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ABSTRACT

The Discharge of methyl violet effluents from textile and other related industries poses setious
environmental and health problems due to its toxicity, non-biodegradable and it persistent in
water bodies. Adsorption is considered as an effective and economical method for dye removal.
However, the development of efficient, low cost and sustainable adsorbents is still a challenge.
In this study, raw water lily (INymphacea lotus) leaves powder was prepared and used as adsorbent
for the adsorption of methyl violet (MV) dye from aqueous solution. A Batch adsorption
experiment was conducted to investigate the effect of contact time (15-150min), dosage (20-
200mg), initial concentration (30-180mg/L) and pH (3-13) respectively. The adsotbent was
characterised using scanning electron microscope (SEM) and Fourier transform infrared (FT-IR)
spectroscopic methods. Langmuir, Fruendlich, Temkin and DRK isotherm models, as well as
pseudo-first order, pseudo-second order, elovich and intraparticles diffusion models were studied
and applied. And finally thermodynamic parameters were also evaluated. The results showed
that the best adsorption of MV onto RWL was at 90min contact time, 100mg adsorbent dosage,
concentration of 90.00mg/L and the pH of 13 were taken as the optimised conditions. The
equilibrium data generated shows that Temkin model best fitted/described the adsorption
process with regression value (R2 =0.9586) close to unity. The heat of adsorption was estimated
from Temkin isotherm model to be 0.240k]/mol and mean free energy was estimated from
Dubinin-Rudushkevich (DRK) model to be 0.121k]/mol indicating the adsorption process to
obey chemisorption mechanism. The kinetic data generated revealed that the adsorption process
of MV onto the RWL adsorbent followed pseudo-second-order kinetics, with R? values of 0.9978.
The expetimental ge (241.80mg/g) and calculated adsorption capacity qeal (232.56mg/g) were in
agreement. The thermodynamics studies conducted revealed that the adsorption was
spontaneous and feasible with Gibbs' free energy change (AG) values ranging from -10.37 to -
11.30k] /mol, exothermic in nature with enthalpy change (AH) value of -1.03kJ/mol and entropy
change (AS) during transfer of molecules between the solid and liquid phase with entropy to be
30.8]/mol. This study reveals the potentials of RWL as a promising adsorbent for the removal
of MV dye from aqueous solutions.
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Dyes are organic compounds with both hydrophilic and
hydrophobic linkages; these chemical dyes pollute natural
water bodies and have been used for both domestic and
industrial purposes (Abrishamkar e a/, 2020). It's
estimated that about 5-10 percent of chromogenic
materials discharged into streams and water bodies are
disposed of by the textile industries. Color is the first
contaminant to be recognized in wastewater, even at
minute concentrations (1.0 mg/L), and is highly visible,
affecting the aesthetic merit, transparency, and gas

solubility of water bodies (Bonetto ¢7 a/, 2015). They are
non-biodegradable, generally immutable, and persistent in
the environment (Abisola ez a/, 2020).

Methyl violet (MV), a basic dye with a brilliant hue and
intensity, has found usage in the textile, paint, and printing
ink manufacturing industries (Mittal e/ a/, 2007; Dahri ez
al., 2013), in biomedical fields, it’s an active ingredient in
Gram’s staining for bacteriological applications and a
moderately effective disinfectant (Ali ¢ a/, 2022; Muhd
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Din et al., 2009). Toxicological information indicates that
the dye may cause skin and eye irritation, redness, and
pain; inhalation and ingestion may also cause irritation of
the respiratory and gastrointestinal tracts, respectively, and
therefore warrant its eradication from the ecosystem
(Muh’d Din e al., 2010).

