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Abstract
Natural fibres are attracting a lot of attention these days, from industrial applications and basic research, to producing eco-
friendly goods. The engineering characteristics of the palmyrah leaf base (Borassus flabellifer) were assessed in this study. The
test specimen’s were prepared as per the ASTM standards. The average length of the palmyrah leaf base was around 532±1.96
mm, and 22.74±0.23 mm thickness, 472.6±3.23 g density and volume of 0.893±0.027 g cm3 and 173.14±5.393 cm3 were recorded.
The mechanical properties were obtained by tensile test, impact test, flexural test, and shore-D hardness test. Tensile strength was
observed to be 8.77±0.2 MPa, percentage of elongation was 40 per cent and the flexural strength  147±2.44 MPa. Significant
hardness and lower impact strength confirms the viscoelastic nature of the palmyrah leaf base. The data obtained was analysed
statistically using Weibull analysis. The palmyrah leaf base properties obtained will be useful for palm related researchers and
industrialists to calculate design consideration for fibre extraction machines and developing fibre related products.
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Introduction
Borassus flabellifer is commonly called

palmyrah palm, a species that originated from the
Indian sub-continent and South-East Asia, which
can adapt and grow well both in arid and semi-arid
conditions. The other names of palmyrah palm are
Tal (Hindi), Talgachh/Takajhar (Bengali), fan palm,
brab tree, toddy palm etc., (Krishnaveni et al., 2020).

The distribution of this palm is from South East
Asia to Guinea, India, Myanmar and Cambodia.
India ranks first in palmyrah palm tree population
with 85.9 million trees, out of which 51 million are
in the state of Tamil Nadu (Krishnaveni et al., 2020;
Rao et al., 2021). The palmyrah palm tree starts
yielding from 25th year in arid regions and from 12
to 20th year in semi-arid regions. The tree grows up
to a height of 15 to 18 m, and the diameter of the
trunk is about 0.6 m. The young trees are covered
with more dry leaves, and as it grows, they have
only narrow petiole leaves; the trunk resembles that

of coconut trees but is much darker  (Burkill, 1966;
Davis and Johnson, 1987). The apical bud of the
trunk is sweet with plenty of nutrients. The crown
of the tree contains 30 to 40 palmate leaves, in
duplicate and strongly costapalmate with 1-1.5 m
diameter. The tree gives out one palmate leaf every
month. Both male and female palmyrah can be
utilised to obtain inflorescence sap (neera). Neera
is tapped in Tamil Nadu between February and July.
A single palmyrah tree can yield 150 litres of neera
and 24 kg jaggery (gur) every year (Krishnaveni
et al., 2020).

The various parts of the palmyrah tree, viz.,
seed, seed coat, male inflorescence, leaves, and
fruits are known for their significant biological and
pharmacological functions like antimicrobial
activity, anti-inflammatory, anthelmintic, sedative,
anti-arthritic, cytotoxic, anti-bacterial, hypoglycemic,
antipyretic, etc. (Jerry, 2018; Gummadi et al., 2016).
The economics of a single palmyrah tree is
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` 4240 year-1; the products obtained from palmyrah
palm include neera, gur, palm candy, coir, fibre,
firewood etc., (Krishnaveni et al., 2020).

High strength palmyrah and sisal fibres have
been hybridised with coir-reinforced epoxy
composites made in compression moulds to increase
their mechanical properties (Nagarjun et al., 2020).
The palmyrah fibre (treated and untreated)
reinforced epoxy composite, added with tamarind
seed powder acts as a particulate composite. The
mechanical properties of untreated to treated fibre
composites increased from 33 to 67 per cent due to
good adhesion between fibre, tamarind seed powder,
and matrix material (Srinivasan et al., 2020).

