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ABSTRACT: This work studied a low-cost water hyacinth biosorbent to remove alizarin yellow (AY) and rhodamine
B (RB) from aqueous solutions. The physicochemical characterization of the water hyacinth leaf (WHL) was carried
out by Brunauer-Emmett-Teller surface area analysis, Fourier transform infrared spectroscopy, and scanning electron
microscopy. Contact time, pH, initial dye concentration, and temperature on adsorption were investigated in batch
mode. The maximum removal of AY and RB was detected at pH 2. The results showed that the adsorption of dyes
was enhanced with increased contact time, initial dye concentration, and temperature. The contact time reached
equilibrium within 120 min and 90 min for AY and RB, respectively. The Langmuir and Freundlich isotherm models
were applied to the equilibrium data. The Langmuir isotherm model better described the equilibrium data, indicating
the monolayer adsorption for all dyes. The maximum adsorption capacity values from the Langmuir model were 37.04
and 23.98 mg/g for AY and RB, respectively. The kinetic data of the adsorption were better described using the pseudo-
second-order model. Thermodynamic studies showed that the adsorption of dyes was endothermic and spontaneous,
and the adsorption was physisorption. The adsorption mechanisms involved H-bonding, Yoshida H-bonding, n−π, and
π−π interactions for both dyes. Moreover, electrostatic interactions could form between the negative parts of AY and
the positive surface of the water hyacinth leaf. In conclusion, the water hyacinth leaf could be employed as a low-cost
adsorbent to remove AY and RB from wastewater.
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INTRODUCTION

Industries such as textiles, plastics, rubber, leather, cos-
metics, and paper use many kinds of artificial compos-
ite dyes and discharge large volumes of colored waste-
water, causing major environmental pollution prob-
lems. More than 10 000 types of dyes are commercially
available with over 7× 105 tons of dyestuff produced
annually [1], and about 10% of the total is released
into the environment [2]. Synthetic dyes usually have
an aromatic molecular structure, making them non-
biodegradable [3], and most dye molecules are difficult
to degrade with light, heat, and chemicals [4]. Dyes
give an undesirable color to the water and reduce
light penetration and photosynthesis, causing severe
problems for the ecosystem. The presence of dyes can
cause damage to living organisms in the water.

Dyes are broadly categorized into cationic and
anionic dyes, and the former is considered more toxic
than the latter [5]. AY is an anionic azo dye with
applications in textiles, leather, plastics, and pharma-
ceuticals. Direct contact with it is harmful to the gas-
trointestinal system and eyes [6]. RB is a highly water-
soluble synthetic dye that belongs to the xanthene
class. It is used in agate dying, the animal feed, and
textile industries. RB irritates the skin, eyes, and respi-
ratory tract and is implicated in causing carcinogenic-
ity, reproductive and developmental neurotoxicity, and
chronic toxicity to humans and animals [7].

Several methods have been used to remove these
dyes from wastewater [1, 8]. From these techniques,
adsorption is one of the most effective methods for re-
moving dyes from wastewater. The method has broad
applications in decolorization due to the economic
cost, high efficiency, eco-friendliness, and inactivity
towards toxic substances [9]. Recently, natural biosor-
bents have been the most popular choice for waste-
water treatment due to their capacity, abundance, and
relatively low cost. Some of the natural biomaterial
adsorbents that have been used for the adsorption of
dyes are rattan sawdust [10], cashew shells [11], coir
pith [12], poplar leaves [4], breadnut peels [13], and
Moringa olifera pod husks [14]. However, the search
for an economical, eco-friendly, and highly effective
adsorbent continues.

Water hyacinth creates dense mats of biomass on
the water surfaces of canals and rivers; these mats
cause problems including clogging irrigation facilities
and water pollution. However, these mats can be used
as an efficient and economical adsorbent for effluent,
and their leaves can be used as a biosorbent to remove
dyes such as methylene blue, Victoria blue [15], methyl
red [16], amaranth dye [17], and metanil yellow [18].
The present study focuses on removing dyes from aque-
ous solution using water hyacinth leaves. In addition,
this work evaluated the adsorption of AY (anionic dye)
and RB (cationic dye) by WHL, and the adsorption
mechanism was discussed.
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Fig. 1 Chemical structures of AY and RB.
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Fig. 1 Chemical structures of AY and RB.Fig. 1 Chemical structures of AY and RB.

