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Nowadays, researchers are striving forward to ﬁnd an alternative sustainable material for harmful man-made
ﬁbers. In line with this, natural ﬁbers are more recommended as sustainable reinforcements because of their
speciﬁc properties suited for diverse applications. The present work deals with the inclusive characterization of
thermal, mechanical and microstructural properties of alkali treated jute ﬁber polymer composites with special
emphasis on ﬁber length. Composite samples are fabricated via compression molding technique by a constant
weight proportion of 60 wt% isopthalic polyester (IP) and 40 wt% chopped alkali treated jute ﬁber (ATJF) of
various lengths (5 mm, 10 mm, 15 mm, 20 mm and 25 mm). The mechanical performance of fabricated composites is assessed by doing tensile, impact and ﬂexural tests and found better composite properties for 20 mm
ﬁber length. Also, the thermogravimetric analysis (TGA) as well as Differential thermogravimetric analysis (DTA)
conﬁrmed better thermal stability (approx. 280  C) for the fabricated composite. In addition, the Fourier
Transformation Infrared Spectroscopy (FTIR), X-ray diffraction (XRD) technique and Scanning Electron Microscope (SEM) describes the functional groups, estimated average grain size 13.0789675 Å and morphological
features of developed composites respectively. As a result, the above assessment promotes a better impact to
polymer industries by employing the fabricated sustainable composites in divergent lightweight and high strength
applications.

1. Introduction
Natural ﬁbers are employed as a reinforcing materials in the ﬁeld of
polymer composites owing to its highlighting sustainable and environment friendly properties [1]. The sophistications arising out of the
tremendous research studies on advanced material development reveals
the signiﬁcance and magnitude of applications to be catered by natural
ﬁber composites in diverse industrial products [2]. In connection with
the above context, Jute ﬁber reinforced composites can replace the
existing old materials such as steel and wood [3]. The ﬁber extracted
from the jute is a budding constituent recognized for its possible claim in
the arena of composites. Also, it is vital to assess the parametric and

assets-based features to deﬁne its appropriateness [4]. Jute centered bio
and hybrid composites have been comprehensively used in wide number
of applications [5]. The speciﬁc properties of jute ﬁbers and its
compatibility with polymers are excellent, the chemical composition and
mechanical properties of jute ﬁbers are as shown in Table 1 [6,7]. The
optimum chemical alteration in surface part of the ﬁber fallouts in superior mechanical properties for the fabricated composite. Nevertheless,
the enhancement of alkali content leads to damage in ﬁber surface and
decline in mechanical properties [8].
Moreover, it was observed that Jute ﬁbers treated with 2 % alkali
concentration for 24 h exhibited better outcome in terms of tensile and
modulus by 40 % and 9 % respectively, whereas coir ﬁbers treated with 6
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Based on the literature and author's best of knowledge no work has
been reported on comprehensive characterization of thermal, mechanical
and microstructural properties of alkali treated jute ﬁber polymer composites with special emphasis on ﬁber length. In the present study, inﬂuence of ﬁber length of alkali treated jute ﬁber (ATJF) in polymer
composite was done in relations of chemical, mechanical, thermal and
physical properties. Development of composites was made using the
ATJF as reinforcement and isopthalic polyester (IP) resin as matrix whose
properties are presented in Table 2. The impact of upsurge in mechanical
characteristics of composite based on the length of reinforced ﬁber from
5 mm to 25 mm in steps of 5 mm was inspected for optimization of ﬁber
length. In addition, the morphological analysis was performed over the
tested composites samples using scanning electron microscopy (SEM) for
revealing the failure pattern of the composites. Moreover, the thermogravimetric testing for alkali treated jute ﬁber composites (ATJFC) was
done to ﬁnd out their constancy at elevated temperature conditions.

Table 1
Chemical composition and mechanical properties of jute ﬁber
[5–7].
Element

Jute ﬁber

Cellulose (wt.%)
Lignin (wt.%)
Wax (Oil Materials) (wt.%)
Ash Content (wt.%)
Oxalic acid (wt.%)
Hemi-cellulose (wt.%)
Density (g/cm3)
Diameter (μm)
Tensile strength (MPa)
Young's modulus (GPa)
Elongation at break (%)

58–63
12–14
0.4–0.8
–
–
20–23
1.3–1.45
25–200
393–773
13–26.5
1.16–1.5

Table 2
Characteristics of isophthalic polyester resin [12].

