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Physicochemical and mechanical properties of natural
cellulosic fiber from Coccinia Indica and its epoxy
composites
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Abstract: This paper reports on the physicochemical, and mechanical characterization of Coccinia Indica
(CI) fiber. The Coccinia Indica fiber (CIF) reinforced epoxy composite is fabricated using a compression
molding process. The results of the chemical analysis of CIF showed that the fiber contained more cellu-
lose and skimpy lignin, ash, and wax content. Scanning electron microscopy (SEM) analysis revealed that
the fiber possessed a multicellular structure. The Fourier transform infrared spectroscopy (FT-IR) and
X-ray diffraction (XRD) studies revealed that CIF shows a crystallinity index of 30%. The thermogravi-
metric analysis (TGA) indicated that the major degradation of fibers occurred in the temperature range
of 204.2 °C to 376.3 °C. The various mechanical test results showed that the tensile, flexural and impact
strength increased with increase in fiber length and weight percentage. The maximum properties were
found at 30 mm fiber length and 35% of fiber loading. The SEM fractography result showed that the pre-
dominant mechanism for mechanical failure was due to fiber pull out, matrix fracture and fiber fracture.

Keywords: Coccinia Indica fiber, natural fiber composite, fiber loading, fiber length.

Wiasciwosci fizykochemiczne i mechaniczne naturalnych celulozowych
wlokien Coccinia Indica i ich kompozytow na osnowie zywicy epoksydowe;j

Streszczenie: Oceniono fizykochemiczne i mechaniczne wlasciwosci celulozowych wtdkien Coccinia In-
dica (CIF). Kompozyty na osnowie zywicy epoksydowej wzmocnionej CIF wytwarzano w procesie wy-
tlaczania. Na podstawie analizy chemicznej stwierdzono, ze widkna CIF zawieraja duza czes¢ celulozy
i niewielka ligniny, popiotu i wosku. Metoda skaningowej mikroskopii elektronowej (SEM) wykazano,
ze widkna CI maja strukture wielokomdrkowa. Na podstawie wynikow spektroskopii w podczerwieni
z transformacja Fouriera (FT-IR) i dyfrakcji rentgenowskiej (XRD) stwierdzono, ze stopien krystalicz-
nosci CIF wynosi 30%. Analiza termograwimetryczna (TGA) wykazala, ze gtéwna degradacja widkien
zachodzi w temperaturze z zakresu 204,2-376,3 °C. Wyniki testow mechanicznych dowodza, ze warto-
$ci wytrzymalosci na rozcigganie, zginanie i uderzenie zwigkszatly sie wraz z dlugoscig widkien i ich
zawarto$cia w kompozycie. Maksymalnymi wartosciami wtasciwosci odznaczat si¢ kompozyt na bazie
zywicy epoksydowej napetnionej 35% mas. wiokien Coccinia Indica o dtugosci 30 mm. Wyniki analizy
SEM wykazaty, ze decydujacy wptyw na uszkodzenie mechaniczne miato wyciaganie widkien, pekanie
osnowy i pekanie widkien.

Stowa kluczowe: wtdkna Coccinia Indica, kompozyty z naturalnymi wiéknami, zawartos¢ widkien, dtu-
gos¢ wlokien.

In the recent decades, the utilization of biodegradable
materials such as natural fibers in the composite fabri-
cation is fascinating to the researchers because they are
more innocuous for the environment, recyclable, cheap
and do not pose of health risks. Natural fiber reinforced
composites (NFRC) have been assessed for various me-

