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 Abstract. In this study, the adsorption of methyl violet from an aqueous 
solution using carbonised water lily (CWL) leaves powder as a low-cost, 
efficient and eco-friendly adsorbent was investigated using a batch system 
under controlled conditions. The adsorbent's moisture, organic matter, ash, 
bulk density, pore volume, and pH were determined. The adsorbents were 
characterised by scanning electron microscopy (SEM) and Fourier Transform 
Infrared (FT-IR) techniques which confirm the adsorption of the methyl violet 
onto the CWL adsorbents. The effect of adsorption parameters such as 
contact time, dosage, initial concentration, pH and temperature were studied 
for optimisation. It was confirmed that contact time, dosage, concentration, 
pH and temperature positively affected adsorption. The kinetic data were 
best described by pseudo-second order under all experimental temperatures. 
The adsorption isotherms were estimated and established to fit nicely into 
the D-R model compared to other models generated and tested. 
Thermodynamic studies of the sorption process indicate that the process 
was feasible, spontaneous, and exothermic and decrease in the randomness 
of the adsorption process during the transfer of molecules between the 
adsorbent and adsorbates with entropy (∆S) of 23.77 J/mol.K. due to 
negative values of Gibb’s free energy observed. This study confirmed that 
CWL could be employed as a low-cost, eco-friendly adsorbent for removing 
toxic dyes such as methyl violet from an aqueous solution. 

Keywords: carbonised water lily; equilibrium; thermodynamics; adsorption; 
kinetics; isotherms. 

 

 

INTRODUCTION  

Various techniques and methods have been de-
veloped and widely employed to combat exces-
sive colourant water discharges (wastewater) 
from textiles, leather, paper, pulps, petrochemi-
cals, pharmaceuticals, and food and beverages 
industries [1]. These wastewater contaminants 
pose a significant environmental threat, threat-
ening the ecosystem [2]. According to [3], the 
treatment of dye wastewater is not only an es-
sential but also a challenging task faced by many 
countries worldwide, particularly industrialised 
ones. As such, getting rid of these contaminants 
before releasing them into the environment is 
essential. Due to financial considerations, Con-

ventional wastewater treatment methods such as 
coagulation, ultra-filtration, ozonation, oxidation, 
sedimentation, reverse osmosis, floatation, and 
precipitation are highly challenging [4]. As a re-
sult, the adsorption method approach has been 
used in recent years over conventional methods 
due to its efficiency, low operating cost, proce-
dure flexibility and simplicity of operation in re-
moving pollutants from effluents to stable forms 
[5].  

Beautiful aquatic flowering plants known as wa-
ter lilies are widely used decorative plants, cul-
tural icons and commercial commodities. This 
plant is found in the underwater section of nearly 
every botanic garden because of its highly prized 
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ornamental characteristics. The entire spectrum 
of petal colours ranges from black to white, mak-
ing it the most diversely coloured flowering 
plant, as shown in Figure 1 [6]. Beyond being 
beautiful ornamental plants, this plant has been 
utilised as an ingredient in numerous goods, in-
cluding cosmetics, soap, perfume, hand lotion, 
floral tea bags, and traditional medicines [7]. De-
spite this noble plant's purported use, there is 
limited published information about using it as 
an adsorbent.  

According to the literature, several biomasses 
have been employed to remove different forms of 
methyl violet from aqueous solution successfully. 
Acid-modified activated carbon [1]; activated 
carbon derived from coffee residues [8]; magnet-
ic composite [9]; copper pod flower [10]; chro-
mium phopovanadate (Cr-PV) nanoparticles 
[11]; rice husk powder [12], activated carbon 
Oak wood [13], Hagenia abyssinica leaf powder 
[14], Parkia speciosa hassk peel [15]. This re-
search did not discover the utilisation of carbon-
ised water lily leaves as an adsorbent for remov-
ing methyl violet from an aqueous solution. It's 
important to note that [16] evaluated the adsorp-
tive potential of different water lily parts such as 
leaves, shoots and roots. Still, their research was 
limited to removing heavy metals such as Cd and 
Pb from aqueous solutions.  

So, this work aims to investigate the potential of 
carbonised water lily (CWL) leaves as inexpen-
sive adsorbents for removing methyl violet from 
aqueous solutions under optimal contact time, 
dose, initial concentration, pH, and temperature 
conditions, respectively. Isotherms, kinetic mod-
els, thermodynamic parameters, and surface 
characterisations were investigated and reported 
accordingly.  

