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Abstract: In this research work, a chemically treated water lily leaves (AWL) powder
was prepared and used as low cost, efficient and environment friendly adsorbent for
the removal of Malachite green (MG) from aqueous solution. Physical parameters of
this adsorbent including moisture content (9.93%), ash content (9.09%), organic matter
(90.91%), bulk density (0.316g/cm®), pore volume (1.89cm®) and pH (7.07) were
determined using standard methods. The adsorbent was characterized by Fourier
Transform-Infrared Spectroscopy (FT-IR), Point of Zero Charge (PZC) and Scanning
Electron Microscopic (SEM) methods to determined its surface functional group, net
neutral charge of 5.90 and surface morphology respectively. Batch techniques were
employed to optimize various operational parameters such as contact time, adsorbent
dosage, initial dye concentration, solution pH and temperature respectively. The
percentage adsorption and adsorption capacity were found to be 90.66% and
148.83mg/g respectively. The kinetics data analyzed were best fitted into pseudo-
second order relative to other models tested (pseudo-first order, Elovich and
Intraparticle diffusion Models) for the different operating temperatures (30, 40, 50°C).
The isotherms were estimated and confirmed to best fit into D-R model compared to
Langmuir, Freundlich and Temkin models analyzed. Thermodynamics studies
indicates that the sorption is spontaneous, exothermic, and decrease in randomness of
the system during the adsorption process as a results of negative values for Gibb’s Free
energy (AG), enthalpy (AH), and Entropy (AS). This study confirmed that chemically
treated water lily leaves (AWL) powder could be used as an alternative adsorbent for
removal of toxic dyes such Malachite green.

Thermodynamics; Kinetics;
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1. Introduction

With the advent of new and sophisticated technologies in the manufacture and processing of
goods, problems associated with an increase in discharge of deleterious materials and subsequent
pollution of the ecosystem is inevitable (Elsherif et al., 2022). Dye pollution is one of the major
problems faced by many countries around the world due to an increase in unregulated industrial
activities in their domain. These industries release dye containing effluents as pollutants which
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causes significant health hazards to living organisms and overall detritions to the environment (Kali
et al., 2022). The major problem concerning the environmental protection is pollution of wastewaters
with pesticides, dyes, heavy metals etc (Marczewski et al., 2016). Water pollution by dyes is believed
to begin during the earliest use of colorants by Neanderthal man about 180,000 years ago (Erradi and
Jaafari, 2022). However, modern pollution of water by dyes could be tracked back to the years that
followed the discovery of first synthetic dye.

Adsorption is the simplest and easiest treatment method for contaminated effluent water
compared to the other methods available (Tcheka ef al., 2021). This process involves the use of
certain substances which concentrate specific substances from solution onto their surface (Oznur et
al., 2013). Various low-cost adsorbents that have been employed for the adsorption of dyes from
aqueous solution or wastewater include orange peels (Elsherif et al., 2022), maize cob (Ojediran et
al., 2021), chitosan (Monvisade and Siriphannon, 2009), modified agricultural bye-product (Sciban et
al., 2008), natural and modified clay minerals (Crini, 2006), Maize cob (Ibrahim and Jimoh, 2008;
2012), activated carbon obtained from cordia myxa (Kihc and Janabi, 2017), Orange peel (Mafra et
al., 2013), Banana stalk (Bello et al., 2012), Nymphaea alba (Zendegani and Shokrollahi, 2014),
Composite Based on Hydroxyapatite/Hydroxypropyl Methyl-Cellulose (Kankou et al., 2021),
Activated Carbon (Kankou et al., 2021) among others.

Therefore, in this study potassium hydroxide (KOH) treated water Lily leaves (AWL) powder
was used to investigate its adsorption capacity for MG removal from aqueous solutions. The effects
of various parameters such as contact time, adsorbents dosage, initial dye concentration, pH of the
solution and temperature in relation to the adsorption process of MG were studied using batch
experimental techniques. The kinetic and isotherms models of MG adsorption onto AWL were
analyzed through pseudo-first order, pseudo second order, Elovich, intraparticle diffusion kinetic
models and Langmuir, Freundlich, Temkin and D-R isotherm models respectively. Thermodynamics
studies were conducted in order to determine changes in Gibb’s free energy, enthalpy and entropy of
the adsorption process. Some physical parameters of AWL were also successfully evaluated.

