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Abstract: The natural fibers such as areca leaf and eupatorium fiber were introduced as reinforcement
materials with matrix. In order to enhance the water resistance property it was intended to incorporate
multiwalled carbon nano tube into fiber-matrix. Two different types of composites such as areca leaf-carbon
nanotube-epoxy and eupatorium-carbon nanotube-epoxy of different weighing percentages were prepared and
immersed in sea water at room temperature. The experiment was continued till the composite gets saturated.
The results showed that eupatorium-carbon nanotube-epoxy composite absorbs lower amount of water.
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l. Introduction
The technological innovation seeks the development of new materials in the recent years [1]. In these aspects,
the synthetic and natural fiber composites are the two distinct features growing in engineering and industrial
field [2]. Out of these two composites, the natural fiber polymer composites are gaining more interests due to
their environmental friendly nature and good mechanical properties [3]. On environmental concern, they have
extensive usability in construction, packaging, medical, defense and automobile industries [4,5]. The ease of
utilization natural fiber composites in these fields are due to their some advantages such as economic,
biodegradability, light weight, easily available raw materials for the preparation, resistance against corrosion
[6,7,8]. In spite of advantages, they have some demerits. But they can be overcome by incorporation some other
reinforcement material during the preparation process. This allows the formation of new class of material and
termed as hybrid composites [9, 10]. The main cause of natural fiber on composite materials is due to the
hydrophilic nature of fiber used. The hydrophilisity of natural fiber is due to presence of lignin, pectin,
hemicelluse etc. [11]. This attracts moisture or water more rapidly than synthetic fiber material. There are some
aspects for the water content to diffuse through the materials. The water molecules diffuse through micro pores
in the polymer, also they can enter through micro cracks of the material [12,13]. The properties of the material
are changed significantly by weakening and destruction of bond at fiber and matrix phase and reduction in the
mechanical properties [14,15]. In this work two different types of natural fiber composites were prepared. The
materials were immersed in sea water for 44 days under normal temperature condition.
1. Materials and Methodology
A. Materials
Natural fibers: Areca leaf fiber collected from the leaf of areca nut tree. The species are widely spread in
coastal regions of the Karnataka. It is considered as one of the prominent commercial crop cultivating in South
India. The leaf was initially washed and dried in sunlight. The fiber was then extracted from the leaf as length of
4-6mm and 2mm width and dried in owen for complete removal of moisture content (Fig.1). The other type of
fiber is Eupatorium (Fig.2) extracted from stem of eupatorium plant. They are also largely distributed in coastal
Karnataka and easily available fibers. The similar extraction technique was continued as areca leaf fiber. These
two fibers are known to be as short fibers and also considered as first reinforcement materials.
Figure 1. Areca leaf fiber Figure 2. Eupatorium fiber
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Figure 3. Water absorption test

The second reinforcement materials is multiwalled carbon nanotube ( purity >95%, length 0.5 nm) procured
from Sigma Aldrich. The matrix phase is epoxy resin (LY 556, Density 1-1.5 g/cm®) procured from the Zenith
industrial supplies Bangalore, India, a thermosetting material having promising properties over other resins.
Hardener (HY 951) procured from Zenith industrial supplies Bangalore, India for curing of the composites.

B. Methods
The calculated amount of epoxy resin and multiwalled carbon nanotube mixed together and kept under
ultrasonication process for uniform mixing of carbon nanotube(CNT) in the resin. The extracted areca leaf fiber
was calculated as per requirement and mixed with uniform mixture of epoxy-CNT. This mixture was stirred up
to 2-3 minutes for complete mixing of fiber. The hardener was added and again stirred for 5 minutes. The
prepared mixture was mould in Teflon mould or mild steel mould and surface of the mould covered by polymer
sheet. Later weight was placed on the mould and kept for 24 hours for curing. The material was then removed
and cut into required size for water absorption test as per ASTM D-570. Various percentage of materials have
been prepared for areca leaf fiber polymer composites such as 6%, 8%, 10%, 12%, 14%, 16% of weight
fractions. Under these each percentage of weight fractions, the fiber volume and CNT volume are varied into
five composite,
A=99.8% Fiber+0.2% CNT
B=99.6% Fiber+0.4% CNT
C=99.4% Fiber+0.6% CNT
D=99.4% Fiber+0.8% CNT
E=99.0% Fiber+1.0% CNT
The similar processing techniques have been followed for Eupatorium fiber polymer composites. But the
variation of percentage has been carried for 2%, 4% and 6% of volume fractions. Above 6% volume fraction the
fibers were not mixing properly. The prepared rectangular materials were dried completely and weighed before
immersing into sea water. The successive weights were noted down for each 24 hours of duration till the
samples get saturation (Fig. 3).
The effect of water absorption was investigated by taking weight differences of the samples and they were
calculated by percentage of water absorption for each 24 hours immersion by the following formula, [16,17].

