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Abstract - The dynamic mechanical analysis of asian
palmyra sprouts fiber reinforced epoxy composites was done
with effect of fibre loading, frequency and temperature. In this
borassus flabellifer (Asian palmyra) sprouts were used as
natural fiber reinforcement. DMA is done at three different
fibre loading (20%, 30% and 40%) at three different
frequencies (1, 3 and 5 hz). The graphical representation of
storage modulus (E’), loss modulus (E”) and damping factor
are obtained from Dynamic mechanical analysis. The values of
storage modulus decreased with increase in fibre loading. This
shows that effectiveness of fibre is highest at 40% fiber
loading. The loss modulus and damping peaks decreased with
increase of fibre loading. The decrease in tand peak at higher
fiber loading represents better interfacial bonding. This shows
that at 40% fibre loading better results are obtained
compared to lower fiber loadings and 40% fibre loading is
considered as effective fibre loading. Loss modulus and
damping factor (tan$) peaks increased with increase of

frequency.

Key Words: Storage modulus, Loss modulus, damping
factor, Natural fiber.

1. INTRODUCTION

In the last few years, there has been prominent
importance for natural materials which cause no harm to the
environment. This led to the replacement of synthetic fibers
with natural fibers. This reduces solid waste in material
manufacturing. Natural fiber reinforced polymer composites
are emerging as new eco-friendly polymeric composite
materials.

Dynamic mechanical test methods have been widely
employed for investigating the structures and viscoelastic
behaviour of polymeric materials for determining their
relevant stiffness and damping characteristics for various
applications. The dynamic properties of polymeric materials
are of considerable practical significance when determined
over a range of temperature and frequencies. [1]

The importance of dynamic mechanical analysis
(DMA) as a tool in the study of the behaviour of composite
structures is paramount. It has been proved to be an

effective method to study the relaxations in polymers and
thereby the behaviour of the materials under various
conditions of stress, temperature and phase composition of
fibre composites and its role in determining the mechanical
properties. [2]

Natural fiber has been in a wide use since the
evolution of the human race. They had got wide acceptation
in communities for their flexibility and strength. Recent
trends in the area of fiber rein-forced composites have
drawn a string in using these natural fibers as their
reinforcement. The natural fiber imparts lower durability
and lower strength compared to glass fibers. However, low
specific gravity results in a higher specific strength and
stiffness. Natural fibers offer good thermal, dielectric and
acousticinsulation properties along with ease in processing
technique without wearing of tools. [3]

Palmyra fiber is obtained from the palmyra (palm)
tree, which is 10 to 15 metre high plant. It is used as natural
reinforcing fiber. It is cost-effective and eco-friendly. It is
having high specific strength. Due to its low specific weight,
it can be a better alternative to existing synthetic fibre
reinforced composites. In present work, we use Asian
palmyra sprouts fiber.

2. EXPERIMENTAL PROCEDURES
2.1 Materials
* Fibers

- Asian Palmyra sprouts fiber

*  Matrix - General purpose epoxy resin

*  Accelerator - cobalt naphthenate

* Hardener - Methyl ethyl ketone peroxide

2.2 Extraction of fibers

Borassus flabellifer (Asian palmyra) sprouts were
purchased from local sellers. Hand peeling technique isused
for getting thin layers of sprouts. The thin layers of sprouts
were treated with 1% Naoh solution. Distilled water is used
to remove unwanted particles. Then fibers are dried for 20 h
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at regular room temperature. Further, fibers are heated in
air oven for 2 h at 70 % to remove any moisture from it.

Figure 1: Asian Palmyra sprouts fiber

2.3 Fabrication of composites Polymer

Hand layup method was used to prepare the
composite polymer. Borassus flabellifer (Asian palmyra)
sprouts fiber were used to know the reinforcing capability of
fibre on epoxy resin. Accelerator and catalyst are added to
resin at the room temperature. Moulds were used prepare
Asian palmyra sprouts fiber reinforced epoxy composites. A
pressure of 0.05Mpa was applied and composites specimen
were allowed to cure for 1 day. Specimens are removed from
moulds and again cured at 70°c for 2h. fibre loading of three
different percentages (20%,30% and 40%) are prepared.