 

MATERIALS AND METHODS  

Chemical, Reagents and Apparatus. All the chemi-
cals, reagents and materials used in this research 
were of analytical grade and collected and used 
without further purification. These include po-
tassium hydroxide (KOH), sodium hydroxide 
(NaOH), hydrochloric acid (HCl), pestle and mor-
tar, beakers, conical flask, volumetric flask, sieve, 
distilled water, filter paper (whatman No 1), fun-
nels, glass rod while Methyl violet (MV) dye.  

Sample Collection & Adsorbent Preparation. The 
water lily leaves (WLL) were obtained from Gubi 
Dam, Bauchi State. The leaves were washed 

thoroughly with distilled water and shade dried 
for 72 hours. The carbonised adsorbents (CWL) 
were prepared in a muffle furnace. Leaves were 
ground and segregated to granular mesh size 
with an earlier semi-carbonisation for 15 min at 
an initial temperature of 200 ℃. The furnace 
temperature was adjusted to a desired tempera-
ture of 500 ℃ for 45 min for the sample to un-
dergo complete carbonisation [17]. The piece 
was dried, ground and sieved to obtain a working 
size of 300 µm and finally, the powder was stored 
in an air-tight container for further experimental 
studies.  

Determination of Ash & Moisture Content. The ash 
and moisture contents were determined by 
weight difference [16]. For moisture content, 1 g 
of the ground leaves were heated at 80 °C for 3 
hours. Cooled in a desiccator and weighed. The 
procedure was repeated several times at the 
same temperature for 15 min until constant 
weights were obtained. The percentage moisture 
content of the sample was determined using (1).  

 

% Moisture content =
𝑊1−𝑊3

𝑊2−𝑊1
x100   (1) 

where w1 is the weight of the empty crucible, w2 
is the weight of the crucible and the sample after 
heating, and w3 is the final weight of the crucible 
and the model after heating.  

 

In determining Ash content, 1 g 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 as (2):  

 

% Ash content =
𝑊1−𝑊3

𝑊2−𝑊1
x100   (2) 

where w1 is the initial weight of the crucible, w2 
is the initial weight of the crucible and the sample 
before heating, and w3 is the final weight of the 
piece and the crucible.  

 

Determination of Organic Matter Content. The or-
ganic matter contents of the adsorbents were de-
termined from the difference between the 100% 
air-dried adsorbent measured and the percent-
age ash content [18] as illustrated in the (3): 
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% Organic matter content= 

 = 100 − %𝐴𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡     (3) 

 

Determination of pH. 1 g of the sample was put 
inside a 250 ml Erlenmeyer flask. Then 100 ml of 
distilled water was poured into the flask. The so-
lution was heated for 15 minutes in a boiling 
condition. The answer was cooled at room tem-
perature and diluted with distilled water to 
100 ml. The answer was stirred well, and the pH 
was determined using a pH meter [19]. 

Pore (Void) Volume Determination. To determine 
the pore volume of the adsorbents, the method 
reported by [20] was adopted. 2.0 g of the sam-
ples (RWL, CWL and AWL) was immersed in wa-
ter and boiled for 15 min. After the air in the 
pores had been displaced, the piece was dried 
superficially and reweighted. The increase or dif-
ference in weight is divided by the water given 
the pore volume.  

 

Pore (void)volume =
𝑊2−𝑊1

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
  (4)  

where w1 is the weight of an empty density bot-
tle, w2 is the weight of the density bottle and 
sample together and the density of water is 
1 g/cm3. 

 

Bulk Density (Apparent Density) Determination. 
The bulk density of the sample was determined 
to know the packed density of a piece. It’s carried 
out according to the procedure reported by [21].  

 

𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =  
(𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 (

𝑔

𝑚𝑙
))

100
       (5)  

 

Preparation of Stock Solution. A stock solution of 
Malachite green and methyl violet dyes (Fig-
ure 1) was prepared by dissolving 1 g of each 
shade in a 1000 ml volumetric flask at room 
temperature and shaking until a homogenous 
solution was obtained [18].  

