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The present work deals with the characterization of mango seed shell fiber reinforced epoxy composites by using hand layup method by
varying the volume composition of the mango seed shell from 0 vol. % to 60 vol. % (M-0 to M-60). The physical density test, tensile test,
flexural test, and water absorption test were conducted as per the American Society for Testing and Materials (ASTM) standards.
Results revealed that the tensile strength of M-20 (20 vol. %) is 43% more than a neat epoxy, while the flexural strength of M-50 (50
vol. %) is greater than 10.85% more than a neat epoxy. The water absorption test was conducted by immersing the samples in
distilled water at room temperature, and the weight of the specimens was measured and recorded at every 24-hour time interval.
For all composite samples, saturation in water absorption and thickness swelling were observed after 432 hours of water immersion.
The moisture absorption increases with the inclusion of reinforcements as compared to the neat epoxy samples. However, for the
M-50 composite, the water absorption decreases due to the uniform mixing and stronger bonding between the matrix and the
reinforcements. The scanning electron microscope (SEM) images of the composite specimens also depicted the particulate fiber
distribution and the presence of micro-voids in the epoxy matrix.

1. Introduction

The need for novel biocompatible and sustainable reinforce-
ments has triggered interests in the research community to
explore non-traditional sources of reinforcements from non-
edible agricultural sources. In this regard, the use of mango
seed shell in thermoset polymers is a unique work that has
the potential to become an alternative to the conventional syn-
thetic reinforcements and resin-based polymer composites.

The choice of matrix material is also important for the syn-
thesis of the natural reinforcement-based polymer composites,

and among the resin materials, thermoset polymers have sev-
eral applications particularly with grounded particles and
flakes, especially when mixed or moulded with varying volu-
metric ratios of the fiber/fiber particles, as in epoxy resin, poly-
mer, and phenolic polyamide resins. Several studies have been
done on thermosetting composites [1] with the incorporation
of particulates of prawn shells, tamarind, and dates seed pow-
ders along with Arundo Donax L. leaf, which are used as rein-
forcement in the epoxy resin matrix [2]. The research on
natural filler-based thermoplastics is still in its incipient stage,
and there is a vast scope carrying out the synthesis and
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characterization of these composites. As demonstrated by var-
ious researchers through their theoretical and experimental
investigations, the natural filler-based materials are known to
enhance the mechanical characteristics of the composites.

Mechanical properties such as tensile, impact, and flexural
strength are observed to increase, when palm fiber and tama-
rind seed paste are used as reinforcements in the epoxy resin
[3]. The composites are synthesized using randomly dispersed
groundnut shell particles of various grain sizes and an epoxy
resin matrix, and it is discovered that grain size has a signifi-
cant influence on the mechanical characteristics of the com-
posite, viz., the tensile and impact strength characteristics
[4]. Epoxy-based hybrid composites are produced by reinforc-
ing areca and coconut shell powder, and the cast composite is
tested for density, void content, and thermal characteristics
according to American Society for Testing and Materials
(ASTM) standards [5]. Further, luffa cylindrical is used as
the reinforcement, epoxy resin as the matrix with furfural
alcohol, and NaOH for the surface treatment of the reinforce-
ments, which resulted in improved mechanical characteristics
[6]. Silane treatment is applied to a composite with the luffa
cylindrica as reinforcement and epoxy LY556 as matrix. The

(a) (b)

Figure 1: (a) Particulate form of mango seed shell. (b) Epoxy resin and hardener used for composite preparation.

Mould Mould with lubricant Slurry of composite is
poured in mould

Tensile Sample was
cut according to
ASTM standard

Casted sample after
removing from the 

mould

Mould is left for
Curing

Figure 2: Composite fabrication flowchart.

Table 1: Volume ratio of different constituents of the composite
specimens prepared.