2. Materials and methods

Properties

Value

Density in (kg/m3)
Flexural strength in (MPa)
Tensile strength in (MPa)
Shrinkage in (%)
Speciﬁc gravity

1125
30
18
0.004–0.008
1.1–1.46

2.1. Composite fabrication
The raw materials employed in this work are Jute ﬁber of thickness
0.71 mm as a reinforcement and IP resin as matrix. Jute ﬁbers of different
gauge lengths 5 mm, 10 mm, 15 mm, 20 mm and 25 mm are chopped,
cleaned and soaked in water for one day. Then the chemical treatment was
done by immersing the ﬁbers with NaOH (Sodium hydroxide) for about 24
h [13]. Further, the ﬁbers are drenched with water and chemically treated
with CH3COOH (Acetic acid) for one day and once again rinsed with
water. The mold was made ready based on ASTM D5687 holding a
dimension 150 mm  150 mm  3 mm. Jute ﬁbers as well as the IP matrix
identiﬁed as reinforcement was united via melt blending method by an

internal mixer at 170 C for about 30 min. Small jute ﬁbers with randomly
oriented composite sheets were developed using compression molding
(CM) technique, maintaining the mixing quantity of matrix content to
ﬁber is taken as 60:40 by weight. Moreover, the mold used for composite
fabrication was post cured under ambient condition for about 24 h and
consequently, the prepared composite sheet was disconnected from the
mold [14]. Then, the developed composite samples of suitable dimension
are being cut using a diamond harvester for mechanical studies and other
investigations. The designated mixtures of ﬁber and matrix with chosen
sample names are revealed in Table 3 as below.

Table 3
Description of developed Jute ﬁber composites.
Composite
Code

Composition
in wt.%

Matrix
(IP) %

Reinforcement
(Treated Jute Fiber)
in wt.%

Length of
the Fiber
(mm)

A
B
C
D
E

100
100
100
100
100

60
60
60
60
60

40
40
40
40
40

5
10
15
20
25

% alkali concentration for 24 h displayed tensile strength as 62 % and
modulus as 17 %. Meanwhile, at 2% alkali concentration on jute and coir
ﬁber composites represented elongation by 8 % and 13.5 % respectively
[9]. In addition, it was revealed that the treatment of ﬁber surface using
CH3COOH sturdily uplifted the speciﬁc properties of ﬁnal developed
composites by improving ﬂexural strength at 5 wt% concentration [10].
In association with thermal properties, the jute ﬁber reinforced epoxy
composites had shown positive response in comparison with bamboo
ﬁber reinforced epoxy composites [11,12].

2.2. Composite characterization
Tensile studies for the fabricated composites were done as per ASTM

Fig. 1. Composite specimen undergone tensile failure.
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Fig. 2. Tensile properties of ATJFC (a) Tensile strength (b) Speciﬁc tensile strength (c) Tensile modulus.

Fig. 3. Composite specimen undergone ﬂexural failure.

of gold coating is done to transform the exterior face as a conductive
material to restrict the assembly of electron charge [17].

D3039 through Universal Testing Machine (UTM) under a tensile load of
30 KN and ﬂexural studies by means of three point bending test were
done as per ASTM D790 [15]. In addition, the impact strength of the
composite was analyzed by izod test as per the standard procedures.
Rockwell hardness testing machine was used to measure the hardness of
the composite specimens adhering to ASTM D785-98 standard [16].

2.4. Thermal analysis of ATJFC
TGA and differential thermal analysis (DTA) are performed on a SIINT
6300 (Japan) thermal analyzer. The sample was crushed to powder using
a mortar and nitrogen environment is used to avoid oxidation, at a ﬂow
rate of 20 mL/min [18]. The temperature of the sample was then changed
between ambient and 800  C at a rate of 20  C/min. The temperatures at
which the sample decomposes and the amount of sample lost are
documented.

2.3. Morphological characterization of ATJFC
The failure nature in the surface of damaged tensile, ﬂexural and
impact sections was examined using SEM machine, Model JEOL, Make
Japan with an accelerating electron beam potential of 3.0 kV. A thin layer
3
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Fig. 4. Flexural properties of ATJFC (a) Flexural strength (b) Flexural modulus.

Fig. 5. Composite specimen undergone impact failure.

Fig. 7. Hardness properties of ATJFC.

Powdered sample of required amount is obtained and dissolved in
chloroform, ether, dichloromethane, etc. This solution is allowed to
evaporate onto a KBr salt plate and is then retained to allow infrared
radiations to pass through a very small slit that exhibits some directionality. When the infrared radiations strike the plate, they absorb
molecular energy, creating an interferogram that is converted to a
spectrum for study [19].
2.6. X-ray diffraction study of ATJFC
The X-Ray Diffraction spectra of chemically treated CTP ﬁbers were
determined using a Panalytical PW3040/60 Xpert PRO, Netherlands,
equipped with a monochromatic ceramic Cu X-Ray tube and a 5 min 1
vertical goniometer speed [20].
3. Results and discussion
3.1. Effect of ﬁber length on tensile strength of ATJFC

Fig. 6. Impact properties of ATJFC.

