500) had 
been used to record the SEFs' broad-angle XRD  
spectra. X-ray tube derived monochromatic Cu Kα  
radiation. Using a high-intensity spectrum, the  
crystallinity index was calculated by a reflection  
medium at a scan speed of 4 °C/min. All samples were 
tested for 2 h at a 5–50° angle [2]. 

 (5)

Where, H21.72 and H15.81 are the higher peaks at 2θ = 
42.96° and 38.79°, respectively. CS is calculated using 
the diffraction pattern of the cellulose's, 200 lattice 
planes. Using Scherrer's formula, the CS was computed 
using Equation (5)
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 (6)

Where, K is Scherrer's constant (0.89), β is the complete  
width of the peak at half maximum in radian, λ (delta) 
is the radiation wavelength (0.15406), and θ (theta) is 
Bragg angle in radian [Equation (6)].

2.12 Field Emission Scanning Electron Microscopy 
(FESEM)

The surface structure of PD fiber was examined 
by using high-resolution FESEM (Model: Thermo  
scientific Apreo S). The scanning specification was 
a resolution of 1.5 nm and 30 voltage acceleration, 
a working distance of 48 mm and 5X magnification. 

2.13 Thermogravimetric Analysis (TGA) and  
Derivative Thermogravimetry (DTG) 

The TGA deals with the amount of fiber material 
eradicated in percentage against the temperature (when 
heated), while DTG exhibits the rate at which these  
fiber materials are eradicated in the ratio of the percentage  
of the fiber to the time. The Jupiter simultaneous was 
used to analyze the thermal behavior of PDFs (Model: 
STA 449F3, Make: NETZSCH, Place: Germany). DTA 
is a temperature difference between the obtainable 
sample and the pre-known values reference sample  
(dT = T obtainable-T known). From the above inference,  
it can clearly stated that the DTG plot is the derivative 
plot of TGA [2]. 

 (7)

Where, R = 8.32 J/mol K, which is the universal gas 
constant, T is maintained temperature (Kelvin), K is 
constant, y is the proportion of initial molecules that 
have not yet decomposed (wt /wo), where wt denotes 
the sample weight at any time t and wo denote the fiber 
sample's beginning weight.

2.14 Differential thermal analysis

Differential thermal analysis (DTA) is a way of  
figuring out and quantitatively studying the chemical  
composition of materials by way of gazing at the  

thermal behavior of a pattern as it is heated. The powder  
form of fibers was heated from room temperature to 
1000 °C in nitrogen gas atmospheric at a heat rate 
of 10 °C/min. During heating, the nitrogen gas was  
supplied at a rate of 20 mL/min. 

2.15 Single fiber test

A single-fiber tensile test was carried out with 
different sizes of fibers in order to prove the  
maximum strength of the testing fiber. The INSTRON 
universal testing machine was used to conduct the 
tensile test with a load cell of 5 kN. Equation (8) is 
used to calculate the total cross-head displacement 
(δt) during fiber testing [2]. 

 (8)

where F is applied load (Newton), L is gage length 
(mm), E is Young’s modulus, A is cross-sectional 
area of fiber, and c is machine compliance. Twenty  
numbers of fibers were tested for calculating the tensile 
properties. 

3 Results and Discussion

3.1  FESEM analysis of PDFs

A morphological study of fiber surface using 
FESEM showed the presence of many small cracks 
near half the length of the fiber surface [Figure 2(a)].  
Due to the manipulation of individual fiber  
components in the fiber masses, the outside of the 
fiber showed roughly [Figure 2(b)]. By adopting 
a connecting technique, the greater stiffness of 
the fiber might make it simpler to attach to the 
fiber matrix. The whitish material in the fiber zone  
[Figure 2(c)] indicates the availability of amorphous  
cellulose, hemicellulose, and lignin [8]. The existence  
of sticky polysaccharides or contaminants between 
the filaments is also shown by the FESEM picture 
(Figure 2). When the fiber is chemically treated, 
the contaminants are filtered out, and a robust 
fiber structure is generated, improving fiber-matrix  
adhesion and The diameter of PDFs is ranging from 
20.5–86 μm.
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2.1 PDFs chemical analysis

Table 2 lists the chemical characteristics of PDFs 
and numerous other plant fibers. Natural fiber's  
functional qualities are mostly determined by its 
cellular value and lignin concentration. Natural  
fibers with more cellulose content have high tensile  
strength and modulus, also high lignin content has 

a longer lifespan. In comparison to coir of 37 wt.%, 
Kenaf of 53.14 wt.%, Palm oil of 65 wt.%, Jute of 
72 wt.%, and hemp fibers of 74 wt.%, PDFs have 
a comparatively high quantity of cellulose (74.89 
wt.%). The PDFs contain 12.80 wt.% lignin, which is 
higher than flax fiber (3 wt.%), hemp fiber (4 wt.%), 
Sida rhombifolia fiber (7.48 wt.%) [7], and kenaf 
fiber (8.18 wt.%). 