Designation
Vol. % of mango seed

shell
Vol. % of
resin

Vol. % of
hardener

M-0 0 66.67 33.33

M-10 10 60 30

M-20 20 53.33 27.67

M-30 30 46.67 23.33

M-40 40 40 20

M-50 50 33.33 16.67

M-60 60 26.67 13.33
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composite is cast using the hand-layup method and evaluated
according to ASTM standards for flexural properties [7]. The
matrix material is the combination of epoxy (LY-5082) and
hardener (HY-5082), and the reinforcement is luffa cylin-
drica. After alkali treatment, the composite is cast using com-
pression moulding, and mechanical tests such as tensile and
flexural are performed. It is herewith reported that the tensile
and flexural characteristics of the composites improve with
the inclusion of natural filler in the matrix phase [8]. Poly-
althia longifolia seeds (mast tree seed/Ashoka tree) are finely
ground and used as reinforcement, with Vinyl ester serving
as the matrix. The composite is cast using compression

moulding, and mechanical tests such as tensile, impact, and
flexural are performed. The results show that the properties
of the composites improve with the inclusion of natural filler
in the matrix [9]. Ground nut shells and coconut coir are used
to make a composite, with Araldite LY-556 as the matrix
material and HY-951 as the hardener. The fibers used are in
particulate form, and mechanical tests such as tensile and
flexural are performed. It is herewith reported that the charac-
teristics of the composites improve with the inclusion of nat-
ural fillers in the matrix [10]. The resin is cured at room
temperature with the addition of a cobalt accelerator and
Methyl Ethyl Ketone Peroxide (MEKP) catalyst. Okra fibers
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Figure 3: (a) Tensile test specimen used in the present work (ASTM D638-TYPE 2 standard dimensions). (b) Flexural test specimen used in
the present work (ASTM D790 standard dimensions).

(a) (b)

Figure 4: (a) Specimen loaded in tensile test. (b) Specimen loaded in three-point bending flexural test.
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are utilized as reinforcements. The results reveal that the
inclusion of okra fibers along with cobalt accelerator and
MEKP catalyst provides greater strength in comparison with
the neat epoxy [11]. Jack fruit skin powders are used as rein-
forcements and polylactic acid (PLA) as the matrix material
for the composite that is fabricated by hot press/compression
moulding [12], while melon shell particles are used as rein-
forcement and epoxy LY556 resin and HY951 hardener are
used as matrix and the composite is fabricated using hand-
layup method, also they are post-processed using carbonizing
[13]. Composite is cast using compression moulding where
fish scales are used as reinforcement followed by epoxy
LY556 as the matrix phase. It is herewith reported from the
research findings that the cast composites exhibit better char-
acteristics due to the inclusion of fillers in the matrix in com-
parison with the neat epoxies [14]. Tamarind seed powders
and coconut seed powders are used as reinforcements
followed by epoxy resin as the matrix. The composites are
produced by hot press/compression moulding [15], [16].
The sustainability and strength characteristics of the compos-
ites are enhanced by the inclusion of fillers in the matrix and
are ascertained from the findings of the several other

(a)

(b)

(c)

(d)

Figure 5: (a) Tensile specimen before testing. (b) Tensile specimen after testing. (c) Flexural specimen before testing. (d) Flexural specimen
after testing.

Figure 6: Samples immersed in distilled water.
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researchers [17–21]. The strength and toughness of the poly-
mer composites are enhanced by strong bonding between the
matrix and the reinforcements, and also themolecular adhesion
between the resin and fibers is enhanced by the filler materials
that inoculate and create a stronger bond, thereby inhibiting
the water uptake by the composites [22–28]. This serves as the
major reason for using the mango seed shell as reinforcements
in the matrix to improve the mechanical characteristics and
reduce the moisture absorption by the composites.

The present work focuses on the study of mechanical
properties such as the density, tensile properties, flexural
properties, and water absorption properties of epoxy resin
(LAPOX L-12), K6 hardener, and finely ground mango seed

shell particulate fiber reinforced composites, which has sub-
stantial novelty in the very fact that the mechanical proper-
ties are critically analyzed and mapped with respect to the
ability of mango seed shell to absorb moisture content and
the presence of voids in the composite. The research on
mango seed shell particulates is still in its incipient stage
and there is a vast scope for accomplishing further research
in this domain. Also, the epoxy resin-based composites with
optimum volume percentage of the dried mango shell pow-
der can be used for structural applications, especially for
those structures requiring higher strength to lower volumes,
viz., the automobile bumpers, dashboards, panels, and seat
structures, etc. The non-traditional variety of natural rein-
forcements from discernable waste sources, viz., the mango
seed shell, can be effectively used as reinforcements for
eco-compatible composites.

