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The presence of floating plants is becoming an uncontrollable issue on the banks of Douala, Cameroon, notably in the city of
Bonaberi, where the water hyacinth is expanding incredibly quickly. The aim of this study is to evaluate the mechanical and
physicochemical performance of water hyacinth fibers for pulp manufacture. To this end, tensile tests on fiber bundles in
accordance with ISO 13934-1:2013, thermogravimetric analysis (TGA), chemical composition evaluation in accordance with
ASTM 1972 and 1977, and absorption rate were carried out. The results obtained indicate that the fiber is composed of a
variety of fibrils with irregular cross-sections, with an average diameter ranging from 0.02 to 0.09mm. The fibers absorb
42.03% of their weight in water, and their density ranges from 1.23 to 1.45 g/cm’. According to mechanical tests, the fiber has
a maximum tensile strength of around 0.64 MPa, a specific modulus of 6.45 MPa/g/cm3 , and an elongation at break of 1.8%.
For the chemical characteristics of the fiber, cellulose, hemicellulose, and lignin contents are 68.3%, 11.3%, and 7.4%,
respectively, while pectin and ash content concentrations are 4.8% and 7.8%, respectively. Thus, in order to determine whether
the plant is suitable for making pulp and paper, this investigation was conducted to examine its fiber properties. It was found
that the water hyacinth fibers were superior to flax straw and jute fibers in all qualities, but not as good as silk cotton and
bagasse fibers. Given the information above, water hyacinth has been recognized as a potential raw material for the pulp and
paper industries, though.

1. Introduction

In many regions around the globe, the water hyacinth is an
invasive plant that is not welcome since it frequently clogs
rivers and lakes with a lot of floating plant matter [1]. Up
to 200 tons of water hyacinth can be found in a good acre
[1]. It features spherical, leathery leaves that are linked to
spongy stalks and lavender blooms that bloom in waters.
The plant’s roots are black and feathery. Water hyacinths
may be a strong candidate plant for phytoremediation,

which is gaining popularity as an environmentally beneficial
alternative. Water hyacinth has been shown to be effective at
cleaning up dirty lakes, sewage wastewater, and cattle efflu-
ent [2]. Water hyacinth often degrades water quality by
impeding water flow, contributing to boating accidents,
and occasionally killing fish. Because trees make up a larger
amount of the raw materials used to make paper pulps, cut-
ting them down damages the ecosystem by causing global
warming to increase. In the current investigation, water hya-
cinth stalks were first processed in water at 60°C for 100 min
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to remove water-soluble materials, and then, they were
refined at 20% (m/m) concentrations using refiner mechan-
ical pulping (RMP). The pulp was beaten in a PFI mill to
achieve optimum fiber fibrillation [3].

Recently, researchers have studied water hyacinth for
more technical benefits such as health and medicines,
renewable energy, agricultures and fisheries, and engineering
applications [4]. The disposal of water hyacinth and mal-
eates of Eichhornia crassipes fiber (MoECF) as reinforcing
fillers in styrene-butadiene rubber (SBR) composites in
terms of the mechanical, acoustical, thermal, and morpho-
logical properties could be the biggest obstacles for the appli-
cation of water hyacinth [5]. Water hyacinth mixed with clay
can be used in building which help in the reduction of
acoustic emission [6, 7]. Natural fibers are chosen over syn-
thetic fibers for a number of reasons, including the fact that
they are biodegradable, light, and affordable and have high
mechanical qualities. The demand for materials has
increased due to the expanding global population and the
desire for higher living standards, which has resulted in
more postconsumer waste [8]. One of the plants that has
been determined to be acceptable for use in the production
of natural fibers is water hyacinth. In this study, we exam-
ined the water hyacinth fiber’s mechanical, thermal, and
physical properties. Good physical qualities of water hya-
cinth fibers contribute to the composite product’s dimen-
sional stability. As the literature does not provide the
extraction process for water hyacinth fiber, this study will
use other natural fiber extraction methods as a guide [9].

