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Abstract: In this work, untreated/treated sisal fibre (SF)-
reinforced sodium alginate composites for three different
concentrations (1.5%, 2%, and 2.5%) are fabricated by the
hand lay-up method, and the variations in mechanical
properties such as tensile strength, flexural strength, and
impact strength are studied. The treated and untreated
composites are analysed and compared using scanning
electron microscope to study the surface morphology.
Energy-dispersive spectroscopic analysis is carried out to
evaluate the elemental compositions. Fourier transform
infrared spectroscopic analysis is conducted to determine
the interaction between fibres and matrix material. The
thermal observations such as differential scanning calori-
metry and thermogravimetric analysis showed only slight var-
iations between the untreated and treated SF composites. The
results of this work indicate that untreated sample with the
maximum sodium alginate gum concentration had signifi-
cantly enhanced mechanical properties and low moisture
absorption rate. Biodegradation test inferred that it was
superior for the treated fibre rather than the untreated fibre
composites. The primary objective of this work is to assess the
suitability of these composites for non-structural engineering
applications.

Keywords: sisal fibre, sodium alginate, tensile strength, soil
burial, scanning electron microscopy

1 Introduction

In recent years, biodegradable composites have garnered a
significant attention, primarily for applications in a variety
of industrial sectors. Furthermore, the depletion of petro-
leum resources and worldwide environmental concerns
need the development of new green materials that are bio-
degradable and eco-friendlier (1). Biodegradable composites
have the greater potential in the utilization of plant fibres as
reinforcing material due to their recyclability, inexpensive,
biodegradability, naturally occurring abundance, specific
mechanical characteristics, etc. Compared to synthetic (tra-
ditional) fibres such as carbon, Kevlar, glass, and aramid,
the plant fibres are sustainable, non-toxic, and have been
proven to be more effective in the field of lightweight engi-
neering (2). In general, it is quite difficult to dispose of syn-
thetic polymer composites, and the use of plastic has been
outlawed. As a result, there is a greater need today for the
plant fibres as an alternative to the synthetic fibres in a
variety of disciplines (3).

Plant fibres are lignocellulose in nature, which absorb
moisture and are used in packaging, vibration isolators,
and roofing sheets. The main disadvantages of these fibres
are less adherence with the matrix due to their matrix’s
hydrophobicity and hydrophilic nature of fibres. Thus, weak
fibre matrix lowers the fibre’s reinforcing behaviour, thus
preventing stress transfer from the matrix to load-carrying
fibres. In order to find a solution to the aforesaid issues,
researchers used various chemical treatments (silane, alkali,
permanganate, isocyanate), incorporation of filler substances
into matrix, and hybridization (with other plant fibres or
filler or conventional fibres) (4).

Numerous researchers used different kinds of plant
fibres such as jute (5), bamboo (6,7), hemp (8), flax (9),
and kenaf (10), obtained from the plant’s stem, sisal (11–13),
pine apple leaf fibre (14), abaca (15), from the leaf and coir
(16,17), cotton (18) from the fruit of the plant. Sisal, a hard
fibre that belongs to Agave sisalana, received greater atten-
tion, because of their lightweight, easy availability, and low
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thermal conductivity. A good sisal plant is about 1m tall,
28mm wide, and yields 200–250 leaves (19). Each leaf has
1,000–1,200 fibre bundles, which contain 4% of fibres,
moisture content of 87.25%, cuticle of 0.75%, and other mat-
ters of 8%. Sisal fibre (SF) consists of porosity (17%), density
(1.45 g‧cm−3), spiral angle (20–25°), diameter (21.5 × 10−3), and
crystallinity (62.8%). The physico-mechanical properties of
SF have been highly dependent on source, age, location, fibre
diameter, gauge length, extracting techniques, and strain
ratio. SFs are potential reinforcements in various resins,
elastomers, and other types of polymeric systems (20).