A wide range of studies has been conducted on chemical,
biological, and biochemical processes to treat dye-
contaminated wastewater. These include membrane
processes, coalescence-based methods, ion exchange,
oxidation processes, ozonation techniques, photocatalysis,
chemical deposition, and adsorption (Sharafzad e al,
2021). Among others, adsorption is an effective method
of dye removal due to its low cost, low energy usage, and
high efficiency (Duan ¢# a/., 2012), while materials that can
be recycled and reused are considered an added advantage.
In the adsorption process, a dye molecule is adsorbed onto
the biomass via physical or chemical adsorption, thereby
avoiding the formation of degraded dye products that may
be more harmful than the original dye itself (Dahri ez a/,
2013). Therefore, adsorption using renewable biomass
has a key advantage over non-renewable adsorbents, such
as clay, peat, zeolite, and lignite.

Literature has reported the use of agricultural biomass as
an effective adsorbent for the removal of methyl violet
dyes from aqueous solutions. Some of which include the
use of Sapindus mukorossi (Samal et al, 2019), pecan
peticarp (Carya illinoensisy (Yamil et al, 2020), date palm
fronds waste (Zubair e/ al., 2020), palm kernel activated
carbon (Mehr ¢z al., 2020), ipomoea aguatica roots (Iu et al.,
2021), calcined lotus leaf (Sharafzad ez al., 2021), date seeds
(Ali et al, 2022), rice husk powder (You e al, 2022),
activated carbon Oak wood (Foroutan ¢z al., 2022), hagenia
abyssinica leaf powder (Geremew et al., 2022), parkia speciosa
hassk peel (Syakina & Rahmayanti, 2023). Our literature
search did not find the use of raw water lily leaves as an
adsorbent for the removal of methyl violet from aqueous
solutions.

Accordingly, this study aims to explore the potential of
raw water lily (RWL) leaves as low-cost adsorbents for the
removal of methyl violet from aqueous solutions under
optimized conditions, including contact time, dosage,
initial concentration, pH, and temperature. Parameters
describing the adsorption process, including isotherms,
kinetic models, thermodynamic parameters, and sutrface
characterization, were also investigated and reported.

MATERIALS AND METHODS
2.1 Chemicals, Reagents, and Apparatus

All the chemical reagents and materials used in this
research were of analytical grade and were collected and
used without any further purification: sodium hydroxide
(NaOH), hydrochloric acid (HCI), pestle and mortar,
beakers, conical flask, volumetric flask, sieve, distilled
watet, filter paper (Whatmann No. 1), funnels, glass rod,
and  methyl violet  (MV) dye,  UV-visible
spectrophotometer.
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2.2 Sample Collections and Adsorbent Preparation

The adsorbent was prepared according to the method
described by Oznur ¢f a/ (2013). The water lily leaves
(WLL) were obtained from Gubi Dam, Bauchi State,
Nigeria. The leaves were washed thoroughly with distilled
water to remove dust impurities and shade-dried for 72
hours. The dried leaves were ground and sieved to a
working size of 300 uM, and the resulting raw leaf sample
(RWL) was stored in an airtight container.

2.3 Preparation of Stock Solution

A stock solution of methyl violet dye (Fig 1) was prepared
by dissolving 1 g of the dye in a 1000 mL volumetric flask
at room temperature, shaking until a homogeneous
solution was obtained, to obtain a concentration of 1000
mg/L (Ibrahim & Sani, 2015). The sample of required
concentration was prepared by diluting the stock solution
with distil water to the required concentration using the
dilution formula in equation (1):

C1V1 = C2V2 ............................................ (1)

Whete Ci and C; are the initial and final concentrations,
Vi and V; are the initial and final volumes.

Cr
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Fig 1: Structure of methyl violet dye
2.4 Optimization of Experimental Parameters
2.4.1 Effect of Contact Time

The effect of contact time on the adsorption of the MV
dye used in this experiment was studied at room
temperature, with an initial concentration of 100 mg/L.
An adsorbent dose of 100mg of raw adsorbent was
introduced and shaken for the following time intervals: 15,
30, 60, 90, 120, and 150 minutes at 150 rpm (Malik ez @/,
2007).

