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Dynamic mechanical analysis and thermal analysis 
of untreated Coccinia indica fiber composites
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Abstract: A natural fiber reinforced polymer matrix composites (FRCs) was prepared by the compres-
sion molding method. The natural fiber named Coccinia indica (CI) was employed to fabricate FRCs. The 
impact of fiber length on storage modulus, loss modulus and loss of weight in the FRCs were deter-
mined using dynamic mechanical analysis (DMA) and thermogravimetric analysis (TGA). The results 
revealed that a fiber length of 40 mm shows better storage modulus and nominal loss modulus owing to 
the higher interfacial bonding between fiber and matrix. In other investigated fiber lengths, the storage 
modulus is poor and loss modulus is high, which is due to inefficient stress transfer. 
Keywords: polymer matrix composites, Coccinia indica fiber (CIF), compression molding, DMA, TGA, 
Coccinia indica fiber reinforced composites (CIFRCs).

Dynamiczna analiza mechaniczna i analiza termiczna kompozytów 
z niepoddanymi obróbce włóknami Coccinia indica
Streszczenie: Metodą wytłaczania przygotowano próbki kompozytów (FRC) na osnowie polimerowej 
wzmocnionej włóknami naturalnymi Coccinia indica (CI). Wpływ długości zastosowanych włókien na 
moduł zachowawczy, moduł stratności i ubytek masy badanych FRC oceniano za pomocą dynamicz-
nej analizy mechanicznej (DMA) i analizy termograwimetrycznej (TGA). Stwierdzono, że kompozyty 
z udziałem włókien o długości 40 mm wykazują korzystniejszy moduł zachowawczy i nominalny mo-
duł stratności, dzięki lepszemu wiązaniu międzyfazowemu włókna z osnową. W wypadku kompo-
zytów z zawartością włókien o innych długościach moduł zachowawczy jest mały, a moduł stratności 
duży, co wynika z nieefektywnego przenoszenia naprężeń.
Słowa kluczowe: kompozyty na osnowie polimerowej, włókno Coccinia indica (CIF), formowanie meto-
dą wytłaczania, DMA, TGA, kompozyty wzmocnione włóknem Coccinia indica (CIFRC).

A fiber reinforced polymer (FRP) is a composite mate-
rial comprising a polymer matrix embedded with high-
quality fibers [1]. The material that is inserted is called 
reinforcement and where it is installed is known as 
a matrix [2, 3]. Generally, the polymer can be character-
ized into two classes, thermoplastics and thermosetting 
[4]. Similarly, fibers can be classified as natural fiber and 
synthetic fiber [5, 6]. The use of fibers such as natural or 
synthetic as an enhancing element in a polymer matrix 
makes the polymer suitable for many applications [7, 8]. 
The characteristics of fiber-reinforced composites called 

fibrous composite substances are especially dependent 
upon the properties of the fiber and its microstructural 
parameters such as the diameter and length of the fiber 
[9, 10], fiber propagation, fiber orientation and fiber vol-
ume division [11–17].

From the literature, it was found that no work has been 
reported on the selected candidate natural fiber compos-
ite. Hence, it is planned to fabricate the biodegradable 
FRCs by mixing the natural fiber (Coccinia indica) and syn-
thetic (polyester) resin. Different lengths of fibers have 
been used in the fabrication to determine the most suit-
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able fiber length for the successful composite manufac-
turing.

EXPERIMENTAL PART

Materials and processing 

The utilized fiber in this work is Coccinia indica (CI) 
shown in Fig. 1 while Fig. 2 depicts the scanning elec-
tron microscope (SEM) photograph of the fiber at a dif-
ferent magnification. The CI plants were collected from 
Chinnachettiyapalayam village, Erode district, Tamil 
Nadu, South India, which is a medicinal plant under 
the family of Cucurbitaceae [18, 19]. The physiochemical 
properties of the CI fiber are presented in Table 1.

The matrix used in this research, unsaturated polyes-
ter [20], depicts the properties in both liquid and cured 
states. The curing catalyst used in this work is methyl 

ethyl ketone peroxide (MEKP). The function of this cata-
lyst in the composite is to speed up the binding between 
fiber and resin. The accelerator utilized in these experi-
ments is cobalt naphthenate, which is used to alter the 
chemical bonds and to speed the chemical process. 