2.4. Experimental conditions

In dynamic mechanical analysis a small cyclic load
is applied on the sample at varying temperatures.

Instrument - Dynamic mechanical analyzer
Heating rate - 39C/min

Temperaturerange - Room temperature to 1500
Frequencies - 1,3and 5 Hz

Maximum load - uptol8N

range

Deformation mode - Three point bending

Sample dimensions - Length (1)-50 mm, Width (w)-

10 mm, Thickness (t)-3 mm.

- ——

Figure 2: Dynamic mechanical analyzer

2.6 Test procedure:

The sample of known fiber loading is taken and
placed inside environmental chamber. Cyclicload is applied
on the sample at varying temperature at the rate of 3. The
process is repeated until 150°. It will take nearly 50
minutes for each sample.

3. RESULTS AND DISCUSSION

The graphical representation of storage modulus
(E”), loss modulus (E”) and mechanical loss factor (tand) are
obtained from dynamic mechanical analysis. These are
dependent on fiber loading, frequency and temperature.
Graphs are obtained for three different fiber loadings (20%,
30% and 40%) at three different frequencies (1,3 and 5 hz).
Heating rate of 30c is maintained throughout process.
Dimensions of specimens should be 50 x10 x 3 mm3
according to the DMA equipment.

Glass transition (tg) is a sudden noticeable peak in
elastic modulus and tané curves. This helps in finding
material property. This is important factor for finding the
properties of composite polymer. The peak height of tand
and loss modulus gives glass transition (tg).

The variation of storage modulus, loss modulusand
damping factor as a function of temperature and frequencies
of asian Palmyra sprouts fiber reinforced epoxy composites
are as shown in figures 3 to 11.

Deformation - 40 pm

amplitude

Cooling - Liquid nitrogen with Automated
Cooling Accessory
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Figure 6: shows DMA results of 30% Asian
Figure 3: shows DMA results of 40% Asian Palmyra fiber epoxy composites at 1 hz
Palmyra fiber epoxy composites at 1 hz
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Figure 5: shows DMA results of 40% Asian Figure 8: shows DMA results of 30% Asian
Palmyra fiber epoxy composites at 5 hz Palmyra fiber epoxy composites at 5 hz
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Figure 9: shows DMA results of 20% Asian
Palmyra fiber epoxy composites at 1 hz
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Figure 10: shows DMA results of 20% Asian
Palmyra fiber epoxy composites at 3 hz
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Figure11: shows DMA results of 20% Asian

Palmyra fiber epoxy composites at 5 hz
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3.1 Effect of fiber loading on dynamic storage modulus
(E):

Dynamic storage modulus (E’) is the most important
property to know the load bearing capacity of a composite
material. The variation of storage modulus as a function of
temperature of asian Palmyra fiber reinforced epoxy
composites is shown in Figures 3 to 11.

The storage modulus values for different fiber
loading (20%, 30% and 40%) at three different frequencies
(1,3and 5 Hz) are given in figures 3 to 11. The values of
storage modulus decreased with increase in fibre loading.
Stiffness of the material increased with increase in fiber
loading. At 40% fiber loading storage modulus is better than
at lower fiber loadings.

3.2 Effect of fiber loading on mechanical loss factor
(tan §8):

The values of mechanical loss factor (tan &)
decreased with increase in fiber loading. The decrease in
tand peak with increase in fiber loading represents better
fiber and matrix interfacial interaction at higher fiber
loading. When the fiber concentration is lower, fibers act
ineffectively.

3.3 Effect of fiber loading on loss modulus:

Loss modulus (E”) is a measure of the energy
released as heat per cycle under deformation. From the
above figures it shows that values of loss modulus decreased
with increase in fibre loading. From the figures 3 to 11, it is
clear that increase in fiber loading causes broadening of the
loss modulus peak.

3.4 Effect of frequency:

The storage modulus, loss modulus and damping
peaks have been found to be affected by frequency. With
increase of frequency there is increase in values of damping
factor (tan 6) and loss modulus. Frequency has directimpact
especially at higher temperatures but there is no prominent
use of finding results at different frequencies.

4. CONCLUSIONS

Dynamic mechanical properties of asian Palmyra
fiber reinforced epoxy composites are greatly dependent on
the percentage of fiber loading.

