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Natural fibers are considered the foremost alternative to synthetic fibres due to their
comparatively lower environmental impact. The water hyacinth (Eichhornia
crassipes), an invasive aquatic weed is a potential source of natural fibres for various
applications. The study focused on the use of water hyacinth fibres (WHF) as a
reinforcing phase in a Polyethylene (PE) matrix, where the PE material was obtained
as waste packaging material from an industry. The WHF were extracted using a
decorticating process and added to the PE matrix at varying rates of 0, 5, 7.5, 10 and
12,5 w/w%. The composites were manufactured using a compression moulding
technique and developed without the use of any chemical additives. Moisture
absorption and flammability tests were conducted on the prepared composites
according to ASTM D 570 and UL-94 Horizontal Flame Propagation test,
respectively. The results showed that the 5% WHF composite had the lowest water
absorption compared to the other WHF reinforced composites while the control
sample (0% WHF) had the lowest water absorption overall. However, the water
absorption value of the polyethylene (PE) composite reinforced with 12.5% WHF was
found to be significantly lower, at only 2.5%, compared to that of commercially
available wood particle board, which absorbed water at a rate as high as 80% in 72
hours. Moreover, the burning rate increased with an increase in WHF content.
However, it is necessary to conduct mechanical experiments to assess the viability of
utilizing water hyacinth fibre composites in non-structural applications, particularly,
in the development of panel boards.
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1. INTRODUCTION

The utilization of natural fibres as reinforcement for polymer-matrix composites has gained
popularity owing to their potential to the mitigate environmental impact. The low density,
high specific strength and stiffness of natural fibres make them desirable for their
incorporation in fibre-polymer composites (Pickering et al., 2016). It is demonstrated that
natural composites are extensively employed in the fabrication of diverse automotive
components, primarily due to their cost-effectiveness, environmental sustainability and
biodegradability (Tewelde et al., 2022).

Water hyacinth (Eichhornea crassipe) is a floating aquatic plant considered as an invasive
weed due to its negative impacts on oxygen levels, fisheries and irrigation and transportation
systems. Nonetheless, several research studies have demonstrated that water hyacinth can
serve as a valuable fibre resource for various applications due to its advantageous properties
(Nawal Huda et al., 2017). Water hyacinth fibres (WHF) contain lignocellulosic components,
including cellulose, hemicelluloses and lignin. Recent studies indicate that WHF possess a
higher cellulose content (36-43%) than coir fibre (Abral et al., 2013). Additionally, WHF
exhibit both toughness and flexibility (Arivendan et al., 2022), and contain a higher
percentage of holocellulose compared to other fibres, making them ideal for use as a
reinforcement. The stem of the water hyacinth plant is the primary raw material utilized in the
production of fibres.

The objective of this study was to produce a polymer composite utilizing WHF as the
reinforcement, and to investigate the physical properties of the resulting composites,
specifically, water absorption and flammability properties. Previous studies have emphasized
the importance of evaluating water absorption properties as a fundamental physical test for
materials intended for exterior applications (Saba et al., 2018). The mechanical decortication
technique was utilized to extract the WHF from the stem of the plant, and various weight
percentages (0%, 5%, 7.5%, 10%, and 12.5%) of the extracted fibres were incorporated into a
polyethylene (PE) matrix as the reinforcing phase.

2. METHODOLOGY
Used polyethylene bags were collected from an industry. Fresh water hyacinth plants were
harvested from a nearby stream adjacent to the Karadiyana compost plant in Boralesgamuwa.
Utilizing a decorticator machine, the water hyacinth fibres (WHF) were extracted from fresh
stems and then dried in a hot air oven at 105°C until a constant weight was achieved. The
fibres were subsequently cut into 1-2cm lengths and interposed between PE layers. Finally, a
laminating machine was employed to prepress the sheets at 140°C for 10 minutes. The pre-
pressed sheets were again shredded using a crushing machine. The crushed WHF-PE particles
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were laid in a mould and compressed using a hot press at 150°C (upper plate), 160°C (Lower
plate) for 15min. The cooling time was 10min.

2.1. MOISTURE ABSORPTION
To assess the water absorption properties of the produced composites, ASTM D 570 was
employed. The percentage of water absorption was determined using,
Equation 1: water absorption= % %100
a
Where W, represents the weight of composite samples upon immersion and W4y represents the
weight of the composite samples before immersion.

2.2.FLAMMABILITY
To evaluate the flammability performance of the composites, the UL-94 Horizontal Flame
Propagation test was conducted, as per previous studies (Echeverria et al., 2019). The
specimens utilized for this test measured 120mm x 10mm x 3.2mm in size and were marked
with two lines, positioned 25mm and 100mm from one end of the sample. A contact flame
was applied at a 45° angle and held for 30 seconds, after which the burning rate was recorded.

3. RESULTS AND DISCUSSION

Figure 1: Moisture absorption percentage of water hyacinth fibre-reinforced thermoplastic
composite with different weight percentage of water hyacinth fibres vs time (hours)

The findings indicate that the rate of water absorption initially increases in the first two days
(0-48 hours) and then gradually reduces when the equilibrium state is attained. It was
observed that the equilibrium state was reached after 168 hours. The results have shown that
the WH fibre reinforced thermoplastic composites absorbed a higher amount of water than the
unreinforced matrix (0 wt. %). The moisture absorption characteristics of natural fibres are
contingent upon multiple parameters, such as the chemical composition of the fibres, which
includes hemicelluloses and lignin, the presence of hollow cavities, the permeability of fibres,
the presence of surface protection and the diffusivity of fibers (Alsubari et al., 2021; Azwa et
al., 2013). Based on the results of this current study, it can be inferred that an increase in the
water hyacinth fibre content results in a corresponding increase in moisture absorption,
primarily due to the aforementioned parameters.

