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Abstract
The aim of this research is to explore the different types of water hyacinth plant �ber extraction methods,
as well as the effects of several extraction methods to obtain appropriate hyacinth �bers. During this
research, we �rst tried several extraction methods, such as the conventional retting process, manual
extraction method, hot water extraction method, and chemical hot water boiling method. Nevertheless, in
all cases, the �ber quantity produced by this method is very low, while the quality of the �ber surface is
harmed. An automated machine with the help of a bare motor is then used to perform the extraction
process through mechanical means. The goal of the hyacinth �ber production process is to produce a
much higher quantity of good-quality �ber. Only mechanical extraction is capable of accomplishing this
goal. A mechanically extracted �ber has a cellulosic content of 65 to 68%, and a hemicellulose content of
35%, as well as a lignin content of 2.56% and moisture content of 0.215%. Water hyacinth �bers measure
45 to 65 cm long, 150 mm wide, and have a density of 1.226 grams per cubic centimeter. Speci�cally, the
results showed that the �ber surface conditions had an impact on the optimum length of the hyacinth
�ber.

Introduction
Natural aquatic plant �ber crops are currently being focused on in the latest advanced technologies so as
to increase textile production and research. Polymer composites are commonly reinforced with sugar
palm, coir, and bamboo �bers. Several alkali treatments are applied to improve the tensile strength and
surface morphology of these �bers.1 Researchers and industries are now focusing on how to
economically extract �bers from aquatic plants. Natural �bers are now used to produce so many
products with added value. In many �elds, natural �bers may be more valuable due to this. The water
hyacinth (Eichhornia crasipes) is one of the fastest-growing aquatic plants.2,3 However, textile companies
and researchers do not generally focus on this plant. A lot of people use the leaves of the hyacinth plant
for medicinal purposes, and the plants are mainly used for food. Cooking was done with these �owers by
African people. Grass growth is directly correlated with nitrogen levels in water hyacinths.4 Water
hyacinth plants are being taken down in southern areas of Tamil Nadu, India because of their high growth
rate. Originally originating in South America's amazon basins, this plant has been found in other locations
as well.5,6 German environmentalists are the �rst to identify this plant. Tropical and subtropical water
bodies were covered with hyacinth plants after the 1800s. Hyacinth plants pose a serious threat to the
riparian communities as a result of their harmful effects. Riverside lifestyles are completely dependent on
water bodies, however this hyacinth plant covered all the surfaces of the water bodies. In addition to
degrading water bodies' chemistry and physical properties, hyacinth weeds prohibit �shing, power
generation and transportation. People nearby the waterbody were a�icted with diseases caused by these
organisms.7 A million dollars was invested to remove the water hyacinth plant from the area since it
affected the economy in such a big way. Among water hyacinth plants, the wetland environment has the
most toxic varieties. Leaf length on this plant is 10-15 cm, thick and spongy, and egg-shaped. Stem
length is 30 to 45 cm, and leaf length 15-20 cm.8,9 A hyacinth plant's roots measure an average of 2.55
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cm in length and are free-hanging below water. Flowers grow 400 times a month and the plants produce
5000 seeds every month.10

The species reproduces sexually as well as asexually. As compared to each other, both of the
reproduction systems produce a large volume of seed within a very short period of time. It is, however, the
vegetative system that is most common. In less than 200 days, 3,418,800 water hyacinth plants are
produced through the vegetative production method. In the form of seeds, hyacinths cover water bodies
all over the world with the help of humans and birds.11 Plant �owers can be produced by a single
hyacinth in 20 days. The surface of the water has been covered with hyacinth mats, which have doubled
in size within two weeks. Floating in the water is a result of its bulbous form, which is the main reason
why it is �oating.12,13 Hyacinth plants are spread by watersheds, humans, birds and even continents to
continents. Hyacinth plants usually occur in water bodies and reduce several important parameters of the
water contents including salinity, dissolved oxygen, dissolved solids, potential hydrogen, and some other
important nutrients. This hyacinth plant was used for the paper production process by small-scale
industries. Throughout the world, the hyacinth plant is also used as a feed for animals and as a method
of organic farming.14 Mercury and other pollutant types are heavily absorbed by the roots of hyacinth
plants. There is an increase in nitrogen removal if there is a plant present in the water.15