A single palm produces five different fibre
types: loosened fibre from the leaf stalk’s base,
lengthy fibre from the leaf stalk, fibre from the stem
of the stem, fibre produced from the pericarp and
the fibrous substance of the leaves (Burkill, 1966).
Baskets, rope, brushes, matting etc., are among the
indigenous applications of fibres. With increasing
length, tensile strength and elongation decrease,
whereas the initial modulus increases. On increasing
fibre diameter, overall mechanical strength increases
(Mukherjee and Satyanarayana, 1986). A traditional
process like retting involves anaerobic and
biological organisms as a medium to decompose
lignin, pectin and other substances, which takes
about 2-6 weeks. Another fibre extraction methods
involve harvesting the leaf base and soaking in water
for 8 to 12 hours, followed by shade drying to
remove the excess water and scrubbing the non-
fibrous layer with the help of sickle, metallic comb-
like materials etc. Degumming is a process in which
polyphenols and other micronutrients are precipitated
by hot alkali solutions followed by bleaching
(Amanuel, 2020). Degumming is time-consuming
with high production costs. Hence there is a need to
develop palmyrah fibre extraction equipment, which
farmers and entrepreneurs could adopt. The physical
properties such as length, breadth, thickness and
weight of the leaf base will be useful for designing
machine parts, and the mechanical properties such
as tensile strength, flexural strength, impact strength,
stress relaxation behaviour and hardness can be used
for determining the force and power required for
the defibering process of leaf base. The engineering
properties of palmyrah leaf base stalk is essentially

required for designing of fibre extraction machine.
Because of the above, the engineering properties of
the palmyrah leaf base was recorded in this study.

Materials and methods

Collection of leaf bases
The palmyrah fruits mature during August, and

ripened fruits fall during September and October.
The crown of the tree contains 30 to 40 palmate
leaves, and the leaf base can be harvested from
October (Krishnaveni et al., 2020). The palmyrah
leaf base sample was collected from palms
maintained at the Tamil Nadu Agricultural
University, Coimbatore, Tamil Nadu, India. The
palmyrah leaf base was collected for analysis from
10 palmyrah trees (around 20 years old) by the
conventional method using a sickle, and average
results were recorded.

Physical properties
The length, weight and thickness of the Indian

palmyrah palm leaf base were determined. In size,

Fig. 1. Palmyrah leaf base

Engineering properties of palmyrah leaf base
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150 mm digital calliper (1139-150) was used to
measure the thickness of the palmyrah leaf base,
and rule tape was used for measuring the length and
height.

Moisture content determination
The moisture content was estimated using the

oven-dry method at 104°C for 24 hours (Henderson
and Perry, 1997; Dauda et al., 2014; 2015). The
whole palmyrah leaf base is depicted in Figure 1.
The palmyrah leaf base was divided into three parts
viz., upper, middle and lower (Fig. 2) since it has a
varying diameter (Ghahraei et al., 2011; Galedar et al.,
2008; Hoque, 2019). All measurements were
determined in the laboratory at a temperature and
relative humidity of 28 - 30°C and 72 to 74 per cent,
respectively. The moisture content was calculated
using equation (1),

The amount of water displaced is measured as the
volume (Vs) of palmyrah leaf base from equation (2).

M.C. (wb) =
M.Ci–M.Ci (1)M.Ci

Where,
M.C. (wb) = Moisture content in wet basis (%),
M.Ci =  Initial moisture content (%),
M.Cf= Final moisture content (%).

Measurement of volume and density
The water displacement method was used to

evaluate the volume of each specimen. The palmyra
leaf base was tied in a string and lowered down into
a container or measuring cylinder filled with water.

Vs  =
Weight of the liquid displaced by solid

(2)Density of liquid

Fig. 2. Three parts of palmyrah leaf base

The palmyrah leaf base consists of two identical
segments, and they are of irregular shape. The
volume and bulk density was calculated using the
water displacement method. The bulk density of the
palmyrah leaf base can be calculated from
equation (3)

ρ =
M

(3)V

where,
ρ = bulk density of palmyrah leaf base (g cm3),
m = the mass of the leaf base sample (g),
v = the volume of displaced water (cm3).