However, it is worth noting that the water absorption value of the polyethylene (PE)
composite reinforced with 12.5% water hyacinth fibres (WHF) was found to be lower than
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that of commercially available wood particle board (Hamouda et al., 2019). According to the
reference, the water absorption percentage of commercially available wood particle board was
around 80% in 72 hours and 15% wool waste and 85% tetra pack hybrid composite’s water
absorption rate in 72 hours was around 30%. According to these data of reference, the current
research study reveals that the composite reinforced with 12.5% water hyacinth fibers exhibits
the lowest water absorption rate, measuring at only 2.5% over a 72-hour period.

Table 1: Results of flammability tests performed on PE thermoplastic composites using
various weight compositions of WH fibre reinforcement

Sample name with WH fibre weight percentage Burning rate (mm/min)
0% WH 28.7
5% WH 30.9
7.5% WH 315
10% WH 314
12.5% WH 31.6

Based on the findings, it was observed that the burning rate of composites reinforced with
WHF increased proportionally with increasing weight percentage of the fibres. Furthermore,
the burning rates of the WHF reinforced composites were higher than those of the
unreinforced matrix.

4. CONCLUSIONS/RECOMMENDATIONS

The experimental findings indicate a positive correlation between the amount of water
hyacinth used as reinforcement in PE composites and their water absorption and flammability
properties. However, it was observed that the water absorption of the polyethylene (PE)
composites reinforced with 12.5% WHF exhibited lower values than those of commercially
available wood particle boards. The high flammability property of these composites suggests
that the use of flame-retardant additives is necessary to delay the burning rate. Further
investigations are currently underway to assess the suitability of water hyacinth fibre
composites for non-structural applications such as panel boards.

5. REFERENCES
I. Abral, H., Putra, H., Sapuan, S. M., & Ishak, M. R. (2013). Effect of Alkalization on
Mechanical Properties of Water Hyacinth Fibers-Unsaturated Polyester Composites.
Polymer - Plastics Technology and Engineering, 52(5), 446-451.
https://doi.org/10.1080/03602559.2012.748804
Il. Alsubari, S., Zuhri, M. Y. M., Sapuan, S. M., Ishak, M. R, llyas, R. A., & Asyraf, M.
R. M. (2021). Potential of natural fiber reinforced polymer composites in sandwich
structures: A review on its mechanical properties. In Polymers (Vol. 13, Issue 3, pp.
1-20). MDPI AG. https://doi.org/10.3390/polym13030423
I1l.  Arivendan, A., Jebas Thangiah, W. J., Irulappasamy, S., & N Chrish, B. (2022).
Study on characterization of water hyacinth (Eichhornia crassipes) novel natural
fiber as reinforcement with epoxy polymer matrix material for lightweight
applications. Journal of Industrial Textiles, 51(5_suppl), 8157S-8174S.
https://doi.org/10.1177/15280837211067281
IV. Azwa, Z. N., Yousif, B. F., Manalo, A. C., & Karunasena, W. (2013). A review on
the degradability of polymeric composites based on natural fibres. In Materials and
Design (\Vol. 47, pp. 424-442). Elsevier Ltd.
https://doi.org/10.1016/j.matdes.2012.11.025
V. Echeverria, C. A., Handoko, W., Pahlevani, F., & Sahajwalla, V. (2019). Cascading
use of textile waste for the advancement of fibre reinforced composites for building

ISSN 2012-9912 © The Open University of Sri Lanka 4



Proceeding of the Open University Research Sessions (OURS 2023) :j'a: 5"

applications. Journal of Cleaner Production, 208, 1524-1536.
https://doi.org/10.1016/j.jclepro.2018.10.227

VI. Hamouda, T., Hassanin, A. H., Saba, N., Demirelli, M., Kilic, A., Candan, Z., &
Jawaid, M. (2019). Evaluation of Mechanical and Physical Properties of Hybrid
Composites from Food Packaging and Textiles Wastes. Journal of Polymers and the
Environment, 27(3), 489-497. https://doi.org/10.1007/s10924-019-01369-3

VII.  Nawal Huda, N., Nath, P., al Amin, M., & Rafiquzzaman, M. (2017). Charpy Impact
Behavior of Water Hyacinth Fiber Based Polymer Composite.

VIII.  Pickering, K. L., Efendy, M. G. A., & Le, T. M. (2016). A review of recent
developments in natural fibre composites and their mechanical performance. In
Composites Part A: Applied Science and Manufacturing (Vol. 83, pp. 98-112).
Elsevier Ltd. https://doi.org/10.1016/j.compositesa.2015.08.038

IX. Saba, N., Jawaid, M., & Sultan, M. T. H. (2018). An overview of mechanical and
physical testing of composite materials. In Mechanical and Physical Testing of
Biocomposites, Fibre-Reinforced Composites and Hybrid Composites (pp. 1-12).
Elsevier. https://doi.org/10.1016/B978-0-08-102292-4.00001-1

X. Tewelde, S. A, Lemu, H. G., & Dawit, J. B. (2022). Mechanical property
characterization of water hyacinth and glass fiber reinforced hybrid composite.
Materials Today: Proceedings, 62(P12), 6445-6449.
https://doi.org/10.1016/j.matpr.2022.04.115

ACKNOWLEDGMENTS

This study is supported by the Faculty of Technology, Faculty of Graduate Studies and
University Research Grants (Grant No. ASP/01/RE/TEC/2021/80), University of Sri
Jayewardenepura, Sri Lanka

ISSN 2012-9912 © The Open University of Sri Lanka 5