chanical properties and have been found to be a substi-
tute for the synthetic fiber reinforced composites (SFRC).
The various mechanical properties of NFRC and SFRC
were compared by Harish et al. [1]. They reported that
even though the synthetic composites are better than the
NFRC, the disposal of SFRC is problematic owing to the
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environmental hazards. Bodros [2] investigated the Urtica
Dioica natural fiber and reported that the natural fiber
could be used to fabricate eco-friendly NFRC. He found
that the biocomposites might be produced using natural
fibers with a biopolymer matrix. Boopathi [3] character-
ized one of the natural fibers named borassus fruit fi-
ber and reported that its higher cellulose content offered
greater strength to the natural fiber and its lower density
enabled the fiber to fabricate lightweight composite ma-
terials. He compared the mechanical property of natural
fibers like jowar, sisal, and bamboo with polyester matrix
and affirmed that the composite produced with jowar fi-
bers showed better strength than the sisal and bamboo
fiber composites. Moreover, the author assimilated that
the jowar fiber could be used to manufacture lightweight
composites due to its low density [4]. Holbery [5] has re-
ported that the epoxy resin is widely used matrix mate-
rial to fabricate natural fiber composite and those compo-
sites are extensively used in the automobile industries.
The author has further stated that the epoxy resin offers
high performance and immunity to environmental deg-
radation. Fabricated household telephone stand using a
natural composite composed of banana fiber and epoxy
resin has been found to be eco-friendly and the composite
is used for making low-cost household appliances [6]. The
mechanical and thermal properties of Schumannianthus
Dichotomous (Murta) natural fiber reinforced epoxy resin
composite have been studied and it has been found that
the optimum length and weight percentage of fiber load-
ing are important in order to attain the desired proper-
ties [7]. Sreenivasan et al. reported that the properties of
the composite strongly depend on the fiber length, fur-
ther, they found that 30 mm fiber length is the critical
length (1) of the fiber [8]. Matthews et al. stated that the I_
of the fiber varied based on a particular matrix/fiber sys-
tem [9]. It is inferred from the literature that the natural
fiber composites play a vital role in the present era and
the low-density natural fibers are being used to manufac-
ture lightweight composites.

In this investigation, the low-density natural fiber of
Coccinia Indica and epoxy resin have been used to fabri-
cate the composite. Thermo-physical-mechanical proper-

a)

ties and morphology characterizations have been carried
out on the Coccinia Indica fiber. To determine the influ-
ence of fiber loading on the mechanical and morphology
properties of the composite, it has been fabricated with
different weights of natural fiber such as 25%, 30%, 35%
and 40% CIF.

EXPERIMENTAL PART
Materials

The matured Coccinia Indica (CI) plants were collected
from Kanuvukarai Village, Coimbatore district, Tamil
Nadu, India, which is a medicinal plant [10-12] under
the family of Cucurbitaceae. Figure 1 shows the Coccinia
Indica stems and extracted fibers after the microbial de-
gradation process. In this process first, the fibers were
separated from the Coccinia Indica plant stem and they
were dipped into the water for 3 weeks. Then the soaked
stems were cleaned and dried in the open atmosphere.
Finally, the fibers were extracted from the dried stems by
combing with the brush and the physical properties were
determined as per the standards [3]. The epoxy trade gra-
de of LY 556 was used as a matrix material which had a
density of 1.05 to 1.20 g/cm?® and the hardener trade grade
of HY951 having a density of 0.98 to 0.99 g/cm?, were pur-
chased from the Covai Seenu & Company, Coimbatore,
South India.

Composite fabrication

The composites were fabricated using a compression
molding process. The mold size of 300 mm x 300 mm
x 3 mm was used to manufacture the composites. The in-
ternal surface of the mold was coated with wax polish for
removing the polymer composites from the mold. Epoxy
and hardener mixed at the ratio of 10 : 1. The CIFs were
hewed into various lengths such as 10, 20, 30, and 40 mm.
Up to 10 MPa compressive force was applied during the
curing process for 24 hours. To enable the ease of identi-
fication and discussion, the samples were named U1025,
U1030, U1035, and U1040 up to U4040 according to their

Fig. 1. Fiber extraction: a) CI sliced and immersed in water, b) immersed CI after 3 weeks, c) extracted CI fibers
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Fig. 2. Test specimens: a) before testing, b) after testing

length and the weight percentage of the fibers. Here U
denotes fiber in untreated condition, the first two Arabic
numerals denote the length of the fiber and the last two
numerals denote weight percentage of the fiber.

Methods of testing

— To compute the tensile strength of the single fiber,
tensile tests were carried out on the extracted fiber as
per ASTM D3822 M-14 standards. Instron-5500R ten-
sile testing machine with the aid of 1 kN load cell was
employed in this study. During testing, 50 mm gauge
length specimen was subjected to a crosshead speed of
5 mm/min and the entire test was performed under room
temperature.