MATERIALS AND METHODS

Adsorbent preparation

Raw WHL were collected from a canal in the Banmi
District, Lopburi Province, Thailand. They were
washed with tap water and dried in a hot air oven at
80 °C. The dried adsorbent was powdered and sieved to
a particle size of 150–300 mm and kept in a desiccator
until used.

Adsorbate preparation

AY (CI 32602, C13H9N3O5, 287.23 g/mol, Riedel-de
Haen, Germany) and RB (CI 83690, C28H31ClN2O3,
479.02 g/mol, Fluka, USA) were used as the adsor-
bates. The chemical structures of both dyes are shown
in Fig. 1. For the experiments, various concentrations
(50–500 mg/l) of dye solutions were prepared and
diluted with distilled water. The pH of dye solutions
was measured using an Ohaus pH meter, and the pH
adjustments were made by adding 1 M HCl or 1 M
NaOH.

Adsorbent characterization

The adsorbent used in this study was characterized
by Brunauer-Emmett-Teller (BET) surface area analy-
sis (Quantachrome, NovaWin, Autosorb 1 MP, USA),
Fourier transform infrared (FTIR, Perkin Elmer, model
two, USA) spectroscopy, and scanning electron micro-
scope (SEM, LEO, model 1450 VP LEO, England).

Batch method of adsorption

Adsorption studies were performed using the batch
method. For each experimental run, 100 ml of dye
solution of known concentration was placed in a 250-
ml Erlenmeyer flask containing 0.05 g and 1.00 g of
adsorbent for AY and RB adsorption, respectively. The
flasks containing the suspended mixture were agitated

at constant temperature and a shaking rate of 200 rpm
within a temperature-controlled orbital shaker. At
the appropriate time intervals, each sample was with-
drawn and filtered. The supernatant was measured
for dye concentration using a UV-Visible spectropho-
tometer (Analytik Jena, Specord 210 plus, Germany)
at 370 and 554 nm for AY and RB, respectively. The
adsorption capacity (qt) was calculated by [5]:

qt =
(C0− Ct)V

W
(1)

where C0 (mg/l) is the initial dye concentration of
adsorbent, Ct (mg/l) is the concentration remaining
in the solution at time t (min), qt (mg/g) is the
amount adsorbed at any time, V (l) is the volume of
the solution, and W (g) is the mass of the adsorbent.
All the experiments were carried out in triplicate un-
der identical conditions, and each average value was
calculated for further use.

Adsorption isotherm

Adsorption isotherms can describe the distribution of
the dye molecules between the adsorbent and dye
solution at equilibrium. This study tested the ex-
perimental data using the Langmuir and Freundlich
isotherm models.

The Langmuir is represented in a linear form as
follows [13]:

Ce

qe
=

1
qmax

Ce +
1

KLqmax
(2)

where Ce (mg/l) is the equilibrium concentration, qe
(mg/g) is the adsorption capacity at equilibrium, KL
is the Langmuir constant, and qmax (mg/g) is the
maximum adsorption capacity. The dimensionless sep-
aration factor of the Langmuir isotherm, RL , is defined
by [13]:

RL =
1

1+ KLC0
(3)

where RL values indicate the adsorption to be unfavor-
able when RL > 1, linear when RL = 1, favorable when
0< RL < 1, and irreversible when RL = 0.

The Freundlich isotherm is represented in a linear
form as follows [13]:

log qe = log KF +(1/n) log Ce (4)

where KF (l/g) is the Freundlich constant, and 1/n is
the adsorption intensity.

Adsorption kinetics

Kinetic studies are necessary to understand the adsorp-
tion mechanism. This is because adsorbate molecules
undergo different steps when they transfer from the
bulk solution to the adsorbent surface. These steps
include the migration of adsorbate molecules to the
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exterior surface of adsorbent particles and pore diffu-
sion [19]. Typically, 3 kinetic models — pseudo-first-
order, pseudo-second-order, and intraparticle diffusion
— were used to explain adsorption.

The pseudo-first-order and pseudo-second-order
kinetic models in the linear form are written as [5]:

log(qe − qt) = log qe −
k1

2.303
t (5)

t
qt
=

1
k2q2

e

+
1
qe

t (6)

where k1 (min−1) and k2 (g/(mg ·min)) are the rate
constants of the pseudo-first-order and pseudo-second-
order kinetic adsorption, respectively, qe (mg/g) is the
amount adsorbed at equilibrium, and qt (mg/g) is the
amount adsorbed at any time t (min).