2.4.2 Effect of Dosage

The effect of dosage was assessed according to the
method described by Manjunatha & Vagish (2016). The
effect of adsorbent dosage was studied at an initial
concentration of 100 mg/L with adsorbent dosages of
0.02 g, 0.05 g, 0.08 g, 0.1 g, and 0.2 g, respectively. The
weighed samples were taken in polythene bottles with 50
mL of the stock solution. The samples were kept in an
orbital shaker at room temperature at a constant speed of
150 rpm for the determined optimum time.
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2.4.3 Effect of Initial Concentration

Concentration is among the important factors influencing
the rate of chemical reactions. The effect of varying the
initial concentration of the MV dye solution at room
temperature, using a fixed amount of adsorbent, was
determined at 30, 60, 90, 120, 150, and 180 mg/L.. The
mixture was then shaken for the optimal time at room
temperature with an adsorbent dosage of 0.02 g at 150
rpm. The solution was filtered using Whatman filter
paper, and the filtrate was then analyzed by UV-
spectrophotometry (Zhai ez al., 2020).

2.4.4 Effect of pH

The adsorption experiment was carried out at different pH
values to determine the optimal pH for adsorption. The
optimum initial concentration and adsorbent dosage were
added to five different polythene bottles (50 mL), each
conditioned at a different pH (3, 5, 7, 9, 11, and 13) at
room temperature. The pH was adjusted to the desired
value with 0.1 M HCl or 0.1 M NaOH, respectively. The
bottles were shaken at 150 rpm and then filtered. The
filtrate was analyzed using a UV-spectrophotometer to
determine the residual (unadsorbed) concentration of the
dye (Majithiya ez al,, 2013; Oznur et al., 2013).

2.5 Adsorption Equilibrium Experiments

For this experiment, batch adsorption was adopted due to
its simplicity, as reported by Shahryari ¢/ a/ (2010). Batch
experiments were conducted to determine the optimal
conditions for the equilibrium adsorption of MV dyes
onto RWL.  The results from the optimization
experiments were used to conduct batch adsorption under
ideal conditions. These systems were run separately in 60
cm3 polythene sample bottles at 30, 40, 50, and 60 °C,
respectively. The samples were placed in temperature-
controlled shakers for the period reported for each
system.  After reaching equilibrium, the filtrate was
analyzed using a Perkin-Elmer UV-visible
Spectrophotometer at a maximum absorbance wavelength
of 582.37 nm. The amount of the adsotbed dye was
obtained using equation (2).

While the color removal rate (% Removal) was calculated
using equation (3):

%R =25 % 100, 3)
Where: g is the adsorption capacity (mg/g), C, and C. are
the initial and final concentrations in mg/l) respectively
for the dye in the solution, V is the volume of the dye in
the solution (L), and m (g) is the mass of the adsorbent
(Ibrahim & Sani, 2015; Shahryari e a/., 2010).

2.6 FT-IR Analysis

Fourier transform infrared spectroscopy was used to study
the surface functional groups present in the adsorbent
before and after adsorption of MV, so that an idea of the
functional groups present in the adsorbent could be
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inferred. IR spectra were obtained with a PerkinElmer
Spectrum 100 FTIR spectrometer (Agilent Technologies,
USA) using 20 scans at a spectral resolution of 4 cm-1 by
the attenuated total reflectance method. FTIR spectra
were collected in the mid-infrared region between 4,000
and 650 cm'l. All spectra were acquired using air
background correction (Anisuzzaman e al., 2015).

2.7 Scanning Electron Microscope (SEM) Analysis

Scanning electron microscopy (SEM) is used to analyze
the surface morphology of the adsorbent and was
performed by viewing electron micrographs of the studied
adsorbent (Sartape ¢/ al, 2017). The analysis was
performed using a proxy scanning electron microscope
(Phenom Wortld, Eindhoven). For SEM analysis, a thin
layer of adhesive, serving as carbon glue, was attached to
a stub, and a very small amount of the material to be
viewed was spread on the stub and subsequently viewed
in the instrument to obtain micrographs.  Scanned
micrographs of RWL before and after adsorption were
taken at an accelerating voltage of 15 kV and 1500X
magnification.