Tensile strength
Natural fibre reinforced composites show

higher mechanical properties than synthetic fibre
(Sanjay et al., 2018). The tensile strength of the
palmyra palm leaf base was analysed as per ASTM
standard. The dimension of the sample taken for
the test was 3.0×12.7×64 mm. The tensile strength
test was carried out on a universal testing machine
(Model: Instron model 1011; Make: M/s Instron
Corp., Canton, MA, USA) with a crosshead speed
of 2 milliseconds and a 0-40 mm gripper flat surface

Kumar et al.
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tensile probe was used (Shinoj et al., 2010;
Bhoopathi et al., 2017). Lower crosshead speed
helps to provide precise measurements. The test was
carried out on five specimens, and the average value
was calculated from it. A view of tensile strength
samples and probe attachment for sample mounting
is shown in Figure 3. The tensile strength was
derived from the equation (4) (Shinoj et al., 2010),

Tensile stress (MPa), tensile modulus (MPa),
and elongation at break (mm) were measured by
the data acquisition system from the Universal
Testing Machine (Model: Instron model 1011;
Make: M/s Instron Corp., Canton, MA, USA). The
values was obtained in graphical representation, and
mean values are calculated.

Flexural properties
Flexural strength and flexural modulus were

calculated using 3 point bending test (ASTM
D790: (ASTM, 2007). The UTM machine is
fitted with the probe and other necessary
attachments for 3 point bending test (Bhoopathi
et al., 2017). The dimension of the sample taken
for the test was 3.0 mm x 12.7 mm x 64mm. A
universal testing machine (DRTX- 30KN model,
force range: 0-30 KN, max head travels: 600
mm) was used for the experiment. The UTM
machine, with 3 point bending test attachment
loaded with the sample for measuring flexural
properties, is shown in Figure 4. The test was
repeated five times and the average value was
calculated from the UTM software. The flexural
strength (S) was calculated from the equation (6)
(Shinoj et al., 2010),

Fig. 3. UTM machine loaded with sample for tensile test

σt
  =

Fmax
(4)A

Where,
Fmax = maximum load N
A  = cross-sectional area m2

The percentage elongation (E) of the sample is
the percentage of increase in the length of the sample
at its breaking point and is calculated from the
equation (5),

E =
(L–Lo)

x100  (5)Lo

Where,
E = Percentage of elongation
LO = actual length of the sample (m)
L = length of sample at breaking point (m)

Engineering properties of palmyrah leaf base
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Where,
S = flexural strength (Pa),
P = load (N),
L = span length (m),
b = sample width (m),
d = sample thickness (m)
Flexural modulus/ modulus of elasticity of

bending test is the ratio of stress to corresponding
strain within elastic limit. Flexural modulus is
calculated by equation (7),

Impact strength
The amount of energy required to break the

specimen using the impact force is impact strength.
An izod-charpy impact testing machine (MODEL:
D256, Range of measurement: 0-25 J) was used to
determine impact strength. When the testing
machine’s pendulum is released and swings
downward, the hammer, fixed to the end of the
pendulum, hits with sudden impact and breaks the
sample held in between the pair of jaws at
equilibrium (Turaka et al., 2021). After some energy
has been expended in shattering the specimen, the
hammer continues to travel upward with the
remaining energy. A scale reads the remaining
energy in the pendulum after shattering the
specimen. The energy used is the difference between
the initial energy stored in the pendulum and the
remaining energy in the pendulum after the breakage
of the sample (Shinoj et al., 2010; Bhoopathi et al.,
2017; Costa et al., 2020).

In conformance with ASTM D 256-06 (ASTM,
2006), an Izod-charpy digital impact machine
(MODEL: D256, Range of measurement: 0-25J)

S =
3P’L

 (6)2bd2

EH =
L’S

 (7)4bd3

Where,
EH = modulus of elasticity in bending (Pa),
S = slope of the tangent to the initial straight-

line portion of the load-deflection curve (N/m).

Fig. 4. UTM machine loaded with sample for flexural properties

Kumar et al.



205

was used to perform an Izod impact test. The sample
dimensions were 63 mm x 12.7 mm x 3 mm. izod-
charpy impact tester is shown in Figure 5.

common scales where type A is for softer materials
like plastic, rubber etc., and type D is for harder
samples like composites. Durometer measures the
depth of indentation in the sample by a given force.
The depth of indentation is dependent on the
hardness of the sample, shape of the pushing needle
and duration of the test (Shinoj et al., 2010).

The dimensions of the samples taken for the
analysis was 63mm x 12.7 mm x 3mm, and the
samples were conditioned at 23±2oC and 50±5oC
relative humidity for more than 40 hours. The impact
test was carried in an analogue type shore D
hardness tester (Model: DRHTD; Make: Yuzuki
DRHTO 0-100 HD) (Fig. 6).