(a) (b) (c)

Figure 2: SEM of the PDFs.

Table 2: Comparison of chemical compositions of raw PDFs with various natural fibers

Fiber’s Name Cellulose 
(%)

Hemicellulose 
(%)

Lignin 
(%)

Wax 
(%)

Moisture 
Content 

(%)

Ash 
(%) Ref.

Pithecellobium dulce 63.45 14.56 8.45 0.37 11.71 84.85 -
Acacia leucophloea 68.09 13.6 17.73 0.55 8.83 0.08 [3]
Sida rhombifolia 75.09 15.43 7.48 0.49 12.02 4.07 [7]
Artisdita hystrix 59.54 11.35 8.42 - - - [9]
Furcraea Foetida 68.35 11.46 12.32 0.24 5.43 6.53 [11]
Acacia arabica 68.1 9.36 16.86 0.49 - - [13]
Hibiscus vitifolius 75.09 13.34 10.42 0.17 11.31 0.94 [15]
Cyperus pangorei 68.5 - 17.88 0.17 9.19 - [15]
Perotis indica 68.4 15.7 8.35 0.32 9.54 4.32 [18]
Acacia planifrons 73.1 9.41 12.04 0.57 8.21 4.06 [24]
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3.3  FTIR analysis 

The FTIR determines the main active groups  
contained in PDFs throughout a wavelength range of 
500–4000 cm–1 (Figure 3). The OH expansions of free 
hydroxyl groups and cellulose hydrogen are shown by 
the lowest exposure at 3880 cm–1 and 3414 cm–1, with 
a wide waveform peak at 3697 cm–1 [19]. A narrow 
band of 2985 cm–1 shows the growing C-H vibration. 
The 2387 cm–1 band is mostly caused by lignin ion 
vibrations [2]. The peak at 2005 cm–1 is attributed to 
the presence of higher crystalline cellulose, which 
displays CH2 vibration [2]. A significant height of 1658 
cm–1 shows lignin (guaicycl) cellulose corresponds to 
the respiratory guaiacyl ring with a substantial C-O 
stretch. A prominent peak at 1072 cm–1 shows C-O-C 
extraction cellulose absorption. A maximum value 
of 908 cm–1 is associated with cellulose structural  
connections. OH group bending outside the plane may 
be calculated up to 561 cm–1 [2].

3.4  XRD Analysis

The PDF XRD pattern is shown in Figure 4. The 
diffractogram structure revealed two well-defined 
peaks with angles of 2θ = 17.45°, suggesting the 
presence of monoclinic Cellulose-I crystals [1]. The 
crystalline cellulose has supported high stability 
and strength in natural fibers, and the crystallinity 
index (CI) is used to quantify its existence [14]. 
When utilizing the Segal equation provided in the 
scale (4), the PDF CI value was found to be 27.20%.  
This number is relatively less compared to that 
of fibers such as Borassus (38.4%) [20], Acacia  

leucophloea (42%), and Furcraea foetida (42.7%) 
[11]. The Scherrer formula calculated the crystallite  
PDF size, which came out at 1.38 nm. Table 3 shows 
the CS and CI values of PDFs and other natural 
fibers.

Figue 3: FTIR spectrum of PDFs.

Table 3: Physico-mechanical properties of PDFs and other natural fibers

Fiber’s Name Crystalline 
Index (%)

Crystal Size 
(nm)

Tensile Strength 
(MPa)

Tensile 
modulus 

(GPa)

Elongation 
(%)

Density 
(kg/m3) Ref.

Pithecellobium dulce 9.70 1.38 513–1226 6.9–9.6 0.8–1.37 1097 -

Dichrostachys cinerea 57.82 - 873 ± 14 - - 1240 [5]

Sida rhombifolia 56.6 2.75 673 ± 14 - - 1320 [7]

Sida cordifolia 56.92 18 703.95 ± 23.73 42.84 ± 2.1 2.89 ± 0.24 1330 [10]

Furcraea foetida 52.6 28.36 623.52 ± 45 6.52 ± 1.9 10.32 ± 1.6 778 [11]

Cyperus pangorei 41 - 196 ± 56 11.6 ± 2.6 1.69 1102 [15]

Passiflora foetida 67.36 4.23 248–942 11 – 48 1.38–4.67 1328 [17]