2. Materials and Methods

2.1. Materials. In this study, the finely grinded mango endo-
carp seed particulate is used as reinforcement. The mango
seed is a single, flat, oblong seed that may have fibrous or
hairy surface. Totapuri mango (or Ginimoothi) of Mangifera
genus and Mangifera indica species, which is cultivated in
Karnataka, India, is used in current work, which is a single
embryo about 4–7 cm long, 3–4 cm wide, and 1 cm thick
and is housed inside the seed coat, which is 1–2mm thick.

Figure 7: SEM image of mango seed shell powder.

Table 2: Theoretical and experimental densities of prepared
composites.

Sl.
no.

Sample
type

Theoretical
density

Experimental
density

Void
content

% weight
reduction

1 M-0 1190.00 1190:00 ± 14:28 — —

2 M-10 1184.42 1167:72 ± 16:11 1.41 1.87

3 M-20 1178.84 1166:67 ± 17:27 1.03 1.96

4 M-30 1173.26 1157:16 ± 17:59 1.37 2.76

5 M-40 1167.68 1127:98 ± 31:58 3.40 5.21

6 M-50 1162.10 1157:41 ± 32:41 0.40 2.74

7 M-60 1156.52 1116:67 ± 34:62 3.45 6.16
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The extraction method of mango seed shell in powder form
for the manufacturing of epoxy-based composites is a critical
technique. The mango seeds are collected from juice making
industry and then dried in sunlight for 7 days. The shells of
the mango seeds are taken and cleaned with distilled water

and dried in bright sunlight for 2 days. The flexibility in
the shell wall is checked manually and later the NaOH solu-
tion and dried in bright sunlight for 2 days. The flexibility in
the shell wall is checked manually and is heated until the
solution boils for a duration of 20 minutes, so that dust, dirt,
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and lignin content onto surface are removed. Later the
NaOH solution is cooled in room temperature, the shells
are separated and dried in sunlight for 2 days. The dried
shells are further kept in oven at a temperature of 50°C
for 1 hour to remove the moisture content. The dried shells
are grinded using the domestic grinder to convert into pow-
der form. The powder is sieved using 75μm sieve. This
mango seed shell powder is used as the reinforcement in
epoxy matrix. Figure 1(a) gives the photograph of the partic-
ulate form of mango seed shell used in the present work.

The combination of LAPOX L-12 epoxy resin with K6
hardener is used as matrix. The resin and hardener are pro-
cured from Yuje Enterprises, Bengaluru, India (Figure 1(b)).
Lapox L-12 is a liquid, unmodified epoxy resin of medium
viscosity used with various hardeners for making compos-

ites. The Lapox L-12 resin has a density in the range of
1.12–1.19 g/cm3, dynamic viscosity in the range of 50–
95MPa s, flash point greater 200°C, and storage temperature
in the range of 2–40°C as per the technical specification
datasheet provided by the supplier.

The use of the non-edible discernable agricultural wastes
as reinforcements for the composites is supported by some
of the research findings similar to the present work. N. P.
Sunesh et al. [29] have worked on the novel agrowaste-
based cellulosic micro-fillers from Borassus flabellifer flower
for polymer composite reinforcement. The results have
showed that an agricultural residue can be converted into a
valuable micro-sized cellulosic filler material for polymeric
composite applications that can withstand processing tem-
perature up to 200°C.

Table 3: Tensile properties of mango seed shell/epoxy composites.

Sl. no. Sample type Tensile modulus (MPa) Tensile strength (MPa) Strain (%)

1 M-0 368:43 ± 105:97 20:98 ± 1:75 2.047

2 M-10 233:55 ± 36:79 28:73 ± 9:70 3.044

3 M-20 276:43 ± 84:50 30:02 ± 1:28 3.970

4 M-30 235:50 ± 102:86 12:10 ± 4:05 3.538

5 M-40 302:52 ± 106:99 13:25 ± 1:68 2.450

6 M-50 254:55 ± 44:34 22:56 ± 6:84 2.885

7 M-60 250:01 ± 58:09 17:32 ± 1:91 2.574
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Figure 10: Stress–strain diagram for different composite specimens.