Sample preparation

The composites were fabricated using a compression 
molding process [21]. A mold size of 300 × 300 × 3 mm 
was used to manufacture the composites. Before mold-
ing, the internal surface of the mold was coated with 
a wax polish to enable the ease of removing the polymer 
composites from the mold. The CI fiber was hewed into 
various lengths such as 10, 20, 30, 40 and 50 mm. During 
the curing process, a compressive force of 0.5 MPa was 
applied to the material for about 24 hours. The polyes-
ter was used as a matrix material and 2% MEKP with 
0.5% cobalt naphthenate were employed as a catalyst and 
accelerator, respectively.

Methods of testing

Dynamic mechanical analysis (DMA) 

DMA is a generally employed technique to measure 
the temperature dependence properties such as damping 
factor (tan δ), loss modulus (G’’) and storage modulus (G’) 
[22]. The apparatus DMA 6100 was utilized for the experi-
ments. The fabricated Coccinia indica fiber reinforced com-
posites (CIFRCs) were sectioned into 50 × 10 × 3 mm sized 
pieces and they were then used for the DMA test. The 
tests were conducted using a three-point bowing frame-
work. The CIFRCs were dried at a fixed frequency of 
1.0 Hz (oscillation amplitude 0.3 mm) and a plummeted 

200 m� 20 m�

Fig. 1. Coccinia indica (CI) fiber

Fig. 2. SEM photograph of CI fiber in different magnification rate

T a b l e  1.  Physiochemical properties of the CI fiber
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heating rate of 0.08°C/s. The samples were evaluated in 
the temperature range of 35–185°C. 

Thermogravimetric analysis (TGA)

To assess the thermal stability and physicochemical 
properties of the fabricated composite, TGA was per-
formed on the samples taken from CIFRCs [23]. In this 
TGA test, a change in thermal stability was evaluated 
in terms of percentage mass loss as a function of tem-
perature. In the study, TGA measures the loss of mass 
in the developed CIFRC materials as a component of 
temperature (or time) under a controlled atmosphere to 
determine the thermal strength, as well as composition. 
As a rule, the thermal analysis of the material is com-
pleted in order to assess the chemical, physical and basic 
changes happening in a material under a forced change 
in temperature.

RESULTS AND DISCUSSIONS

Dynamic properties

In this research work, the dynamic properties of CIFRCs 
such as storage modulus, loss modulus and damping fac-
tor (loss factor) were assessed using DMA. The storage 
modulus (G’) indicates the stiffness of the viscoelastic 
material and this is proportional to the energy stored 
during a loading cycle. The loss modulus (G’’) charac-
terizes the capability of a material to dissipate energy as 
heat, owing to motions inside the viscous material itself. 
The damping factor (tan δ) is defined as the ratio of loss 
modulus to storage modulus.

Figure 3 and Table 2 represent the effect of tempera-
ture on the G’ of pure polyester and different fiber length 
CIFRCs. It is seen in Fig. 3 that, in all investigated sam-
ples, the storage modulus reduces with higher temper-
atures. The pure polyester shows the smallest storage 
modulus over the temperature range compared with the 
tested CIFRCs. It is inferred from the figure that the CI 
reinforcement can build the storage modulus of CIFRCs 
because of the stiffening effect of the fiber within the 
matrix. Faruk et al. [1] clearly mentioned that a lower L/D 
ratio (length/diameter) can increase the strength of the 
fiber owing to the presence of fewer defects in the fiber. 
Further, it is revealed from the figure that the highest G’ 
up to around 120°C is for the CI length of 40 mm, and the 
lowest for the length of 50 mm. Also, for the CI length of 
10 mm, the G’ is lower than for the lengths of 20 mm and 
40 mm which is due to the distribution and orientation 
of the reinforcing fibers [24].