The intraparticle diffusion model is written in the
linear form as [5]:

qt = Kid(t)
1/2+ C (7)

where Kid is the rate constant of the intraparticle
diffusion model, and C is the thickness of the boundary
layer.

Adsorption thermodynamics

The Gibbs free energy change (∆G◦) of the adsorption
process can be expressed as Eq. (8) [11]:

∆G◦ = −RT ln Kc (8)

where Kc is the equilibrium adsorption constant, R is
the gas constant, and T is the absolute temperature.
The enthalpy (∆H◦) and entropy (∆S◦) changes can
be estimated using Eq. (9) [11]:

∆G◦ =∆H◦− T∆S◦. (9)

∆H◦ and ∆S◦ can be determined from the intercept
and slope of the plot of ∆G◦ against T .

RESULTS AND DISCUSSION

Adsorbent characterization

The nitrogen adsorption-desorption isotherm of WHL
was investigated, and the results of the BET analysis
are shown in Table 1. The isotherm was type III with
a hysteresis loop. As seen in Table 1, the specific
surface area of the WHL was 11.134 m2/g with a
total pore volume of 0.019 cm3/g and an average pore
radius of 3.471 nm. Under IUPAC classification, the
pores of materials are classified into 3 groups: micro-
pore (< 2 nm), mesopore (2–50 nm), and macropore
(> 50 nm). Because the pore size diameter of the WHL
was 6.826 nm, the pores were classified as mesopores.

The FTIR spectra of WHL before and after ad-
sorption are presented in Fig. 2. Prior to adsorption
(Fig. 2a), the peaks at 3303.3 and 2924.6 cm−1 were

Table 1 Surface area and pore size of adsorbent.

Parameter WHL

BET surface area (m2/g) 11.134
Total pore volume (cm3/g) 0.019
Average pore radius (nm) 3.471
Dp (nm) (BET) 6.826

due to −OH and −CH stretching, respectively. The
peak at 1730.9 cm−1 was assigned to the carbonyl
(C−−O) group. The peak at 1600.6 cm−1 corresponded
to the C−−C stretching of aromatic groups that may
be attributed to the hemicelluloses and lignin aro-
matic groups [20]. The peak in the 1300–1420 cm−1

range was due to C−−C−H in-plane bending associ-
ated with cellulose [2]. The bands between 1320
and 1210 cm−1 may be due to the axial deformation
vibrations of the C−O bond in phenol [21]. The peak
observed at 1027.3 cm−1 was due to C−O stretch-
ing, while the peaks at 1319.1 and 1371.3 cm−1

indicated C−H bending [22]. The peak at around
1027 cm−1 was the C−O−C pyranose ring stretching
vibration [23]. The peaks shifted to other frequencies
after adsorption (Fig. 2b,c). For example, the peak at
1600.6 cm−1 shifted to a higher frequency, and the
peak at 1319.1 cm−1 shifted to a lower frequency.
Moreover, the intensities of the peaks following ad-
sorption such as 3303.3, 1600.6, and 1027.3 cm−1

were lower than the pre-adsorption peaks due to the
interaction between the dye molecules and functional
groups on the surface of the adsorbent. In contrast,
the peak intensities at 1730.9 cm−1 of the adsorption
for both dyes were higher than the before adsorption
peak due to an increase in the amount of the carbonyl
(C−−O) group of dye molecules.

The surface morphology of the WHL before and
after adsorption was characterized by SEM analysis,
as shown in Fig. 3. Before adsorption, the adsorbent
particles had pores with a high degree of heterogeneity.
However, in the SEM images of the post adsorption
WHL in Fig. 3(b,c), the adsorbent pores were covered
with dyes, indicating the dye adsorption on the surface
of the WHL.

Effects of pH

The pH of the solution is an important factor in the
adsorption mechanism and the surface charge of the
adsorbent. The effects of the pH (2–10) of the dye so-
lution on the equilibrium uptake capacity were studied
at 30 °C. Fig. 4 shows that the adsorption capacity of
both dyes decreased with increased pH. The maximum
adsorption capacity at pH 2 was 9.414 and 4.632 mg/g
for AY and RB, respectively. The maximum adsorption
at pH 2 was due to the formation of a layer of H+ on the
surface of the adsorbent and the negative parts of the
nitro group of AY. RB, a positive dye molecule, could
be adsorbed because it formed monomeric molecules
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Fig. 2 FTIR of WHL before and after dye adsorption: 

a. before adsorption,   b. after RB adsorption,  c. after AY adsorption. 
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Fig. 2 FTIR of WHL before and after dye adsorption: (a) before adsorption, (b) after RB adsorption, and (c) after AY adsorption.
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Fig. 3 SEM images of WHL: (a) before dye adsorption, (b) after RB adsorption, (c) after AY 

adsorption.