RESULTS AND DISCUSSION
3.1 Surface Characterization of Bio-sorbents

To investigate the surface morphology of RWL, SEM
analysis was performed. Figs. 2 (a and b) show the surface
of the biosorbent both before and after adsorption of MV
dye. The SEM micrograph in Iig. 2a shows cavities with
wide cracks and some spongy-like portions that may aid
adsorption.  After adsorption of MV onto RWL, as
presented in Fig. 2b, the figure shows the deposition of
MYV dye molecules onto the surface of the RWL, which
results in the formation of a relatively more homogeneous
surface with filled cracks, pores, and rough surfaces. This
shows that an interaction between the MV dye molecules
and the adsorbent surface apparently occurs through
adsorption.

However, the FT-IR spectroscopic analysis was used to
determine the presence of functional groups in RWL
before and after adsorption of MV dye molecules, as
shown in Fig 3. The presence of hydroxyl groups on the
biomass surface was inferred from the strong, broad peaks
observed at 3444 and 3286 cm!. The peaks at 2950 and
2921cm ! refer to C-H functional groups, while the peaks
observed after adsorption at 2102 and 1369cm ! were
attributed to alkynes and C-O functional groups, which
were all absent before adsorption of the dye. This could
be attributed to the presence of a new functional group,
formed by the formation of new bonds. However, peaks
at 1632 and 1637 cm! and at 1405 and 1588 cm! were
attributed to the carboxylic group and the aromatic
functional group, respectively, both before and after
adsorption of the dye. Additionally, peaks at 1080 and
1022 cm ! are associated with the C-H aromatic functional
group. Many researchers have established that functional
groups from both dyes and adsorbents participate in the
adsorption process (Oyeyode & Ayuba, 2022; Karim ¢ al.,
2017).
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Fig 3: FT-IR Spectra before and after adsorption of MV

3.2 Optimization Studies

Fig. 4(a) demonstrates the effects of contact time on the
adsorption of MV onto the RWL adsorbent by varying the
contact time from 15 to 150 minutes at room temperature
with an initial concentration of 100 mg/L.. 'The initial MV
uptake was rapid during the first 15-90 minutes and
subsequently declined thereafter. The higher sorption rate
observed during the initial period of the process could be
partly attributed to the presence of a large number of
vacant sites on the adsorbent sutrface, which facilitates
rapid adsorption and the accommodation of MV
molecules. After a time lapse (90 min), the large vacant
sites of RWL that were available at the beginning of the

https:/ /scientifica.umyu.edu.ng/
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adsorption of MV from the solution had become rarely
accessible or exhausted after establishing equilibrium
(Naghizadeh ef al, 2011; Giwa e# al., 2018). Later on, the
process becomes relatively slower, as the equilibrium
conditions are reached, whereas the amount of MV
desorbing from the adsorbent is in a state of dynamic
equilibrium with the amount of MV being adsorbed onto
the adsorbent surface. Similar trends were reported by
Hameed and El-Khaiary (2008).

Fig 4b shows a plot for the variation of the adsorbed
amount of MV with the adsorbent dosage of RWL. It was
studied by varying the amount of adsorbent from 20 to
200mg, while other parameters were kept constant. It was
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revealed that the amount of MV adsorbed decreased per adsorbent dosage increased. This will equally reduce the
unit mass with increasing dosage, partly due to limited effective adsorption process (Ayuba & Thomas, 2019).
accessibility, saturation, or even possible overlapping of Similar trends were reported by some researchers

the adsotbent's active binding sites for MV binding as the (Bedmohat et al., 2015; Yusuff, 2019).
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Fig 4: Effect of (a) Contact Time, (b) Dosage on adsorption of MV onto RWL adsorbent
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Fig 5: Effect of (a) Initial Concentration (b) pH on adsorption of MV onto RWL adsorbents
Table 1: Calculated isotherm parameters for the adsorption of Methyl violet onto RWL adsorbent
Isotherms Parameters Values
Langmuir qo (mg/g) 321.50
Kr(L/mg) 24.69
Rr 0.121
R2 0.8982
Freundlich 1/n 1.2394
N 0.8068
Kg 12.572
R2 0.8817
Temkin At 0.2868
br 10.33
B 239.81
R2 0.9586
D-R qs(mg/g) 418.217
B(mol2/kj?) 8.0 x108
€ (kJ /mol) 0.121
R2 0.9497
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Table 2: Kinetic models parameters for the adsorption of MV onto RWL