Applications for nonwoven fabrics include membranes,
biomedical devices, thermal insulation in automobile (roofs
of car), and acoustics. Natural and synthetic fibers are utilized
as raw materials to make nonwoven fabrics [3]. Nonwovens
have certain qualities such as being lightweight, flexible, and
moldable; having cheap process and material costs; being fun-
damentally efficient; having high performance ratios; and
being recyclable [10, 11]. By combining the water hyacinth
fibers with any other fibers, which have excellent physical
and mechanical qualities, a needle-punched nonwoven fabric
has been created. Natural fibers can be used in the textile
industry as reinforcement for synthetic fibers [12]. The plant
is widely available, and by combining it into high-value goods
like nonwoven for technological purposes, it can be success-
fully used as a substitute for other textile fibers and automobile
applications [13, 14].

This study is aimed at assessing the water hyacinth
fibers’ physicochemical and mechanical performance. We
describe the fiber extraction process in this article. To
find out how much cellulose, hemicellulose in lignin, pec-
tin in waxes, and minerals were present, a chemical anal-
ysis was conducted. The amount of moisture was
computed. The structural functional groups were discov-
ered using FTIR. Thermogravimetric analysis (TGA) was
used to assess the fiber’s heat deterioration. Finally, a
COYON machine was used to measure the tensile charac-
teristics of fiber bundles. These qualities have a significant
impact on the most crucial chemical components that
govern the pulping properties, including cellulose, hemi-
celluloses, and lignin.
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2. Materials and Methods

2.1. Materials. In this work, analytical-grade materials were
used. The primary chemicals employed in this investigation
were ethanol 99.5%, sodium hydroxide, xylene, and sulfuric
acid 98%. These experiments frequently made use of analyt-
ical balances, reflux condensers, crushing machines, ther-
mometers, filtering crucibles, crucibles, magnetic stirrers,
different size sieves, water baths, Whatman grade 1 filter
paper, and Leica sliding microtomes.

2.2. The Study Area. The material used was water hyacinth
plant and was collected at canals of Wouri River, in the Lit-
toral Region of Cameroon. The sizes of water hyacinth are
uniform in diameter and length.

2.3. Methods. TAPPI’s standard method for pulp and paper
industry was published in 2002 [15]. The petioles were sep-
arated from the roots and other parts of the plant and
washed thoroughly in order to remove undesirable materials
on the surface. Dried water hyacinth (WH) fibers were used
for all the tests except for the internal structure observation.
The WH fibers were sun-dried in the laboratory. The man-
ual extraction of water hyacinth was performed by using
two extraction techniques, including (a) retting and (b)
chemical processes. The initial approach involved cutting
the water hyacinth into strips, soaking them in water for
three to five days to soften them, and then physically putting
them through a mechanical process. In the second approach,
the strips were mechanically processed after 72 hours of
soaking in a NaOH solution [16]. WH fibers are extracted
using mechanical methods that slowly remove the fibers
followed by scrapping. From a variety of agricultural bypro-
ducts, plant fibers can be produced in large quantities and
with ease. Targeting invasive species, however, would be
even more environmentally friendly and economically
advantageous. This would allow for the cost recovery of con-
servation efforts to eradicate these environmentally destruc-
tive plants. Samples of fiber are shown in Figure 1.

2.4. Physical and Chemical Properties of Water Hyacinth

2.4.1. Extraction of Water Hyacinth Fibers. Water hyacinth
(WH) is extracted by choosing the stem of the plant, chop-
ping off the roots, and soaking it in distilled alkali solution
(NaOH with distilled water). They are then rinsed with
water, dried in the shade, and then hand-washed to remove
mucilage. Between 27°C and 30°C are the operating tem-
peratures for these procedures. The mature stalks of the
water hyacinth plant, which generate a greater quantity
of fibers than the younger ones, are where the water hya-
cinth fibers were taken. By scraping the dried stalks of
water hyacinth plants with needles, we were able to obtain
the fibers [13, 14, 17].

