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Abstract

The present work deals with the influence of wood dust namely Rosewood and Padauk in the jute fiber-based epoxy composites.
The work involves the fabrication of four different laminates of jute-epoxy composites using hand layup process with varying
proportions of Rosewood and Padauk wood dust fillers compared with the composite in the absence of filler. The characterization
of the mechanical and thermal properties was carried out by tensile, compression, flexural, shore D hardness, impact and
thermogravimetric analysis as per ASTM. It is inferred from the test results that the mechanical properties got enhanced by
the fine distribution of Padauk wood dust particles by improved adhesion with the matrix. The coarse structure of Rosewood dust
over the composite improved thermal stability. Scanning Electron Microscopy was utilized to study the fractured interfaces of the
mechanically tested composites. Furthermore, the developed composites affinity towards moisture and biodegradation were

studied using water adsorption and biodegradability tests.

Keywords Rosewood - Wood dust, Padauk - Hand lay-up, thermal stability

Introduction

Natural fiber-based polymer composites are a recent trend
of research for many scientists and academicians. Over the
past few decades, many types of research were carried out to
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produce a better natural fiber-based polymer composite
with better material properties [1]. Many researchers say
natural fiber-reinforced composite can be used as a potential
replacement for synthetic materials [2—4]. In recent years,
polymer matrices reinforced with wood fillers are becoming
an area of research. Many studies reported the addition of
fillers enhances several properties of the polymer compos-
ites [5, 6]. The abundant availability of wood dust fillers
makes it cost-effective in the usage of polymer matrices
when compared to filers such as nano-clays, nanotubes,
and many other inorganic fillers. The usage of fillers en-
hanced the mechanical properties in the natural fiber-
based composites. Pinecone powder was used as reinforced
as fillers in high-density polyethylene (HDPE) at various
weight % (5, 10, 15 and 20%). The results revealed 10%
of fillers in HDPE had improved the tensile, flexural and
compressive strength. Furthermore, it enhanced the elastic
and flexural modulus [7]. A hybrid epoxy composite rein-
forced with sal and teak wood floor were fabricated with
different concentration respectively by maintaining
33 wt.% concentration of reinforcements. The study stated
that there were in the improved mechanical properties
namely tensile, flexural and impact strength when
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reinforced with an equal concentration of sal and teak wood.
The hybridization also reduced water intake [8]. High-
density polyethylene was reinforced with Fagus orientalis
wood flour and noted that the hardness in the wood-plastic
composites was drastically affected by the mesh size of the
wood floor particles. On the other hand, ground shavings
addition up to 50% improved the mechanical characteris-
tics, but higher proportions reduced certain properties
namely impact strength [9]. Calotropis gigantea was used
as fillers in jute fiber reinforced epoxy composites, and it
was found that 10 wt% of filler improved the mechanical
properties such as ultimate tensile, ultimate flexural and
ultimate compressive strengths [10]. Modified fillers im-
proved the thermo-mechanical characteristics of jute-
based epoxy composites, similarly, the thermal and mechan-
ical properties of the epoxy-jute composite are improved by
adding alkali treated Portunus sanguinolentus shell powder
as fillers [11]. Green gram husk was used as nanofillers with
banana fiber in a polyester matrix; it was found that five
wt.% of green gram husk nanofillers increased the tensile
strength of the composite [12]. Spent Camellia sinensis seed
and Azadirachta indica seed powders were used as bio-
fillers in the jute epoxy composites. The results showed that
the morphological and physical properties of the fillers play
a vital role in improving the thermal and mechanical prop-
erties of the composites [13]. The red mud was used as
fillers to enhance the damping, chemical and mechanical
properties of banana fiber-based polyester hybrid compos-
ites [14]. The consequences of pure and hybrid composites
prepared from jute/coir fibers were tested for its mechanical,
density and water absorption properties. The results showed
that coir- jute fibers hybridization improved dimensional
stability and higher mechanical strength [15]. From the ex-
tensive literature survey, it was found that there were only
limited works related fillers and that too very few works
related to wood dust as fillers in the polymer composites.
In the present work, epoxy was selected as a matrix, jute
fibers as reinforcements and Rosewood and Padauk wood
dust as fillers. The hand layup technique was used to man-
ufacture the composites. The manufactured composites
were studied for mechanical and thermal characteristics.
The fracture morphology, voids, filler distribution charac-
teristics of the manufactured composites were studied using
SEM.