Fig. 5. Izod- charpy impact testing machine loaded with
sample

The impact strength can be calculated by
equation (8) (Shinoj et al., 2010),

Fracture Energy = mg(ho - hf) (8)

Where,
m = mass of pendulum hammer (g),
g = acceleration due to gravity (9.81 m s-2)
ho = the initial height of pendulum hammer (m),
hf = the height of the pendulum hammer after

fracture (m).

Hardness
Hardness is defined as the resistance of a

material to permanent indentation (Shinoj et al.,
2010) and is measured using a durometer.  Pressing
the needle inside the sample with a given force and
time and measuring the indentation depth is the
working principle of the durometer (Ando et al.,
2009). ASTM D2240 type A and type B are the most

Stress relaxation behaviour
The specimen was suddenly brought to a certain

deformation in a stress relaxation experiment. The
stress needed to keep the deformation constant
calculated as a function of time (Mohsenin, 1980).
The stress relaxation test was carried out on an
Instron model 1011 Universal testing machine (M/s
Instron Corp., Canton, MA, USA) with a crosshead
speed of 5 mm min-1. The sample dimensions taken

Fig. 6. Shore D Durometer for measurement of hardness

Engineering properties of palmyrah leaf base
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were 3  mm x 10 mm x 75 mm. The sample was
mounted on the tensile test probe, and the load and
corresponding deformation readings were recorded
in triplicate. A graph was plotted with stress on the
y-axis and time on the x-axis. Stress was calculated
from equation (9),

Stress = load (N) / area (mm) (9)

Statistical analysis
At a 5 per cent confidence level, the mean,

standard deviation and coefficient of variation for
physical and mechanical characteristics were
obtained. The experimental data were analysed for
significance using Weibull distribution analysis, a
continuous probability distribution named after
Swedish mathematician Waloddi Weibull who
described it in 1951. The statistical analysis was
undertaken by Minitab 19 statistical software
(Maache et al., 2020; Khan et al., 2020).

Results and discussion
Physical properties

The mean with the standard deviation of the
physical properties of the palmyrah leaf base was
measured. The results are presented in Table 1.

Moisture content
The moisture content (wet and dry basis) of

the palmyrah leaf base sample at its three portions
(top, middle and bottom portions) were taken in
triplicate, and average values were taken.

The measurement of the moisture content of
the leaf base at three sections was intended to
measure the condition of the leaf base. The moisture
content in the middle portion (39 % w.b) is more
when compared with the moisture content in the
lower portion (36.5 % w.b). The middle portion of
the palmyrah leaf base is attached to the bark of the
palmyrah tree and covered with other leaf bases,
and it is least exposed to the environment. Hence,
the moisture content is higher compared with the
upper and lower portions. The upper portion of the
palmyrah leaf base contains a very less moisture
content (21.3% w.b) when compared with the
middle and lower portion. The average moisture

Table 1. Physical properties of palmyrah leaf base
Portion Length Weight Thickness

(mm) (g) (mm)

Upper 240.0±2.93 185.8±1.26 11.4±0.27
Middle 155.0±0.84 130.4±3.10 6.2±0.31
Lower 137.5±2.15 156.5±1.81 5.1±0.09
Total 532.0±1.96 472.6±3.21 22.7±0.23

Fig. 1 (a). Weibull distribution of Desnsity for palmyrah leaf base. (b). Weibull distribution (cm3) of volume for palmyrah
leaf base

Kumar et al.
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content of the palmyrah leaf base is 32.2 per cent
(w.b).

Volume and density
The total volume of the palmyrah leaf base

ranged from 171.2 cm3 to 176.5 cm3. The average
volume of the palmyrah leaf base was found to be
173.2±5.4 cm3. The probability plot for volume is
shown in Figure 1a. The volume values of palmyrah
leaf base samples are uniformly distributed. Thus,
the data is near the reliability plot value  (P<0.05)
of 173.8 mm.