— After fabrication, the composites were sliced into
different samples as shown Fig. 2 for conducting vario-
us mechanical testing. ASTM D3039, ASTM D790, ASTM
D256, and ASTM D3410 standards were used for the pre-
paration of tensile, flexural, impact and compression test
specimens, respectively. The Kalpak universal testing
machine was used for tensile, compression and three-po-
int flexural tests and the Karl Frank GMBH 53568 impact
testing machine was used for determining the impact to-
ughness. In order to ensure the test results, five samples
were tested in each case and average results were com-
puted.

— The chemical analysis of the single fiber was done to
determine the content of cellulose, lignin, wax, ash, mo-
isture, and density as per the standards [13-15].

- To figure out the functional groups in CIF, FT-IR
analysis was carried out using Perkin Elmer RXI FT-IR
tester with the scanning rate of 30 scans per minute.

— The CIF crystallinity index was calculated using po-
wder XRD method with help of XPERT-PRO diffracto-
meter. The parameters used in the XRD analysis were
monochromatic CuKa radiation with the wavelength of
0.154 nm, current 30 mA, copper anode and the signal
absorption ranges between 10° and 80°.

— Thermogravimetric analysis (TG) and difference
thermogravimetric analysis (DTG) was performed on the
CIF samples using Jupiter simultaneous thermal analy-
zer (Model STA, Netzsch). Nitrogen inert gas was used
to avoid the oxidation of samples during tests. The sam-
ple was kept on the ceramic crucible to establish proper

contact between the thermocouple and CIF samples. The
heating rate of 10 °C/min over a range of 30-1000 °C was
utilized in this experiment.

— To reveal the surface morphology of the CIF, its com-
posites and failure area in the mechanical test, SEM ana-
lysis was carried out. Before SEM analysis, gold sputte-
ring was done on the sample’s surfaces to avoid electrical
charge accumulation.

RESULTS AND DISCUSSION
Physicochemical properties of CIF

The XRD results are depicted in Fig. 3 and a couple
of well-defined peaks could be observed. The peak at
20 =22.37°(200) clearly indicates the cellulose content and
the peak at 20 =15.66° (100) shows the typical non-cellulo-
se materials which could be lignin, wax, etc.

Commonly, the crystallinity index is used to measure
the crystallinity of cellulose with respect to the amorpho-
us materials. The following expression was employed to
compute the crystallinity index [16]:
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Fig. 3. XRD pattern of CIF
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Fiber outer surface

Fig. 4. SEM image of single CIF at a magnification 500x

Table 1. Physicochemical properties of the CIF

Fig. 5. SEM image of single CIF at a magnification 5000x

Cellulose | Hemicellulose Lignin Wax Ash Moisture Density Elongation  |Tensile strength
% % % % % % kg/m? % MPa
69.6 141 18.8 0.25 1.39 9.7 1370 4.5 645

where: Crl - the relative degree of the crystallinity, I,
- the maximum intensity, I,,, — the minimum intensity.
The crystallinity index of the CIF was found to be 30%.
The crystallite size (L) of CIF was determined by Scherer’s
equations [17]:

_ kA
[3cosO

where: k — Scherer’s constant (0.94), p — the peak’s
FWHM (field/full width at half maximum), A — the wave-
length of the radiation.

The chemical analysis was performed on the CIF and
the results are presented in Table 1. Generally, the presen-
ce of cellulose and lignin content offers generous tensile
property and rigidity to the fiber, respectively. Similarly,

@)

Table 2. FT-IR wave numbers and transmittance peaks of CI

F

the wax, ash, and moisture content present in the fiber
reduce the interfacial bonding between the fiber and the
matrix material. In this study, the tested CIF contained
high cellulose and lignin contents with low wax and ash
contents. Figure 4 and Fig. 5 show the SEM photograph of
single CIF. It is inferred from Fig. 4 that the CIF possesses
a multi-cellular structure with a diameter of 15 um (ap-
proximately). Further, it is observed that the CIF is soft in
nature and looks cylindrical. The cylindrical morphology
in the natural fiber increases the specific area and thus fa-
vors the chemical processes. Similarly, it is observed from
Fig. 5 that the functional groups of parenchyma and chlo-
renchyma tissues are present in the cell wall of the CIF
plant stem which offers better adhesion and mechanical
properties to the composite.