2. Methodology

2. Materials and methods
2.1 Sample collection and adsorbent preparation

The water lily leaves (WLL) were obtained from Gubi Dam, Bauchi State, Nigeria. The
leaves were washed thoroughly with distilled water and shade dried for 72hours. The adsorbent was
prepared according to a method reported by Amode et al. (2016). The dry leaves were ground to
powder and 10g sample was treated with 100ml solution of 1.0M KOH in a beaker. The mixture was
stirred thoroughly with magnetic stirrer and then allowed to age for 24h prior to achieve good
penetration of the chemical into the interior of the adsorbents (precursor). The sample was then
washed severally with 0.IM HCI to neutralize excess KOH and finally with hot distilled water
severally. The resultant sample was air dried, ground and sieved to a working size of 300um and
stored in air tight polythene bottles, labeled as AWL for further use.

2.2 The physicochemical analysis of the adsorbent
2.2.1 Determination of ash and moisture contents

The ash and moisture contents were determined by weight difference (Gaya et al., 2015). For
moisture content, 1g of AWL was placed in a crucible and heated continuously at 105°C for 3 hours
in an electric oven then cooled in desiccator and weighed. The procedure was repeated several times
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at the same temperature for 15 min interval until constant weights were obtained. The percentage
moisture content of the sample was determined using Eqn. 1.

%Moisture content = % x 100 Eqn. 1

Where, wi is weight of empty crucible, w» is weight of crucible and the sample after heating,
w3 final weight of the crucible containing the sample after heating.

In the determination of ash content, 1g or AWL was placed in a crucible of known weight and
then heated at 500°C for 3 hours. The sample was cooled in a desiccator and weighed. The ash
content of each sample was calculated from the weight of the sample before and after heating using

Eqn. 2:

%Ash content = 22 x 100 Eqn. 2
Wo—W,

Where, wi is the initial weight of crucible, w2 is initial weight of the crucible containing the
sample before heating and w3 is the final weight of crucible containing the ash sample.

2.2.2. Determination of organic matter content

The organic matter content of the AWL adsorbent was determined from the difference
between 100% air-dried AWL adsorbent determined and the percentage ash content (Ayuba and
Nyijime, 2021) as illustrated in Eqn. 3:

% Organic matter content = 100 — %Ash content Eqn. 3

2.2.3 Determination of pH

lg of the AWL sample was put inside a 250ml Erlenmeyer flask. Then 100ml of distil water
was poured into the flask. The solution was heated for 15minutes in a boiling condition. The solution
was cooled at room temperature and diluted with distilled water to 100ml. the solution was stirred
well and the pH was determined using pH meter (Nyijime et al., 2021).

2.2.3 Determination of pore (void) volume

In order to determine the pore volume of the AWL adsorbent, a method reported by Ayuba
and Nyijime (2019) was adopted. 2.0g of the samples (AWL) was immersed in water and boiled for
I5min till the air in the pores had been displaced. The sample was then dried superficially and
reweighted. The difference in weight is divided by the density of water gave the pore volume.

Wa-W,

Pore (void)volume = —————
density of water

Eqn. 4
Where, wi is the weight of the sample after boiling, w> is the weight of the sample before
boiling and the density of water is 1g/cm?.

2.2.4 Determination of bulk density (apparent density)

The bulk density of the sample was determined so as to know the packed density of a sample.
Its carried out according to Giwa et al. (2018) and Ayuba and Nyijime (2019). The bulk density of
AWL was determined using Archimedes’ principle by weighing 10cm® measuring cylinder before
and after filling with the AWL samples. The measuring cylinder was then dried and the sample was
packed inside the measuring cylinder, leveled and weighed. The weight of the sample packed in the
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measuring cylinder was determined from the difference in weight of the filled and empty measuring
cylinder. The volume of water in the container was determined by taking the difference in weight of
the empty and water filled measuring cylinder. The bulk density was determined using the Eqn. 5:

Wy

Bulk density = Wz% Eqn. 5

Where wi is weight of empty measuring cylinder, w2 is weight of cylinder filled with AWL
sample and V is volume of the cylinder.