Materials and methods
Rosewood dust filler
Rosewood is scientifically known as Dalbergia latifolia, is

widely found in countries like India, Srilanka, and
Indonesia. This tree could grow up to 100 ft in height with a
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trunk diameter of 2—4 ft. This wood appears from golden
brown to deep purplish brown with dark brown streaks.

Padauk wood dust filler

Andaman Padauk is scientifically known as Pterocarpus
dalbergioides and widely found in the Andaman Islands of
India. This tree grows up to the height of 80-120 ft with a
trunk diameter of 2—4 ft.

Jute fibers

Jute fibers are scientifically known as Corchurus
olitorious L. and abundantly grown in India and
Bangladesh. This plant grows up to approximately 12—
15 ft in three months. Jute plant stems are cut, retted in
the form of fibers, and then dried in sunlight to remove
the moisture content. These fibers are then made into
biwoven mats using woven roving process. The jute fibers
have a density of 1.46 g/cc [16]. having cellulose, hemi-
cellulose, and lignin contents of 58-63%, 20-22%, 12—
14% respectively. The tensile strength of the fiber is be-
tween the range of 393-773 MPa [17, 18].

Epoxy resin and hardener

Epoxy resin (LY556 grade) was used as a binder to form a
matrix with fillers and fibers. The Resin hardener (HY951
grade) was mixed in the ratio of 10:1 [10, 13, 19].

Composite preparation

The composites are manufactured using the traditional
hand layup process. A clean flat, smooth surface was cho-
sen as a die with dimension (350 x 350 x 3 mm?>), over
which a layer of Manson wax polish and polyvinyl alcohol
(PVA) was applied. This acts as a releasing agent, which
facilitates the composites’ removal after the manufacturing
process. The die was set to dry for 8 h. A mixture of resin-
hardener with filler was prepared by mixing wood dust
fillers in the matrix using a stirrer for 10 min at a speed
of 50 rpm; as a result, a homogenous mixture of matrix and
filler is obtained. A layer of resin hardener with filler ma-
terial was coated over the die using a brush, and a layer of
biwoven mat jute fibers (300 % 300 x 0.45 mm3) was
placed over it. The process was repeated until four layers
of jute fibers were achieved [10]. Then the weight of 25 kg
was placed over it for even distribution of resin and hard-
ener and was let to cure for 24 h. Four composites were
manufactured with respective weight fractions of the wood
fillers. To fabricate the filler-based specimens (W1, W2,
and W3), the wood dust fillers were sieved to 100—
200 um. The course structure of rosewood fillers and the
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Fig. 1 SEM images of the fillers (a) Rosewood fillers (b) Padauk wood fillers (c) Weibull distribution rosewood and padauk wood fillers

fine structure of padauk wood fillers can be clearly seen
from Fig. 1(a,b). Figure 1 (C) shows the Weibull plot for
the particle size of both rosewood and padauk wood fillers.
From the distribution curve it is clear that there is 95%
similarity index among the particles for both rosewood
and padauk wood. This phenomenon is also confirmed by
the P value which is less than 0.05 signifies the Hy hypoth-
esis. It is also observed that the rosewood particles are
slightly larger and also have an irregular texture compared
to that of padauk wood, inferred from the SEM Fig. 1 (a,b)
and also from the Weibull curve Fig. 1 (c). Then sieved
fillers were mixed with the resin using a stirrer for 10 min.
The entrapped air was removed by a vacuum process.
Following which, the hardener was added and mixed.
Again, removal of the entrapped air was done by a vacuum
process. Then, the same procedure was followed. Fig. 2 (a-
i) shows the materials used, laminating procedure, and the
developed composite laminates. Table 1 shows the com-
posites weight % and designation.

Testing of the composites

The procedure and standard used for the characterization of
the developed wood dust filled and unfilled jute epoxy com-
posites are given in Table 2.