Bond/vibration CIF peak, cm? Assigned functional groups Reference
O-H/stretching 3356 Hydrogen bonded hydroxyl groups of cellulose Indran ef al. [18]
C-H/stretching 2924 Methylene unit of cellulose Kiruthika et al. [19]
C=0O/stretching 1735 Carbonyl group of hemicellulose Porras et al. [20]
CCz)(I?I//SlEZit;?rllgg 1654 Carbonyl group of lignin, water Porras et al. [20]
C-Of/stretching 1236 -COO groups of cellulose and hemicellulose Belouadah et al. [21]
C-O-C/skeletal 1031 C-O-C pyranose ring of cellulose Reddy et al. [22]
C-OH 897 B-glucosidic linkages of cellulose Reddy et al. [22]
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Fig. 6. FT-IR spectrum of CIF

To determine the functional groups present in the CIF,
the FT-IR analysis was conducted on the prepared sam-
ples and the results are presented in Fig. 6 and Table 2
[18-22]. Thermal characteristics of the CIF were studied
using TG and DTG curves obtained from the thermogra-
vimetry analysis as shown in Fig. 7. It is inferred from
the figure that the degradation of CIF has occurred in
different stages. In the first stage (up to 69.2 °C) evapora-
tion of moisture content which is present in the CIF takes
place and the mass change has been found to be 9.1% as
predicted by Moran et al. [23]. During the second stage,
the degradation was noticed in the temperature range
from 69.2 °C to 204.2 °C with the mass change of 19.3% as
a result of depolymerization of hemicelluloses as repor-
ted by Hee-Soo Kim and French [24, 25]. The third stage
(between 204.2 °C and 376.3 °C) involves the degradation
of cellulose and part of lignin with the mass change of
51.0% [26, 27].
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Fig. 8. Tensile strength of CIF composites
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Fig. 7. TG/DTG curves of CIF

In the final stage, the temperature ranges above
376.3 °C, the degradation of part of cellulose and lignin,
including the breaking of aromatic structure and the
mass change was observed to be 7.5% [28].

Mechanical properties of CIF/epoxy resin composites
Tensile studies

The tensile studies were carried out on the CIF compo-
site according to ASTM standards. In this investigation, it
isinferred from Fig. 8 and Table 3 that the tensile strength
increases with increase in the fiber length up to 30 mm
after that it decreases, thereby indicating that _for this
CIF composite is 30 mm. The result obtained in this stu-
dy matches the result reported by Joseph [29]. Similarly,
it is found that the tensile strength increases with an in-
crease in the fiber weight percentage up to 35% and then
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Fig. 9. SEM image of tensile sample of U3035 at a magnification
10000x
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Table 3. Mechanical properties of Coccinia Indica fiber reinforced composites

Sample name Tensli\%;z strezngth Flexural strength Impact strength Compressive strength
mm’ MPa J/m MPa
U1025 12.34 3115 183 23.6
U1030 16.11 38.18 217 271
U1035 18.59 53.66 266 36.9
U1040 15.33 45.81 183 31.3
U2025 15.61 35.50 217 254
U2030 20.29 45.04 233 31.0
U2035 23.41 61.68 283 36.0
U2040 1715 44.62 266 32.7
U3025 16.57 45.76 317 25.8
U3030 21.80 60.84 350 28.5
U3035 25.54 66.45 383 344
U3040 20.51 52.41 200 311
U4025 14.65 37.03 183 21.3
U4030 15.57 55.69 250 25.5
U4035 17.33 58.19 300 341
U4040 15.62 47.25 230 311

it decreases because of little load transmission from the
fiber to the matrix. This result indicates that the optimum
fiber weight percentage is 35% for this particular matrix
and fiber system. Figure 9 depicts the SEM fractography

of the tensile fracture surface of U3035 sample. It is infer-

red from the figure that the major fracture mechanism
is fiber pull out and it is evident, as the voids in fracture
surface are observed. The reason for the fiber pull out is

« " |EA 25 wt%
%70_ 30 wt %
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%
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Fig. 10. Flexural strength of CIF composites

— 'i:'“}fil;)e_r fract

caused by tensile loading [8]. The sample named as U3035
shows a higher tensile strength of 25.5 N/mm?* when com-
pared with the other combinations of the Coccinia Indica
fiber reinforced epoxy composite.