On the other hand, sodium alginate (NaAg), a biodegrad-
able polymer used for this study, could replace commodity
petro-based plastics. NaAg, a linear natural polysaccharide,
is obtained from marine brown algae, and it consists of
1,4-β-D-mannuronic acid (M) and α-L-guluronic acid (G).
Alginate can be determined by its M/G ratio and its mole-
cular weight. The M/G units create random arrangements
of MM, GG, and MG blocks. By increasing the length of their
G block and molecular weight, the mechanical properties
of NaAg gels have been increased (21). The gel is an ionic
polyelectrolyte and has widespread applications in waste-
water treatment (22), wound dressing, tissue engineering,
antimicrobial and antiviral activities, cosmeto textiles, sen-
sors, etc. (23–25).

For the past two decades, extensive research works
have been carried out to investigate the various character-
istics of SF-reinforced polymer composites. The effect of
various concentrations of matrix, fibre loading, and fibre
length influenced the physico-mechanical behaviours of
composites. Samouh et al. (26) reported that the increase
in the rate of reinforcement (fibre) enhanced the mechanical
and dynamicmechanical properties of SF/polylactic acid (PLA)
composites. Since the SF served as a nucleating agent for PLA,
increasing their concentration in the matrix increased the
degree of crystallinity from 47% to 61%. Chemical treatment
played an important role in determining the mechanical
strength of the composites. Adane and Awoke (27) character-
ized the chemically treated SF/polyester composites, and the
results revealed that the treated SF composites have better
mechanical properties and low water absorption than the
untreated fibre composites. The similar results were observed
by Agernew et al. (28), who found that alkali treatment
enhanced the mechanical strength with an increase in fibre
content. Parul and Gupta (29) studied the influence of alkali
treatment and PLA coating as a new treatment on mechanical
properties of sisal composites, and the results inferred that
treated SF composites showed higher value of storage mod-
ulus and mechanical strength than the untreated one.

The purpose of this investigation is to prepare the effect
of alkali treatment on the SF-reinforced NaAg composites.

The mechanical, thermal, and morphological properties of
alkali-treated composites with the effect of various matrix
concentrations are studied. In addition, the result of the
mechanical strength of treated composites is compared to
that of the untreated one. At the end of soil burial, Fourier
transform infrared (FTIR), differential scanning calorimetry
(DSC), thermogravimetric analysis (TGA), scanning electron
microscope (SEM), and moisture absorption (MA) tests are
carried out.

2 Materials and methods

SFs were purchased from Wholesale Trader, Tamil Nadu,
India. The length of the SFs obtained was 1 m. NaAg
powder and sodium hydroxide (NaOH) in pellet form
were supplied by Shri Balaji Scientific Company, Tamil
Nadu, India. The properties of NaAg and SF are presented
in Table 1.

2.1 Fibre surface treatment

Raw SFs were treated with 5% NaOH (alkali solution) and
were continuously heated to 80°C for 3 h, thereby main-
taining the material-to-liquid ratio of 1:30. The fibres were
thoroughly rinsed with water to eliminate any residues of
alkali that may have been present on the fibre surface and
achieve a pH level of 7. The treated fibres were then dried at
room temperature (32°C) for 24 h (30). The untreated and
alkali-treated fibres chopped in the range of 10mm were
used for this study.

2.2 Preparation of NaAg gum

In order to make the matrix material for the composite
structure, NaAg powder and distilled water were used as

Table 1: Material properties of NaAg and SF

Materials Parameters

NaAg Viscosity of 2% aqueous solution at 20°C 1,000–1,200 cPs
Bulk density 0.9090 g‧mL−1

Tapped density 0.9523 g‧mL−1

SF Density (untreated) 1.46 g‧cm−3

Density (treated) 1.66 g‧cm−3

Moisture absorption 6.9088%
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the two primary components. Subsequently, the NaAg gum
solution was prepared at three discrete concentrations,
namely 1.5%, 2%, and 2.5%. To prepare the matrix material,
it was recommended that NaAg powder was mixed with
distilled water at room temperature (32°C) and stirred con-
tinuously for 45 min to prevent the formation of agglom-
erates or stratification on the surface. Then, the solution
was subjected to centrifugation for 10 min at a speed of
3,000 rpm to remove any undissolved particles present in
the gum solution.