Results and discussions

The developed composites were characterized for various
characteristics, and their results are discussed below.

Tensile properties

The ultimate tensile strength of developed filler and non-filler
based composites are shown in Fig. 3, and the stress-strain
curve is depicted in Fig. 4. In the case of W-1 composite, the
tensile strength of the manufactured composites was
21.78 MPa, and there was only limited development in
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Fig. 2 (a) Epoxy- Resin Mixture
(10:1 Ratio); (b) Padauk wood
dust; (c) Rosewood dust; (d)
Padauk wood dust mixed with
resin-hardener mixture; (e)
Biwoven Jute fibers mat; (f)
Smooth flat surface coated with
PVA and dried; (g) Coating of
wood dust, resin-hardener
mixture over the flat surface; (h)
Layering of jute fibers mat by
applying wood dust, resin-
hardener mixture; (i) Developed
W2 composite laminate

properties when compared to neat epoxy composites (i.e.
W-4). The bonding between the Rosewood dust fillers and jute
fiber epoxy composites was poor due to the coarse size nature
which resulted in the reduction of the tensile strength. The
coarse nature of Rosewood dust hampered the fine dispersion,
which reduces the tensile strength of the manufactured com-
posites [20].

When the jute epoxy composites were reinforced with
Padauk wood dust fillers (i.e., W-2), the tensile strength of the
manufactured composites was maximum when compared to
the other manufactured composites. The increase in the tensile
strength is due to good adhesion properties of the Padauk wood
dust filler with jute fiber-epoxy composites; this is due to the
fine structure of the Padauk wood causing better wetting with
the matrix leading to firm bonding. The same kind of increase
in the tensile strength of the manufactured composites was also
reported [13, 21]. The stress-strain graph of manufactured W-2
composites shows more load-bearing capacity.

The manufactured W-4 composites resulted in poor tensile
strength characteristics when compared to all other developed
composites, which can be seen from the stress-strain curves.
The absence of fillers in this combination resulted in poor
tensile strength characteristics. The improper adhesion be-
tween jute fiber and epoxy matrix resulted in poor tensile
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strength characteristics. When the jute fiber-epoxy composites
were reinforced with equal proportions of Rosewood dust
fillers and Padauk wood dust fillers in the case of W-3 com-
posites, there is an improvement in the tensile strength when
compared to manufactured W-1 and W-4 composites. But the
obtained values are lower than those of the manufactured W-2
composites. The presence of Rosewood dust fillers and
Padauk wood dust fillers in equal proportions were responsi-
ble for the slight increase in the tensile strength when com-
pared to W-1 and W-4 composites [22, 23].

Flexural properties

The ultimate flexural strength of the developed filler and non-
filler based composites are shown in Fig. 5, and their stress-
strain curves are shown in Fig. 6. The flexural strength for W-
2 composites was 4.356 MPa followed by 4.060 MPa,
3.504 MPa and 3.293 MPa for manufactured W-3, W-1 and
W-4 composites respectively. The manufactured W-2 com-
posites had better flexural strength due to the presence of
Padauk wood dust fillers as a reinforcement to jute fiber-ep-
oxy, which prevents failure by bending force and also trans-
ferring the bending load efficiently. The flexural stress-strain
graph also clearly indicates that the manufactured W-2
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Table 1 Composition and

designation of the developed Designation Filler (weight %) Fiber (weight %) Epoxy-Hardener
filler, non-filler based composites mixture (weight %)
Rosewood Padauk Jute (4 Layers of Jute)
W-1 10 - 50 40
W-2 - 10 50 40
W-3 5 5 50 40
W-4 - - 50 50

composites have enhanced flexural strength. Among the
manufactured composites, W-4 possesses less flexural
strength, which is due to poor adhesion between epoxy resin
& the matrix and also the absence of fillers. Similar kinds of
results have been reported [10, 24]. From Fig. 6, it can be
noted that the manufactured composites failed very early
when compared to the other manufactured composites. In
the case of manufactured W-1 composites, the addition of
Rosewood dust fillers to the epoxy jute matrix resulted in

lesser flexural strength when compared to the manufactured
W-2 composites. The addition of Rosewood dust fillers to jute
fiber-epoxy does not result in good bonding, which is because
of the grains of Rosewood dust having narrow interlocking
between grain structures. As a result, there is an absence of
effective stress transfer between them. The coarse structure
and rougher surface obstruct the increase in flexural strength.
Finally, it can be concluded that padauk wood dust having
reasonably large open pores enables the matrix to form good