Correspondingly, the highest and smallest bulk
density values were obtained to be 0.861 g cm-3 and
0.925 g cm-3. The bulk density of the palmyrah leaf
base was 0.893±0.0279 g cm-3 on average. The bulk
density value will be useful in designing the feed
hopper for the fibre extraction machine. The
probability plot for density values are shown in
Figure 1b; bulk density values of palmyrah leaf base
samples are uniformly distributed. Thus results are
near the reliability plot value  (P<0.05) of 0.89 g
cm-3.

Tensile strength
The tensile properties of the palmyrah leaf base

are shown in Table 2. The tensile strength of the
PLBS was 8.77±0.2 MPa. The palmyrah fibre
obtained from the leaf stem of the palmyrah tree

had a tensile strength of approximately 280 MPa
(Manikandan et al., 2004; Shinoj et al., 2010).
Tensile strength of oil palm fibre-LLDPE composite
was less than 17.7 MPa for zero per cent fibre
content and 9.41 MPa for 50 per cent fibre
concentration which is similar to that of PLBS.  The
composite made from both NaOH- treated and
untreated palmyrah fibre, the tensile strength of the
treated composite (67.23 N mm-2) was higher in
comparison to untreated composites (51.53 N/mm2),
which is 6 to 7 times greater than the raw leaf base
(Mahesh et al., 2013) whereas tensile strength of
treated palmyrah petiole fibre was 56.56 MPa
(Srinivasababu et al., 2014).  Scewbean mesquite
(P. pubescens) had a tensile strength of 5.909 MPa,
similar to the result obtained from the palmyrah leaf
base (Wang et al., 2010). The tensile modulus of
the palmyrah leaf base sample was 34.98 MPa which
is very low compared to the oil palm-LLDPE

Fig. 2. (a). Tensile property of palmyrah leaf base (b). Weibull distribution for tensile strength of palmyrah leaf base

Table 2. Tensile properties of palmyrah leaf base
Sl. No Properties Values

1. Tensile strength, MPa 8.77±0.2
2. Yield stress, MPa 6.6±0.1
3. Percentage elongation, % 40.0±0.9
4. Elongation at break, mm 20.0±0.2
5. Peak load, KN 1.0±0.0

Engineering properties of palmyrah leaf base
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composites (Shinoj et al., 2010). Petiole fibres of
Phoenix sp., treated with acrylic acid, had the
highest tensile modulus of 9.26 GPa (Rajeshkumar,
2020). Hence, the stiffness of the PLBS is low and
low load is low sufficient for deformation. The load
required by the machine for disintegrating the fibres

from the leaf base can be calculated using the tensile
strength of the palmyrah leaf base.

The yield stress was achieved at 6.58 MPa, with
elongation percentage of palmyrah leaf base was
40 per cent and elongation at break 20 mm; these
parameters confirm good deformability and the

Fig. 3. Flexural properties of palmyrah leaf base sample ( Load vs Deflection)

Fig. 4. (a)  Excel graph for flexural properties of palmyrah leaf base sample. (b) Weibull distribution for flexural strength
of palmyrah leaf base

Kumar et al.

(mm)



209

Fig. 5. Weibull distribution for impact strength of palmyrah leaf base

Fig. 6. Weibull distribution for hardness value of palmyrah leaf base

Engineering properties of palmyrah leaf base
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elastic nature of the leaf base. In an earlier study,
elongation at break of oil palm fibre-LLDPE
composite at zero per cent fibre content showed a
similar value (18.72 mm) (Shinoj et al., 2010).
Figure 2a shows that the tensile properties of the
palmyrah leaf base follow second-order polynomial
distribution (R2=0.9476). From Figure 2b, the scale
factor value of tensile strength for palmyrah leaf
base is 8.72 MPa which is found to be nearer to the
experimental results.

Flexural properties
The experiments were conducted in triplicate,

and the average values were noted. The flexural
strength (S) of the palmyrah leaf base sample was
calculated to be 147.28±2.44 MPa, and the flexural
modulus of the palmyrah leaf base was calculated
as 31.7±0.49 GPa. The flexural strength of Scots
pine wood (Pinus sylvestris L.)  was 72.8 MPa
(Buyuksar et al., 2016).  An artificial board was
made from banana stems, and the flexural strength
was found to be 3.14 MPa which was very less when
compared with commercial wood strength of 87.21
MPa (Zulfikar, 2020).  Hence this confirms that the
flexural properties of the leaf base are considerably
high.