The water hyacinth plant's growth is very dependent on the temperature. Hyacinth aquatic plants grow at
a minimum temperature of 14°C, whereas their nominal temperature ranges from 25 to 32°C and they are
extremely tolerant of temperatures above 35°C. In many countries, there are several ways to control the
growth of the population.16 More often than not, mechanical control methods are used instead of
physical and chemical ones. Physical methods require more human powder and time, and chemical
methods pose the greatest threat to other aquatic animals and nearby bodies of water. Additionally, all
countries have preferred using mechanical methods to remove the hyacinth plants from water bodies. To
avoid nuisance problems, many nations have invested large amounts of money in cultivating these
hyacinth plants in water bodies. Some countries attempt to a mechanical method of removing the water
hyacinths, whereas in India, a manual method is used to remove these plants.17

It is the aim of this study to identify the different types of extraction methods that can be used to
effectively extract the aquatic waste from water hyacinth plants. In this work, material was extracted from
the stem of the water hyacinth plant very elaborately. As the result of the study, the mechanical method of
extracting hyacinth �ber is identi�ed as an effective, low-wastage method that is suitable for hyacinth
�ber extraction. We strongly recommend that those �bers mechanically extracted must be used in
synthetic �ber composites instead.

Materials And Methods

Materials
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In Tamil Nadu, India, the water hyacinth plant is initially found in local water bodies of the Trichy district.
There is a lake in this river nearly one kilometer long. Hyacinths are covered in roots and stems all over
the surface of the water. Hyacinth plant stems are derived from the parent plant in the primary process of
cultivation. In this process, the roots and leaves are cut off the stem before it is soaked in local water and
then regrown. The below Fig. 1 clearly explained the water hyacinth plant collection and separation
process.

Extraction Process
A water hyacinth plant (Eichhornia crassipes) was extracted in various ways in the present study,
including mechanical extraction, hot water extraction, retting process extraction, manual extraction,
chemical extraction using normal water, and chemical extraction using boiling water. Except for the
mechanical process, the water and chemicals in the stem are completely utilized, followed by the �ber
production process. Nonetheless, the mechanical way of obtaining �bers is accomplished by means of
an extraction machine. For plant �ber to be produced from the stem part, some basic steps are required.
Plant stems are initially placed on the machine's permanent shaft and rotating blade, �bers are collected,
water is used for proper cleaning, �ber bundles are made, and �bers are �nally dried under the sun for at
least a week. The below Fig. 2 elaborately explained the different types of extraction methods on water
hyacinth �ber extraction from the parent plant stem.18

Investigation of Physical and Mechanical properties
An optical microscope is used to examine the cross-section of the �ber after it has been extracted from
the parent plant. As part of the ASTM D1577-07 standard, �ber length is evaluated. Tamil Nadu
Agricultural University, and South Indian Textile Research and Association were able to determine the
contents of cellulose, hemicellulose, lignin, ash, and pectin in water hyacinth �ber.19

Extracting Methods of Water Hyacinth Fibers

Mechanical Extraction
In the manually constructed �ber extraction machine, the stem of water hyacinth plant is properly
positioned. Machine blades rotate at 720 revolutions per minute. There are two gaps between the
permanent shaft and the rotating blade where the stem is positioned. The plant �bers are extracted into
the stem within ten seconds. Afterward, plant �bers are fully dried under direct sunlight for two to three
weeks at a temperature not exceeding 35°C. Manually inspecting after drying, short and long �bers are
separated according to their length.20 The below Fig. 3 explains the mechanical way of �ber extraction
from the parent plant of hyacinth stem.

Chemical Extraction
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From this type of extraction process, sodium hydroxide solution is used. The �ber and the chemical ratio
is 50:1. Sodium hydroxide solution is mixed with hot water immediately the air bubbles are formed.
Within ten seconds the foam is produced to the water surfaces. Now the stem is inserted into the
solutions. In this work 0.25molar with 8.6g/dm3 concentration of sodium hydroxide molecules are used
to extract the hyacinth �ber from the parent plant stem.21 Fig. 4 clearly explained the chemical way of
water hyacinth plant �ber extraction processes.

Conventional Retting Process
Natural �bers from plants are normally extracted through the retting process. From this process, the
majority of �bers from plants are extracted. However, this reheating process for hyacinth plants is not as
effective as the mechanical method. Two or three weeks or one month is all that's required for the plant
stem to be immersed in the water surface. Once the plant �ber is separated from the stem, it is easy to
separate it from the parent plant.22 Relative humidity is maintained at 60% during this retting process.
This conventional retting process is done by the water bodies with the level of pH 6.2, Dissolved oxygen
level 6.6 mg/l, conductivity level of 0.23mS, 0.5ppt level of total dissolved solids, and salinity level of
0.04ppt. The below Fig. 5 explained the conventional retting process of hyacinth plant stem.