2.4.2. Water Absorption. The method used to conduct water
absortion test of water hyacinth stalk [18]. AATCC Test
Method 79, developed by the American Association of Tex-
tile Chemists and Colorists (AATCC), is used to measure the
water absorption of fibers. It involves determining the
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FIGURE 1: Samples of water hyacinth fibers.

weight change of a sample before and after water immer-
sion. Seven samples were prepared, and the equation was
used to determine the mean % water absorption (1). Prior
to being submerged in fresh water for 24 hours at room
temperature, the samples were first weighed as MO0. The
samples were reweighed as M1 after being submerged for
24 hours.

M1 - MO
MO

Abs = x 100%. (1)

2.4.3. Fourier Transform Infrared Spectroscopy. On a Bru-
ker Alpha spectrometer, a Fourier transform infrared
(FTIR) study is carried out. On a diamond crystal, the
samples were immediately examined using the ATR
(attenuated total reflectance) technique.

2.4.4. Density Measurements. The fibers had previously been
dried at 60 degrees Celsius for 24 hours and chilled to room
temperature in a desiccator. Each of the seven sample’s den-
sity is calculated by weighing the dry fibers with a precision
balance set to 0.0001 g, which is then placed into the con-
tainer of the Quant Chrome Helium Pycnometer MVP-
6DC. The gas law [18], which is represented by the equation,
serves as the foundation for the helium pycnometer’s opera-
tion (2). By measuring the pressure variation that the fluid
experiences as a result of the displacement of the fluid in a
constant volume by the test sample, the volume of the fiber
is ascertained. This approach complies with [19].

_Vf Cua P\
p= Vo where Vp=Vo (Vr(E) 1>, (2)

where P1 is the pressure measured after pressurizing the ref-
erence volume (Vr) (PSI), P2 is the pressure measured after
including the orifice volume (V0), the density is measured in
g/cm’, Vf is the fiber weight (g), Vp is the sample volume
(cm®), V¢ is the sample orifice volume (cm®), and Vr is the
reference volume (cm®) (PSI).

2.4.5. Chemical Properties of Water Hyacinth. Fourier trans-
form infrared spectroscopy (FTIR) is used to identify func-
tional groups and chemical bonds present in fibers. It
provides information about the chemical composition of
the fiber and can help identify specific types of fibers. The
fibers were collected and evaluated with [20, 21], and the
ash content was determined [22]. TAPPI T212 om-
982000c [23] measured the solubility of 1% alkali. The
amount of total extractives was calculated using hot water
under reflux after performing numerous Soxhlet extractions
with different organic solvents (cyclohexane, acetone, and
methanol). Each case was refluxed for six hours with this
end in mind. The solvent was recovered using a spinning
vacuum-operated evaporator. The methods described were
used to measure the quantities of lignin, holocellulose, and
cellulose in the extractive-free material [24-26], respectively.
The hemicellulose concentration was calculated using the
difference between cellulose and holocellulose [27].

2.5. Thermomechanical Properties

2.5.1. Thermogravimetric Analysis (TGA). From 25°C to
700°C at a heating rate of 10°C/min, the thermogravimetric
analysis is carried out on an analyzer (TGA) utilizing the
LENSEI 449F3 Jupiter (Germany). I selected representative
fiber samples that accurately represent the material to ana-
lyze. Cut the fiber samples into small, uniform pieces. The
size of the samples is sufficient to obtain accurate measure-
ments but small enough to fit into the TGA instrument.
Weigh each sample accurately using a balance. Ensure the
samples are clean and free from any contaminants. The
amount of sample used was about 10 mg. The pans or cruci-
bles are loaded containing the fiber samples into the TGA
instrument. Ensure they are properly positioned for accurate
measurement and that the lids are securely closed. The
experiment was conducted at the University of Yaoundé’s
Laboratory of Physical Chemistry of Mineral Materials,
Faculty of Science 1.

2.5.2. Mechanical Properties. The machine used for the
mechanical test was equipped with two jaws (Figure 2).

The single-fiber tensile test was performed using a
COYON (J-0820 outfitted with a 50 N load cell, and tension
tests were performed on all specimens. Until failure, the
samples were evaluated at a 2 mm/min (position-controlled)
strain rate [28, 29]. Seven samples of water hyacinth fiber
were examined. The fibers were not further preconditioned
during any of the tension tests, which were all carried out
at constant room temperature (22°C), and the mean diame-
ter was determined by analysis of seven fibers which was
0.15 mm.