Fig. 3 SEM images of WHL: (a) before dye adsorption, (b) after RB adsorption, and (c) after AY adsorption.

and entered the pores of the adsorbent. At higher pH,
more negatively charged surface sites were available,
and the adsorption of AY decreased because of the
repulsion. The zwitterionic form of RB in water may
increase the aggregation of RB to generate a dimer,
which is larger than the monomer, and the dimer is
unable to enter the pore [24].

Effects of contact time and initial concentration

The effects of contact time on the adsorption of the
dyes were investigated at 5 concentrations (50, 100,
200, 300, and 400 mg/l) of dyes (Fig. 5). The removal
rate of dyes (AY and RB) increased rapidly initially
and decreased gradually with time until equilibrium
was reached at 120 min for AY and 90 min for RB.
The initial rapid adsorption was due to the abundant
number of active sites available on the surface of the
absorbent.

Moreover, the adsorption increased with increase
in the initial dye concentration. This effect may be
due to the increased driving force of the concentration
gradient for mass transfer. In this case, the dyes were
mainly adsorbed on the exterior surface, and then they
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Fig. 4 The effect of pH on dye adsorption (contact time 180 min, initial dye concentration 50 

mg/L, adsorbent dose 0.5 g for AY and 1.0 g for RB, at 30 °C). 

 

Fig. 4 The effects of pH on dye adsorption. Conditions:
contact time 180 min, initial dye concentration of 50 mg/l,
and adsorbent dose of 0.5 g for AY and 1.0 g for RB, at 30 °C.

were adsorbed on the interior surface of the WHL. Sim-
ilar findings have been observed for contact time and
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Fig. 5 Effects of contact time on dye adsorption: (a) AY and (b) RB. Conditions: pH 2, initial dye concentrations of 50–
400 mg/l, and adsorbent dose of 0.5 g for AY and 1.0 g for RB, at 30 °C.

initial dye concentration on amaranth dye adsorption
onto water hyacinth leaves [17] and brilliant green dye
adsorption by NaOH-treated sawdust [19].

Adsorption kinetics

The pseudo-first-order, pseudo-second-order, and in-
traparticle diffusion models were used to analyze the
kinetic adsorption data of AY and RB on the WHL. The
data in Fig. 5 were tested using these 3 kinetic models,
and their plots are shown in Fig. 6(a–c). Also, the
calculated parameter values are tabulated in Table 2.

Based on the correlation coefficient (R2) in
Table 2, the pseudo-second-order model better fitted
the kinetic data than the pseudo-first-order model and
intraparticle diffusion.

At concentrations of 50–400 mg/l, the equilib-
rium adsorption capacity values calculated from the
pseudo-second-order model (qe, cal) were 4.675 to
34.843 mg/g for RB and 9.606 to 56.818 mg/g for AY.
Furthermore, the values calculated from the pseudo-
second-order equation were close to the experimental
values (qe, exp). The adsorption data were best fitted
by a pseudo-second-order model, indicating that the
adsorption occurred with the diffusion of the external
liquid membrane, surface adsorption, and intraparticle
diffusion [21]. Moreover, the adsorption initial rate
constant (h = k2q2

e ) increased with increased initial
concentration, revealing that the external mass trans-
fer was the rate-controlling mechanism [25]. The
adsorption results from the intraparticle diffusion plots
(Fig. 6c) showed 3 linear steps for AY and 2 linear steps
for RB. The first linear step represents the external
film diffusion, and the following linear steps represent
pore diffusion and equilibrium. The final step of the
adsorption of the dyes is the equilibrium stage, where
intraparticle diffusion begins to slow down due to the
extremely low concentration of adsorbate remaining
in the solutions [26]. In Table 2, Kid(1) and Kid(2)
are rate parameters calculated from the slopes of the

linear lines of diffusion which occurred before the
beginning of equilibrium (horizontal line). They are
higher for higher initial concentration, indicating that
dye molecules diffuse through mesopore and micro-
pore [27]. As the plot of intraparticle diffusion does
not pass through the origin, there is a boundary layer
effect [28]. This implies that intraparticle diffusion
is not the sole rate-limiting step in the adsorption
process [29]. Therefore, the external film diffusion
and intraparticle diffusion promoted adsorption onto
the WHL [30].