 

Figure 1 – Structure of methyl violet dye 

 

The sample of the required concentration was 
prepared by diluting the stock solution with dis-
tilled water to the required concentration using 
the (6): 

  

    𝐶1𝑉1 = 𝐶2𝑉2    (6) 

 

Optimisation of Experimental Parameters. The 
effect of contact time on the adsorption of the 
dyes used in these experiments was conducted at 
room temperature. An initial concentration of the 
adsorbates of 100 mg/l, adsorbents dose of 0.1 g 
for raw, modified and carbonised adsorbent was 
introduced and shaken at 150 rpm [22]. The data 
generated from this study at 5-120 minutes re-
spectively was used for adsorption kinetics stud-
ies.  

Method [23] was adopted with minor adjust-
ments. The effect of adsorbent dosage was stud-
ied and carried out with an initial concentration 
of 100 mg/l at different dosage amounts of 0.02, 
0.05, 0.08, 0.1 and 0.2 g, respectively. The 
weighed samples were taken in polythene bottles 
with 50 ml of the stock solution. The model was 
kept in an orbital shaker at room temperature, 
constant speed of 150 rpm at the optimum time.  

Concentration is among the critical factors influ-
encing the rate of chemical reactions. The effect 
of the variation in the initial concentration of dye 
solution at room temperature using a fixed 
amount of the adsorbents was determined by 
using 30, 60, 90, 120, 150 and 180 ppm initial 
concentration of methyl violet dye. The mixture 
was then shaken at the optimum time, room 
temperature and adsorbent dosage of 0.02 g at a 
speed of 150 rpm. The solution was filtered using 
whatman filter paper, and the filters were then 
taken for UV-spectrophotometric analysis.  



Path of Science. 2023. Vol. 9, No 2-3  ISSN 2413-9009 

Section “Chemistry”   3004 

The adsorption experiment was carried out at 
different pH to determine the optimum pH for 
the adsorption process. The optimum initial con-
centration and adsorbent dosage were added in-
to five other polythene bottles (50 ml), with each 
bottle conditioned at different pH (3, 5, 7, 9, 11 
and 13) and room temperature, respectively. The 
pH was adjusted to a desired value with 0.1 M 
HCl or 0.1 M NaOH solution. The bottles were 
shaken at 150 rpm, and they were then filtered. 
The filter was analysed using UV-
spectrophotometer to determine the concentra-
tion of residual (un-adsorbed) dyes [24, 25].  

Adsorption Equilibrium Experiments. Batch ad-
sorption was adopted for this experiment be-
cause of its simplicity [26]. The batch experi-
ments were carried out to determine the opti-
mum conditions for equilibrium adsorption of 
MV dye onto CWL adsorbent. The results ob-
tained after optimisation experiments were used 
to conduct the batch adsorption for the six differ-
ent systems at their ideal conditions. These sys-
tems were run separately in 60 cm3 polyethene 
sample bottles at 30, 40, 50 and 60 °C tempera-
tures. The samples were placed in a temperature-
controlled shaker for the period reported for 
each system. After reaching the equilibrium peri-
od, the content was filtered, and the filtrate was 
analysed using Perkin-Elemer UV-visible Spec-
trophotometer at a maximum absorbance wave-
length of 582.37 nm of MV dye. The amount of 
the adsorbed dye was obtained using (7):  

 

𝑄𝑒 =
(𝐶0−𝐶𝑒)

𝑀
𝑥 𝑉       (7) 

 

While colour removal rate (%Removal) was cal-
culated using (8):  

 

%𝑅 =
(𝐶𝑜−𝐶𝑒)

𝐶𝑜
 𝑥 100     (8) 

where qe is adsorption capacity (mg/g), Co and Ce 
are the initial and final concentration in (mg/l) 
respectively for the dyes in the solution, V is the 
volume of the dyes in solution (L), and m is the 
mass of the adsorbents [18, 26].  

 

FTIR Analysis. Fourier transform infrared spec-
troscopy was used to study the adsorbents' sur-
face functional group so that the prepared adsor-

bents' chemical structure is then determined. 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 a spectral reso-
lution of 4 cm-1 by attenuated total reflectance 
method. FTIR spectra were collected in the mid-
infrared region between 4,000 and 650 cm-1. Air 
background correction acquired Spectra [17]. 

Scanning Electron Microscope Analysis. Scanning 
electron microscope (SEM) is an analysis of the 
surface morphology of the adsorbents and was 
carried out by viewing the electron micrographs 
of the materials [27]. The research was done with 
a proxy Scanning Electron Microscope (phenom 
world Eindhoven). A thin layer of adhesive, car-
bon glue, was attached to a stub in sample prepa-
ration for the SEM analysis. A minimal amount of 
the materials to be viewed was spread on the 
stub materials and subsequently viewed in the 
instrument to obtain micrographs. Scanned mi-
crographs of CWL before and after adsorption 
were taken at an accelerating voltage of 15.00 kv 
and 1500 X magnification.  