(W, —Wa)x 100

Percentage of water absorption (%) =

W
Wt is the weight sample after each immersion.
Wo is the initial weight of the sample.

I1l. Result and Discussion
Water absorption behavior
The water absorption of specimen conducted was noted down and they are plotted as percentage of water
absorption v/s time in hours. The results of 6%,8%,10%,12%,14% and 16% filler volume fractions of areca leaf-
CNT-epoxy composites. Also the graphs are plotted for 2%, 4% and 6% filler volume fractions of eupatorium-
CNT-epoxy composites.
Areca leaf-CNT-Epoxy polymer composites: The results are plotted in the following graphs (Fig. 4, Fig. 5,
Fig. 6, Fig. 7, Fig. 8 and Fig. 9),
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Figure 4. Water absorption rate for 6% fillers
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Figure 5. For 8% Fillers
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Figure 6. For 10% Fillers
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Figure 7. For 12% Fillers
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Eupatorium-CNT-Epoxy polymer composites: The results are plotted in the following graphs (Fig. 10, Fig.
11 and Fig. 12)
Figure 10. For 2% Fillers
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The water absortion behavior of non hybrid composite: The absorption rate of non hybrid composite such as
areca leaf-epoxy, eupatorium-epoxy and CNT-epoxy composites at particular weight percentage of fillers are
also displayed in the below Fig. 13,

Figure 12. For individual fillers at particular % of weight

9
s 3 o ALE
=5 —8-FE
S . CNTE
2°
fé‘ 5
=4
z
=3
=1

1

0 —~

0 200 400 600 300 1000 1200
Timein hours

The water absorption test was carried until the samples approaches 80% equilibrium. From the above Fig. 4, 5,
6, 7, 8, 9 it is observed that when the filler volume increased the absorption of water molecules also increased.
This is due to the presence of natural fiber which is hydrophilic in nature. Within the variation of filler content
in the composites, when the percentage of natural fiber decreased and CNT increased, the there is decrease in
water absorption. In order to analyse the effect of presence of individual materials in the composite, the
comparison was done for higher water absorption rate of hybrid composite with non hybrids at the similar
weights. In each percentage of composite fillers, 99.8% of natural fiber and 0.2% of CNT has highest absorption
rate. But it is decreased when percentage of natural fiber decreased and CNT increased up to 99.0% natural fiber
and 1.0% CNT fractions. This trend is continues for all volume percentage of composites. In 6% non hybrid
areca leaf-epoxy composites (ALE at 99.8% fiber + 0.2% CNT) (Fig. 13), the percentage of water absorption is
found be 8.32% which is greater than hybrid areca leaf-CNT-epoxy composites. Also when it goes with non
hybrid CNT-epoxy composites, its shows 0.8284% water absorption percentage. This implies there is some
resistance by the hybrid composites against water absorption. This resistance may be due to presence of CNT in
the materials.
The similar trend is observed in eupatorium-CNT-epoxy polymer composites (Fig.10, 11, 12). But extent of
water absorption is lower than areca leaf-CNT-epoxy composites. This lower absorption of water may be due
eupatorium fiber which has lower content of cellulose. In both the composites, in initial stage the water
absorption rate increased largely and proportion of increasing rate was decreases when time goes on. At some
stage they attain equilibrium later the rate of absorption became constant. When water absorption behavior of
these hybrid composites are compared with non hybrid composite of 2% weight of eupatorium-epoxy (EE at
99.8% fiber + 0.2% CNT) (Fig. 13), the eupatorium-epoxy (4.44%) shows higher water absorptive value than
hybrid eupatorium-CNT-epoxy composite (2.38%) (Fig. 9). From the overall results, non hybrid natural fiber-
epoxy composite shows greater absorption property than natural fiber-CNT-epoxy hybrid composites. This
implies that there is little tendency for CNT to resist absorption of water that is observed in hybrid natural fiber-
CNT-epoxy composites.

IVV. Conclusion
The natural fibers such as areca leaf fiber and eupatorium fiber were considered as reinforcement fillers
incorporated with mixture of multiwalled carbon nanotube and epoxy resin. The combination of these three
materials leads to formation of hybrid polymer composites. The water absorption is one of the draw back in
natural fiber used composites. It reduces the durability of the composites when they exposed into environment.
But this draw back can be reduced by incorporating second reinforcement material such as carbon nanotube. By
the result it is concluded that when there is increase in content of natural fiber the water absorption capacity
increases. This is mainly due to hydrophilic nature of cellulose content present in fibers. The eupatorium-CNT-
epoxy composite shows lower water absorption capacity when compared with areca leaf-CNT-epoxy
composites. This is due to aspect ratio of eupatorium fiber which is greater than areca leaf fiber and low
cellulose content in eupatorium fiber.
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Abbreviations:

CNT : Carbon nanotube

ALE : Areca leaf-epoxy composite

EE : Eupatorium-epoxy composite
CNTE : Carbon nanotube-epoxy composite

V. References

[1] Paul Wambua, Jan Ivens, Ignaas Verpoest, Natural fibres: can they replace glass in fibre reinforced plastics?, Composites
Science and Technology, vol. 63, 2003, pp 1259-1264.