Equilibrium adsorption and isotherms

Adsorption equilibrium is an essential physicochemical
condition for evaluating the adsorption process. The
Langmuir and Freundlich isotherms were used to cal-
culate equilibrium adsorption data for AY and RB on
the WHL at different initial dye concentrations of 50–
500 mg/l (50, 100, 200, 300, 400, and 500 mg/l)
for AY and 50–250 mg/l (50, 100, 150, 200, and
250 mg/l) for RB at 30 °C. The linear plots of the
Langmuir adsorption isotherm are shown in Fig. 7.
The calculated parameters of the 2 isotherms are pre-
sented in Table 3. Based on the R2, the equilibrium
adsorption data fit the Langmuir isotherm better than
the Freundlich isotherm. The maximum monolayer
adsorption capacities for AY and RB adsorption were
36.63 and 23.98 mg/g, respectively. Moreover, the RL
values were in the range of 0.145–0.016 and 0.224–
0.054 for the adsorption of AY and RB, respectively,
indicating that the adsorption was favorable. The
value of 1/n < 1 for the Freundlich isotherm model
indicated a normal Langmuir isotherm and reflected
the favorable adsorption [31].

Thermodynamics of adsorption

The thermodynamic parameters of adsorption such as
the Gibbs free energy change (∆G◦), enthalpy change
(∆H◦), and entropy change (∆S◦) were determined.
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Fig. 6 Plots of kinetic models of dye adsorption at the initial concentrations of 50–400 mg/l: (a) pseudo-first order, (b) pseudo-
second order, and (c) intraparticle diffusion.

Table 2 Kinetic parameters of dye adsorption on WHL.

Kinetic model AY (mg/l) RB (mg/l)

50 100 200 300 400 50 100 200 300 400

qe (exp) (mg/g) 9.436 18.868 34.027 44.885 56.225 4.643 9.128 18.109 27.088 36.062

Pseudo-first order
qe (cal) (mg/g) 4.291 7.253 16.915 16.735 22.225 1.335 2.291 5.160 8.196 9.156
k1 (min−1) 0.023 0.032 0.020 0.030 0.041 0.033 0.013 0.023 0.051 0.028
R2 0.914 0.954 0.829 0.952 0.970 0.863 0.848 0.931 0.983 0.995

Pseudo-second order
qe (cal) (mg/g) 9.606 19.084 34.483 45.455 56.818 4.675 9.225 18.282 23.241 34.843
k2 (g/(mg ·min)) 0.019 0.017 0.007 0.007 0.007 0.111 0.035 0.021 0.025 0.011
h 1.754 6.192 8.324 14.463 22.598 2.426 2.979 7.019 13.504 13.355
R2 0.999 1.000 0.999 0.999 0.999 1.000 0.999 0.999 1.000 0.999

Intraparticle diffusion
C1 (mg/g) 3.115 8.008 14.79 8 20.745 24.217 3.629 6.287 12.694 22.141 25.277
Kid(1) 0.924 1.696 2.892 3.690 5.252 0.106 0.271 0.553 0.545 0.913
R2 0.859 0.921 0.954 0.976 0.914 0.996 0.928 0.950 0.908 0.997
C2 (mg/g) 5.717 13.732 21.900 32.569 48.469 – – – – –
Kid(2) 0.332 0.490 1.080 1.142 7.295 – – – – –
R2 0.997 0.963 0.934 0.971 0.946 – – – – –
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Fig. 7 Isotherm plot of (a) AY and (b) RB adsorption on WHL (pH 2, contact time 120 min. 

for AY and 90 min for RB, 30 °C).
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Fig. 7 Isotherm plot of (a) AY and (b) RB adsorption on WHL (pH 2, contact time 120 min. 
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Fig. 7 Langmuir isotherm plots of (a) AY and (b) RB adsorption on WHL. Conditions: pH 2, contact time 120 min for AY and
90 min for RB, at 30 °C.

Table 3 Parameters of the adsorption isotherms on WHL.