2.2.5. Determination of point of zero charge (PZC)

The pH drift method was adopted according to Nasiruddin and Sarwar (2007). The pH of 0.01
NaCl was adjusted to a value between 2 and 11 using 0.50M HCI or 0.50M NaOH. 0.10g of AWL
was added to the 50ml of the adjusted solution in a capped vial and equilibrated for 24hours. The
final pH was measured and plotted against initial pH. The pH at which the curve intercepts the pH
line was taking as point of zero charge.

2.2.6 FT-IR analysis

Fourier transform infrared spectroscopy was used to study the surface functional groups of the
adsorbent. FT-IR spectra were obtained with a type spectrum 100 series FTIR spectrometer (Agilent
Technology Perkin Elmer Spectrum 100, USA) using the transformation of 20 scans with spectral
resolution of 4cm™ by attenuated total reflectance method. FTIR spectra were collected in the mid
infrared region between 4,000 and 650cm™!. Spectra were acquired using air background correction
(Anisuzzaman et al., 2014).

2.2.7 Scanning electron microscopic (SEM) analysis

Scanning electron microscope (SEM) is an analysis of surface morphology of the adsorbent
which was carried out by viewing the electron micrographs of the materials (Sartape et al., 2017).
Analysis was done with proxy Scanning Electron Microscope (Phenom world Eindhoven). In sample
preparation for the SEM analysis, a thin layer of adhesive serving as carbon glue was attached onto a
stub, and very small amount of the materials to be view was spread on the stub materials and
subsequently viewed in the instrument to obtain micrographs. Scanned micrographs of AWL before
and after adsorption were taking at an accelerating voltage of 15.00kV and 1500X magnification
respectively.

2.3 Preparation of dye stock solution

Stock solution of Malachite green dye (Figure 1) was prepared by dissolving 1g of dye in
1000ml volumetric flask at room temperature and shaken until homogenous solution was obtained
(Ibrahim and Sani, 2015). The sample of required concentration were prepared by diluting the stock
solution with distil water to a required concentration using dilution formula shown in Eqn. 6.

Clvl = 62V2 Eqn. 6

Where Ci, Cz, Vi and V; are the initial and final concentrations and volumes of the solution.
The concentration of residual the un-adsorbed MG dye was measured at working wavelength
(Amax =615.50nm) using UV-visible spectrophotometer (Hitachi 2800 model).
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Figure 1. Structure of Malachite Green.

2.4. Adsorption equilibrium experiments

For this experiment, the batch adsorption was adopted because of its simplicity (Shahryari et
al., 2010). The batch experiments were carried out to determine the optimum conditions for
equilibrium adsorption of MG dye onto AWL adsorbent. The results obtained after optimization
experiments (90min agitation period, 0.02g adsorbent dosage, 100ppm concentration, 11 pH of
solutions) were used to conduct the batch adsorption experiments. This system was run in a 60cm?
polythene sample bottles at 30, 40, 50 and 60°C temperature respectively. The samples were placed
in temperature controlled shaker for the period reported. After reaching equilibrium period, the
content was filtered and the filtrate was analyzed using Perkin-Elemer UV-visible Spectrophotometer
at maximum absorbance wavelength of 615.4nm. The amount of the adsorbed dye was obtained
using Eqn. 7:
Q,=YLe—Cdyy Eqn. 7

m

While colour removal rate (%Removal) was calculated using Eqn. 8:

%R =< x 100 Eqn. 8

Where: Q. is adsorption capacity (mg/g), Co, and C. are the initial and final concentrations in
(mg/1) respectively for the dye in the solution, V is the volume of the dye in solution (L) and m is the
mass of the adsorbent (Shahryari et al., 2010; Ibrahim and Sani, 2015).

3. Results and Discussion
3.1 Physical analysis of the adsorbent

The physical properties of the adsorbent produced and analysed are presented in Table 1. The
results reported are in form of meantstandard deviation of the triplicate analysis. The low value of
the moisture content, high pore volume and organic matter of the studied adsorbent revealed that it
had good adsorptive properties. Similar results were reported by Ayuba and Thomas (2019) for their
study on the physical properties of carbonised Bambara groundnut (Vigra subterranean) shells.