7International Journal of Polymer Science



2.2. Sample Preparations. In the present work, the compos-
ites are prepared by manual stir casting method by homoge-
nously mixing mango seed shell particulate (powdered
form) in epoxy matrix medium. For this work, an alumin-
ium mould of size 240mm× 240mm× 4mm is fabricated,
and is as shown in Figure 2. Initially, the silicone releasing
agent is applied to mould for easy removal of casted samples.
At room temperature, a required volume percent of mango
seed shell particles is mixed with epoxy resin (Lapox L-12)
and K6 hardener mixture prepared in the volumetric ratio
of 2 : 1 and then poured into the mould. Table 1 gives the
volume ratio of different constituents of the composite spec-
imens prepared in the present work. After casting, the com-
posites are subject to hot air blower drying before curing to
remove the entrapped moisture, water vapour bubbles from
the composite specimens. The hot air blower dried cast slabs
are then cured at room temperature for 24 hours. Subse-
quently the moisture check is accomplished by gravimetric
test method in accordance with ASTM D5229 test standards.
There are distinct particulate composites that are synthe-
sized, by varying the mango particles concentration in the
range of 10%–60% by volume in an epoxy matrix. The spec-
imens are cut from the composite slabs for different tests as
per the ASTM standards. The flow chart of composite fabri-
cation is given in Figure 2.

2.3. Material Characterization

2.3.1. Density and Void Contents Measurement. According
to ASTM 792-20 standard, the procedure to measure the
densities of mango seed shell/epoxy composites with sample

size 50× 10× 4mm were used for density measurement.
Here, the medium used for density is distilled water. The
mass of the specimen in air and in water was measured using
a digital weighing scale with 0.001 grams resolution.

Based on Equation (1), the composite density is calcu-
lated,

ρexp =
Ma

Ma −Mb
× 1000, ð1Þ

where ρexp is the composite density, Ma is the mass of spec-
imen in air, and Mb is the mass of specimen in distilled
water. For each case, three specimens have been checked
and the average value is taken into account.

Void content is the term used to describe the air trapped
during the manual mixing of mango seed shell in epoxy. By
taking into consideration, the relative discrepancy between
the theoretical and experimentally determined densities,
the void content of the composite is calculated.

ASTM D2734-16 test procedure is followed to determine
the void content. The percentage void content was calculated
based on the given Equation (2),

vc =
ρth − ρexp

ρth
× 100, ð2Þ

where vc is the percentage of void content, ρth is the theoret-
ical composite density, and ρexp is the experimental compos-
ite density.
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2.3.2. Mechanical Testing. All mechanical testing were car-
ried out in accordance with ASTM standards. The tensile
and three-point bending tests were performed using a
Zwick-Roell universal testing machine with a load cell
capacity of 20 kN, model Z020, according to ASTM D
3039-00 and ASTM D 7264-07 test procedures, respec-
tively, with a cross head travel speed of 2mm/min. For
the flexural test, the span to thickness ratio of the test
sample was maintained at 32 : 1. Four samples were tested
for each case and average values considered. Figures 3(a)
and 3(b) give the dimensions of the flexural and tensile
test specimen, while Figures 4(a) and 4(b) and give the

photograph of specimen loaded in tensile test and three-
point bending flexural test.

The Figure 5(a) gives the photograph of the tensile spec-
imen before testing, while Figure 5(b) gives the photograph
of the tensile specimen after testing, while Figure 5(c) gives
the flexural specimen before testing, while Figure 5(d) gives
the photograph of the flexural specimen after testing. The
photographs clearly depict the fracture that has occurred in
the tensile and flexural tests.

2.3.3. Water Absorption. The mango seed shell/epoxy com-
posites water absorption behavior was investigated in

(a) (b)

(c) (d)

Figure 12: SEM images of tensile test failed composite surfaces for (a) M-0, (b) M-20, (c) M-40, and (d) M-60.
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accordance with ASTM D570-98 standard. For this study,
samples with dimensions of 75mm× 25mm× 4mm were
employed. The samples were dried for 2 hours at 70°C in

an oven before being chilled in a desiccator and as soon as
they reach room temperature, their original weight (Mr)
was recorded using laboratory weighing balance. Later, the
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Figure 13: Flexural stress vs. strain for different composite specimens.
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samples were then entirely immersed in distilled water. The
samples were removed from the distilled water at every 24-
hour interval, the surface water was quickly wiped with tis-
sue paper, and their weight (Mt) was recorded within 30 sec-
onds. This process was continued until an equilibrium
condition was attained. For each case, three samples were
examined. Figure 6 gives the photograph of the samples
immersed in the distilled water.