Kinetic Model Parameters
Pseudo-first order Qexp(mg/g) Qea(mg/g) ki(min?) R2
300C 241.80 3.97 -1.61x102 0.4573
400C 221.42 6.26 -1.98x10-2 0.0879
500C 190.26 5.76 8.71x102 0.3651
Pseudo-first order Qexp(mg/g) Qea(mg/g) ka(mg/gmin) R?
300C 241.80 232.56 2.64x102 0.9960
400C 221.42 196.08 2.99x10-3 0.9934
500C 190.26 188.68 5.40x10-3 0.9978
Elovich model B A R?
300C -0.268 -3.68 0.1542
400C -0.183 -5.33 0.2400
500C 0.222 -4.63 0.4654
Intraparticle diffusion C Kine R?
30°C 241.92 -1.43 0.1209
400C 224.19 -2.82 0.3414
50°C 170.96 2.08 0.5331
4.12
41 R? = 0.9665
<
£
4.08
4.06
0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335
A
Fig 6: The Van’t Hoff Plot for adsorption of MV-RWL
Table 3: Thermodynamics parameters
T(K) In K, AG (K] /mol) AH (J/mol) AS (J/mol.K)
303 4.115 -10.367 -1.032 30.817
313 4.087 -10.686
323 4.081 -10.976
333 3.361 -11.298

Fig 5a shows a plot of the variation of the amount of MV
adsorbed with respect to the initial concentration. From
the plot, the amount of MV adsorbed by RWL increases
with increasing concentration. At lower concentrations,
the available driving force for the transfer of MV
molecules onto RWL is low, while at higher
concentrations, there is an increase in driving force, which
in turn enhances the interaction between the MV
molecules in the aqueous phase and the vacant active sites
of the RWL, hence the increase in the MV uptake (Abdul-
Salam & Adekola, 2018). The percent removal increases
gradually at lower concentrations, reaches a maximum,
and then rapidly decreases. This is because vacant or
active sites on the RWI. surface become saturated or
become inaccessible to MV molecules (Ullah e a/., 2021).

The effect of pH was studied by varying the pH from 3 to
13 while keeping other operating parameters constant. A
plot of the variation in the amount of MV adsorbed is
shown in Fig. 5b. The amount of MV adsorbed by RWL
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increases significantly as the pH of the solution is adjusted
from acidic to basic. This case is typical, as most studies
show that adsorbate removal increases with increasing pH
(Dahti ez al, 2013; Li et al., 2010; Chakraborty ez al., 2011).

3.3 Isotherms Studies

In this study, equilibrium data were generated and
analyzed using four fundamental isotherms, viz., the
Langmuir, Freundlich, Temkin, and D-R models. These
models are used to describe the adsorbent-adsorbate
behavioral interaction and to understand the mechanism
of the adsorption pathways.

(a) Langmuir Isotherm

According to this model, the adsorption of analytes
assumes or takes place on homogenous sites of the
adsorbent's surface with monolayer formation (Ullah e 4/,
2021) and can be expressed as:
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1 1 1

de 9o

Where qcis the amount of MV retained at equilibrium by
the adsorbent in mg/g, qo is the monolayer adsorption
capacity (mg/g), Ki.is the Langmuir constant (L/mg), and
C. is an equilibrium concentration (mg/L), respectively.
The Kp and qo were determined using the slope and
intercept of a graph of 1/qc.vs 1/C,, and the parameters
were computed as shown in Table 2.