Table 2 Procedure and standard
involved the characterization of
the developed wood dust filled
and unfilled jute epoxy
composites

Property

Procedure/ Standard

Tensile (Machine: Servo-hydraulic universal
testing machine with 400kN capacity)

Flexural (Machine: Servo-hydraulic universal
testing machine with 400kN capacity)

Compression (Machine: Servo-hydraulic uni-
versal testing machine with 400kN capaci-

ty)
Impact (Machine: Charpy impact testing)

Shore-D hardness (Hardened steel rod
Indenter ¢ 1.25 mm with 0.1 mm radius
tip and 30° conical point)

Thermogravimetric analysis (TGA)
(Make: Perkin Elmer/TGA4000)

Water absorption test using normal water

Biodegradation test using bacteria

Scanning Electron Microscope (SEM)
(Make: Tescan VEGA 3LMU)

ASTM D 638-14 was used for testing. Dog bone shape
specimen with a size of 165 x 19 x 3 mm>, 57 mm
mid-span length where the ram was loaded at the loading
rate 2 mm/min until the fracture occurs

ASTM D790-10 was used for testing. The samples of size
165 x 19 x 3 mm® were placed in three-point bending set-
up the ram was loaded at the loading rate 2 mm/min until
the fracture occurs

ASTM D695 was followed for testing where the specimen of
size 55 x 55 x 3 mm® was considered

The test was performed as per ASTM D256-10 for a notched
specimen of size 76 x 20 x 3 mm® with 90° (notch angle)

ASTM: D2240 was used to measure the Shore D hardness for
the wood dust filled and unfilled epoxy composites. A load
of 4.550 kg was applied. Five repeated readings were
taken, and the average was reported.

Five milligrams of samples were considered and placed in a
platinum pan of 180 ul size in TGA machine furnace
maintained in a nitrogen environment.

Gas flow rate 20 ml/min, 10 °C/min Heating rate,
Temperature range: 35-800 °C

Test was carried out as per ASTM D570-96 with sample
dimensions 50 x 50 x 3 mm® Specimens were initially
weighed and immersed in water at ambient conditions.
Then for regular intervals of time, the sample weight
change was measured and then again placed in the water.
The test was carried out for 15 days

The bacteria suspension of the composites was performed in
this test for the sample of size 50 x 50 x 3 mm” for 48 days
period. The samples weights were tested for a regular
interval of time

Measures fractured interface characteristics, voids, filler
distribution
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50+

Ultimate Tensile Strength (MPa)

Composites

Fig. 3 Tensile behavior of developed filler and non-filler based
composites

interlocking with the grains of the padauk dust and enhances
the flexural strength of manufactured composites [25].

Compressive strength

The compression strength of a matrix depends upon the fillers
added and proper adhesion between the matrix and fillers [26].
The reinforced fillers offer resistance to the fiber breakage
which enhances the compressive strength. The irregular filler
size and addition of excess fillers lead to improper wetting
between the resin and matrix. Thus, resulting in poor compres-
sive strength in the manufactured composites. The ultimate
compressive strength of developed filler and non-filler based
composites are shown in Fig. 7. The stress-strain curve of the
compressive strength is depicted in Fig. 7. From Fig. 8, it can
be inferred that the addition of wood dust filler to jute fiber-
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Fig.4 Tensile stress-strain graphs of developed filler and non-filler based
composites
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Fig. 5 Flexural behavior of developed filler and non-filler based
composites

epoxy matrix, increased the compressive strength when com-
pared to unfilled jute fiber-epoxy composites.

There is a decrease in compressive strength when there is
the absence of fillers in the jute fiber-epoxy composites. This
phenomenon is attributed to the evolution of voids in the ma-
trix surface and improper bonding between them. The jute
fibers were not treated by alkalis, which is also a vital reason
for the decrease in compressive strength [27]. From the stress-
strain graph of the compressive strength of W-4 composites, it
is clear that W-4 failed very early compared to other filler-
based composites.