The weight gain reveals how much water is being
absorbed. The percentage of water absorption was obtained
using Equation (3),

Wa =
Mt −Mr

Mt
× 100: ð3Þ

According to ASTM D 570-98 standard, the thickness
swelling behavior of mango seed shell/epoxy composites
was investigated. The thickness swelling test was conducted
using the identical water absorption test samples. Using a
digital Vernier caliper, sample thickness was additionally
recorded each time along with weight. The percentage thick-
ness swelling was calculated using Equation (4),

Ts =
T t − Tr

T t
× 100, ð4Þ

where Tt and Tr are the thickness of dried sample and the
sample after immersion in water for time Ts, respectively.

2.3.4. Morphological Analysis. A scanning electron micro-
scope (SEM) HR-FESEM (GEMINI 300, Carl Zeiss, Ger-
many) is used to examine microstructure. Prior to analysis,
each sample is sputter coated using a JFC-1600 auto fine
coater (JEOL, Japan) and studied for the morphological
features.

3. Results and Discussions

3.1. Characterization of Mango Endocarp Seed Particulate. In
this work, the mango seed was collected from the Sunsip
Agro Processor factory, which makes mango sip juice in Sri-
nivaspur Taluk, Kolar District, Karnataka. Then the mango
seed endocarp was dried and finely ground. The morphology
of the mango seed shell powder is fibrous flaky type, with the
diameter of the flakes and particulates varying in the range

of 12–25μm. The SEM image of the mango seed shell is
shown in Figure 7.

3.2. Density and Void Contents. Table 2 presents theoretical
and experimental densities of mango seed shell/epoxy com-
posites. Density of mango seed shell/epoxy composites
decreases in the range of 1.87–6.16% with increasing filler
content as compared to neat epoxy.

Void content increases in a narrow range of 1.41–3.45
with higher mango seed shell loadings as observed from
the graph in Figure 8. Lower void contents signify consis-
tency in processing route and good quality of the samples.

The porosity is having a greater impact on the mechan-
ical characteristics of the composite samples, and the poros-
ity can be reduced by accomplishing the fabrication of the
composite laminates in vacuum and uniformly rolling the
laminate in the die to remove the entrapped air and water
bubbles.

The Figure 9 gives the comparative representation of
experimental density and weight reduction for different
sample types and thereby provides an overview of the effect
of void content on the density and % weight reduction of the
composite specimens. The void content as well as the %
weight reduction are maximum for M60 composite speci-
men. However, the strength decreases with the void
concentration.

3.3. Materials Characterizations

3.3.1. Tensile Properties. The tensile strengths were higher
for higher volume fractions of the mango seed shell powder,
while the tensile modulus was higher for lower volume frac-
tions and lower for higher volume fractions, as shown in
Table 3, which displays the mechanical characteristics of
mango seed shell/epoxy composites. The observed behavior
is likely to persist because the reinforcements are dispersed
randomly and since tensile strength is a property that
depends on direction. Figure 6 shows the response of the
material tensile strength and tensile modulus of mango seed
shell/epoxy composites. It shows that M-20 with 30:02 ±
1:28MPa possess the maximum tensile strength and M-40
with 13:25 ± 1:68MPa possess the minimum tensile strength
and M-20 depicts a 43.06% increase in tensile strength com-
pared with pure epoxy laminate. Similarly, it shows that M-
40 with 302:52 ± 106:99MPa possess the maximum tensile
modulus and M-10 with 233:55 ± 36:79MPa possess the
minimum tensile modulus. Table 3 displays the mechanical
characteristics of mango seed shell/epoxy composites, while
the Figure 10 gives the stress-strain diagram for different
composite specimens.

From Figure 10, it is evident that the tangent modulus
increases with the increase in the stress, depicting the
semi-elastic action of a material when subjected to excessive
stress. Thus, the inclusion of optimum vol. % of mango seed
increases the slope of the linear region of the stress–strain
curve, thereby improving the tensile characteristics of the
composite. The findings are supported by the literature of
similar works carried out by P. J. Herrera-Franco et al.
[30], wherein the elastic modulus, in the longitudinal

Table 4: Flexural properties of mango seed shell/epoxy composites.

Sl.
no.