The dimensionless separation factor Ry is defined by the
relation in equation (5)

Where C, is the maximum initial concentration (mg/g).

The Rr indicates whether the adsorption process is
unfavorable (Ry, > 1), linear (Ry, = 1), favorable (0 < Ry, <
1), or irreversible (Rr, = 0).

(b) Freundlich Isotherm

This model described the adsorption process as being
irreversible, non-ideal, and resulting in multi-layer
coverage on the heterogeneous surface of the adsorbents
(Dehgati et al., 2018). This model can be expressed using
equation (6)

logq. = logKy + %logCe ............................... (6)

Where q. is the quantity of MV adsorbed in mg/g, C.is the
equilibrium concentration of the adsorbates in mg/L, K¢
is the Freundlich constant related to maximum adsorption
capacity, and n is the Freundlich constant related to
maximum adsorption capacity (dimensionless).

(c) Temkin Model

This model considers the interaction between adsorbent
materials and adsorbed adsorbate molecules, assuming
that the adsorption free energy is a function of surface
coverage (Nyijime & Ayuba, 2020). This isotherm is
expressed in equation 7.

qe=%lnAt+Rb—TlnCe ................................ )

where R is the molar gas constant (Jmol'K:1), T is the
temperature in Kelvin, b is the variation of adsorption
enetgy (J/Mol), and bris the equilibrium binding constant
(L/mg) corresponding to the maximum binding energy.
The values of and At were obtained and tabulated in
Table 2 from the slope and intercept of qe against the In
Ce plot, respectively.

(d) Dubinin-Rudushkevich (D-R) isotherm

This model is used to determine the adsorption behavior
of MG towards the adsorbate using equation (8) (Nica ¢
al., 2020).

Ing, =logqo—K €% .o 8)
where q, is the constant of D-R (mol/g), and K is the
mean free energy of adsorption (kJ/mol). However, € can
be calculated using equation (9)
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where Ce is the adsorbate equilibrium concentration, R is
the ideal gas constant (8.314 J/molK), and T is the
temperature in Kelvin. The values of q, and K were
obtained using the slope and intercept from the plot of
InC. against €2, respectively.

Table 1 shows the Langmuir, Freundlich, Temkin, and D-
R isotherm constants for the adsorption of MV onto
RWL. The computed R? values indicated that the Temkin
isotherm model best fit the experimental data for the MV-
RWL adsorption process. Both the equilibrium binding
constant br and the heat of adsorption () values were
found to be 10.33 L/mg and 239.81 J/mol respectively.
As a result, physical adsorption is assumed.

3.4 The Kinetics Studies

A study of adsorption kinetics is desirable, as it provides
information on the adsorption mechanism, which is
important for the process's efficiency (Lafrano ez al, 2016).
To understand the process, two kinetic models (i) pseudo-
first order model, (i) pseudo-second order model
equations were applied to analyze the experimental data:

(a) Pseudo-first order model

The linearized form of pseudo —first order kinetic model
can be written as:

kq

10g(ge = qe) =108qe = 5= (10)

where qe and qt (mg/g) are the amounts of dyes adsorbed
at equilibrium and at time t, respectively, and ki (min) is
the rate constant of adsorption. The plot of log (qe-qt) vs.
t should yield a linear relationship, from which k1 and qe
were determined from the slope and intercept,
respectively, as shown in Table 2. The R? values were not
close to unity, and Qca was lower than the experimental
(Qexp) value at all temperatures, indicating that the pseudo-
first-order model did not fit the kinetic data.

(b) Pseudo-second order model

This adsorption kinetics model can be written as;

t 1
ar  k2qe?