Fig. 11. SEM image of flexural sample of U3035 composite at

a magnification 50x
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Fig. 12. Impact strength of CIF composites

Flexural studies

The flexural characteristics were performed for the CIF
composite according to ASTM standards. The test results
are presented in Table 3 and Fig. 10. It was found that
the flexural strength increases with an increase in fiber
length and reaches the maximum value (66.45 MPa) at
30 mm length (I ). Further increase in the fiber length re-
sults in a decrease of the composite flexural strength.

Similarly, the highest flexural strength was obtained
for the composite U3035, which contains 35% of fiber and
the loading of fiber above this limit deteriorates the fle-
xural properties. This may be due to the fact that exces-
sive fiber loading may decrease the interfacial bonding
between the fiber and the matrix. The same result had
been reported by Sreenivasan [8] and Joseph [29]. Figure
11 shows the SEM fractography of the flexural fracture
surface of the sample U3035 and it is inferred that the fi-
ber and matrix fractures are predominant in the failure
surface which shows that the interfacial bonding is good
in the fabricated composite during flexural loading. The
observed small voids present in the fractograph are the
evidence for the superior bonding strength of the matrix
and the fiber in the flexural loading.

Impact studies

Table 3 and Fig. 12 show the results of the impact stu-
dies. They indicate that the impact strength of CIF com-
posite increases with an increase in the fiber length and
the loading; the impact strength (383 J/m) was observed
in U3035. The more the fiber loading and the more the
fiber length in the composite, the more the fiber pull out
will be and that is due to the entanglement of fiber and
thus the impact energy absorbing capacity of the compo-
site drops. Figure 13 shows the SEM fractograph of an im-
pact fracture surface and it is observed that more matrix
debris is present with voids due to fiber pull out. These
matrix debris and fiber pull out are due to the impact lo-

R
Voids due t
fiber pull out

Matrix
fracture

Fig. 13. SEM image of impact test sample of U3035 CIF composite
at a magnification 300x

ading. The result obtained in this study matches the re-
sult reported by Harish [1].

Compression studies

Amongst the most essential and estimated properties
of materials utilized in different applications, compressi-
ve strength plays a vital role. When the material fails to
achieve a required compressive strength, the estimation
of uniaxial compressive pressure is made. By undergoing
the compressive test, the compression strength is found.
The difference in compressive strength concerning the fi-
ber length and mixture proportion is shown in Fig. 14 and
Table 3. The maximum compressive strength values in
the range 34-37 MPa were achieved for the samples with
35% tiber loading. The minimum values of compressive
strength determined for the CI fiber reinforced compo-
sites may result from the presence of surface impurities
and a weak bonding between the fiber and matrix as well
as insufficient fiber fraction. It is concluded that the de-
crease in compressive strength was achieved when the
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Fig. 14. Compressive strength of CIF composites
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fiber content reached below and above 35% and below
and above the 30 mm length of the fiber.

CONCLUSIONS

This research was carried out in two phases. In the first
phase, the Coccinia Indica fiber extracted from CI plant
stem fiber, was characterized by chemical analysis, FT-IR,
TGA, XRD and SEM. Then, in the second phase, the com-
posites with different fiber length and weight percenta-
ge were fabricated using a compression molding process
and their structural property relationships were charac-
terized by conducting various mechanical tests. The ob-
tained results are presented below:

— The chemical analysis result showed that the CIF
contained nearly 70% of cellulose and the rest includes
lignin, ash, wax, and moisture.

— The SEM result of CIF revealed that its single fiber
possessed a multi-cellular structure with a diameter of
15 um (approximately).

— The FT-IR studies of CIF revealed that the crystalline
index of CI fiber was 30%.

— The TGA analysis of CIF revealed that the major de-
gradation (mass change of 51.0%) of ClI fiber took place in
the third stage (between 204.2 °C and 376.3 °C) with loss
of cellulose and some part of lignin.

— The mechanical properties such as tensile, flexural,
impact and compressive strength increased with an in-
crease in fiber length and weight percentage. The obta-
ined tensile, flexural, impact and compressive strength
of CIF composite (U3035) were 25.5 N/mm? 66.5MPa,
383 J/m and 34.5 MPa, respectively.

— The maximum properties were found in the CIF
composite U3035 having 30 mm length and 35% of fiber
loading.

— The SEM fractography showed that the predominant
mechanism for mechanical failure was due to fiber pull
out, as well as the matrix and fiber fractures.
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