Sample
type

Flexural
modulus (MPa)

Flexural
strength (MPa)

Flexural
strain (%)

1 M-0 3330:74 ± 144:71 59:20 ± 17:51 2.080

2 M-10 3356:90 ± 178:50 37:24 ± 3:93 1.024

3 M-20 3218:82 ± 626:20 77:50 ± 1:72 2.087

4 M-30 2977:98 ± 290:41 45:19 ± 5:73 1.549

5 M-40 3313:78 ± 96:48 33:44 ± 7:30 0.973

6 M-50 3462:26 ± 307:25 37:50 ± 12:51 1.427

7 M-60 3104:03 ± 281:07 46:40 ± 6:74 1.126
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direction of the reinforcements, obtained from the tensile
and flexural measurements as compared to the values calcu-
lated using the rule of mixtures showed a remarkable
improvement. The increase in the mechanical properties
ranged between 3% and 43%, for the longitudinal tensile
and flexural properties, whereas in the transverse direction
to the reinforcements, the increase in the mechanical prop-
erties, viz., the tensile and flexural, ranged between 5% and
50%. This improvement is attributed to the fact that, with
the increasing reinforcement-matrix interaction, the failure
mode changed from interfacial failure to matrix failure and
the inclusion of the natural reinforcements from seed carps
of monoembryonic kernel seed sources tend to improve
the tensile properties of the composites. Figure 11 gives the

representative graph for tensile strength and tensile modulus
for mango seed shell/epoxy composites.

The matrix and reinforcement possess stronger bonding
and exhibit better strength characteristics. Figure 12(a)
clearly shows no matrix deformation near the breakage zone
in the M-0 composite, thereby indicating a stronger intersti-
tial atomic bonding between the resin and hardener in the
matrix phase. Figure 12(b) clearly shows that there is sub-
stantial matrix deformation near the breakage zone in the
M-20 composite, due to the fracture of the bonds owing to
the peripheral growth of the particulates. Figure 12(c) clearly
shows matrix deformation near the breakage in the M-40
composite, and the mango seed shell particulates, in matrix
phase that are visible in the SEM micrograph, clearly depict

(a) (b)

(c) (d)

Figure 15: SEM images of flexural test failed composite surfaces for (a) M-0, (b) M-20, (c) M-40, and (d) M-60.
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the strength of the interstitial bonding that leads to
enhanced strength attributed to stronger adhesion between
the matrix and the reinforcements. Figure 12(d) clearly
shows there is severe matrix deformation near the breakage
with void absorbed in the M-60 composite. Stronger adhe-
sion between the particulates and the matrix is indicated
by the fiber pull-out phenomena as is the case in the SEM
image for M-40 composite.

3.3.2. Flexural Properties. The specimen under flexural force
experiences both normal and shear stresses. The top portion
of the test specimen experiences compressive stress during
the flexural test, whereas the bottom portion experiences
tensile stress. Figure 13 gives the flexural stress vs. strain
for different composite specimens, while Figure 14 gives
the response of the material flexural strength and flexural
modulus of mango seed shell/epoxy composites. It shows
that M-20 with 77:50 ± 1:72MPa is the maximum flexural
strength and M-40 with 33:44 ± 7:30MPa is the minimum
flexural strength and M-50 is having 10.85% decrease in flex-
ural strength compared with pure epoxy laminates. Simi-
larly, it shows that M-50 with 3462:26 ± 307:25MPa is
maximum flexural modulus and M-30 with 2977:98 ±
290:41MPa is the minimum flexural modulus. Table 4 dis-
plays the flexural mechanical characteristics of mango seed
shell/epoxy composites.

The matrix and reinforcement exhibit stronger bonding
due to adhesive forces. Figure 15(a) clearly shows no matrix
deformation near the breakage in the M-0 composite.
Figure 15(b) clearly shows there is a greater matrix deforma-
tion near the breakage in the M-20 composite. Figure 15(c)
clearly shows that there is moderate matrix deformation

near the breakage in the M-40 composite, while good adhe-
sion between the fiber and matrix is indicated by the fiber
pull-out phenomena. Figure 15(d) clearly shows that there
is more matrix deformation near the breakage in the M-60
composite, due to the transfer of load to the reinforcement
from the matrix.