2.3 Fabrication of composites

The composite specimens were prepared for untreated and
treated SFs with NaAg solution of various concentrations
(1.5%, 2%, and 2.5%) using the hand lay-up process. About
10 g of fibre was taken and cut into small pieces of the
order of 10 mm in length. The material-to-composite pre-
paration ratio was 1:20 (SF:NaAg). The fibres were spread
on the plastic tray, and 200mL of NaAg solution having
1.5% concentration was poured over the fibre and inter-
mixed manually. The fibre–gum mixture was dried under
sunlight for 10–20 h depending on the atmospheric condi-
tion. A typical view of steps involved in the preparation of
composites is shown in Figure 1. The prepared material
does not yield considerable strength. In order to increase
the mechanical characteristics, humidification cum com-
pression techniques were used. Similar procedure was
adopted for the preparation of SFC with the other concen-
trations of NaAg (2% and 2.5%). U1, U2, and U3 samples
represented the untreated SF composites and T1, T2, T3
were the treated SF composites with NaAg concentrations
at 1.5%, 2%, and 2.5%. Similarly, UH1, UH2, and UH3 were
the untreated SFs and TH1, TH2, and TH3 were the treated
SFs with heating the solution of NaAg at 1.5%, 2%, and 2.5%
concentrations, respectively.

2.4 Mechanical properties

The tensile and flexural properties of the composites were
investigated by Tinius Olsen H10KL at a crosshead speed of
2mm‧min−1. Five samples were tested, and the average values
were reported for the untreated and treated SFC. From the
stress–strain curve, the tensile strength (maximum force/
cross-sectional area of the composites) was calculated.

=
PL

bd
Flexural strength

3

2 2
(1)

where P, L, d, and b are the flexural load, length of the
span, depth, and width of the composites, respectively.
Impact test for the prepared composites was analysed by
Tinius Olsen Model IT 504 Plastic impact testing machine.
Six samples were taken, and the average was calculated for
each concentration.

2.5 Soil burial test

The soil burial test of untreated/treated SF-reinforced NaAg
composites was carried out in an open environment for
biodegradation studies. The test samples chosen were
from the SF/NaAg composite of 2.5% concentration. The nat-
ural soil biodegradation test lasted for 1 month. The ambient
temperature and time during the tests were noted down.
The test samples of untreated/treated SF NaAg composites
were cut into a rectangular shape of size 5 cm × 3 cm pieces
(approximately 2–2.5 g). The ground was dug to a depth of
35 cm. Regular weeding of the ground was done in order to
maintain its quality. Each sample was buried at a depth of
35 cm below the surface of the soil. Incubation of the sam-
ples was done at a temperature of 34°C for a period of 5, 10,
15, 20, 25, and 30 days. After every 5 days, the samples were
carefully removed, gently brushed to remove adhering soil,
without deforming its shape, and then dried at room tem-
perature until a constant weight was obtained. Each sample
was weighed before and after degradation using a SHIMA-
DZU digital weighing scale (0.001 g precision). Weight loss
was calculated using the following relationship. Three repli-
cates of each sample were taken for the test.

=
−

×
W W

W
Percentage weight loss 100%

0 d

0

(2)

where W0 is the initial weight of samples (g) and Wd is the
weight of dried samples (g).

2.6 FTIR

The presence of interfacial bonds in the SF and composites
was studied using FTIR. Using the kBr pellet, FTIR analysis
was performed, and the spectrum was obtained with a
resolution of 4 cm−1, with the range of 400–4,000 cm−1.

2.7 Morphological study

The SEM images of the untreated and treated composites
were taken using JSMIT200 SEM with an accelerating
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voltage of 20 kV to analyse the morphological characteris-
tics of the prepared composite. The surface of the specimen
is gold-sputtered and scanned at a magnification of 1,000×.