Where ko is the rate constant of adsorption (g/mg.min),
ge and qt are the amounts of dye adsorbed at equilibrium
and at time t (mg/g), respectively. The values of k; and
Qca were obtained from the intercepts (1/koqc?) and the
slope (1/qe) of the plots t/qe vs. t, tespectively, and
presented in Table 3. The correlation coefficient for the
pseudo-second-order model was close to unity, and Qcal
values computed from the pseudo-second-order
equations showed good agreement with the experimental
data, indicating the applicability of the pseudo-second-
order kinetic model for the RWL-MV system at all
experimental temperatures. Therefore, this model fits the

kinetic data of the systems.
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(c) Elovich Model Equation

This model is described by the following relation in
equation (12) (Kayode ez al., 2020).

q: = %ln(aﬁ) + %ln P (12)

The parameters o and f are the initial rate constant
(mg/g.min) and desorption constant, respectively, which
can be calculated from the slope and intercept of the linear
plot of g vs In t. This model provides useful information
on the extent of both surface activity and the adsorption
activation energy (Ayuba & Hamisu, 2022). The R? values
obtained for this model were all < 0.4654 at all
experimental temperatures.  These deviations from
linearity (R? not close to unity) suggest that this model
does not fit the kinetic data.

(d) Intraparticle Diffusion Equation

The possibility of using the intraparticle diffusion model
as the sole mechanism was investigated using the Weber-
Morris equation (13) (Ayuba & Thomas, 2019).

Qe =CHkInt 2 ... (13)

where the constant kine (mg/g.min.) is the intra-particle
diffusion constant ratio, and C is the boundary layer
thickness. If the rate-limiting is only due to intraparticle
diffusion, then g vs t!/2 gives a linear plot that passes
through the origin. Otherwise, other mechanisms or
factors, in addition to the intraparticle diffusion
From Table 3, it is
evident that the intra-particle diffusion model is not
applicable for the adsorption of MV onto RWL

adsotbents, since q; vs t!/2 does not pass through the

mechanism, may be responsible.

origin. It can be concluded that intraparticle diffusion may
not be the sole rate-determining step of the adsorption
mechanism.

3.5 Thermodynamic Studies

To estimate the effect of temperature on the adsorption
of methyl violet dye onto the RWL adsorbent,
thermodynamic parameters such as changes in Gibbs’ free
energy (AG), enthalpy (AH), and entropy (AS) were
evaluated using equations (14, 15, and 16)

Cs
Ko = 2 i e (14)
AG =
CRTUK, cos e e eer oo (15)
Ko = =242 e (16)

The AH and AS functions were determined from the slope
and the intersection point of In K¢ versus the 1/T plot
(Figure 6). Wheteas C is the amount of adsorbate in the
adsorbed phase and C. signifies the remaining un-
adsorbed MV concentration (mg/L) in the liquid phase at
equilibrium time, T and R are temperature (I) and molar
gas constant (8.314)mol k).
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The values of the thermodynamic parameters obtained
were reported in Table 3. Generally, a negative AG value
indicates the spontaneity and feasibility of MV adsorption
onto the RWL adsorbent. However, the negative values
of AG increase with increasing temperature, indicating the
adsorption of MV-RWL to be conducive at higher
temperatures [46]; The negative values of AH (-
1.021]/mol) manifest that the adsorption of MV onto
RWL is an exothermic process and corresponds to physio-
sorption (AH<10kJ/mole), while the positive value of AS
implies the randomness at the solid/liquid interface duting
the adsorption of MV-RWL which results in increasing
MV concentration at the solid/liquid interface (Belala e
al., 2011; Zai et al., 2020).

CONCLUSION

This wotk shows that the raw water lily leaf-derived
adsorbent was an effective adsorbent for the adsorption
of methyl violet from aqueous solution. The
characterization of the adsorbent surface using FTIR and
SEM before and after adsorption confirmed the
functional groups on the adsorbent’s surface responsible
for the adsorption process. The adsorption of the methyl
violet dye was found to be affected by changes in contact
time, adsorbent dosage, initial MV concentration, and pH.
Kinetically, the MV adsorption onto CWL was found to
follow the pseudo-second-order kinetic model, while the
Temkin adsorption isotherm best describes the
mechanism. Thermodynamic studies confirmed that the
process was spontaneous, exothermic, and increased the
system's randomness at the adsorbent-liquid interface.
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