Boiling Water Extraction
Normal water is boiled for twenty minutes. Now, the hyacinth plant stem is inserted into the hot water for
two hours. Then it is dried and keep in the oven for two days (48 hours). Completion of oven process
hyacinth �ber is produced with boiling water. 90-100C of hot water is used in this work with fresh water
hyacinth stem. For the dry hyacinth plant stem did not adopted to this test because the dried �ber
contents did not properly derive from the parent plant.23,24 The ratios of the hot water and stem weight
percentage is 10lt water: 1kg hyacinth stem. Fig. 6 explained the hot water boiling method on water
hyacinth plant stem.

Manual Extraction
The water hyacinth stem is properly dried with the open sunlight area. Then the plant stem is sieved with
the help of a steel comb then the �ber is extracted manually from the plant stem. The below Fig. 7
explains the manual extraction process of the hyacinth plant stem.

Tensile Testing
From the water hyacinth �ber bundles, the single �bers are separated and then the single �ber tensile
strength is examined by utilizing the universal testing machine with the standard dimension of ASTM
D3222-07 with 50mm/min crosshead speed.25 From the composite aspects, ASTM D638 standard
followed and composite samples are collected then the tensile strength, tensile modulus, peak load, % of
elongation is calculated.
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Surface Morphological (SEM) Inspection
Water hyacinth plant �ber cross-sections and �ber surface morphology is investigated by utilizing the
Scanning Electron Microscope TESCAN with 3kv acceleration with different magni�cations.

Result And Discussion

Optimum Extraction Method
When comparing different methods of water hyacinth extraction, the mechanical method presents the
best results. The �ber of the hyacinth plant is effectively derived from its parent plant using this method,
which reduces its diameter uniformly. The mechanical extraction machine is equipped with a half
horsepower electrical motor with 720 rpm and 12 rotating blades each measuring 5 cm in length, as well
as a permanently attached shaft measuring 50mm in diameter and 80 cm in length. For shafts that need
to rotate at a certain speed, monoblack bearings are used. The setup consists of a desk bed with a shaft
and rotating disk of 3 feet height embedded into it. As a result of this method, the machine produces
uniform �bers once it is running. When comparing �bers from a parent stem to the other methods, the
outcome of the former is far better. Moreover, chemical extractions are also the most hazardous to
humans and the environment. When compared to manual retting and boiling hot water, conventional
retting results are extremely poor. Due to the high temperature, the �ber surface is randomly affected by
the hot water boiling extraction method. Manual extraction is quite simple, but it is less e�cient than a
mechanical method, and converting a small number of �bers takes a long time. The manuscript
compared six other methods of extracting aquatic plants from water hyacinth. If all extraction processes
are compared, the removal process that involves mechanical motion is more ideal, resulting in high �ber
yields that are uniform.

Physical and Chemical Properties of WH Fiber
Because of the hydrophilic nature of water hyacinth �bers, they tend to contain more cellulose. This plant
cannot grow and survive without water. During the life cycle and growth of the hyacinth �ower, water is
the most crucial component. The moisture content of cellulose, hemicellulose, lignin, and wax of hyacinth
�ber is determined after the mechanical method of extraction. 65% of the cellulose content is derived
from hemicellulose, 32% from cellulose, 3.8% from lignin, 0.35 percent from wax, 0.0002% from moisture,
and there is no ash content. The below Table 1 shown the chemical composition of water hyacinth
plants.
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Table 1
Physical properties of WH

plant �ber
Composition Fiber (%)

Cellulose 65.38

Hemi cellulose 32.45

Lignin 3.14

Moisture 0.027

Ash 0

Single Fiber Tensile Strength
In the following step, the mechanically extracted �ber bundles are separated using a manual separation
method, after which the single �ber tensile strength is measured using a universal testing machine.
During this test, the crosshead speed is 30 minutes per minute, 0.1 Newton of preload is applied, and the
gauge length is 40 cm. Twenty-�ve samples are tested for tensile strength. In the �nal step, a calculation
is made of the average tensile strength of hyacinth �bers. In the results obtained, tensile strength for
single �bers reached 2.01N with 3.7% of elongation, and the volume percentage was 26.43 percent. All
the extraction methods the same length of the hyacinth stem is used. Based on the �nal results the
mechanical way of extraction only gives original length and original quantity of the �ber from the parent
plant stem.26