2.8 Thermal properties

SF-treated and untreated composites with 2.5% concentra-
tion of NaAg were subjected to TGA and DSC thermograms
using Perkin Elmer Simultaneous Thermal Analyser (STA6000).
Samples of 5–20mg were taken and heated at the rate of
10°C‧min−1. From this study, the weight loss of the compo-
sites with temperature was noted.

2.9 MA

MA of untreated and treated SF/NaAg composites has been
carried out (31). Five specimens were dried and weighed in
the digital balance to the nearest of 0.001 g. All the samples

were kept in a humidification chamber for about 5 h at
room temperature. The weight of the composites was mea-
sured after taking from the chamber. The percentage of
increase in weight during the absorption of moisture was
calculated.

3 Results and discussion

3.1 Mechanical properties

In order to examine the contribution of SF and the matrix
concentration to the composites, the tensile characteristics
were analysed. Figure 2 shows the tensile results of U1, U2,
and U3 samples. The stress–strain curve was recorded
for U1 to U3 samples, especially for various concentrations
of NaAg (1.5%, 2%, and 2.5%). From Figure 2, it was
observed that the U3 sample had the maximum strength
because it has more adhesiveness with the fibre particles.
This enhances the load-bearing capacity, which in turn

Figure 1: Procedure for the preparation of composites: (a) NaAg powder, (b) untreated SF, (c) NaAg gum solution, (d) plastic mould, (e) untreated SF in
plastic mould, (f) NaAg gum solution added to untreated SF, (g) untreated SF with NaAg gum solution (wet), and (h) untreated SF/NaAg compo-
site (dry).
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increases the mechanical strength of the U3 sample. In
contrast, the tensile strength of the U1 and U2 samples
was lower in comparison with that of the U3 samples;
this is due to the fact that there was less bonding between
the fibres and the matrix in the U1 and U2 samples. The U3
samples had a higher tensile strength than the U1 and U2
samples. The increase in tensile values for untreated fibre
composites that occurred as a result of increasing the
matrix concentration from 1.5% to 2.5% followed the order
of U3 > U2 > U1.

A considerable reduction takes place in the tensile
strength for the alkali-treated sisal fibre composites (SFCs).
In the case of treated fibre combination, the maximum
strength was achieved for T1, and the strength was reduced
by 33.3%, 50.0%, and 60.0%, respectively, for T1, T2, and T3.
When the concentration of the matrix was increased from
1.5% to 2.5%, the tensile values of the treated fibre compo-
sites fell, and the order of the decreases was T1 > T2 > T3.
According to the findings of this study, untreated fibre com-
posites considerably improved the strength of the material,
but treated combinations had the opposite effect.

We have studied the mechanical properties of untreated
and treated fibre composites that were reinforced with a
heating solution of NaAg, and the results are illustrated in
Figure 2. The tensile strength was gradually increased (all the
way up to 2% of NaAg), and subsequently, it was lowered for
UH3 sample (sample containing 2.5% concentration). UH2 and
TH1 samples possesses superior strength when compared to
the other combinations.

Using load vs displacement curve, the flexural prop-
erty was measured with a crosshead speed of 2 mm‧min−1.
Figure 2 displays the results of flexural testing conducted

on both untreated and treated fibre composites. It was
found that the prepared composites had findings for their
flexural strength that are extremely similar to the results
of tensile strength. According to Figure 2, the flexural
strength of the U3 sample was the highest compared to
that of the other combinations (U1, U2, T1, T2, and T3). On
the other hand, the random intermediate flexible strength
was displayed by the composites UH2, UH3, TH2, and TH3.
As a result, a higher strength was noted for UH1, which
pointed out to a successful coupling of untreated SF with
the composite. As reported by Tengsuthiwat et al. (32), the
tensile strength of poly(3-hydroxybutyrate-co-3-hydroxy-
valerate)/SF composites at 5 wt% fibre loading showed
23.6 MPa, and the same results were obtained by Thorsak
et al. (33). In the case of SF/PLA composite reinforced with
different fibre contents (5%, 10%, and 15%), the 15% fibre
loading had the greatest tensile strength of 70.76 MPa. In
addition to that, the tensile strength and flexural strength
were increased from 4.5 to 8.5 MPa and from 7.6 to
11.8 MPa, respectively, for SF/cassava starch-based bio-
composites, and the authors concluded that the prepared
materials have the possible use of low-cost housing, civil
structure, and food packaging applications.