Table 1. The physical properties of AWL adsorbent

Moisture Ash Content  Organic Matter pH Pore Density
Content (%) (%) (%) Volume (cm?) (g/em?)
9.93+0.39 9.09+0.25 90.9140.25 7.07£0.13 1.89+0.21 0.316+0.03
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3.2 Characterization of the adsorbent

The FT-IR spectra of the adsorbent (Figure 2) before and after adsorption shows some
changes in the observed peaks and the various functional group are enumerated in Table 2. After the
adsorption, there was broadening and shift of the adsorption peaks. The shift of O-H, C-H, COOH
group, C=C aromatics, C-O stretch and C-H aromatics vibration from 3436 to 3309cm™, 2922 to
2981cm!, 1406 to 1514cm!, 1325 to 1369cm™ and 1032 to 1026cm™! respectively indicating the
participation of functional group in the adsorption process of MG onto AWL. The shifting or splitting
of some peaks after adsorption process indicates chemical interaction taking place between the
adsorbents and the dyes (Nasiruddin and Sawar, 2007).

—— Water lilly leaves(activated) ——— Water lily leaves(MG ACT after)

100

5 HA’N__,_./«J \-.——""""‘M.,___\

Transmittance

T T T T T T T T T I T T T T I T T T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm-1)

Figure 2. FTIR spectrum of AWL before and after adsorption of MG dye

Table 2. Functional group recognised before and after adsorption of MG and MV onto AWL.

Functional group Wavelength Before After Difference

range (cm”) (cm”') (em')  (em™)
O-H stretch 3300-3400 3436 3309 127
C-H stretch 2850-2960 2922 2918 4
COOH group 1690-1760 1632 1611 21
C=C aromatics 1500-1700 1406 1514 108
C-O stretch 1080-1300 1325 1369 44
C-H aromatics 675- 1050 1032 1026 6

The SEM is an analytical tool used for evaluating the surface characteristics of the adsorbent
material. The SEM micrographs of AWL adsorbent (Figures 3a-3b) shows a surface morphology to
be rough, heterogeneous, with irregular defects, cracks and cavities. After adsorption, the crack had
widened and the porous structures are filled with deposits of adsorbed MG dyes molecules. These
changes observed after adsorption confirmed the binding of the dye molecule onto the functional
group moieties present on the surface of AWL adsorbent. The pHzc of the adsorbent is a very
important characteristic that determined the pH at which the adsorbent surface has net electrical
neutral charge (Makeswari and Santhi, 2013). Figure 4 shows the plot of point of zero charge (pHzpc)
for AWL adsorbent. The point of zero charge of AWL is found to be 5.90. The adsorbent has a
perfect charge balance in acidic regions whereas the acidic water donates more hydrogen ions than
hydroxyl ions and the surface of these adsorbents are positively charge and can possible attract the
anion substances.
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Figure 4. Point of Zero charge (pHy.) for AWL adsorbent

3.3 The batch adsorption

The effect of contact time for the adsorption of MG onto AWL was studied by varying the
contact time from (5-150min). The agitation time is an important factor that affects all transfer
phenomena such as adsorption process. According to Suyambo and Perumal (2012) with increased
agitation time, the diffusion rate of dye molecules from bulk liquid to the liquid-adsorbents
interphase become higher due to enhanced turbulence and decrease thickness of the interphase layer.
The fast sorption recorded at the beginning of the process may be attributed to the availability of the
number of vacant or active site on the adsorbents surface which is available for the dye molecules to
be occupied (Sharafzad et al., 2020). As the process progress beyond optimum time (90min)
adsorption capacity of the adsorbents decreases slightly partly due to inaccessibility of the active site
for the adsorption of MG onto surfaces of the adsorbents. Lian et al. (2009) reported similar results
for the adsorption of Congo Red onto Ca-Bentonite. At this time, the amount of dye desorbing from
the adsorbent is in state of dynamic equilibrium with the amount of dye adsorbed onto the AWL
adsorbent surface.

Abdulmumini et al., Mor. J. Chem., 2023, 14(2), pp. 333-349 339



47

43
0 30 60 90 120 150

Time (min)
Figure 5. Effect of contact time on adsorption of MG onto AWL adsorbent

Effect of adsorbent dosage (20-200mg) on percentage removal and adsorption capacity of dye
(MG) was investigated at predetermined equilibrium time (90min) and the results are demonstrated in
Figure 6. The results show that percentage removal of dye increases (64.20% to 90.66%) as amount
of adsorbents dosage increases from 20-200mg. This is partly because the number of active sites
available for adsorption also increases, thus increasing the percentage adsorption of dyes. From
Figure 6, its evident adsorption capacity of adsorbents decreases as amount of adsorbents increases
and this could be partly due to overlapping or aggregation of the adsorbent active sites as the dose
increases (Bedmohata et al., 2015).
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- 40
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Figure 6. Effect of adsorbents dosage on adsorption of MG onto AWL adsorbent