 

RESULTS AND DISCUSSION  

Physicochemical properties of the adsorbents. Ta-
ble 1 shows the physical properties of the adsor-
bents prepared.  

 

Table 1 – Physicochemical properties of the prepared 
adsorbents  

Parameters Values 
Moisture contents (%)  12.30±0.43 
Ash contents (%)  20.04±0.21 
Organic matter (%)  79.96±0.20 
pH  8.97±0.20 
Pore volume (cm3)  1.98±0.01 
Bulk density (g/dm3)  0.209±0.07 

 

The moisture content value of 12.30% was rec-
orded, significantly lower than the 53.41% re-
ported for cassava stem biochar [28]. Still, the 
ash content value was 20.04%, indicating many 
inorganic substances that could be recovered af-
ter completely combusting the sample's biomass. 
This result is lower than the values obtained for 
water lettuce leaves (23.20%). Water lily stems 
(22.00%) and higher than the values reported for 
rice husk briquette (16.10%), melon shell 
(19.57%) and water hyacinth stem (19.80%) [29, 
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30]. Organic matter refers to the part of the sam-
ple's biomass that releases when heated (400-
900 °C). The biomass decomposes into volatile 
gas and solid char during the heating process. 
The sample's biomass has high flammable matter 
contents of 79.96%. This value is higher than the 
volatile content of 67.08% and 57.23% for water 
hyacinth and lettuce leaves reported [29].  

The pH of the samples was found to be 8.97, 
which is slightly above the 6-8 range for accepta-
ble pH for applications of adsorbents, as reported 
by [31]. The bulk density recorded for this re-
search was 0.209 g/dm3. This parameter is an 
essential physical factor, especially when an acti-
vated carbon product is to be investigated for its 
filterability. This is because it determines the 
mass of carbon that can be contained in the filter 
of a given solid capacity and the amount of treat-
ed liquid that can be retained by filter paper [32].  

Characterisation of the Adsorbents. Figure 2 
shows the FT-IR spectra of the adsorbents before 
and after the adsorption of methyl violet dyes. 
The FT-IR spectra demonstrate or indicate the 
presence of functional groups on the surface of 
CWL before and after the adsorption of methyl 
violet dye molecules.  

 

 

Figure 2 – The FT-IR spectra of CWL adsorbents be-
fore and after adsorption of MV dyes 

 

Before adsorption, absorption bands at 

3438 cm-1, 2951 cm-1, 1623 cm-1, 1385 cm-1 and 
1097 cm-1 were attributed to hydroxyl groups, 
aliphatic C-H group, carboxylic groups, C-O 
stretch and C-H aromatic ring vibration peaks 
respectively. After adsorption, there was a shift 
and broadening of the absorption peaks. Notably, 
the aromatic carbon-carbon double bond was 
observed at 1582 cm-1, absent before adsorption. 
The changes of O-H, C-H, carboxylic groups, C=C 
and C-H aromatic rings peaks indicate the in-
volvement of these functional groups in the ad-
sorption of methyl violet dye molecules. There-

fore, the changes in FT-IR spectra confirmed that 
carbonised water lily leaves (CWL) adsorbents 
could be helpful to adsorbents for removing dyes 
and heavy metals. The same observation was re-
ported [33, 34]. 

To investigate the surface morphology of CWL, 
SEM analysis was conducted. Figures 3a and 3b 
show the surface of the biosorbent both before 
and after the adsorption of MV dye. The SEM mi-
crograph in Figure 3a shows a rough surface with 
irregular cracks that may aid adsorption. After 
the adsorption of MV onto CWL, as presented in 
Figure 3b, the surface smoothens, and the pores 
are filled with the deposit of MV dye molecules 
onto the CWL adsorbents surface. These pores 
provided a good feeling for dyes, heavy metals 
and waste effluents to be trapped and adsorbed 
into [35, 36]. 

 

  

a) 

 

b) 

 

Figure 3 – SEM micrograph of CWL adsorbents (a) 
before adsorption of methyl violet, (b) after 

adsorption of methyl violet dye 
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Optimisation Studies 

Figure 4a demonstrates the steady rise in ad-
sorption for the first 90 mins.  