The impact test was conducted, and the results are
shown in Figure 3. Impact resistance is the material’s capa-
city to withstand breaking when subjected to sudden
mechanical load, such as when a pendulum hits the surface
of a composite (34). It is clear from Figure 3 that impact
strength was increased with increasing NaAg concentra-
tion. Like tensile and flexural strength, the impact was
also found maximum for the U3 sample. Because of the
strong interfacial adhesion that existed between the SF
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Figure 2: Tensile and flexural strength of the samples.
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and the NaAg concentration (at 2.5%), the U3 specimen was
able to absorb a greater portion of the impact load. There-
fore, the 2.5% concentration of NaAg reinforcedwith untreated
and treated SF demonstrated higher impact strength compared
to the 1.5% and 2% concentrations of NaAg for all specifica-
tions. This was the case for both the solution of NaAg that was
heated and the solution of NaAg when it was not heated. The
untreated SFC that was reinforcedwith a 2.5% concentration of
NaAg solution exhibited favourable results for its mechanical
properties, including tensile, flexural, and impact strengths.
Based on the findings of this research, it is determined that
the treatment with alkali reduces the strength of the compo-
sites. This was attributed to the fact that the alkali treatment
diminished the hydrophilic characteristics of SF, and as a
result, hydrophilic NaAg served as the good reinforcement to
the composites. Ismail et al. (35), who conducted the research
work on mechanical properties of kenaf fibre/epoxy compo-
sites, noted the similar pattern. The impact strength of the SF-
reinforced cassava starch biocomposites was studied by Sid-
desh et al. (36). The results showed that increasing fibre length
from 5 to 20mm increased the impact strength from 4.1 to
5.2 kJ‧m−2, respectively, and suddenly decreased the strength
(4.8 kJ‧m−2) for 25mm fibre length. Samouh et al. (26) studied
the impact strength of SF/PLA composites is 3.87 kJ‧m−2 (at 15%
fibre loading) and concluded in their studies that increasing
the fibre content (from 5% to 15%) increased the impact
strength of the composites.

Composites prepared with plant fibre (sisal, flax, jute,
kenaf, banana, pineapple leaf, hemp)-reinforced natural
polymer (PLA, cassava starch, cellulose) exhibited a high
level of tensile, flexural, and impact strengths as well as
good thermal stability, when compared to the SF/NaAg
composites. However, the challenges lie in the rate of

biodegradation after the end-of-life that presents a number
of issues. From the literature, it was observed that the
biodegradation rate of PHBV/peach palm particles (37),
PLA/chitosan (38–40), flax fibre/PLA (41), vetiver grass/PLA
(42), and polyhydroxyalkanoates (43) composites took the
duration of over 5 months, 150 days, 50 days, 180 days,
and 120 days, respectively. On the other hand, the compo-
sites that we developed have a lower strength than the
aforementioned material, but SF/NaAg composites are com-
pletely biodegradable and user-friendly with a soil biodegra-
dation rate of 30 days. The main contribution of the current
work is the availability of both SF and matrix in nature, and
the composites that have been made are light in weight,
biodegradable, and inexpensive, which makes them useful
for a wide range of engineering applications.