The addition of Padauk wood dust fillers to the jute fiber-
epoxy matrix increased the compressive properties due to the
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Fig. 6 Flexural stress-strain graphs of developed filler and non-filler
based composites
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Fig. 7 Compressive behavior of developed filler and non-filler based
composites

fine dispersion and effective stress transfer between them.
There was a perfect bonding between Padauk wood dust
fillers and jute fiber-epoxy matrix which also increased the
compressive strength. The stress-strain curve of the compres-
sive strength graph indicates that the manufactured composite
W-2 withstands the higher load when compared to the other
manufactured composites.

In the case of manufactured W-1 composites, the addition
of rosewood dust fillers to the jute fiber epoxy matrix showed
less compressive strength than the manufactured W-2 and W-3
composites. The reduction in the compressive strength is due
to the coarse structure of rosewood dust filler which does not
impart good stress transfer between the matrix and fillers [28].
The W-4 composites are the least performer in the case of
compressive loading. It is due to the absence of the wood dust
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s
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2 40
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Fig.8 Compressive stress-strain curves of developed filler and non-filler-
based composites

0.00 0.02 0.04 0.10 0.12

fillers present in it, which had acted as a good stress transfer
element in the case of other composites. Thus, in conclusion,
the manufactured composite W-2 had good compression
strength properties.

Impact strength

The energy absorbed by any material determines the tough-
ness of the material. The impact strength of developed filler
and non-filler based composites are shown in Fig. 9. As in-
ferred from the literature, it was found that the presence of
fillers in the epoxy matrix either increased or decreased the
impact strength properties. The impact strength of the devel-
oped composite material depends upon the factors like adhe-
sion between the fillers and matrix and the nature of the inter-
facial region [29].

From Fig. 9, it can be noted that the manufactured com-
posite W-2 shows better impact strength properties when com-
pared to the other manufactured composites. The enhanced
impact properties are due to the presence of Padauk wood dust
fillers in jute fiber-epoxy matrix, which absorbs more energy
during the impact testing. The fine structure of the fillers pos-
sesses good wettability nature with the matrix provides a good
bonding of filler matrix and fiber leading to good stress trans-
fer from matrix to filler to the fiber. Similar results were found
in the literature [27, 30].

On considering manufactured W-3 composite, the addition
of padauk wood dust and rosewood dust fillers to the jute
epoxy matrix increased the impact properties but lesser than
manufactured W-2 composite. In the case of the manufactured
W-1 composite, the addition of rosewood dust fillers to the
jute epoxy matrix did not result in proper bonding between
matrix and fillers which further resulted in a decrease in the
impact strength properties. The coarse structure of rosewood

Energy Absorbed (Joules)

W-1 W-2

W-3 W-4
Composites

Fig. 9 Impact behavior of developed filler and non-filler based
composites
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dust fillers makes the bonding very difficult with the resin and
matrix. In the case of manufactured W-4 composite, the ab-
sence of fillers resulted in a decrease in the impact strength
properties. Thus, finally, the manufactured W-2 composite has
increased impact strength. From the result, it is found that the
adhesion between the epoxy jute matrix and Padauk wood
dust fillers played a vital role in the enhancement of impact
properties.

Shore D hardness

The Shore D hardness of developed filler and non-filler based
composites are shown in Fig. 10. From Fig. 10, it can be
observed that the W-2 composite has more shore D hardness
when compared to the other manufactured composites. The
fine and effective dispersion of Padauk wood dust in jute
epoxy matrix resists the indentation which in turn increases
the shore D hardness. The tensile strength can be correlated to
the hardness characteristics. The increase in tensile strength of
the composites reduces the flexibility due to the effect of the
cross-linking nature of the epoxy, which also increases the
hardness characteristics.