 

 

Figure 4a – Effect of Contact Time, (b) Dosage on 
adsorption of MV onto CWL adsorbent 

 

This continued rise in the sorption rate recorded 
at the initial period of the process could be partly 
associated with the availability of many vacant 
sites on the adsorbent surface that are available 
for the rapid adsorption and accommodation of 
the MV molecules. After a time lapse (90 min), 
the large vacant sites of RWL that were available 
at the beginning of the adsorption of MV from the 
solution had become inaccessible or exhausted 
[21]. Subsequently, increasing the agitation time 
beyond 90 mins decreases the adsorption of the 
methyl violet dyes. These could be attributed to 
the desorption of the dye molecules on the avail-
able adsorption sites on the adsorbent materials 
as equilibrium conditions are established [37, 
38].  

Figure 4b shows a plot for the variation of adsor-
bent dosage with the amount of methyl violet dye 
adsorbed.  

 

 

Figure 4b – Effect of Dosage on adsorption of MV 
onto CWL adsorbent 

The results show that increasing the adsorbent 
dosage decreases the adsorption capacity of ad-
sorbents. There are two factors which contribute 
to the adsorbent mass effect: 1) as the dosage in-
creases, the adsorption sites remain unsaturated 
during the adsorption reaction leading to a drop 
in adsorption capacity [39]; 2) the aggrega-
tion/agglomeration of the adsorbent particles at 
higher mass could lead to a decrease in the sur-
face area and increase in diffusional path length 
[40]. 

Figure 5a shows a plot of the variation of the 
amount of MV adsorbed concerning the initial 
concentration of methyl violet. From the field, the 
amount of MV adsorbed by CWL increases with 
increasing concentration. At lower concentra-
tions, the available driving force for the transfer 
of MV molecules onto CWL is standard. In com-
parison, at higher concentrations, there was an 
increase in driving force, which enhanced the in-
teraction between the MV molecules in the aque-
ous phase and the vacant active sites of the CWL 
adsorbents, hence the increase in the MV up-
take [41].  

 

a) 

 

b) 

Figure 5 – Effect of a) Initial Concentration, b) pH on 
adsorption of MV onto CWL adsorbents 
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The percent removal increases gradually at low-
er concentrations until it reaches a maximum be-
fore rapidly decreasing. This is because the va-
cant or active sites on the CWL surface become 
saturated or inaccessible by CWL adsorbents.  

The effect of pH was studied by varying the pH 
from 3–13 while keeping other operating param-
eters constant. A plot of the variation in the 
amount of MV adsorbed is shown in Figure 5b. 
The amount of MV adsorbed by CWL increases 
significantly as the pH of the solution is adjusted 
from acidic to basic. This case is usual, as most 
studies show that an increase in the removal of 
adsorbates is observed with increasing pH [42, 
43]. 

 

The Kinetic studies  

The study of kinetic models could provide helpful 
information about the mechanism and the effi-
ciency of the adsorption process [44]. For this 
study, the adsorption time was varied from 5 to 
60 mins with intervals of 5 mins, where other 
operating parameters were kept at optimised 
conditions at temperatures of 30, 40 and 50 °C, 
respectively. Pseudo-first order, pseudo-second 
order, elvish and intraparticle diffusion models 
were employed to analyse kinetic data generated 
for MV adsorption onto CWL adsorbents.  

Pseudo-first-order kinetic model. The pseudo-
first-order equation is usually expressed accord-
ing to (9):  

 

𝑑𝑞𝑡

𝑑𝑡
=  𝑘1(𝑞𝑒 − 𝑞𝑡)     (9) 

where qe and qt are the amount adsorbed per 
unit mass of the adsorbent at equilibrium and 
time t respectively (mg/g), k1 is the rate constant 
of pseudo first order sorption rate (min 1), given 
a boundary condition for t=0 and qt = 0 [45]. 

 

Equation (9) can be integrated into (10): 

 

log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 −
𝑘1𝑡

2.303
   (10) 

 

The plot of log(qe-qt) vs t gives a linear relation-
ship from which k1 and qt were determined from 
the slope and the intercept of log(qe-qt) against t.  

The plot of log(qe-qt) vs t should give a linear re-
lationship, from which k1 and qe were deter-
mined from the slope and intercept of the story 
presented in Table 2. The R2 values calculated 
were not close to unity, and Qcal was lower than 
the experimental Qexp one at all experiment tem-
peratures, indicating that the pseudo-first-order 
model did not fit to describe the kinetic data gen-
erated.  