3.2 Soil burial test

The biodegradation of a material depends on the living
organisms (micro/macro), the pH value of the soil, tem-
perature, moisture, and humidity of the environment.
Also, the degradation rates are dependent on the type
(treated/untreated) and nature of the material preferred.
In this work, the biodegradation behaviour of the U3 and
T3 composites of maximum concentration of 2.5%, after a
period of 1-month soil burial test, has been investigated.
The result showed that both untreated and treated SF/NaAg
composites were able to degrade. However, the biodegra-
dation rate showed a variation for the untreated/treated
SF/NaAg biocomposites. It was observed that the treated
SF/NaAg biocomposites (T3) are more easily biodegraded
than untreated SF/NaAg composites (U3), as they are
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Figure 3: Impact strength of the samples.
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Figure 4: The U3 (raw/untreated) and T3 (treated) samples in burial pit from day 1 to 30: (a) samples placed in pit for soil burial test, (b) SRCO
represents U3 sample, (c) STCO represents T3 sample, (d) U3 and T3 samples after 5 days of soil burial test, (e and f) U3 and T3 samples after 10 days,
(g) samples after 15 days, (h) samples after 20 days, (i and j) samples after 25 days, and (k and l) samples after 30 days.
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consumed easily by living organisms (Figure 4) that exist in
the soil. The reduction in the percentage weight loss of
untreated/treated SF-NaAg biocomposites in the natural
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Figure 5: (a) FTIR of untreated and treated SFC without heating the NaAg
solution; (b) FTIR of NaAg powder; and (c) FTIR of untreated and treated
SFC with heating the NaAg solution.

Figure 6: SEM images of (a) U3 sample, (b) T3 sample, (c) UH3 sample,
and (d) TH3 sample.
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Figure 7: EDS of (a) U3 sample, (b) T3 sample, (c) UH3 sample, and (d) TH3 sample.
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soil burial test was also due to temperature and humidity
conditions of the environment to which the biocomposites
were exposed.

3.3 FTIR

The untreated and treated SFCs were subjected to FTIR
spectroscopy for the purpose of conducting research on
the chemical linkages that are inherent in the composites.
FTIR spectra and the corresponding transmittance peaks
are illustrated in Figure 5. The spectra showed the charac-
teristic absorption peaks in the regions of 3,400–2,860 and
2,025–400 cm−1, respectively. Seven prominent vibrating
bands are observed for all the composites, which are
shown in Figure 5a. The characteristic peaks appeared in
the region 3,428–3,433 and 2,922 cm−1, which were due to
the O–H and C–H stretching vibrations of cellulosic SF. The
spectral bands at 1,620 cm−1 (vibration of water molecules
absorbed in cellulose) (44) and 1,383 cm−1 were attributed
to C–O stretching and CH bending vibrations, respectively.
The peaks observed at 1,420, 1,268, to 1,105 cm−1 was due to
the CH2 deformation and C–O–H stretching in cellulose,
respectively. Similarly, FTIR spectra were taken for NaAg
in the powder form, which are shown in Figure 5b. The
major peaks in the wavenumber range of 3,419, 2,922, 1,326,
and 1,105 cm−1 were attributed to the OH, CH stretching, CH
bending, and C–O–C stretching vibrations in NaAg. In gen-
eral, it was observed that the FTIR spectra for untreated/
treated SFCs with and without heating the NaAg solution
were substantially identical (Figure 5c).

3.4 SEM

SEM images are used to analyse the internal structure,
fibre pullouts, and interfacial adhesion of the composites.
It was carried out on the U3 and T3 composites, at a higher
concentration (2.5%) of samples. Figure 6a displays the
scanning electron micrograph that was taken of the U3
sample. The presence of NaAg gum across the fibre was
observed, and there was strong interfacial adhesion between
the fibre and the NaAg. It is possible that this is the reason
why the U3 sample has such a remarkable mechanical
strength, that is, the maximal load was transmitted from
NaAg to SF in the composites. In the T3 composite, there
was evidence of both fibre breakage and poor adhesion
(Figure 6b). Incomplete distribution of SF and NaAg can be
seen in the UH3 sample (Figure 6c), whereas greater agglom-
eration and voids (factors that reduce strength) were also
available in the TH3 material (Figure 6d).