On considering manufactured W-1 composites, the rose-
wood dust did not adhere well with the jute epoxy matrix,
which resulted in the reduction of the Shore D hardness. The
improper bonding increased the flexibility of the
manufactured composites, which in turn reduced the Shore
D hardness characteristics. The same kind of reduction in
Shore D hardness value was noted due to the improper disper-
sion of the fillers in the matrix is seen in literature [31, 32].

In the case of the manufactured W-4 composite, the ab-
sence of fillers created more voids and improper wetting of
jute fiber matrix with epoxy resin, which further reduced the
Shore D hardness of the composite. Thus, the manufactured

70 4 T
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Shore D Hardness (No Unit)
oo
<

20
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0 T —— T T
W-1 W-2 W-3 W-4
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Fig. 10 Hardness behavior of developed filler and non-filler based
composites
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composite W-2 has better Shore D hardness when compared
to the other manufactured composites. When rosewood dust
and padauk wood dust fillers are in equal proportions to the
jute fiber epoxy matrix, an increase in the Shore D hardness
values were seen, but lesser than the manufactured W-2 com-
posites. Thus, the manufactured composite W-2 showed better
Shore D hardness characteristics when compared to the other
prepared composites.

Thermal stability using TGA

The thermal stability of the fillers and developed composites
were found out using TGA. The TGA-DTG graphs are report-
ed in Fig.11 (a&b), respectively. The onset temperature, de-
composition temperature, and char residue at 800 °C of fillers
and developed composites are shown in Table 3.

In the TGA- DTG curves, Fig. 11 (a&b), first slope till
200 °C shows the degradation of some moisture present in
the composites, lignin followed by the degradation of hemi-
celluloses till 350 °C and the third slope denotes the degrada-
tion of cellulose present in the materials [19, 33, 34]. Up to
500 °C, rest materials are char, which may contain some in-
organic constituents in it [33, 35, 36]. The Rosewood dust
fillers show better thermal stability than padauk wood dust
fillers. There are an enhanced onset temperature, decomposi-
tion temperature and char residue at 800 °C for rosewood dust
fillers [37].

Table 3 Different temperatures and Char residue % of the
fillers, developed filler, non-filler based composites.

In the case of manufactured composites, W-1 composite
shows better thermal stability when compared to the other
manufactured composites. The coarse structure of rosewood
dust fillers in jute fiber epoxy composite increased the thermal
stability of the manufactured composites. Considering the
manufactured composite W-2, it shows reduced thermal sta-
bility. The fine dispersion of padauk wood dust fillers in jute
fiber epoxy composite decreased thermal stability. The addi-
tion of rosewood dust fillers and padauk wood dust fillers in
equal proportions increased the thermal stability when com-
pared to manufactured W-2 composites, and it has less thermal
stability than W-1 composite. In the case of W-4 composites,
the absence of filler in jute fiber composites resulted in worst
thermal characteristics among the manufactured composites
[38]. Thus, the coarse structure of Rosewood dust filler in-
creased the thermal stability of its W-1 composites. This in-
crease in thermal stability in the fillers is mainly due to hin-
dering the heat passage, thereby postponing the weight loss.
The coarse structure materials generally have thermal stability
since the heat cannot easily penetrate the core compared to
fine powders. This behavior can be inferred from the works of
literature [10, 11, 13, 39, and]. Thus the filler enhances ther-
mal stability, and coarse structure enhances furthermore.
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Fig. 11 (a) TGA; (b) DTG curves of wood dust fillers and developed filler, non-filler based composites

Fracture morphology

The study of fractured surfaces of Rosewood and Padauk
filled jute-epoxy composites, and unfilled jute epoxy compos-
ites are shown in Fig. 12(a-g). The fractured surfaces showed
characteristics of a well-developed interfacial interaction in
the case of Fig. 12 (b & d), i.e. Padauk filled jute-epoxy com-
posites (W-2). It can be seen that there is a very low pull-out of
wood dust on the fractured surface in the case of W-2 com-
posites since the Padauk wood dust’s effective distribution in
the matrix leads to the strong adhesion between the wood
particle and the matrix. The padauk wood fillers improve the
rigidity of the composite materials by filling the cracks, as
shown in Fig.12(d). Thus, the mechanical properties got en-
hanced compared to the wood particles filled and without
filler composites. In the case of Rosewood, wood dust filled
jute epoxy composites (W-1); though the fillers fill the space,
there is little agglomeration which is mainly due to the
interlocking structure of the Rosewood dust as shown in
Fig. 12(a, c). This interlocking and agglomeration result in
the partial filling of cracks, as shown in Fig.12(e). While in
the case of unfilled jute-epoxy composites, their many behav-
iors namely fiber tear, fiber pullout, resin fracture, fiber bend-
ing and cracks as shown in Fig. 12(f & g), causes poor me-
chanical strength [39, 40].