The effect of initial concentration of MG onto AWL was investigated by varying the initial
concentration of the dye from 20-120mg/L. It can be observed from Figure 7 that adsorption
capacity increased as the initial concentration increase. This is probably due to high driving forces
which overcome mass transfer resistance at higher concentration of the dyes (Enenebeaku et al.,
2016). This enhances the interaction between the adsorbates and adsorbents, as a result there was
increase in dye uptakes and as such adsorption capacity increases. Similar trends were reported
elsewhere (Ayuba and Bridget, 2021; Ullah ef al., 2021). On the other hand, percentage removal
increased progressively from low concentration until it reached an optimum value and then decreases
as the concentration increases. This is partly due to the fact that the vacant or active sites of the
adsorbent become saturated by the MG adsorbates.
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Figure 7. Effect of initial concentration on adsorption of MG onto AWL adsorbent

The effect of pH on adsorption of MG onto AWL adsorbent was studied and reported in
Figure 8. The pH varied from 3-13 by adjusting pH of the system solution with 0.10M NaOH and or
0.10M HCI respectively. MG is a cationic dye which gives positive charge when in solution. The
positive charge surface of the adsorbent in acidic medium tend to compete with excess H' ions in the
adsorption of MG which result in low adsorption of the dye. However, there was significant
improvement on the adsorption as the pH of the solution increase with slight decrease at pH=7. At
pH>7 dye uptake by the adsorbent increases implying that the process is probably an electrostatics
interaction. Similar trends were reported by other researchers (Han et al., 2014; Pathania et al.,
2017).

200

160

80

qt(mg/g)

40

pH
Figure 8. Effect of pH on adsorption of MG onto AWL adsorbent

3.4 Adsorption isotherms

Adsorption isotherm models are fundamentals for describing the behaviour of adsorbent-
adsorbate interaction and also for investigation the mechanism of adsorption (Bonetto et al., 2015). In
this study, equilibrium data was analysed using Langmuir, Freundlich, Temkin and D-R isotherm
models:

(a) Langmuir Isotherm
This model is described mathematically by Eqn. 9 (Abdu-salam and Adekola, 2018).

1 1 1
—=—+ Eqn. 9
de do qoK1Ce
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Where, C. is the equilibrium concentration of MG (mg/L), ge is the amount of MG adsorbed at
equilibrium (mg/g), qo is the monolayer adsorption capacity (mg/g) and Ki (mg/g) is expressed as the
Langmuir constant.

The Ry factor is defined based on Eqn. 10 (Bonetto et al., 2015):

_ 1
1+KCo

R; Eqn. 10

The adsorption process is irreversible when R is 0.00, favourable when Ry is between 0.0
and 1.0, linear when Ry is equal to 1.0 and unfavourable when Ry is greater than 1.0. The values of
qo, K1 and Ry are computed and tabulated in Table 3 from slope and intercept of a plot of 1/q. against
1/C. respectively (graph not shown).

(b) Fruendlich Isotherm
The equilibrium concentrations of MG obtained were subjected to Freundlich isotherm
equation as shown in Eqn. 11 (Dehgani et al., 2018):

logq. = logKr + %logCe Eqn. 11

Where Ky is the Freundlich constant demonstrating multilayer adsorption capacity and n
indicates the adsorption intensity and binding energy. The values of Krand n can be determined from
intercept and slope of plot logqe against logCe. If n = 1, then the partition between the two phase are
independent of the dye concentration. If the values of 1/n are less than 1, it indicates normal
adsorption process whereas the value of 1/n is greater than 1. Its indicate cooperative adsorption
process. Therefore, the values of Kr and 1/n are computed and tabulated in Table 3 from slope and
intercept of a plot logqe against logCe. respectively (graph not shown).