Energy-dispersive X-ray spectroscopy is a common
technique that can be used to determine the elemental
compositions of a given sample even in micrometres (45).
Figure 7 shows the compositions along with their distribu-
tions for both treated (T3) and untreated (U3) SFCs. It was
seen that the composites contain traces of oxygen, chlorine,
and sodium in their weight percentages. Table 2 presents
the results of an energy-dispersive spectroscopy analysis
performed on composites. This analysis reveals that the
cellulosic fibre distribution in the composites contains
the highest weight percentage of oxygen, chlorine, and
sodium.

3.5 TGA

TGA was carried out to ascertain the thermal stability,
weight loss, and thermal degradation of the prepared com-
posites in relation to temperature. Table 3 indicates the
initial and final degradation temperature as well as char
residues (at 610°C), and also, the associated TGA curves are

Table 2: Elemental compositions of the composites (%)

Sample code O Cl Na

U3 18.26 40.99 35.12
T3 69.82 5.20 24.99
UH3 47.89 18.43 27.13
TH3 14.71 41.76 38.61

Table 3: TGA data of the composites

Sample code Initial temperature (°C) Final temperature (°C) Degradation temperature (°C) Char residues (%)

U1 180 345 303 10.5
U2 181 340 316 35.5
U3 180 354 331 37.3
T1 182 361 324 29.6
T2 182 357 324 33.1
T3 181 354 324 24.8
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detailed in Figure 8. Initial weight loss of the samples in the
range of 40–140°C was accounted for the evaporation of
water molecules. Simultaneously, the weight loss from
180°C to 338°C was due to the thermal degradation of che-
mical constituents such as cellulose, hemicellulose, and
lignin that were present in the SF. At a temperature of
360°C, the final degradation takes place, which indicates
the removal of the carboxyl group and the decomposition
of the NaAg gum. According to the results from the TGA
curve at 610°C, the char content (made of organic material)
of U1, U2, and U3 samples was found to be 10.5%, 35.5%, and
37.3%, respectively. According to Kumaran et al. (46), the

treated portunus shell powder-based jute fabric-reinforced
epoxy composites have the maximum char residue of 35%,
which indicates that portunus powder has a high mole-
cular weight and experiences less degradation. Although
each composite (U1 to U3) followed a similar pattern in
terms of the temperature at which it degraded but varied
in the char residues obtained. The U1 composites have a
lower level of stability, and the char remains 10.5%. As a
result, the composites followed the lower thermal stability
in the order of U3 > U2 > U1.

The alkali treatment of SFC could influence the
thermal analysis (Figure 9) of composites (T1 to T3) to
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Figure 8: TGA and DSC curves of U1 to U3 samples.
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Figure 9: TGA and DSC curves of T1 to T3 samples.
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some extent, and the degradation process occurs as
similar to U3. The less incompatibility between the alkali-
treated SF and the soluble matrix decreases the thermal
stability when compared to U1, U2, and U3. The char resi-
dues of T1, T2, and T3 were 29.6%, 33.1%, and 24.8%, respec-
tively, at 640°C.

3.6 DSC

The process of releasing or absorbing heat energy for the
prepared composites was done by DSC. In addition to this,
it gives information about the physico-chemical changes
that occur in relation to the heat flow and temperature.
The magnitude and location of DSC curves inferred
the thermal-phase transition of the material. A range of
endothermic and exothermic events occur during the
decomposition of fibres at different temperatures. It was
noted from the DSC curves (Figure 8) that all specimens
had a broad curve between the temperature ranges of
46–260°C. These curves accounted for the elimination of
water molecules from within the fibre. U1 composites
showed thermal stability from 46°C to 146°C and melting
temperature (Tm) reached at 500°C. U2 is thermally stable
at 48–180°C, and there were no considerable changes
observed at above 350°C. In the case of U3, two sharp
exothermic peaks were noted at 311°C and 351°C with
the area smaller than U1. For the composites T1 (Figure 9),
two sharp exothermic peaks at 285°C and 357°C were noted
with small area. The melting temperature at 350°C for T2 and
352°C for T3 was noted. No significant changes were observed
in T2 and T3 composites above 355°C.