Perotis indica 48.3 15 317–1608 8.41 – 69.61 1.38–4.24 785 [18]

Figure 4: XRD spectrum of PDFs.
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3.5  TG AND DTG analysis

The thermal behavior of PDFs was evaluated using 
the DTG and TG curves (Figure 5). The initial thermal 
breakdown of the fiber occurred at 68.57 °C due to 
moisture loss and evaporation [1], [14]. The second 
phase of PDF thermal deterioration was discovered 
to occur between 100 and 150 °C, with a maximum  
temperature of 138.05 °C. A quick increase to 334.73 °C  
caused a considerable weight loss of around 59.76% 
due to a reduction in cellulose temperature. Acacia 
leucophloea fiber [3], Sida rhombifolia fiber [7], 
Shwetark fiber [19], and Cyperus pangorei fiber show 
a similar trend at 346.8 °C, 328.2 °C, 350 °C, and 
331.1 °C. The molecular structure of lignin makes 
it more thermally stable compared to other fiber  
components [2]. At 548°C, the fiber residual mass 
percent is 23.35 percent. The activation potential 
associated with the thermal degradation of PDFs 
at temperatures ranging from 80 °C to 360 °C is  
calculated using the Broido equation. The overall PDF 
regeneration power was 55.295 kJ/mol based on the 
structure ln(1/y) compared to T-1 in Figure 6. 

3.6  DTA analysis

The derivative analysis of the fiber is investigated, and 
the DTA curve is given in Figure 7. The comparison 
for DTA with temperature in (°C) shows the complex 
peak arises at 69.3 °C with an onset of 68.4 °C. The 
area is shown as 7.085 J/g.

4 Mechanical Properties of PDFs

Stress versus strain curves for ten PDF samples are 
shown in Figure 8. The stress structure determines the 
strength of PDFs subconsciously. The fiber's ultimate 
resistance to the solid load and value was determined 
to be 513–1226 MPa, whereas the strength of various 
natural fibers, such as palm, petiole bark, kenaf bast, 
bananas and bamboo was found to be 377, 185.52, 
427–519, 600, and 503 MPa, respectively [14]. The 
tensile modulus revealed by PDF was derived from 
the slope of the stress structure, which was found to 
be 6.9–9.6 GPA, and the extension to PDF failure 
was predicted to be 0.8–1.37%. As a result, when 
compared to the majority of plant fibers in Table 3, 
PDFs were discovered to have significantly powerful  

Figure 5: TG and DTG curves of PDFs.

Figure 6: Broido’s Plot of PDFs.

Figure 7: Derivative Thermogravimetry analysis of 
PDFs.
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solvents. The high cellulose content in PDFs is 
responsible for their great potency in mechanical  
properties. Another important aspect affecting 
natural fiber mechanical properties is the angle at 
which cellulose microfibrils are lodged in the lignin,  
commonly known as the microfibrillar angle [17]. 
Natural fibers with a loss microfibrillar angle are 
known for their strength and durability, whereas 
those with a high microfibrillar angle are known for 
their ductility [22]. The microfibrillar angle of the  
computer-generated PDF with Equation (7) is 11.28°. 
In addition to mechanical properties, plant fiber density 
is critical in reducing weight and the rate at which it 
is utilized in biocomposites. It was observed that PDF 
has a density of 1097 kg/m3. 

5 Conclusions

Physicomechanical, chemical, morphological, 
and thermal studies were used to determine the  
appropriateness of cellulosic fibers derived from  
Pithecellobium dulce for use in combination. The  
capacity of PDF to reinforce the polymer matrices 
was validated by character separation investigations 
and intensive testing. The inclusion of a high cellulose  
concentration (63.45%), a good moisture level 
(11.71%), and a low wax content (0.37%) improves 
PDF strength and promotes improved fiber-matrix 
adhesion. PDF has a microfibrillar angle of 11.28°, 
and natural fibers with a microfibrillar angle of less 
than 10° have greater ductility with increasing stress. 
PDF has a high crystallinity index (9.70%) and a 
tiny crystallite size (1.38 nm) compared to other  
natural fibers, making it excellent for the manufacturing  

of polymer composites. TGA found thermal stability  
(up to 360 °C) and kinetic regeneration capacity 
(55.295 kJ/mol) in PDF, which are important properties 
for compounding. The PDF will be treated with various  
chemicals for improving the mechanical strength and 
making good bonding with the polymer matrix. This 
study found that PDFs may be utilized to make a  
perishable polymer composite that can be used to make 
automotive parts, wall panels, construction partition 
boards, and sports equipment. 
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