Pseudo-second-order kinetic model. The pseudo-
second-order adsorption kinetic model is ex-
pressed in (11).  

 

𝑑𝑞𝑡

𝑑𝑡
=  𝑘1(𝑞𝑒 − 𝑞𝑡)2     (11)  

where k2 is the rate constant for the pseudo-
second-order model (mg/min), applying the 
boundary conditions t =0 to t=t and qt=0 to qt=qt.  

 

The integral form of (11) becomes: 

𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

1

𝑞𝑒
      (12) 

where k2 is the rate constant of adsorption 
(mg/min), qe and qt are the amounts of dye ad-
sorbed at equilibrium and at time t (mg/g), re-
spectively. 

 

The plot of t/qt vs t gives a linear relationship for 
which qe and k2 were determined from the slope 
and intercept of t/qt against t, respectively.  

The k2 and Qcal were obtained from the intercepts 
(1/k2qe2) and the slope (1/qe) of the plots t/qe vs 
t and presented in Table 2. 

The correlation coefficient of pseudo-second or-
der was close to unity. Qcal values computed from 
pseudo-second-order equations showed good 
agreement with experimental data, indicating the 
applicability of pseudo-second-order kinetic 
models for the CWL-MV system at all the tem-
peratures of the experiments. Therefore, this 
model fits the kinetic data of the systems gener-
ated.  
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Table 2 – Kinetic model parameters for the adsorption of MV onto CWL adsorbents.  
Kinetic Model Parameters 

Pseudo-first order    Qexp (mg/g) Qcal (mg/g) k1 (min-1) R2 
  30 °C  221.21 0.722 -3.82x10-2 0.3263 
  40 °C  218.62 1.350 -389x10-2 0.4165 
  50 °C  208.95 4.980 5.64x10-2 0.1412 
Pseudo-first order    Qexp (mg/g) Qcal (mg/g) k2 (mg/gmin) R2 
  30 °C  221.21 217.39 -3.02x10-3 0.9990 
  40 °C  218.62 208.33 -9.60x10-3 0.9985 
  50 °C  208.95 196.08 -7.22x10-2 0.9929 
Elovich model     β α R2 
  30 °C   -.05360 -1.854 0.1420 
  40 °C   -0.222 -4.416 0.4343 
  50 °C   -0.426 -2.321 0.1864 
Intraparticle diffusion     C Kint R2 
  30 °C   221.58 -0.778 0.1310 
  40 °C   222.52 -1.934 0.4343 
  50 °C   205.73 -1.011 0.077 

 

The Elovich Model. The Elovich kinetic model is 
described by (13). 

  

𝑞𝑡 =
1

𝛽
ln(𝛼𝛽) +

1

𝛽
𝑙𝑛𝑡    (13) 

 

The parameters αβ are the initial rate constant 
(mg/min) and desorption constant and were cal-
culated from the slope and intercept of the plot of 
qt vs ln(t). This model gives valuable information 
and explanation on the extent of both surface ac-
tivity and activation energy for the adsorption 
process [46].  

The R2 values obtained for this model were 
all≤0.4343 at all experimental temperatures, 
which is not close to unity. These deviations from 
linearity (R2 not closed to agreement) reflect or 
suggest that this model does not fit the kinetic 
data generated.  

The Intraparticle Diffusion Model. The possibility 
of using the intraparticle diffusion model as the 
sole mechanism was investigated according to 
the Weber-Moris equation (14): 

 

𝑞𝑒 = 𝐶 + 𝑘𝑙𝑛 𝑡1/2      (14) 

where the constant kint (mg/min.) is the intra-
particle diffusion constant ratio, and C is the 
boundary layer thickness [20].  

 

If the rate limiting is only due to intra-particle 
diffusion, then qt vs t1/2 gave a linear plot which 
passes through the origin. Otherwise, some other 
mechanism or factors, along with the intraparti-
cle diffusion mechanism, may be responsible. 
From Table 3, it's clear that the intraparticle dif-
fusion model is not applicable for the adsorption 
of MV onto CWL adsorbents since qt vs t1/2 does 
not pass through the origin. It can be concluded 
that intraparticle diffusion may not be the sole 
rate-determining step of the adsorption mecha-
nism.  