* Dynamic storage modulus (E’) is the most important
property to know the load bearing capacity of a composite
material. The effectiveness of the fiber is better at 40% fiber
loading.
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* The advancement in properties is observed for
composites with 40% fiber loading, which is chosen as the
effective fiber loading. At this maximum fiber loading, better

stress transfer takes place fibre and matrix.

* Increase in fiber loading decreases the tan 6 peak height,
which represents the improved fiber/matrix adhesion at
higher fiber loading.

*With the increase in frequency there is increase in values of
damping factor and loss modulus. There is no prominent use
of finding results at different frequencies

REFERENCES

[1] Pothan, Laly A., Zachariah Oommen, and Sabu Thomas.
"Dynamic mechanical analysis of banana fiber reinforced
polyester composites." Composites
Technology63.2 (2003): 283-293.

Science and

[2] Idicula, Maries, et al. "Dynamic mechanical analysis of
randomly oriented intimately mixed short banana/sisal
hybrid fibre reinforced polyester composites." Composites
Science and Technology 65.7-8 (2005): 1077-1087.

[3] Reddy, M. Indra, and V. Srinivasa Reddy. "Dynamic
mechanical analysis of hemp fiber reinforced polymer matrix
composites." International Journal of Engineering Research &
Technology (IJERT) 3.9 (2014): 410-415.

[4]Y.Cao, S. Shibata, I. Fukumoto, —Mechanical properties of
biodegradable composites reinforced with bagasse fibre
before and after alkali treatments,| Compos A Appl Sci
Manuf, vol. 37, issue. 3, pp. 423-429, 2006.

[5] X. Chen, G. Qipeng, M. Yongli, —Bamboo fiber-reinforced
polypropylene composites: a study of the mechanical
properties,|| ] Appl Polym Sci, vol. 69, pp. 1891-1899, 1998.

[6] L.A. Pothan, S. Thomas, N.R. Neelakanth, —Short banana

fiber reinforced polyester composites: mechanical, failure
and aging characteristics,|| ] Reinf Plast Compos, vol. 16,
issue. 8, pp. 744-765, 1997.

[7] V.G. Geethamma, R. Joseph, S. Thomas, —Short coir fiber-
reinforced natural rubber composites: Effects of fiber length,
orientation, and alkali treatment, || ] Appl Polym Sci, vol. 55,
pp. 583-594, 1995.

[8] A. Shiai, H. Kaddami, E. Fleury, A. Maazouz, F. Erchiqui, A.
Koubaa, —Effect of the fiber size on the physicochemical and
mechanical properties of composites of epoxy and date palm
tree fibers,|| Macromol Mater Eng, vol. 293, pp. 684-691,
2008.

[9] T. Parmasivam, A.P.J. Abdulkalam, —On the study of
indigenous natural-fiber composites,|| Fiber Sci Technol, vol.
I, pp. 85-88, 1974.

[10] A.K. Bledzki, J. Gassan, —Composites reinforced with
cellulose based fibres,|| Prog Polym Sci, vol. 24, issue. 2, pp.
221-274,1999.

[11] P.V Joseph, K. Joseph, S. Thomas, —Effect of processing
variables on the mechanical properties of sisal fibre
reinforced polypropylene composites, || Compos Sci Technol,
vol. 59, pp. 1625-1640, 1999.

[12] Reddy, M. Indra, M. Anil Kumar, and Ch Rama Bhadri
Raju. "Tensile and flexural properties of jute, pineapple leaf
and glass fiber reinforced polymer matrix hybrid
composites." Materials Today: Proceedings 5.1 (2018): 458-
462.

[13]. Raju, NV Subba, M. Indra Reddy, M. Anil Kumar, and K.
Ramji. "Study on thermo physical properties of hemp, jute
and glass fiber reinforced polyester composites." Materials
Today: Proceedings 5, no. 2 (2018): 5918-5924.

[14] Reddy, M. Indra, Ch Srinivas, M. Anil Kumar, and V.
Manikanth. "Advanced Materials Manufacturing &
Characterization."

© 2018, IRJET | Impact Factor value: 7.211

IS0 9001:2008 Certified Journal | Page 187