3.7 MA

The existence of microvoids, the type of fibre, the viscous
matrix, and the relative humidity were the primary factors
that determined the moisture properties. The experimental
investigation of MA is used to study the feasibility of com-
posites when it is subjected to false roofing and outdoor
applications. Likewise, the qualities of MA could have a
direct effect on the mechanical properties of composites.
Figure 10 shows the results of MA on the treated/untreated
fibre composite specimens versus the percentage of MA
after 24 h. As described from Figure 10, the less MA rate
was noted for U3 specimens (0.96%), whereas the samples
U1 and U2 exhibited the highest MA of 3.22% and 1.44%,
respectively. Because the cellulosic components of the fibre
are removed from the treated fibre during the alkali treat-
ment process, the treated fibre composites demonstrated a
lower MA when compared to U1 to U3. These components
are primarily responsible for higher MA (47). As a conse-
quence of the removal of the cellulosic components, a
decrease in the proportion of MA may be seen in the
treated SFC. The most successful bonding of NaAg with
SF was observed in the specimens U3 and T1, with the
highest mechanical strength, thus resulting in a decreased
MA rate. This could be explained by the fact that there
were no gaps between the SF and the NaAg; in other words,
compatibility was good for U3 specimen. There was the
least degree of variation in the results for the composites
(UH1, UH2, UH3, TH1, TH2, TH3). The MA values for each
instance are different and were determined arbitrarily. It
is interesting to note that 6.46% of MA was noted for alkali-
treated, hemp fibre-reinforced epoxy composites (8). Other
researcher noted that the moisture content absorption of
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the sugar palm fibre (SPF)/sugar palm starch biocomposites
decreases with increasing fibre loading. It was observed that
the composite with 30% of SPF showed an MA of 6% (48).
Similarly, in the case of tamarind seed gum, banana fibre
composites had 6.5–7.8% MA for various varieties of banana
fibre, which suggested that the composite was especially
designed for false roofing applications (31).

4 Conclusions

SF-reinforced NaAg gum composites (with different con-
centrations of gum solution: 1.5%, 2%, and 2.5%) were suc-
cessfully prepared by the hand lay-up process. The fol-
lowing are the findings that were reached after conducting
experiments to study the mechanical, degradation, and mor-
phological aspects of composites. It was inferred that the
effect of gum concentration increases the mechanical proper-
ties of U3 samples, and it was observed that with heating
solution of NaAg provided lower strength when compared
to without heating NaAg solution. Biodegradation rate of
the treated fibre composites was much faster than that of
the untreated fibre composites. Initially, biodegradation was
a slow process, but gradually weight loss of untreated/treated
SF NaAg composites increased as the number of days of soil
incubation period was increased. Biodegradation supports
micro-/macrobial activities, thus enriching the soil. Thus,
the use of untreated/treated SF-NaAg biocomposites will
reduce the environmental issues associated with waste dis-
posal. SEM images of U3 specimen have good interfacial
bonding between the fibre and the NaAg gum. The findings
of this study lend credence to the role of SF/NaAg biocom-
posites as potential “ecomaterials.” These materials are non-
hazardous and have the potential to serve as alternatives to
non-biodegradable materials in a variety of non-structural
engineering applications, including false roofs, interiors,
tablemates, packaging material, low-cost housing, and dis-
posable products. It is recommended that plant fibre com-
posites should be used rather than synthetic fibre compo-
sites for the purpose of protecting our environment. At this
point, we have developed composites that are superior to
conventional materials in every way, including being com-
pletely biodegradable, inexpensive, and lightweight. Further
research is conducted on the hybridization of the SF compo-
site with the other plant fibres. These fibres, which may
include banana and jute fibres, may be tested in an effort
to improve the mechanical properties of composites.
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