Generally, the DMA result has two discrete regions 
called a glassy plateau and rubbery plateau which is 
based on the temperature. The region below 110°C is 
named the glassy plateau (mobilization) and the temper-
ature above 110°C is named the rubbery plateau (plasti-
cized). It is revealed from Fig. 4 that the G” of the pure 
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Fig. 4. Loss modulus (G’’) of pure polyester and CIFRCs

Fig. 3. Storage modulus (G’) of pure polyester and CIFRCs

T a b l e  2.  Results of storage modulus (G’) of composites with 
fiber various length vs. temperature

Temperature
 °C

Fiber length, mm 
Polyester

10 20 30 40 50 
Storage modulus, Pa

22 1.43E+10 1.74E+10 1.28E+10 2.08E+10 2.21E+09 2.47E+09

98 1.60E+09 7.40E+08 1.70E+09 3.25E+09 1.51E+08 4.97E+08

180 7.16E+08 2.11E+08 3.32E+08 6.24E+08 5.30E+08 3.91E+08

T a b l e  3.  Results of storage modulus (G”) of composites with 
fiber various length vs. temperature

Temperature
 °C

Fiber length, mm
Polyester

10 20 30 40 50 
Loss modulus, Pa

32 1.02E+09 1.09E+09 1.62E+09 8.65E+08 1.51E+08 2.15E+08
97 5.05E+08 3.96E+08 4.53E+08 6.78E+08 9.82E+07 6.85E+07
180 1.30E+08 2.79E+07 -3.09E+07 1.18E+08 4.27E+07 2.89E+07

polyester is lower than G” of the CIFRCs in the glass tran-
sition region. This is because of the free molecular mobil-
ity of the polymer chains that can break the cross-link-
ing between the molecular chains. Further, it is identified 
from the figure that the reinforcement of CI into polyes-
ter increased the G” drastically. Among the various fiber 
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lengths, 40 mm fiber length reinforced composite has 
shown higher G” in the glassy plateau due to the higher 
interfacial bonding between fiber and matrix. However, 
it plummeted steeply at increased temperatures. Further, 
it is noted from Fig. 4 that all the curves of the samples 
seem to merge after the glassy plateau temperature due 
to the softening effect at the interface at higher tempera-
tures [24].

Figure 4 shows the loss modulus (G’’) of pure polyester 
and different fiber length CIFRCs. It is identified from 
the graph that the G’’ of pure polyester and higher fiber 
length is low owing to the lack of heat dissipation. The 
fiber length of 10 to 40 mm reinforced CIFRCs G’’ have 
fluctuations up to the temperature of 80°C and beyond 
that temperature a sharp fall in G’’ was observed. This is 
due to free rotation around the mainchain bonds in the 
polymer chains. The 30 mm fiber length was found to 
provide the highest value up to around 40°C. This could 
be due to the variation in the physical bond between 
the fiber and matrix [23]. 

Figure 5 shows the damping factor (tan δ) of all exam-
ined samples. The pure polyester tan δ is higher than 
others in the glassy plateau because of more degree of 
freedom at the atomic level. Only a small difference in 

the tan δ values are found among all the fiber lengths. 
However, the nominal damping factor was observed at 
30 mm fiber length reinforced composites which were 
found as a critical length (Lc) of CIFRCs. The fiber length 
above and below the Lc showed a slight increase and 
decrease in tan δ which is due to a faster dissipation of 
energy. The obtained results are in agreement with the 
results obtained by V.S. Sreenivasan et al. [17].

TGA analysis

The thermal behavior of the CIFs was envisaged using 
TG and DTG curves obtained from the thermogravime-
try test as given in Fig. 6. It was identified from the figure 
that the degradation of CIFs happened in different stages 
[25]. In the first stage, temperatures up to 70°C, evapo-
ration of moisture content present in the CIFs occurred 
with a mass change of 8.9%. In the second stage, tem-
perature between 68°C to 203°C, the remaining moisture 
and part of the hemicellulose content removal happened 
with a mass change of 18%. Similarly, in the third stage, 
between 203°C and 371.1°C, the degradation of cellulose 
and the remaining part of lignin occured with a mass 
change of 50% [26]. In the final stage, above 371.1°C, the 
degradation of part of the cellulose and lignin occured 
and the mass change was observed to be 8%.

Further in this study, TGA was carried out to evalu-
ate the thermal stability of pure polyester and different 
fiber length reinforced CIFRCs under a controlled envi-
ronment and the results are shown in Fig. 7. It was found 
from the figure that there was no significant deviation in 
the degradation curves of raw polymer and investigated 
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Fig. 5. Damping factor (tan δ) of pure polyester and CIFRCs

T a b l e  4.  Results of damping factor (tan δ) of composites with 
fiber various length vs. temperature

Temperature
 °C

Fiber length, mm
Polyester

10 20 30 40 50 
Damping factor

32 0.083 0.061 0.129 0.065 0.051 0.093
98 0.215 0.194 0.182 0.198 0.196 0.327
180 0.071 0.043 0.055 0.045 0.043 0.020
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T a b l e  5.  Results of thermogravimetric analysis of CIF 