Dye Langmuir isotherm Freundlich isotherm

qmax (mg/g) KL (l/mg) RL R2 1/n KF (mg/g) R2

AY 36.63 0.119 0.145–0.016 0.999 0.251 179.43 0.875
RB 23.98 0.069 0.224–0.054 0.994 0.513 9.98 0.954

The experiments were performed at equilibrium using
50 mg/l of dye solution at 20, 30, and 40 °C. At each
adsorption temperature, ∆G◦ was calculated using
Eq. (8). The graphs of ∆G◦ versus T were plotted
and are shown in Fig. 8(a,b) for AY and RB, respec-
tively. ∆H◦ and ∆S◦ values were determined from the
intercept and slope of the graphs. The thermodynamic
parameters of adsorption are shown in Table 4.

As seen in Table 4, the ∆G◦ values were −2.435,
−2.942, and −4.315 kJ/mol for AY, while the ∆G◦

values were 0.740, −0.667, and −2.367 kJ/mol for
RB. The value of ∆G◦ became more negative at higher
adsorption temperatures, indicating that the adsorp-
tion process was more favorable and spontaneous due
to the increased mobility of the dye molecules in the
solution at higher temperatures. A similar result has
been reported for the adsorption of methylene blue
using biochar derived from water hyacinth [32]. The
enthalpy change (∆H◦) values of adsorption were
25.24 and 46.31 kJ/mol for AY and RB, respectively.

Table 4 Thermodynamic parameters for dye adsorption at
different temperatures.

Dye
Temp. ∆G◦ ∆H◦ ∆S◦

(K) (kJ/mol) (kJ/mol) (kJ/mol ·K)

AY 293 −2.435 25.24 0.094
303 −2.942
313 −4.315

RB 293 0.740 46.31 0.155
303 −0.667
313 −2.367
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Fig. 8 Thermodynamic plots for the adsorption of (a) AY
and (b) RB. Conditions: pH 2, contact time 120 min for AY
and 90 min for RB, and initial concentration of 50 mg/l, at
temperatures: 20, 30, and 40 °C.
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Fig. 9 Adsorption mechanisms of (a) AY and (b) RB on WHL.
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Fig. 9 Adsorption mechanisms of (a) AY and (b) RB on WHL.

The positive value of ∆H◦ confirmed that the dye
adsorption was endothermic. Generally, the enthalpy
change for physisorption is lower than 84 kJ/mol, but
for chemisorption, it is 84–420 kJ/mol [33]. There-
fore, the adsorption of AY and RB onto WHL can
be considered physisorption, which is the dominant
mechanism in the adsorption process. The entropy
change (∆S◦) values of adsorption were 0.094 and
0.155 kJ/(mol ·K) for AY and RB, respectively. The
positive value of ∆S◦ suggested an increase in entropy
with adsorption, which occurred due to an increase
in randomness at the solid-solution interface during
adsorption.

Adsorption mechanism

According to the results of FTIR spectroscopy and the
adsorption experiments, the adsorption mechanisms
were determined and are presented in Fig. 9. The
thermodynamic study showed that the adsorption was
physisorption. For the adsorption at pH 2, an electro-
static interaction (– –) formed between the negative
part of the nitro group in AY and the positively-charged
surface of the adsorbent (−OH+2 ). After adsorption,
the FTIR spectra showed a decrease in the intensity of
the −OH group at 3303.3 cm−1, confirming the exis-
tence of dipole-dipole hydrogen bonding and Yoshida
hydrogen bonding [34]. The peak of the aromatic
C−−C bonds decreased in intensity, confirming the con-
tribution of the n − π and π − π interactions. The
n−π interactions might occur between the lone pair of
electrons on the oxygen atoms (electron donors) at the
surface of the adsorbent and the π orbitals (electron
acceptors) of the aromatic rings of the dyes. The π−π
interactions can be formed between the π-electrons in
the carbonaceous adsorbent and the π-electrons in the
aromatic ring of the dye molecules [35].

CONCLUSION

The present work used water hyacinth to remove the
dyes: alizarin yellow, an anionic azo dye, and rho-
damine B, a highly water-soluble synthetic dye, from
a preparation of aqueous extract. The removal of both
dyes increased with an increase in time, dye concentra-
tion, and temperature but decreased with an increase
in dye solution pH. The adsorption was endothermic
and agreed well with pseudo-second-order kinetics and
the Langmuir isotherm model and can be ascribed
to multiple adsorption mechanisms. WHL was found
to be an effective adsorbent for removing the dyes,
thus having the potential to be used as a promising
and low-cost adsorbent for the treatment of industrial
wastewater.
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