3. Results and Discussion
3.1. Physical and Chemical Properties of Water Hyacinth

3.1.1. Water Absorption. The mean value of water hyacinth
fiber water absorption is 42.03% and a standard deviation
of 530.51. The presence of hemicelluloses is responsible for
this substance’s extreme hydrophilicity [30] and the high
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FIGURE 2: Schematic extraction of water hyacinth fibers.

content of free hydroxyl groups [31] and responsible for
moisture sorption (Figure 2) and affects the physical and
mechanical properties of the fibers [30]. In addition, the
microstructure’s significant porosity was noted; it should
be mentioned that a surface treatment could potentially
make this flaw better. The dried fibers contained an
8.16 wt% water content.

3.1.2. ATR-FTIR Spectrometry. The spectra from the ATR-
FTIR analysis are shown in Figure 2. The parameters of its
identification according to the wavenumber (cm™) are
shown in Figure 3. Figure 2 shows the infrared spectrum,
which ranges from 400 to 4000cm™ and is compiled from
32 scans with a resolution of 4cm™.

The water hyacinth fiber’s spectrum is depicted in
Figure 4, and chemical compositions are represented by the
peaks at 3737.4 cm™' wavelength. The presence of liquid water
that is more or less bound to the polymeric network that
makes up the natural fibers is seen to be the cause of this
absorption band [32]. The hydroxyl groups (O-H) present in
cellulose and hemicellulose are shown by the second peak
(3330.83cm™"). The third peak (2918.21 cm™) shows the
shearing of an HH bond connected to the polymeric network
that makes up natural fibers in open water [33]. The symmet-
rical aromatic elongation (C=C) inherent in lignin is typified
by the fourth peak (2181.33 cm™), which is present in the sam-
ple [34]. The bend in CH2 in cellulose and symmetric defor-
mation of CH in cellulose are shown by the fifth peak
(1635.57 cm™). [35]. The aromatic group found in the poly-
saccharide and the wagging (cellulose and hemicellulose) C-
O stretching vibration in the ester are represented by the sixth
peak (1399.89 cm™), respectively [36]. The symmetrical elon-
gation found in lignin is characteristically stretched in a C=C
manner as shown by the seventh peak (1155.78 cm™) [37].
The eighth peak (1029.52cm™) represents the elongation of
-HH and MM=HH bonds of cellulose [36] and ester group
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FiGure 3: Tensile machine with WH fiber.

found in hemicellulose, waxes, and pectin. The ninth one
(778.24cm™) describes the symmetrical stretching of cellu-
lose’s C-H and O-H bonds [36].

These findings demonstrate that the main components
of water hyacinth (WH) fibers are cellulose, hemicellulose,
pectin, lignin, waxes, and polysaccharides. As a result, they
resemble well-known plant fibers like sisal, coconut, and
jute. The number of voids in a material is measured by its
crystallinity index. The results demonstrate that water hya-
cinth fibers have a high crystallinity index and numerous
vacancies, which support their hydrophilic nature. This out-
come is in line with research on [38].

3.1.3. Density. Using the procedure described above, the
density of water hyacinth fiber was ascertained. In compari-
son to some species, the mean density ranges between 1.23
and 1.45 g/cm3 [39, 40]. It should also be mentioned that it
is comparable to that of hemp fibers (1.47g/cm’) and
banana fibers (1.50 g/cm3 ), respectively [30], and as a result,
WH fiber can be used in pulp-producing applications.