T1 
°C

DTG1
%/min

TG1
%

T2
 °C

DTG2
%/min

TG2
%

T3
 °C

DTG3
%/min

TG3
%

T4
 °C

DTG4
%/min

TG4
%

29 0.06 100 154 0.03 92.6 279 -0.03 86.2 404 0.43 20.3
79 -0.54 95.2 204 0.03 91.8 329 -0.29 67.8 454 0.25 17.4
149 0.03 92.7 274 -0.03 87.3 399 0.44 20.7 474 0.15 15.5

Fig. 6. Thermogravimetric analysis of CIFs
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CIFRCs. Likewise, it was noted from the figure that, up 
to 400°C, the degradation curves of all samples are sharp, 
which is due to the level of water loading in the compos-
ite [23]. Further, it is observed that above 400°C, there is 
a significant improvement in thermal stability. It could 
be reasoned that, at the higher range of temperature, the 
fiber-matrix interfacial bonding and the presence of cel-
lulose and lignin offer the withstanding capability of 
heat. Accordingly, the 30 mm fiber length (Lc) suffered 
the minimum mass loss in the last stage of degradation, 
as seen in Fig. 7.

Figure 8 shows the SEM fractograph of the flexural 
fracture surface of the fabricated composite (40 mm 
fiber length). It is revealed from the figure that fiber and 
matrix fractures have happened during flexural loading. 
Further, it was observed that interfacial bonding is good 
in the fabricated composite, which is evident by skimpy 
voids in the fractography. 

Figure 9 depicts the SEM fractography of the impact 
fracture surface of the fabricated composite. It is found 
from the figure that more matrix debris and voids were 

present due to fiber pullout, which could be the reason 
for impact loading.

CONCLUSIONS

– The Coccinia indica (CI) short fiber reinforced poly-
ester matrix composite was fabricated successfully using 
a compression molding process with beneficial dynamic 
mechanical and thermal properties. 

– The introduction of CI fiber into the polyester matrix 
increased the stiffness, as well as the storage modulus, of 
the composites. The increase in stiffness decreased the 
damping factor compared to pure polyester. 

– The thermogravimetry analysis of CIF reveals that 
the higher degradation (mass change of 50.13%) of CI 
fibers happens in the third stage (between 203.16°C to 
371.1°C) with loss of cellulose and some part of lignin. 

– The DMA test revealed that the pure polyester stor-
age modulus is much lower than the CIFRCs in the glass 
transition region. This is because of the free molecular 
mobility of the polymer chains that can break the cross-
linking between the molecular chains.

– The DMA result showed that the 30 mm fiber length 
reinforced composite has a higher storage modulus in 
the glassy plateau due to the higher interfacial bonding 
between fiber and matrix.

Fig. 9. SEM fractography of impact fractured 40 mm fiber length 
in CIFRCs
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Fig. 7. Mass loss of pure polyester and CIFRCs with varying 
 fiber lengths

T a b l e  6.  Results of mass loss of composites with fiber various 
length vs. temperature

Temperature
 °C

Fiber length, mm 
Polyester

10 20 30 40 50 
Mass, %

26 99.1 99.4 99.1 99.3 99.4 98.9

110 94.8 93.3 94.3 94.2 96.2 92.4

411 18.2 12.7 17.6 15.6 14.5 14.4

502 11.4 4.7 11.1 8.7 7.0 7.4

606 7.3 1.2 8.2 5.1 3.4 1.7

100 m�

10 m�

Fig. 8. SEM fractography of flexural fractured CIFRCs
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– The loss modulus of pure polyester and higher fiber 
length is low owing to the lack of heat dissipation and 
the fiber length of 40 mm was found to have the highest 
value among all fiber lengths. This is due to the varia-
tion in the physical bond between the fiber and matrix.

– The TGA result envisaged that, up to 400°C, the deg-
radation of samples are due to the level of water loading 
in the composite and there is a significant improvement 
in the thermal stability beyond 400°C.

– Among the various fiber lengths, the CIFRCs fabri-
cated with the critical length of 30 mm fiber were found 
with an optimal value of modulus and damping factor.

– The SEM fractography results reveal that the major 
mechanism involved for mechanical failure are fiber pull 
out, matrix and fiber fractures.
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