(c) Temkin Isotherm

This model considers the interaction between adsorbent materials and adsorbate molecules to
be adsorbed and is assuming that free energy of adsorption process is a function of the surface
coverage (Nyijime and Ayuba, 2020). It is expressed by Eqn. 12:

de =?lnAT+RTT1nCe Eqn. 12
T

Where B = RT/b is related to the heat of adsorption, R is molar gas constant (Jmol'K"!), T is
temperature in Kelvin, b is variation of adsorption energy (J/mol), br is the equilibrium binding
constant (L/mg) corresponding to the maximum binding energy. The values of B, At are computed

and tabulated in Table 3 from slope and intercept of q. against InCe plot respectively (graph not
shown).

(d) D-R isotherm
This model is used to determine the adsorption behaviour of MG towards the adsorbent using
Eqn. 13 (Nica et al., 2020):

Ing, =logq, — K €2 Eqn. 13

Where qo is representing the constant of D-R (mol/g), and K is the mean free energy of
adsorption (kJ/mol). However, € can be calculated using Eqn. 14:
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e = RTIn(1+—) Eqn. 14

Where C. is the adsorbate equilibrium concentration, R is the ideal gas constant
(8.314)J/mol.K) and T is the temperature in Kelvin. The values of qo and K were calculated and
tabulated in Table 3 using slope and intercept from the plot of Ing. against €? respectively (graph not
shown).

Table 3. Adsorption isotherm parameters

Isotherms Parameters Values
Langmuir qo (mg/g) 1250
Ki(L/mg) 0.018
Ro 0.321
R? 0.7906
Freundlich 1/n 0.5596
n 1.787
Kr 42.560
R? 0.7319
Temkin At 1.157
B 69.410
R? 0.8824
D-R qo(mg/g) 230.58
B(mol*/kJ?) 2.0x10°
€ (kJ/mol) 0.084
R? 0.9866

From Table 3, the isotherms data were screened by four common isotherm models viz
Langmuir, Freundlich, Temkin and D-R models. The selection of the best fit was decided only by
linear regression coefficient (R?) obtained for each model. The obtained values of R? (0.9866)
suggested that the adsorption process at equilibrium was well fitted into D-R model compared to
Langmuir, Freundlich and Temkin model with R? values 0.7906, 0.7319 and 0.8824 respectively
under a wide range of initial concentration. The order of the fit is:

D-R > Temkin > Langmuir > Freundlich.

3.5 Kinetic studies

The study of adsorption kinetic of MG onto AWL can provide an important information on
the adsorption rate and the factors affecting it. For this study, contact time of adsorption was varied
from 5 to 60 minutes with an interval of 5 minutes, while other operating parameters were kept at
optimized condition at temperature of 30, 40, 50°C respectively. Pseudo first order, pseudo second
order, Elovich and intraparticle diffusion models were employed to analyse the kinetic of MG onto
the AWL adsorbent:

(a) Pseudo first order kinetic model
The pseudo first order equation is usually expressed as in Eqn. 15 (Pan and Zhang, 2009):

2.303

log(q. — q¢) = logq, — Eqn. 15
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Where ki is the first order rate constant and qe and q; are the amount of MG adsorbed at
equilibrium and time t (mg/g) respectively. The low values of R? and large difference between
experimental adsorption capacities (qe) at 303, 313 and 323K of 148.85, 147.48, and 145.14mg/g and
calculated adsorption capacities (qe) at 303, 313 and 323K of 1.07, 1.07 and 2.99 mg/g respectively
shows that this model fails to accurately interpret the experimental data.

(b) Pseudo-second kinetic models
The pseudo second order adsorption kinetic rate equation is expressed as shown in Eqn. 16:
1 1 t
= Eqn. 16

qc k20%  4qe

Where k> is the rate constant of pseudo second order adsorption (g/mg.min). Fitting the
kinetic parameters of MG onto AWL based on pseudo-second order model equation are computed
and reported in Table 4. From the results, pseudo-second-order kinetic model fits the experimental
data very well; where R? values are close to unity and the experimental and calculated adsorption
capacities are in good agreement. This indicates the applicability of this model to describe the
adsorption process of MG onto AWL adsorbent at all experimental conditions tested.

(c) Elovich Model
The Elovich kinetic model is described by Eqn. 17:

qc = %ln(aﬁ) + %ln t Eqn. 17

This model gives useful information on the extent of both surface activity and activation
energy for adsorption process. The R? values of this model (Table 4) showed great deviation from
linearity (not closed to unity) which reflects that this model suggested by Elovich does not fit the
kinetic data very well.