 

Table 3 – Calculated isotherm parameters for 
adsorption of Methyl violet onto RWL adsorbent  

Isotherms Parameters Values 
Langmuir  
  
  
  

q0 (mg/g)  98.04 
KL (l/mg)  0.147 
RL  0.056 
R2  0.8151 

Freundlich  
  
  
  

1/n  1.4821 
N  0.6747 
KF  18.247 
R2  0.8024 

Temkin  
  
  
  

AT  0.6456 
bT  13.367 
Β  185.350 
R2  0.9225 

D-R  
  
  
  

qs (mg/g)  383.907 
β (mol2/kj2)  2.0x10-6 
є (kJ/mol)  0.297 
R2  0.9620 
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Isotherms Studies  

The equilibrium data were generated and ana-
lysed based on four fundamental isotherms 
models: the Langmuir, Freunlich, Temkin and D-
R. These models were used to explain or describe 
the adsorbents-adsorbates behavioural interac-
tion and also understand the mechanism of the 
adsorption reaction rate pathways.  

Langmuir Isotherm. According to this model, the 
adsorption of analytes takes place on the homog-
enous sites of the surface of the adsorbent with 
monolayer formation coverage [47], and can be 
expressed as:  

 

𝑞𝑒 =
𝑞0 𝐾𝑙𝐶𝑒

1+𝐾𝑙 𝑞0
      (15) 

 

The rearrangement of (15) gives:  

 

1

𝑞𝑒
=

1

𝑞0
+

1

𝑞0𝐾𝐿𝐶𝑒 
      (16) 

where qe is the amount of MV retained at equilib-
rium by CWL adsorbent in mg/g, qo is the mono-
layer adsorption capacity (mg/g), KL is the 
Langmuir constant (l/mg), and Ce is the equilib-
rium concentration (mg/l) respectively. The KL 
and qo were determined from the slope and in-
tercept of a graph of 1/qe against 1/Ce, respec-
tively.  

 

The dimensionless separation factor RL is defined 
by relation as expressed in (17). 

  

𝑅𝐿 =
1

1+𝐾𝐿𝐶𝑜
      (17) 

 where Co is the maximum initial concentration 
(mg/g).  

 

The RL (separation factor) indicates whether the 
adsorption process is either unfavourable (RL>1), 
linear (RL=1), favourable (0<RL<1), or irreversi-
ble (RL = 0).  

Freundlich Isotherm. This model described the 
adsorption process as irreversible and non-ideal, 
resulting in multi-layer coverage on the hetero-
geneous surface of the adsorbents [48]. This 
model can be expressed using (18).  

𝑞𝑒 =  𝐾𝑓𝐶𝑒
1

𝑛
      (18) 

 

The logarithm of both sides of (4) was taken to 
obtain the linear form as given in (19): 

  

𝑙𝑜𝑔𝑞𝑒 = 𝑙𝑜𝑔𝐾𝑓 +
1

𝑛
𝑙𝑜𝑔𝐶𝑒    (19)  

 

A plot of log(qe) vs log(Ce) gives a straight line 
with slope and intercept to be 1/n and log(Kf), 
respectively.  

Where qe is the number of adsorbates adsorbed 
in mg/g, Ce is the equilibrium concentration of 
the adsorbates in mg/l, Kf is the Freundlich con-
stant related to maximum adsorption capacity, n 
is the Fruendlich constant related to maximum 
adsorption capacity (dimensionless).  

Temkin Model. This model considers the interac-
tion between adsorbent materials and adsorbate 
molecules to be adsorbed, assuming that the free 
energy of the adsorption process is a function of 
the surface coverage [49]. This isotherm is ex-
pressed by (20).  

 

 𝑞𝑒 =
𝑅𝑇

𝑏𝑇
ln 𝐴𝑇 +

𝑅𝑇

𝑏
ln 𝐶𝑒    (20) 

where R is the molar gas constant (Jmol-1K-1), T is 
the temperature in kelvin, b is the variation of 
adsorption energy (J/mol), and bT is the equilib-
rium binding constant (l/mg) corresponding to 
the maximum binding power.  

 

The values of β and AT were obtained and tabu-
lated in Table 3 from the slope and intercept of qe 
against the ln(Ce) plot, respectively.  

Dubinin-Rudushkevich Isotherm. This model is 
used to determine the adsorption behaviour of 
adsorbents towards the adsorbate using (21):  

 

ln 𝑞𝑒 = log 𝑞0 − 𝐾 ∈2    (21) 

where qo represents the constant of D-R (mol/g), 
and K is the mean free energy of adsorption 
(kJ/mol) [50].  