Table 2
Length, Diameter and Single �ber tensile strength of different type of

WH extraction process
Different types of Extraction Methods Length (Cm) Diameter

Retting Process 25-60 0.2867

Manual Extraction 30-55 0.6509

Mechanical Extraction 45-70 0.3926

Hot Water Boiling 20-45 0.2541

Chemical Extraction Method 20-35 0.1352

From the mechanical extraction method and another type of the extraction methods, different types of
�ber lengths are measured. Earlier stage of extraction the �bers are presence in the form of �ber bundles.
The bundles are completed soaked with the help of water then the hyacinth plant improved individual
�bers are produced. The above Table 2 explained the different types of hyacinth plant extraction methods
and their outputs. The improved �ber length is obtained from the mechanical method. The �ber length is
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45-70cm long and the �ber diameter is measured with the help of SITRA, Coimbatore. The diameter of the
water hyacinth �ber is 42µm.

Elemental Mapping
An elemental mapping analysis of water hyacinth �ber is conducted through mechanical, chemical, and
boiling methods. The �ber contains 36.81% carbon and 46.5% oxygen as a result of the mechanical
extraction process. According to these results, 31.8, 49.6%, and 39.8, 41.7%, differ from the remaining two
methods. We measured the amplitude time and resolution at 129eV with a lifetime of 50s, 20kV and 750x
magni�cation. Based on the experiment results the chemical and manual extraction �nal �bers surfaces
are very poor. So, in this work mechanical, retting, and hot water boiling methods �nal �bers are adopted
to the elemental mapping process.27 The below Fig. 8 explains the elemental mapping and identi�ed the
essential chemical elements in the samples.

Surface Morphology
For textile and industrial applications, the proper extraction of water hyacinth �ber on both a qualitative
and quantitative level is recommended. A SEM image clearly shows the different surface morphologies of
�bers extracted in different extraction processes. The Fig (a, b) show a strong extraction and an
appropriate duration.25,26 In Fig. 9(c, d), the �bers undergo the retting process, during which they are
immersed in water for long periods of time, comparable to 40-50 days. In the process of coming out of
the water, the �ber of the plant has air �ow inside of it. This �gure clearly illustrates it. An example of a
manual extraction method can be seen in Fig. 9(e). A slight change in �ber length has been observed in
this process, but no change to the surface texture of the �bers. Fig. 9 (f, g) shows the chemical process
involved in extracting white �bers. The �ber surface is heavily affected by this process when compared to
any other �bers. This process resulted in a small air�ow and some voids in the fabrics.27 The hot water
boiling method is shown in Fig. 9 (h, i). In the case of metal and textile industries, mechanical extraction
is suitable in comparison with all electron microscope images.

Conclusion
Based on this research experiment the mechanical extraction method measured by �ber tensile strength
consistently outperforms the other method with regards to physical properties.

A �ber that has been mechanically extracted is original length and original surface compared to the
remaining extraction methods.

Different types of surface textures can be obtained with different extraction methods. An extraction
method using mechanical means produced a high elongation.

A large amount of �ber splitting is carried out by chemical extraction methods. A mechanical way of
removing plant �bers is one of the best ways to produce good quality �ber when looking at all
methods.
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This mechanical based extracted hyacinth plant �bers are mostly used in textile applications and
�ber reinforced composite products.

A natural �ber composite based on hyacinth �ber, which is highly recommended for its high cellulose
and hemicellulose content, is highly recommended.

Its enormous availability and high quality of �bers make this water hyacinth plant-based �ber a
valuable component in polymer matrix composites. Hyacinth �ber-based composites are projected to
be highly effective in light-weight materials, false ceilings, and primarily particle board applications
in the future.
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Figures

Figure 1

Water hyacinth plant material collection

Figure 2



Page 13/16

(a) Mechanical Extraction; (b) Retting Process; (c) Manual Extraction; (d) Hot Water Extraction; (e)
Chemical Extraction

Figure 3

Mechanical way of water hyacinth plant �ber extraction

Figure 4

Chemical method (NaOH) of water hyacinth �ber extraction
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Figure 5

Conventional Retting process of WH �ber extraction

Figure 6

Hot water boiling WH �ber extraction

Figure 7

Manual Extraction of WH plant �ber
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Figure 8

Elemental mapping of WH plant �ber (a) Mechanical method; (b) Retting process, (c) Hot water boiling
process
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Figure 9

SEM image of WH �ber (a,b) Mechanical extraction; (c,d) Retting process; (e) Manual Process; (f,g)
Chemical process; (h,i) Hot water boiling method.