Table 4. Kinetics parameters of adsorption of MG onto AWL adsorbents

Temperature (K) Parameters
Pseudo-First Order Qexp(mg/z)  Qca (Mg/g) Ki(min™) R’
303 148.85 1.07 1.240x107 0.2893
313 147.48 1.07 5.30x10° 0.0227
323 145.14 2.99 1.27x10 0.0542
Pseudo-Second Order Qep(mg/g)  Qca (mg/g)  Ki(g/mg.min) R’
303 148.85 147.06 2.89x10 0.9996
313 147.48 144.93 5.29x107 0.9998
323 145.14 142.86 2.45x10 0.9993
Elovich Model B A R’
303 1.389 0.724 0.2057
313 5.540 0.181 0.0218
323 0.660 1.532 0.3179
Intraparticle Diffusion C Kint R’
303 143.50 0.3522 0.2629
313 145.98 0.0192 0.0013
323 139.43 0.5561 0.2289
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(d) Intraparticle Diffusion model
Possibility of involvement of intra particle diffusion model as the sole mechanism was
investigated according to Weber-Moris Eqn. 18 (Ogugbue and Sawidis, 2011):

qr = C + ki t'/? Eqn. 18

the constant ki, (mg/g.min) is the intra particle diffusion rate and C is the boundary layer thickness.
If the rate limiting step is only due to intra particle diffusion, then q; vs t"> will be linear and the plot
passes through the origin, therefore, other mechanism along with intra-particles diffusion mechanism
might involve. Since the plot of q; against t12 does not pass through the origin depending on the low
R? determined as can be seen from the Table 5. It can be concluded that intra particle diffusion is not
the rate determining step of the adsorption mechanism of MG adsorption onto AWL adsorbent.

3.5 Thermodynamics studies

To examine the effect of temperature on adsorption of MG onto AWL adsorbent, thermodynamics
parameters such as Gibb’s free energy change (AG), was estimated using Eqns. 19 and 20
respectively at various experimental temperatures. Using Eqn. 21, a plot of InK. against 1/T was
used to evaluate enthalpy change (AH) and entropy change (AS) values from the slope and intercept
of the plot.

K. = < Eqn. 19

AG = —RTInK, Eqn. 20
AH | AS

lTlKC __E+? qu’l21

Table 5. Thermodynamics parameters of MG adsorption onto AWL adsorbent

T(K) InK. AG AH AS
(kJ/mol)  (kJ/mol)  (J/mol.K)

303 3361 -8.468

313 3.143  -8.180  -18293  -32.593

323 2758 -7.406

333 2767  -7.661

The negative values of AG demonstrate the spontaneity and feasibility of the adsorption
process. The decrease in its values as temperature rises shows the physical nature of the adsorption
process (Idoko and Ayuba, 2020). The negative value of enthalpy change AH (-18.293J/mol)
indicates an exothermic process (heat evolved). The magnitude of AH describes the type of
adsorption; the heat of physical adsorption falls within the range of 2.1-20.9kJ/mol while
chemisorption generally falls into higher range of 20-200kJ/mol (Abdelkreem and Hussein, 2012).
The value obtained in this work fall within the range which signifies physical adsorption. The
negative values of entropy AS (-32.593J/mol. K), suggest a decrease in randomness at the adsorbent-
adsorbates interface during adsorption of MG dye ion on the adsorbent surface. This negative entropy
of the dyes adsorption onto the adsorbent surface may be attributed to the decrease in the degree of
freedom of the dyes molecules (Malik et al., 2007). Similar results were reported by other authors
(Ibrahim and Jimoh, 2012; Bashir ef al., 2013).
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Conclusion

Adsorbent from water lily leaves was prepared by treating it with KOH solution. The prepared
adsorbent was characterized through the determination of some of its physical and as well as
structural and morphological properties. This adsorbent was used to remove Malachite green dye
from aqueous solution through batch adsorption techniques. Experimental parameters including
solution pH, adsorbent dosage, initial dye concentration, contact time were optimized and the
percentage adsorption and adsorption capacity was found to be 90.66% and 148.85mg/g respectively.
For the adsorption process, isotherms, kinetics and thermodynamics models were evaluated and
found the process to obey D—R isotherm and pseudo second order kinetic models, while the process
was found to be feasible and spontaneous. Base chemically activated water lily leaves was
successfully used to remove Malachite green dye from aqueous solution through a mechanism of
physical adsorption.
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