2.5. Fourier transformation infrared study of ATJFC

Fig. 1 shows the specimens undergone tensile failure and the effect of
ﬁber length on tensile properties of ATJFC is shown in Fig. 2(a–c). The B
composite showed negligible improvement in tensile properties compared
to A composite due to insufﬁcient stress transfer between the IP and the

On a Bruker alpha T (Germany) spectrometer, Fourier transformation
infrared spectroscopy is performed in accordance with ASTM E168 - 16.
4
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Fig. 8. Fractured composite micrograph: Tensile (a–e), Flexural (f–j) and Impact (k–o).

3.2. Effect of ﬁber length on ﬂexural strength of ATJFC

ATJF when subjected to loads [21]. Another factor that inﬂuences the
stress transfer is the hydrophilic nature of the Jute ﬁber. Inspite of alkali
treatment, the ligno-cellulosic jute ﬁbers with polarized hydroxyl groups
exhibit some amount of hydrophilicity, which affects the tensile properties
of ATJFC. However, it is observed that increase in ﬁber length of ATJF
used for reinforcement increased the tensile strength of C and D composite
as shown in Fig. 2(a) owing to higher aspect ratio of ATJF [22]. Maximum
tensile strength of 50.261 MPa is achieved for composite specimen D
whereas composite specimen E showed a decline in tensile strength
because of insufﬁcient wetting of ATJFs. Also, the trend similar to tensile
strength was seen in the speciﬁc tensile strength of ATJFCs with a
maximum value of 46.191 KNm/kg. Meanwhile, the elongation at break
showed a declining trend with increase in ﬁber length of reinforced ATJF
due to restricted plastic ﬂow of IP. On the other hand, it was observed that
the tensile modulus of composites increased with increase in ﬁber length
of ATJF and is maximum for composite E having 2.3 GPa. This may be due
to increased stiffness and less stress propagation of ATJFC specimens with
increase in ﬁber length of ATJF [23].

Fig. 3 shows the specimens undergone ﬂexural test and the ﬂexural
properties of AJFCs are shown in Fig. 4. The ﬂexural properties of
composite specimen are highly governed by top and bottom surfaces
[24]. It was found that AJFCs have a maximum ﬂexural strength of
57.689 MPa and 2.8 GPa ﬂexural modulus for D composite specimen
owing to better adhesion between the AJF and IP as well as optimal
aspect ratio of AJFs. However, the E composite specimen shown decline
in ﬂexural properties due to weak bonding between the AJF and IP
leading to ﬁber breakage and pull out [25].

3.3. Effect of ﬁber length on impact strength of ATJFC
Fig. 5 shows the specimens undergone impact failure. Longer ATJF
reinforced with IP improved the impact properties of A composite
compared to B Composite. From Fig. 6, it was observed that the impact
properties are also inﬂuenced by the length of ATJF. It was noted that the
5
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Fig. 9. TGA/DTA curve of ATJFC.

Fig. 10. FTIR analysis of ATJFC.

impact strength of ATJFC increased with increase in ﬁber length and
maximum value of 8.320 J/cm2 was observed for D composite due to
better stress transfer between the IP and ATJF when subjected to impact
loads [26]. However, poor impact properties of composite A, B and C is
due to a greater number of ﬁbers ends in crack initiation of composite
during impact loading. On the other hand, composite E exhibited fairly
less impact properties compared to composite D because of insufﬁcient
wrapping of ATJF.

properties of ATJFC exhibited a trend similar to other mechanical
properties as reported. Higher length of reinforced ATJF signiﬁcantly
improved the hardness properties of composite. The maximum hardness
value of 97 HRRW is measured for composite D compared to other
composites, whereas composite A, B and C gave reduced hardness due to
more ﬁber endings leading to more micro spaces in composites [27].
Meanwhile, composite E showed decline in hardness value due to
insufﬁcient space for the IP to ﬂow around the reinforced ATJF.