Impact strength
The impact strength of the palmyrah leaf base

sample was evaluated using the Izod-Charpy impact
tester. The palmyrah leaf base was subjected to an
impact force of 1.85±0.05 J which is very low
compared to other fibre composite materials. The
impact strength of palmyrah petiole fibre reinforced
composite increased by 97.07 per cent compared
with raw one (Srinivasababu et al., 2014). The
impact strength of Mangifera indica leaf stalk
reinforced polyester Composites was measured as
7.5 J (Heckadka et al., 2018). The impact strength
is very low since the total moisture content of the
leaf base is 32.2 per cent w.b and the flexural
properties of the base were high. The impact strength
of the palmyrah leaf base sample will be useful in
deciding the impact force to be applied during
disintegration. The applied impact force must be
lower than that of recorded impact strength to avoid
breakage of fibres. From the reliability plot (Fig. 5),
the scale factor value of impact strength for
palmyrah leaf base is 1.85 J, which is found to be
nearer to the experimental results.

Hardness
The hardness value of the palmyrah leaf base

obtained from the Shore D hardness durometer was
35.6±1.04 kg cm-2, hardness value of Ayous
(Triplochiton scleroxylon K. Schum.) was found to
be 37.65 kg cm-2 which is very similar to palmyrah
leaf base (Ayata, 2020). Similarly, the hardness
value of peach wood (Prunus persica L. Batsch.)
and birch (Betula pendula L.) wood was estimated
to be 54.8 and 52.6 kg cm-2 (Okan and Ayata, 2007).
The hardness values can decide the load required
to loosen the fibrous and non-fibrous layers in the
leaf base. From the reliability plot (Fig. 6), the scale
factor value of hardness value for palmyrah leaf base
is 35.95 kg cm-2

,
 which is found to be nearer to the

experimental results.

Stress relaxation behaviour
The normalised stress relaxation curves (stress

vs time) of the palmyrah leaf base is shown in Figure 7.
The stress values were calculated from the data
obtained using the UTM machine, and a graph was
plotted for stress vs time. The relaxation increases
with the increase in time and reaches constant at
32.18 N mm-2. The stress relaxation properties of

Table 3.  Flexural properties of palmyrah leaf base samples
S. Properties Load Load Deflection
No.  (kg f)  (N)  (mm)

1. Yield stress 3.2±0.07 31.4±0.28 1.32±0.02
2. Maximum load (fmax) 7.1±0.06 69.6±2.34 7.03±0.09
3. Failure 6.7±0.24 65.7±1.07 9.84±0.09

From Figure 4, it is observed that as the applied
load increases, deflection increases to a peak load
of 7.1 kg f (69.6 N) and attains deflection of 7.03
mm before failure. The yield stress is obtained at
31.4 N load (3.2 kg f) and 1.32 mm deflection. The
failure of the specimen was observed at 65.7 N load
(6.7 kg f) and 9.84 mm deflection. From Figure 4a,
it is revealed that the flexural properties of the
palmyrah leaf base follow second-order polynomial
distribution (R2=0.9969). From Figure 4b, the scale
factor value of flexural strength for palmyrah leaf
base is 147.28 MPa which is found to be nearer to
the experimental results. This confirms that the data
are statistically significant.

Kumar et al.
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the palmyrah leaf base follow second-order
polynomial distribution (R2=0.9727).

Conclusion
The engineering properties of the palmyrah leaf

base samples were excellent, with a flexural strength
of the sample 147.28 MPa, hardness of 35.6 kg cm-2

and percentage elongation of 40 per cent, which is
high when compared with the other wood pieces.
This indicates the elastic and flexible nature of the
leaf base sample. The impact strength (1.85 J) and
tensile strength (8.77 MPa) of the palmyrah leaf base
is low since there is less stiffness, high moisture
content and confirms its viscoelastic behaviour with
a high percentage of elongation (40%). The data
obtained will be useful for the machine designers
to incorporate in the design consideration of various
palmyrah fibre extraction machine components. The
developed equipment will be useful for palmyrah
farmers and entrepreneurs. This will be useful for
palm and other natural fibre researchers and in the
domain of automobiles, false ceilings, car fibres,
and composites to promote afforestation.
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