 

However, є can be calculated using (22): 
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є = 𝑅𝑇𝑙𝑛(1 +
1

𝐶𝑒
)     (22) 

where Ce is the adsorbate equilibrium concentra-
tion, 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 obtained using slope and intercept 
from the plot of lnCe against є2, respectively.  

 

Table 3 shows the Langmuir, Freundlich, Temkin, 
and D-R isotherm constants for the adsorption of 
MV onto CWL adsorbents. The R2 values comput-
ed suggested that the D-R isotherm model best 
conforms with the experimental data for the MV-
CWL adsorption process. The equilibrium bind-
ing constant bT and the heat of adsorption (є) 
values were found to be 13.37 l/mg and 
297.00 J/mol, respectively. As a result, physical 
adsorption is assumed for the interaction of CWL 
and MV.  

 

Thermodynamic Studies  

To describe the thermodynamic behaviour of the 
process of adsorption of dye pollutants from 
aqueous solution using carbonised water lily 
(CWL) leaves from thermodynamic parameters 
such as change of enthalpy (ΔH), entropy (ΔS) 
and Gibb's free energy (ΔG) was used (23)–(25).  

 

𝐾𝑐 =
𝐶𝑠

𝐶𝑒
      (23) 

 

The Kc for the adsorption of MV onto CWL adsor-
bents used in the study at different temperatures 
were calculated using (23). Gibb's free energy 
change (∆G) was computed using the relation:  

 

∆G =  −𝑅𝑇𝑙𝑛𝐾𝑐    (24) 

 

However, other thermodynamics functions such 
as adsorption enthalpy (∆H) & entropy change 
(∆S) were obtained from the relation: 

  

 𝑙𝑛𝐾𝑐 = −
∆𝐻

𝑅𝑇
+

∆𝑆

𝑅
    (25) 

 

The ∆H and ∆S functions were determined from 
the slope and the intersection point of lnKc ver-
sus the 1/T plot (Figure 6). Whereas Cs is the 
amount of adsorbate in the adsorbed phase and 
Ce signifies the remaining un-adsorbed MV con-
centration (mg/l) in the liquid phase at equilibri-
um time, T and R are temperature K and molar 
gas constant (8.314 Jmol-1k-1).  

The values of the thermodynamic parameters 
obtained are reported in Table 4.  

 

Table 4 – Thermodynamics parameters for 
adsorption of MV onto CWL adsorbent  
T(K) ln Kc ∆G 

(kJ/mol) 
∆H 

(J/mol) 
∆S 

(J/mol.K) 
303 4.041 -10.180 -3.01 23.77 
313 4.023 -10.469   
323 3.989 -10.713   
333 3.932 -10.886  

 
 

  

Generally, the negative value of ∆G expresses the 
spontaneity and feasibility of MV adsorption onto 
CWL adsorbent. However, the magnitude of ∆G 
increase with increasing temperature, indicating 
the adsorption of MV-CWL to be conducive at 
higher temperatures [11]. The negative values of 
∆H (-3.01 J/mol) manifest that the adsorption of 
MV onto CWL is an exothermic process and cor-
responds to the physio-sorption process 
(∆H<10 kJ/mole). In contrast, the positive value 
of ∆S implies that the randomness at the sol-
id/liquid interface during the adsorption process 
increases MV concentration at the solid/liquid 
interface [51]. 

 

 

Figure 6 – Van’t Hoff Plot for adsorption of MV-CWL 

  

CONCLUSIONS  

In this work, the suitability of carbonised water 
lily leaf-derived adsorbent for the adsorption of 
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methyl violet from an aqueous solution was 
evaluated in a series of batch adsorption experi-
ments. The adsorbent surface was characterised 
using FTIR and SEM before and after adsorption 
to confirm the functional groups and morphology 
of the adsorbent's character responsible for the 
adsorption process. The adsorption of the methyl 
violet dye was affected by changes in contact 
time, adsorbent dosage, concentration, and pH. 
Kinetically, the MV adsorption onto CWL was 
found to follow the pseudo-second-order kinetic 
model, while the D-R adsorption isotherm model 
best describes the mechanism process. Thermo-
dynamic studies confirmed that the process was 
spontaneous and exothermic, decreasing ran-
domness on the system level during the adsor-
bent-liquid interface interaction.  
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