3.1.4. Chemical Composition. Noncellulosic substances like
pectin and hemicellulose are eliminated from the WH fiber’s
chemical makeup during retting. In contrast to Senwitz
et al.’s work [40], this chemical analysis goes so far as to sep-
arate the cellulose, hemicellulose, pectins, waxes, and min-
erals in terms of content, giving the holocellulose the
techniques of getting the percentage of blast fiber (72.26%-
87.90%) and extract content (0.70%-3.10%). It seems that
the cellulose content of water hyacinth fiber is 68.4%, which
is higher than that of banana or sisal fibers. Also, according
to this content, its fibers could have excellent uses in textiles,
papers, and composites. However, compared to ordinary
fibers, the 11.3% hemicellulose concentration is lower [41]
as shown in Table 1. This is because of its poor hydrophilic
character, which prevents water from being absorbed
because free hydroxyl groups are present in its structure
[41]. The percentage of lignin (7.2%) is similar to that of
banana and sisal [41], but it is lower compared to the work
of Senwitz et al. [40]. The low lignin and high hemicellulose
content likewise increases with retting time, according to
these investigations. Due to the sizeable amount of pectins
(4.8%) and hemicellulose that is left behind after retting,
water hyacinth fiber stiffness and strength are significantly
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FIGURE 4: ATR-FTIR spectrum of water hyacinth fibers.
TaBLE 1: Chemical composition of WH fibers compared to the fibers.
Fiber Hemicellulose (wt.%) Cellulose (wt.%) Lignin (wt.%) Wax content (wt.%)
Water hyacinth 11.3 68.4 7.2 0.6
Flax* 18.6-20.6 2.2 0.5
Jute* 16 67 9 0.5
Hemp* 17.9-22.4 70-74 3-5.7 0.7
Sisal* 10-14 66-78 10-14 02
Bamboo* 20.5 34.5 26 04

*Data republished from [44].

decreased [42]. As comparison to bamboo, water hyacinth
fibers have a lower wax content (0.6%) and more minerals
(7.8%) [43]. So considering these different chemical proper-
ties, it can be found that water hyacinth fiber is a potential
candidate for pulp production.

3.2. Thermomechanical Properties

3.2.1. Thermogravimetric Analysis (TGA). The TG-DTG
curves in Figure 3 are derived from the findings of the
thermogravimetric analysis (TGA) of the fiber under
investigation.

The TGA curve in Figure 5 demonstrates the breakdown
of the studied fibers into five phases with accordance of
ASTM 1972 and ASTM 1977 standards. Plant fibers typi-
cally experience this heat deterioration [41, 45]. The first
obvious alteration is caused by the evaporation of the fibers’
structural moisture and volatile extractives, and it lasts from
10 to 120 degrees Celsius. 5.99% of the mass is lost during
this time. It can be shown that after these fibers are dehy-
drated, the mass variation is practically constant up to
180°C. According to this study, water hyacinth fibers can
withstand a maximum working temperature of 180°C. This
value is comparable to research on [3, 46] regarding some
fibers. It could be considered when molding when water

hyacinth fibers are used to reinforce the matrix during the
creation of composite materials. Between 180°C and 580°C,
the second phase showed a larger loss of mass (42, 97%) than
the first. Between 180°C and 250°C, hemicellulose and pectin
are responsible for this mass loss [47], than that of cellulose
between 250 and 320 degrees Celsius. The third phase,
which occurs between 587°C and 510°C, represents the cel-
lulose’s complete mass loss [46]. The aromatic structure of
lignin and its thermal degradation occur in the fourth
phase between 511°C and 680°C, when the mass loss is
9.59% [48]. 3.24% of the mass is lost. The ultimate degra-
dation of lignin takes place between 680°C and 645°C; the
mass loss of the water hyacinth fibers after heating at
655°C is (2. 08%).

3.2.2. Mechanical Properties. From our extraction, we suc-
cessful extracted the fibers and performed our mechanical
test on seven different fibers. Each stress-strain curve had a
linear slope at first, followed by a curvature that showed
how strain increased disproportionately with tension until
the fiber broke. The initial linear slope of each graph was
established, and this allowed us to calculate its modulus of
elasticity. The dried fibers’ stress-strain curve is depicted in
Figure 6. Stress-strain curve for dried water hyacinth fibers
is up to 4.53 MPa with Young’s modulus of 10.60 MPa and
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a deviation of 2.92 MPa. The link between the diameter of
fibers and their elasticity moduli was examined using a
Fischer test and a fitted line model. The dried fibers indicate
that the dried water hyacinth fibers arranged as a mat of
numerous fibers would be more prone to fail gradually
under pressure. Strength followed a similar pattern, with