Water absorption and biodegradability behavior
of the developed composites

The water absorption property of the W1, W2, W3, and W4
are shown in Fig. 13. The percentage of moisture absorption
increases with the number of days and eventually becomes
saturated after 15 days. The water absorption property of
W2 composite is less compared to the other composite W1,
W3, and W4 and performs best in the water absorption test. As
the fillers are hygroscopic, the coarse structure of the filler
padauk wood caused agglomerations in the composite while
mixed with matrix, leading to air pockets, voids and improper
wetting with the matrix which can be seen from the SEM
images. This phenomenon leads to the expose of the fillers
to water causing absorption and swelling [41, 42]. W3 is
second-best in water absorption, W1 has the third-best water
absorption. W1 has high water absorption property because
jute fiber has a high water absorption tendency [39, 43].
From Fig. 14, it is observed that there is an increase in
weight at the initial stage of the specimen for about 27 days,
and then it starts to lose weight. This phenomenon is caused
due to the water absorption property; in the case of laminated
composites the water absorption gets saturated in 27 days and
then leads to weight loss. Composite W2 is less bio-
degradable because of its less water absorption property, as

Table 3  Different temperatures and Char residue % of the fillers, developed filler, non-filler-based composites

Composites Onset End set Decomposition Char residue values
Temperature (°C) Temperature (°C) Temperature (°C) at end of 800 °C

W-1 263 589 465 23

W-2 252 500 410 17

W-3 257 540 448 20

W-4 243 489 396 15

Rosewood dust filler 161 455 368 4.1

Padauk wood dust filler 153 427 332 2.7
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Fig. 12 SEM images of the fractured interface (a, c, ) Rosewood dust
based jute-epoxy composites (W-1); (b & d) Padauk wood dust based
jute-epoxy composites; (f & g) jute-epoxy composites without fillers

seen in Fig. 13. Composite W1 and W3 are more biodegrad-
able compared to the W2 because of more amount of moisture
intake, and thereby bacterial attack. Composite W4 shows the
highest biodegradability because of the poor wettability to the
matrix. Jute fibers have a higher tendency to absorb moisture
from the compost, thus causing faster biodegradation [44, 45].

Conclusions

The jute-epoxy composites were developed with and without
various proportions of rosewood, padauk wood dust fillers as
per the conventional hand lay-up process. The developed
composites were analyzed for mechanical, thermal, water ab-
sorption, biodegradation characteristics. Based on the test re-
sults, the following conclusions were drawn.

* The ultimate tensile strength of padauk wood dust-based
jute epoxy composites (43 MPa) was higher than rose-
wood dust filler-based jute epoxy composites (23.6 MPa).

+ Similarly, the ultimate flexural strength, ultimate compres-
sive strength, hardness, and energy absorbed during im-
pact was higher for padauk wood dust-based jute epoxy
composites due to better adhesion with the matrix.

*  The thermal stability of rosewood dust filler and its com-
posites was higher compared to the padauk wood dust and
its composites.

* The biodegradation characteristics were higher for un-
filled jute epoxy composites compared to the wood dust
filler based one. But in the case of water absorption
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Fig. 13 Water absorption properties of developed filler and non-filler
based composites
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Fig. 14 Biodegradation characteristics of developed filler and non-filler
based composites

characteristics wood dust filler-based composites showed
better resistance to water absorption.

Thus, the wood dust filler-based jute epoxy composites can
be used for lightweight and medium load applications.

The future scope of this study is the prove the application
suitability of the best performer composites with suitable ap-
plications and to perform dynamic mechanical analysis for the
developed composites.
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