[2] Begum K, Islam M.A., Natural Fiber as a substitute to Synthetic Fiber in Polymer Composites: A Review, Research Journal of
Engineering Sciences, vol. 2(3), 2013, pp 46-53.

[3] Layth Mohammed, M. N. M. Ansari, Grace Pua, Mohammad Jawaid, M. Saiful Islam, A Review on Natural Fiber Reinforced

Polymer Composite and Its Applications, International Journal of Polymer Science, 2015.

Naheed Saba, Mohammad Jawaid, Othman Y Alothman, MT Paridah, Azman Hassan, Recent advances in epoxy resin, natural
[4] fiber-reinforced epoxy composites and their applications, Journal of Reinforced Plastics and Composites, 2015, pp 1-24.

Chandramohan D., J. Bharanichandar, Natural Fiber Reinforced Polymer Composites For Automobile Accessories, American

Journal of Environmental Science, vol. 9 (6), 2013, pp 494-504.

[5] N. Saba, M. Jawaid , Othman Y. Alothman, M.T. Paridah, A review on dynamic mechanical properties of natural fibre
reinforced polymer composites, Construction and Building Materials, vol. 106, 2016, pp 149-159.
[6] Girisha. C, Sanjeevamurthy, Gunti Ranga Srinivas, Sisal/Coconut Coir Natural Fibers-Epoxy Composites: Water Absorption and

Mechanical Properties, International Journal of Engineering and Innovative Technology (1JEIT), vol. 2, 2012.
Amit Kumar Tanwer, Effect on Mechanical Properties for Jute, Coir and Bamboo Natural Fiber Reinforced Epoxy based
[7] Composites, American International Journal of Research in Science, Technology, Engineering & Mathematics, 2014, pp 41-46.
M. K. Gupta, R. K. Srivastava, Mechanical Properties of Hybrid Fibers-Reinforced Polymer Composite: A Review, Polymer-
Plastics Technology And Engineering, vol. 55, 2016, pp 626—642.
[8] Jayachandran, Hari Arjun, Lilly Mercy.J, A Study on Hair and Coir Reinforced Polymer Composite, International Journal of
ChemTech Research, vol. 9, 2016, pp 357-363.
C.P.L. Chow, X.S. Xing, R.K.Y. Li, Moisture absorption studies of sisal fibre reinforced polypropylene composites, Composites

[9] Science and Technology, vol. 67, 2007, pp 306-313.
Manickam Ramesh, Ravi Logesh, Manivannan Manikandan, Nithyanandam Sathesh Kumarb,,Damodaran Vishnu Pratap,
[10] Mechanical and Water Intake Properties of Banana-Carbon Hybrid Fiber Reinforced Polymer Composites, Materials Research,
vol. 20(2), 2017, pp 365-376.
[11] Nadezda Stevulova, Julia Cigasova, Pavol Purcz, Ivana Schwarzova, Frantisek Kacik, Anton Geffert, Water Absorption

Behavior of Hemp Hurds Composites, Materials, vol. 8, 2015, pp 2243-2257.
[12] B. C. Patel, S. K. Acharya, D. Mishra, Environmental effect of water absorption and flexural strength of red mud filled jute

fiber/polymer composite, International Journal of Engineering, Science and Technology, vol. 4, 2012, pp 49-59.

Zhang Xiaolin, Bo Xiangfeng, Wang Rumin, Study on Mechanical Properties and Water Absorption Behaviour of Wastepaper
[13] Fibre/Recycled Polypropylene Composites, Polymers & Polymer Composite, vol. 21, 2013.

H.N. Dhakal, Z.Y. Zhang, M.O.W. Richardson, Effect of water absorption on the mechanical properties of hemp fibre reinforced
[14] unsaturated polyester composites, Composites Science and Technology, 2006.

L. Laxmana Naik, K. Gopalakrishna, B. Yogesha, Physical and Water Absorption Behaviour of Sisal- Glass Fiber Reinforced

Polymer based Composites, American Journal of Materials Science, vol. 6(4), 2016, pp 91-94.

VI. Acknowledgements
The authors are greatly acknowledges Vision Group of Science and Technology (VGST) for their financial
support.

AIJRSTEM 19-210; © 2019, AIJRSTEM All Rights Reserved Page 64