dried fibers having a maximum stress of 4.82 MPa and a ten-
sile strength of 540 MPa with a deviation of 124 MPa. It
demonstrates the relatively low tensile strength of the fibers
made from dried water hyacinth. It has a regular distribution
because it is a synthetic fiber. The mean modulus of elasticity
for the seven examined specimens was 6.26 MPa. Figure 6 is
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TABLE 2: Material properties of various biofibers.

Fiber Young’s modulus (MPa) Tensile strength (MPa) Breaking strain (MPa) Density (g/cm3)
Water hyacinth 10.60 540 1.3 1.23-1.45
Abaca* 12 400 3-10 1.5

Flax* 27.6 345-1035 2.7-3.2 1.5

Jute® 26.5 393-773 1.5-1.8 13
Kenaf* 53 930 1.6 —
Hemp* 70 690 1.6 1.48
Sisal* 9.4-22 511-635 2-2.5 1.5
Ramie* 24.5 560 2.5 1.5

*Data republished from [51].

comparable to other research [49]. As found in Table 2, it
was confirmed that the tool and mounting grip technique
yield trustworthy outcomes. This study’s stiffness and
strength tests were consistent with the tensile characteristics
of other natural fibers [36, 41, 50]. Also, these researchers
discovered a distinctive rise in strength with decreasing fiber
diameter, suggesting that the effectiveness of fibers used as a
pulp in papermaking will be significantly influenced by their
size distribution. Fibers that have been dried are much stiffer
and stronger. The findings of this study could be attributed
to measuring errors in fiber dimensions and faults in the
fiber that occurred either during plant growth, harvest, or
the peeling process. Our findings may also be affected by
variations in the tensile modulus and tensile strength of
the stalks that were delivered on the strand rolls.

4. Conclusion

The research looked at how water hyacinth fibers may be
suitable for pulp making. Materials have numerous applica-
tions, including packaging. The fibers of the water hyacinth
were first assessed for density, water absorption rate, and
moisture content. The findings demonstrate that water hya-
cinth fibers are smaller in diameter than other fibers and, as
a result, can significantly contribute to lowering the volume
of composites used in the fields of packaging, clothing, and
textile. Additionally, water hyacinth fibers’ density (0.23 to
0.45g/cm’) is low in comparison to other studies of other
vegetable fibers, and they can significantly reduce the mass
of composites used in the fields of leisure, clothing, and tex-
tile. Using the IPAT method on powdered fibers, the chem-
ical composition of the water hyacinth fibers was
determined. The number of polysaccharides (cellulose and
hemicellulose) in these fibers, which is around 79.6%, sug-
gests that they could be employed in an intriguing way as
raw materials for the paper industry or as reinforcement
materials for biosource materials. Low tensile strength may
be obtained from the cellulose content (68.3%), and lignin
(7.4%) could be recovered and used to make biofuels. The
ATR-FTIR analysis of the spectra revealed the functions.
The crystallinity index of cellulose in WH fibers is 69.8%,
based on FTIR spectra. DSC and TGA were used to examine
the thermal character of the water hyacinth fibers. Over
170°C, the components’ thermal deterioration was seen. Six

primary zones were related to the degradation of the fibers’
structural moisture and volatile extractives (5.99% of mass
loss). Hemicellulose/pectin, cellulose, and lignin were found
in thermal transition phases as shown from DSC and TG/
DTG thermograms. The fiber understudy’s maximum work-
ing temperature was 170°C. Further research might be done
on starch matrix composite reinforcement and the charac-
terization of treated fibers. This source raw material’s
appealing paper may be used to create goods like cards,
packaging, green composite materials, and printing papers
and has good opacity as well. To make the qualities of water
hyacinth pulps consistent across all locations and species,
more effort must be done. In conclusion, the properties of
water hyacinth stalk pulp make it an excellent option for
composites and papermaking.
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