The results of flexural strength and flexural modulus for
the present work are in close correlation with the findings of
Venkatesh Naik et al. [31], whose results have revealed that
the flexural properties of the composites improve with the
increase in the vol. % of mango seed shell up to an optimum
composition.

3.4. Water Absorption. Figure 16 gives the water absorption
behavior of mango seed shell/epoxy composites over a
period of time. It is evident that all composite materials
quickly absorb water during the first few minutes of immer-
sion before gradually moving toward saturation over time.
This behavior is seen in all the combinations of the compos-
ites synthesized in the present work. From the works of Kazi
et al. [32], the same pattern of water absorption behavior for
the natural composites is observed. The water absorption for
neat laminate is the minimal in comparison with all the
other combinations of the composites, followed by M-10
type of composite. Among the composites, as the volume
percentage of mango seed shell reinforcement increases,
the water absorption rate also increases. However, in case
of M-40 and M-60 type of composite, the water absorption
rate drastically increases owing to the presence of voids
and porosity. The water absorption rate is maximum for
M-60 composite, followed by M-40 type of composite. The
water absorption rate for M-50 type composite is lesser than
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Figure 16: Water absorption behavior of mango seed shell/epoxy composites.
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that of M-20 type and M-30 type composite, due to the uni-
form rolling of the mixture in the mould leading to the
removal of entrapped air and stronger bonding between
the matrix and the reinforcement. The change in the water
absorption rate for all the composites was observed to be
predominant for the initial 18 days, post which the water
uptake by composites almost reached its saturation.

The water absorption behavior of mango seed shell/
epoxy composites is in line with the findings of Sekar San-
jeevi et al. [33] who have carried out investigation to under-
stand the effects of water absorption on the mechanical
properties of hybrid phenol formaldehyde (PF) composite
fabricated with Areca Fine Fibers (AFFs) and Calotropis
Gigantea Fiber (CGF). They have reported that the increase
in the fiber content increased the water absorption; however,
after 120 hours of immersion, all the composites attained an
equilibrium state.

4. Conclusions

(i) The density, tensile, flexural, and water absorption
characteristics of the mango seed shell/epoxy com-
posites have been investigated for different vol. %
of the mango seed shell ranging from 0 vol. % to
60 vol. %.

(ii) From the density tests and the comparison between
the theoretical and experimental values, the void
content for the specimens ranges from 1.41% to
3.45%, thereby ascertaining a relatively good quality
for the composite specimens fabricated.

(iii) The experimental findings further depict higher
tensile strength for the composite specimens with
the inclusion of mango seed shell powder reinforce-
ments of up to 20 vol. % in comparison with the
neat epoxy laminates with an increase in the tensile
strength values by 43.06%. However, an increase in
the reinforcement content beyond 20–30 vol. %
and 40 vol. % reduces the tensile strength, attributed
to the increase in the void content to about 3.40% in
the composite, further increase in the composition
of the reinforcements to 50 vol. % slightly improves
the tensile strength by 7.54%, due to the reduction
in the void content in the laminate attributed to
the compaction of reinforcements in the matrix.
But the increment in the vol. % of mango seed shell
powder to 60 vol. % once again reduces the tensile
strength by 17.47%.

(iv) The results of flexural strength also depict more or
less a similar trend, except for the 50 vol. % rein-
forcement with the flexural strength being maxi-
mum at 77.5MPa (an improvement of 30.91%) for
the composite specimen with 20 vol. % mango seed
shell reinforcement.

(v) The morphological analysis of the fractured surfaces
of the composite specimens has revealed proof of
resin de-bonding and pull-out of the reinforcement

particles, with the increase in the mango seed shell
powder content attributed to inadequate load transfer
between the matrix and the reinforcement content
due to the increase in the void content. However,
the strength of the composites can be increased with
the reduction in the weight by reinforcing the epoxy
resin with optimum content of the mango seed shell
powder and proper compaction.

(vi) The results of the water absorption test have
revealed that the saturation in water absorption
and thickness swelling is observed only after 432
hours of water immersion. The moisture absorption
increases with the inclusion of reinforcements as
compared to the neat epoxy samples. However, for
the M-50 composite, the water absorption decreases
due to the uniform mixing and stronger bonding
between the matrix and the reinforcements. Thus,
the epoxy resin-based composites with optimum
volume percentage of the dried mango shell powder
reduces the water absorption by the composites.
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