3.4. Effect of ﬁber length on hardness of ATJFC

3.5. Fractographical analysis of ATJFC

Fig. 7 shows the effect of ﬁber length of ATJF reinforced with IP on
the hardness properties of ATJFC. It was observed that the hardness

The fractograph of specimens undergone tensile, ﬂexural and impact
failure was shown in Fig. 8. The ﬁber pull out phenomenon is
6
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Fig. 11. XRD analysis of ATJFC.

specimen D obtained through thermogravimetric analysis. The reduction
in weight of composite at 100  C relates to evaporation of water in the
specimen, whereas the reduction in weight observed from 220  C to 330

C is associated with the degradation of reinforcement material especially cellulose and hemicelluloses in ATJF [30]. The proceeding peak
from 340  C to 450  C represents the degradation of IP in ATJFC specimen and the weight loss above 460  C represents the degradation of
Lignin in ATJF [31]. The crest seen in the DTG curve represents the
thermal stability of the ATJFC specimen above the processing
temperature.
3.7. Fourier Transformation Infrared Spectroscopy analysis of ATJFC
The FTIR analysis reveals the functional groups and chemical bonding
present in the ATJFC specimen D as shown in Fig. 10. The peaks at
– O stretchings of
1718.66 cm 1 and 1156.60 cm 1 corresponds to the C–
carboxylic acid in the hemicellulose [32]. The subsequent peak at frequency of 1266 cm 1 relates to C–O and C–O–C stretchings of acetyl
groups due to hemicellulose and lignin [33]. The peaks in the frequency
range from 1100 cm 1 to 1000 cm 1 is associated with the O–H vibrations of cellulose and hemicelluloses [34]. The peaks in the range from
873.16 cm 1 to 728.91 cm 1 indicates C–H bending vibrations of cellulose and lignin. The peaks between 699.50 cm 1 to 598.78 cm 1 is
assigned for the IP matrix representing the skeletal C–N deformation of
the polymer [35]. These identiﬁed functional groups reveals the interaction between the ATJF and IP in the composite specimen D.

Fig. 12. Riser bar made of ATJFC.

predominantly perceived in the fractograph of specimens undergone
tensile failure as shown in Fig. 8(a–e). Moreover, the ﬁber clustering was
seen in the composite E evident from the fractograph rendering its poor
mechanical properties. The ﬁber clustering leads to weaker bonding
between IP and ATJF favoring easier ﬁber pull outs. Similar failure
phenomenon were observed in the fractographs of specimens undergone
ﬂexural and impact failure [28]. From the ﬂexural failure fractograph
(Fig. 8(f–j)) it was noticed that ATJF was unable to carry bending load
and the ﬁbrils starts to break weakening composite specimens. The
impact fractograph (Fig. 8(k–o)) also revealed the breakage of ﬁbers and
ﬁber pull outs due to inability of the ﬁber to withstand impact load and
poor bonding between IP and ATJF respectively [29].

3.8. X-ray diffraction analysis of ATJFC
The XRD spectrum of ATJFC specimen D is shown in Fig. 11. The
crystalline properties of composite specimen D has been studied to
ensure the attained mechanical properties. The crystalline nature of the
specimen was calculated from the peak at a bragg angle of 14 and 22 as
crystal size and crystallinity index of 8.3 nm and 55.21 % respectively.
These calculated values ensure the superior mechanical properties of
ATJFC specimen D [36].
4. Fabrication of sustainable riser handle bar by ATJFC

3.6. Thermogravimetric analysis/differential thermal analysis of ATJFC
Automotive industry highly depends on sustainable plastics and
synthetic ﬁber reinforced composites for auto parts [37,38]. However,
these plastics and synthetic ﬁber reinforced composites are

The thermal stability of ATJFC specimen D has been studied through
thermogravimetric analysis. Fig. 9 presents the TG-DTG curve of ATJFC
7
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non-biodegradable and its processing is harmful to all living beings. Few
recent researches have produced natural ﬁber reinforced composites
with mechanical properties comparable to plastics and synthetic ﬁber
reinforced composites which can be used as alternate sustainable material for few auto parts [39]. One such sustainable auto part named riser
bar used in two wheelers was fabricated as per standard test procedures
using the optimum ATJF composite D as shown in Fig. 12. The fabricated
auto part is found to have light weight with sufﬁcient strength and well
suit for this sustainable polymer composite applications especially in
plastic industries [40].
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5. Conclusions
In this study, tensile, ﬂexural, impact strength and hardness as well as
the failure behaviour of the fractured composite samples on ﬁve different
gauge lengths of ATJF reinforced in IP composite was determined and the
major fallouts attained are summarized as follows.
➢ Optimum mechanical properties for developed composites were
attained for 20 mm ﬁber length designated as sample D compared to
other samples and concluded that the mechanical strength of AJFC is
directly proportional to the ﬁber length used as reinforcement.
➢ Failure analysis of composites examined using SEM also conﬁrms
better bonding features for optimum length and represented a negative inference for all other ﬁber gauge length composite samples.
➢ Crystallinity index and crystal size obtained from XRD analysis and
identiﬁcation of functional groups from FTIR analysis assure its mechanical and bonding characteristics.
From the attained results, it revealed that the identiﬁed optimum
composite D can be employed to sustainable light weight automotive and
structural application specially in polymer composite industries.
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